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ABSTRACT 

Fall chum salmon escapement in the Sheenjek River was monitored by 
hydroacoustic techniques for the sixth consecutive year in 1986. The 
sonar-estimated escapement was 83,197 from 17 August to 24 September with 
the mean date of run passage occurring on 3 September. Approximately 46% 
of the sonar estimate was observed prior to 31 August. Daily upstream 
migration was primarily confined to peri ads of darkness with peak hourly 
passage occurring on the average between 0300 and 0400 hours. 

Age composition as revealed from beach seine and carcass samples was 8% age 
3 fish; 41% age 4 fish; and 50% age 51 fish. Less than 1% of the fish 
s lmp 1 ed were age fJ. • Fa 11 chum sa 1 mon samples were a 1 so co 11 ected for 
subsequent analysis ~n support of on-going stock separation studies. 

KEY WORDS: Fall chum salmon, Oncorhynchus keta, hydr~acoustic, sonar, 
escapement, enumeration, Yukon River, Porcupine River, Sheenjek 
River. 
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INTRODUCTION 

Yukon River fall chum salmon are in great demand commercially and are 
harvested in 6 fishing districts in the Alaskan portion of the drainage. 
Commercial harvest also occurs in the Canadian portion of the drainage near 
Dawson. Although commercial harvest is permitted in portions of the Tanana 
River, none is ·penni tted in the Koyukuk or Porcupine River drainages. The 
majority of commercial catches are pr-esently made in the lower river, 
downstream of the village of Anvik. However, value of fall chum salmon as 
a subsistence item is far greater throughout the upper river, upstream of 
the village of Koyukuk. Fall chum salmon are larger, spawn later, and are 
less abundant than their counterpart, summer chum salmon. They primaril¥ 
spawn in the upper Yukon River drainage (upstream of the village of Tanana} 
in spring-fed tributaries which usually remain ice-free during the winter. 

During the period 1960 through 1980, only various segments of annual 
returns of fall chum salmon were occasionally estimated from mark-and­
recapture studies. Excluding these tagging studies and apart from aerial 
assessment of selected . tributaries since the early 1970's, comprehensive 
enumeration studies were sporadic and 1 imited to only 2 streams through 
1980; the Fishing Branch River (Porcupine River drainage) and Delta River 
(Tanana River drainage). 

A 1 though tota 1 abundance estimates for fa 11 chum salmon returns to the 
Yukon River are still lacking, comprehensive escapement enumeration studies 
have intensified throughout the drainage in recent years, particularly in 
1985 and 1986. The Canadian Department of Fisheries and Oceans (DFO) 
estimated~ by mark-and-recapture methods, the abundance of fall chum salmon 
crossing the U.S./Canada border into the Yukon Territory in 1982 and 1983 
(Mi 11 i gan et a 1. 1984) and again in 1985 and 1986. Escapement to the 
Fishing Branch River was monitored by DFO with reinstallation of a weir in 
this stream in 1985 and 1986. Fall chum salmon escapement to the Chandalar 
River was estimated for the first time in 1986 with the operation of 
hydroacoustic equipment by the U.S. Fish and Wildlife Service (USFWS) 
(Simmons in preparation). 

The A 1 aska Department of Fish and Game (ADF&G) has attempted to estimate 
the total number of fall chum salmon in the mainstem Yukon River passing 
Pilot Station (rivennile 122) in both 1985 (Mesiar et al. 1986) and 1986 
(Thompson and Mesiar 1987}. Total abundance of fall chum salmon spawners 
in the Delta River was estimated by ADF&G in 1985 and 1986 based upon a 
spawner time-density·curve developed by Barton (1986a). Finally, Sheenjek 
River fall chum salmon run timing and escapement abundance has been 
estimated annually since 1981 using hydroacoustic techniques. 

STUDY AREA 

The Sheenjek River heads in the glacial ice fields of the Romanzof 
Mountains, a northeastern extension of the Brooks Range, and flows 
southward approximately 250 rivermiles to its confluence with the Porcupine 
River. Although created by glaciers, the river's numerous clearwater 
tributaries quickly convert it to a clearwater stream. Water clarity is 
somewhat unpred i ctab 1 e t but is generally c lea rest during peri ads of 1 ow 
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water; water level normally begins dropping in late August and September. 
Upwelling ground water composes a significant proportion of the river flow 
volume, especially in winter, and it is in these spring areas that fall 
chum salmon spawn, particularly within the lower 100 miles of the river. 
An escapement objective of 40,500 fall chum salmon was established for the 
Sheