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Abstract

Escapements of chinook (8,850) and chum (27,012) salmon into the Salcha River near

Fairbanks, Alaska were estimated using tower-counts.  Year 2002 Salcha River counts

began June 28, were non-operational 12 days over the season, and ended August 17.  The

chinook run was a couple days early but average in strength and timing. The jack

percentage was high (36%, N=323) while female portions remained normal (34%).  The

chinook escapement estimate is 8,850 with a standard deviation of 1,492 (CV = 17.3%)

surpassing the BEG range (3,300 to 6,500).  The 2002 chinook escapement was below the

1993-1998 mean of 12,193; about half the largest recorded escapements of1994 (18,399)

and 1997 (18,514) and double the lowest recorded in 1999 (4,595).  The chum

escapement estimate is 27,012 (CV N/A) and was a bit late but steady in strength and

showed a strong preference for nocturnal migration.  Crews sampled carcasses on 5

separate occasions and throughout the Salcha River index area (100km, 60 miles) in an

effort to spread out the ASL data collection spatially and temporally.  Dr. Kocan and staff

accompanied BSFA staff in the field to collect tissue (heart) samples for I. Hoferi.
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TITLE

Abundance and Age-Sex-Length Composition of the Chinook and Summer Chum

Escapements in the Salcha River, 2002

OBJECTIVES

• estimate the total escapement of chinook salmon in the Salcha River using tower

counting techniques such that the estimate is within 15% of the actual value 95% of

the time;

• estimate age, sex and length compositions of the escapement of chinook salmon in the

Salcha River such that all estimated proportions are within 5% of the actual

proportions 95% of the time;

• estimate the total escapement of summer chum salmon as funding permits;

• estimate age, sex and length compositions of the escapement of chum salmon in the

Salcha River.
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INTRODUCTION

Management of Yukon River salmon stocks is a complex task, which requires

information from a vast area and multiple sources.  Accurate escapement estimates made

in numerous spawning streams are necessary to successfully manage these stocks.  During

the 1,540 (km) migration from the Bering Sea to their spawning grounds, Salcha River

salmon pass through six different commercial fishing districts in the Yukon and Tanana

Rivers.  Subsistence and personal use fishing also occur in each district.  A popular salmon

sport fishery is located in the lower 3 km of the Salcha River.  Information from all these

fisheries combine with sonar estimates at the mouth of the Yukon River and escapement

data to provide the necessary tools for proper management of stocks.

To perpetuate salmon stocks, fishery managers set harvest levels for the various

fisheries such that a desired number of salmon are allowed to reach their spawning

grounds (escapement goals).  Annual harvest levels are based on estimates of the number

of salmon that enter the Yukon River, catch data from relevant fisheries and escapement

numbers collected during the current year as well as harvest and escapement numbers

from prior years.  In-season escapement information gathered from within the spawning

rivers provides some real-time data for modification to harvest levels.  Tower count

escapement estimates have been successful since 1993 in the Salcha River with the

exception of 1996 when high water required the use of mark-recapture techniques.

The 250 (km) long Salcha River is located in the middle of the Tanana River

Drainage approximately 60 km upstream from the Chena River confluence.  The Salcha

River (drainage basin of 2,170 miles2) is a surface runoff/tannic river, which is clear except

after extended heavy rainfall and during spring runoff.

The Salcha River has some of the largest Chinook salmon (Oncorhynchus

tshawytscha) escapements in the Yukon River drainage (Schultz et al. 1994).  In 2001,

Alaska Dept. of Fish and Game (ADF&G) established a Biological Escapement Goal

(BEG) for the Salcha population with an escapement goal range of 3,300 to 6,500

chinook (Evenson, 2001).  Prior to 2001, the Salcha minimum escapement goal was 7,100

chinook salmon.  This older goal was based on a comparison of aerial index area counts

(1972-1995) and recent (1987-1995) escapement estimates (Evenson 1996), which
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additional years data (1996-2002) indicate a poor correlation.  ADF&G has also

established an aerial index area count BEG goal of 2,500 chinook for the Salcha.  Aerial

surveys of chinook salmon from 1972 to the present have been shown to greatly

underestimate the escapement numbers and to not track well with tower and mark-

recapture estimates.  Mark-recapture estimates of chinook escapement, made from 1987

through 1992 and again in 1996, provided greater accuracy and precision though sampling

technique bias indicate an underestimation of escapements.

Estimates of summer chum salmon (Oncorhynchus keta) escapement into the

Salcha has been in excess of 35,000 in some years though substantially lower in many

other years (Evenson and Stuby 1997).  Chum salmon escapement estimates in most years

have not been complete estimates because counts were suspended at the end of the

chinook run (early August) which ends a month before the end of the chum run (Barton

1992, Stuby 2000).

The Alaska Department of Fish and Game (ADF&G) experienced budget

restrictions in 1999, which necessitated a reduction in salmon counting tower operations

in the interior of Alaska, region III.  Traditionally ADF&G had operated towers on the

Chena, Chatanika and Salcha Rivers.  ADF&G continues to operate towers on the Chena

and Chatanika Rivers.  The Bering Sea Fisherman’s Association (BSFA) has been able to

successfully put together a program to continue the Salcha River tower operation to

provide important in-season and annual information for the management of Yukon River

salmon stocks.  Chum salmon returns have been low in recent years and due to their

importance to many Yukon River fisheries (commercial, subsistence and sport) a greater

effort was made to assess their run total strength and timing.

METHODS

Tower Counts

 Escapement estimates of chinook and chum salmon returning to the Salcha River

were made by counting salmon as they passed by a tower site located approximately 500

meters downstream of the Richardson Highway bridge.  Salmon were counted at fixed

intervals by experienced technicians from one of two observation towers (one on each
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bank) located adjacent to the river.  Counting was usually done from the 12-foot tall

northwest bank tower (Fairbanks side) except when glare from the morning sun required

the use of the18-foot tall southeast bank tower.  Total escapement estimates can be made

because little or no spawning occurs downstream of counting site, located 10 km above

the Salcha-Tanana confluence (Stuby 1998).  The statistical expansion and analysis for

abundance, sex, age and length composition, developed by ADF&G, will be used and are

thoroughly described by Stuby (2000).  An alternative method for estimation of chinook

was also developed by Sigma Plus Consulting Services, Dr. Frantz Mueter (appendix A).

Fish were counted as they passed over a 3 meter wide flash panel which lay on the

river bottom from shore to shore, a distance of approximately 50 meters.  Counts were

taken hourly, usually 24 hours a day.  No counts were taken July 4-13 13, July 22, July

27, August 11-12 or after August 17 due to high murky water.

Technicians were assigned one of three 8-hour shifts (night -0000-0800, day -

0800-1600, evening -1600-2400) and counted 20 minutes of each hour.  Counts were

generally limited to 20 minutes though longer and/or sequential counts were occasionally

taken to test the validity of the 20-minute count.  Count start times were randomly

selected from the first 20 minutes of the first hour of the shift and simply repeated for the

remaining hours of the shift.

A string of lights with 20 evenly spaced flood lamps (100 wt) was strung 15 to 20

feet above the flash panel from 20 foot tall metal light posts. The lights were turned on at

dusk and off after dawn.

Age-Sex-Length Compositions

Chinook and Chum carcasses were collected from a jet boat using a gig spear or

from the shore.  Carcasses were sampled from the tower site to 75 km upriver to Butte

Creek (river km 85); this was the area sampled in previous years and is the same area used

for aerial index counts.  Carcass samples were collected throughout the sampling area as

evenly distributed as practical.  Length (mid-eye to fork-of-tail) and sex information were

collected from both chinook and chum salmon.  Chinook scale samples were taken to

determine chinook age.  Chum vertebra was not collected due to high water and a chinook
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centric crew.  The methods used to expand carcass data for estimates of total escapements

age-sex-length compositions are described by Stuby (1998).

RESULTS

All Salcha River abundance and age-sex-length data is archived and reported

annually by the Alaska Department of Fish and Game.

Abundance Estimates

Chinook Salmon

The chinook escapement estimate is 8,850 with a standard deviation of 1,492 (CV

= 17.3%).  This estimate was developed by Sigma Plus Consulting Services, Dr. Frantz

Mueter (appendix A).  Tower counts were initiated June 28, 2002.  The first chinook

counted passing the tower site was during the evening shift (1600-2400), June 29.  This

was the first returning salmon noted in the river.  High muddy water caused suspension of

tower operations July 4-13.  Perhaps not a good indicator of escapement passage rate,

note, 26% (13 of the season total 49) of the radio tagged chinook passed the radio tower

4km upstream during this high water event.

The largest 24 hour count of chinook salmon, 224, occurred July 19 (expanded to

627 for the day).  The second highest count was July 24 (156 expanded to 468).  The

largest 20 minute count, 39 chinook, occurred July 19 (0400).  By July 24 approximately

50% of the eventual total escapement had passed the tower site.  The run timing and

strength resembled a bell shaped curve.  The last chinook counted passed the tower site

August 8th.  No counts were taken July 4-13 13, July 22, July 27, August 11-12 or after

August 17 due to high murky water.

No diurnal migration pattern was evident in 2002 for the chinook run.  This was

likely due to the generally high water conditions in 2002.  In 1999, a low water year,

chinook showed a strong nocturnal migration pattern.  No diurnal migration pattern was

evident in 2000 or 2001, both high water years.

Chum Salmon

The Salcha chum salmon tow counts ended before all chum had passed the tower

site.  The 2002 escapement for the Salcha River was estimated at 27,012 from a tower
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count of 6,758 chum salmon.  This estimate was generated by simply modeling

escapement of those dates not counted in 2002 after September 16 on data from 2001.

The first chum counted passed the tower site July 15.  A very strong nocturnal migration

pattern was noted after July 29 as the chum run strength increased.  High murky water

caused tower counts to be suspended after August 17 through the end of the season.

The largest 24-hour count of chum salmon, 649 chum salmon, occurred August 5

(expanded to 1,947 for the day).  The run strength remained near this level through

August 10.  The largest 20 minute count, 93 chum, occurred July 31 (2400).  By August 4

approximately 50% of the estimated escapement had passed the tower site.  Roughly

1,000 chum salmon passed the tower daily from July 29-August 9.  Several hundred chum

were passing per day through August 16.

Age-Sex-Length Compositions

Crews sampled carcasses on 5 separate occasions and throughout the Salcha River

index area (100km (60 miles) from highway bridge to Butte Creek) in an effort to spread

out the ASL data collection spatially and temporally.  Dr. Kocan and staff accompanied

BSFA staff in the field to collect tissue (heart) samples for I. Hoferi infection analysis.

Salcha River chinook carcass surveys were conducted July 28 and 31, August 4, 7, and

11.  GPS coordinates were recorded for each distinct carcass recovery reach.  For this

report the carcass locations are summed into 3 areas; near the pipeline crossing (river mile

10), near the logjam (river mile 30, Ninety-eight Creek), and near Butte Creek (river mile

50).

A total of 323 chinook carcasses were sampled in 2002 for ASL data in the Salcha.  This

N is the second largest since 1996 though below the target of 581.  The 111 chinook

females (34% of carcasses) averaged 873mm in eye-fork length.  The 212 males averaged

673 in length.

The number collected in each area; pipeline crossing (N=134), logjam (N=123) and Butte

Creek (56), reflect the availability of carcasses.  Carcasses in the Butte Creek area were

few and far between.  This location of carcasses sampled for ASL data resembles the

distribution of radio tagged fish found during aerial surveys conducted August 20, 2002.
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DISCUSSION

The Salcha River tower operation started June 28.  Catch data from downstream

test fisheries and information provided by ADF&G commercial fish division indicated that

the chinook run timing was about normal.  Data from previous years indicate that the first

chinook salmon usually enter the Salcha River by the first week in July.  In 2002 the first

chinook was noted June 29.  The run peaked July 19, which is about the usual peak time.

The last chinook passed the tower site on August 8, similar to previous years.  In general

the chinook run timing resembled previous years data.

The 2002 escapement of 8,850 chinook salmon was well above the present BEG

(3,300 to 6,500).  The 2002 chinook escapement was below the 1993-1998 mean of

12,193.  The 2002 escapement was half the largest recorded escapements of1994 (18,399)

and 1997 (18,514) and about double the lowest recorded in 1999 (4,595).  The Salcha

River chinook escapement in 2002 was about average.

The chinook run was composed of average numbers and sizes females of all age

classes and a relatively greater than usual number of jacks.  This would seem to be a good

indication of better environmental conditions, likely in the Bering Sea, than those since

1996.

Chum salmon began passing the tower July 15, roughly on average (1993-2001).

The run strength peaked in early August and was lower but holding steady when

operations stopped August 17.  An escapement goal for chum salmon has not been

developed yet and escapement totals from previous years are only partial estimates so

comparisons are not valid.  While tower counts did go a couple weeks longer in 2002 than

in most previous years, chum salmon were still entering the Salcha when 2002 tower

operations ended August 17, thus the 2002 escapement estimates should not considered

complete.  Barton (1992) recorded radio tagged chum salmon entering the Salcha River as

late as late September.

The Salcha tower operation went smoothly in 2002.  The technicians who did the

counting and assisted in tower setup and take down were very dedicated to their jobs and

the biologists with ADF&G provided excellent support and many good recommendations.

The weather proved to be a real bugger.
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Appendix A

Estimates of the chinook salmon escapement to the Salcha River in 2002
based on tower counts

Summary: I estimated the total number of Chinook salmon in the Salcha River based on
tower counts. The best estimation method was judged to be a hierarchical model that was
fit simultaneously to historical (1993-2001) and current (2002) count data. The model
assumes that daily expanded counts follow a bell-shaped pattern over the course of the
season. The number of fish migrating past the counting towers is then estimated by
integrating under the bell-shaped curve. I used a multi-year model because peak return
dates and the length of the migration period are relatively constant across years,
improving estimates within any given year. Several outliers in the 2002 season were
removed prior to fitting the model. This model resulted in an estimated escapement of
8,850  chinook salmon with a standard deviation of 1,492 (CV =17.3% ). Model
diagnostics suggested a good fit of the model.

I estimated the total number of Chinook salmon migrating past the Salcha River counting
tower using several different methods. All methods assume that the number of Chinook
salmon migrating upstream during a fixed period of time (e.g. per 8-hour shift or per day)
approximately follows a bell-shaped curve when plotted over time. Based on available
historical data from 1993 – 2001 this assumption is quite reasonable. The model was fit to
expanded counts of salmon per 8-hour shift (Fig. 1a), as well as to expanded counts of
salmon per day (Fig. 1b). In addition, I fit a multi-year, hierarchical model to data from
1993 – 2002 (Fig. 2, excluding 1996) which assumes that (1) returns per unit time within
each year follow a bell-shaped (normal) distribution and (2) the date of peak migration and
the duration of the migration period are similar across years. This hierarchical model has
the advantage that it can “borrow strength” from years with good data to estimate
parameters of the model in years with poor data.

Observations at the Salcha River counting tower started on June 29 with one chinook
salmon counted during the first 8-hour shift, indicating that upstream migration was
already in progress (Fig. 1). No counts were obtained for most of the period from July 3
to July 15, for July 22, for July 27, or for August 11-12 due to high river discharge. Shifts
or days for which no counts could be obtained were handled as missing values, that is I
assume that migration of Chinook salmon continues, but is unobserved. This assumption is
reasonable because there is little indication that upstream migration of Chinook salmon
was impeded at the highest discharge rates for which counts are available (Mueter, unpubl.
data). Counting continued through August 16, although no fish were observed after
August 8. The zero counts at the end of the series can have a strong influence on the
estimates obtained by this estimation method. For each model fit I examined the influence
of removing zero counts at the beginning and end of a series. Final model fits presented
here do not include long series of zeros at the beginning or end of a series, which resulted
in more reasonable models.  During 2002, unusually low counts were obtained during
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Figure 1: Expanded tower counts of Salcha River chinook salmon during the
summer of 2002 per 8-hour shift (a) and per day (b)
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two shifts on July 12 and July 13, a period of high discharge and poor visibility. These
counts have a very strong influence on estimates of total escapement (reducing estimates
by up to 1000 fish) and were eliminated in the final estimations because I considered the
counts erroneously low.

Summary of escapement estimates
Model A: 8-hourly expanded counts, 2002 only
The number of chinook salmon migrating past the counting tower during each 8-hour
period are assumed to follow a bell-shaped curve (normal distribution). Thus, the number
of fish arriving during period t (xt) is modeled as:
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where E is total escapement, M is the mean arrival period (as well as the peak migration
period), and S is the standard deviation of the arrival period. The standard deviation S is a
measures of the duration of the migration period; 95% of all migrants arrive during the
period between M–2S and M+2S.

The observed counts ct were assumed to follow this bell-shaped pattern; that is, the count
during period t is on average equal to xt but differs from xt due to errors by åt:

ct = xt  + åt

Counts differ from the assumed underlying distribution described by xt due to process
errors (e.g. fish tend to travel in groups leading to high counts in some periods and low
counts in others) and/or due to observation errors (discrepancy between fish actually
migrating upstream and the number of fish seen by the observer).

Errors in the counts are generally autocorrelated (Mueter, unpubl. data), that is, if a count
during one period is higher than expected, counts during adjacent periods tend to also be
higher than expected. This can lead to confidence intervals that are too narrow and was
therefore taken into account in all models. I accounted for first-order autocorrelation in
the data by modeling dependence in the errors åt as follows:

åt = ø åt-1 + ít

where ø is the autocorrelation coefficient and ít is a normally distributed error term with
mean 0 and variance ót

2 {ít ~ N(0, ót
2)}.

Furthermore, errors in the observed counts are not constant and are generally much larger
when counts are high, i.e. they increase with the mean. An examination of the standard
error of daily expanded counts shows that the standard deviation increases in proportion
to the number of fish migrating upstream, therefore the error standard deviation, ót, is
allowed to increase linearly with xt:
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ót = a + q* xt

The intercept a is included because the variance does not go to zero for zero counts.
Based on this model, I obtained an estimated escapement for chinook salmon in 2002 of
9,631 fish (Table 1). The migration was estimated to peak during shift 585 (July 14) and
approximately 95% of the migration occurred between July 7 and July 21. Model
diagnostics suggest a reasonable fit (Fig 3).

Table 1: Estimates of escapement (E), its standard error (se(E)), 95% lower and upper
confidence limits, mean or peak date of arrival (M), and its standard deviation in
days (S).

Model E se(E) CV lower upper M S
A 9,631 1,147 11.9% 7,349 11,914 July 14 7.28
B 9,158 1,435 15.7% 6,214 12,102 July 14\15 7.14
C 8,850 1,492 17.3% 5,964 11,737 July 15 6.28

Model B: Daily expanded counts, 2002 data only
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Figure 3: Normal model (line) for arrival of Salcha River chinook salmon fit to
expanded 8-hourly counts at observation tower (circles). Numbers on x-axis
indicate consecutive 8-hour periods, starting Jan 1, 2002. Two outliers (red) were
removed prior to fitting the model.
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I used the model and error structure described above to fit daily counts instead of 8-hourly
counts. The model formulation is identical, but M now denotes the mean date of arrival
and S its standard deviation in days. The model resulted in a somewhat lower estimate of
9,158 salmon (Table 1) and considerably wider confidence intervals with a CV of 15.7%.
The model fit (Fig. 4) was reasonable and showed no violations of the underlying
assumptions.

Model C: Daily expanded counts, hierarchical model fit to data from 1993-2002
The hierarchical model fits a normal, bell-shaped curve to daily counts within each year i,
but puts some constraints on the mean return date (Mi) and its standard deviation (Si). I
assumed that both M and S are similar across years and follow normal distributions with
means ìM and ìS and standard deviations óM and óS. The model is fit simultaneously to daily
counts from all years and should provide improved estimates of escapement within a given
year. The same error structure as above was assumed, i.e. errors are normally distributed,
first-order autocorrelation is accounted for, and the standard deviation of åt is proportional
to the estimated mean count on day t.

Here, I only present parameter estimates for 2002, but a graphical fit of models across 9
years shows reasonable fits for each year (Fig. 5). The total escapement of chinook salmon
in 2002 based on the hierarchical model was estimated to be 8850 with a CV of 17.3%
(Table 1). The model estimated that the average date of peak migration across years was
July 19 (ìM = 200) and that peak migration occurred 4 days earlier, on July 15, in 2002.
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Figure 4: Normal model (line) for arrival of Salcha River Chinook salmon fit to daily expanded
tower counts (circles). Two outliers (red) were removed prior to fitting the model.
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The estimate from the hierarchical model is lower than the other estimates because the
multi-year model adjusts estimates of Mi and Si to be closer to the common means across
years, ìM and ìS. Based on single stock models the apparent date of peak migration in 2002
was considerably earlier than in other years and the duration of the migration period was
the longest across all years. Therefore, the multi-stock model “pulls” the estimates of Mi

and Si to be closer to the common means across years, resulting in a smaller estimate of Si

and therefore a smaller estimate of total escapement Ei.

Conclusions
I presented 3 different fits to illustrate some of the decisions to be made in fitting these
kinds of models. One decision concerns the temporal resolution of counts that is used in
the model. Expanded counts for 8-hour periods are more variable than expanded daily
counts, but resulted in a considerably smaller confidence interval and a smaller CV (Table
1) than the other models. Expanded daily counts are summed across three 8-hour periods
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Figure 5: Observed (circles) and fitted (lines) daily counts of Chinook salmon migrating
past Salcha River observation tower from 1993 to 2002 (excluding 1996).
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and are thus less variable (see Fig. 1), showing the bell-shaped pattern of returns more
clearly.

For the hierarchical model I could only use daily counts because I did not have counts at a
finer resolution for years prior to 2001. If these data were available I could easily fit a
hierarchical model to 8-hourly counts. It would also be possible fit data to the hourly
expanded counts or even to the raw data, but the larger number of zero counts present in
the data would require a much more complicated model to be realistic. Another concern
about using data with a finer resolution than daily is the diurnal pattern that is obvious in,
for example, hourly counts. They indicate dependence (autocorrelation) in the count data
that is difficult to explicitly model and, if not accounted for, would result in variance
estimates that are too low (i.e. confidence intervals that are too narrow).

I consider the hierarchical model to be the most appropriate model to estimate chinook
returns for 2002 because it does take into account data from all years when fitting the
data. However, for the 2002 data, the coefficient of variation for the multi-year model is
larger than for the single-year model (Table 1). In particular it is considerably larger than
the CV of the model that uses 8-hourly data. Thus, while improved estimates may be
obtained by the multi-year model, they come at the prize of a larger (but probably more
realistic!) coefficient of variation.
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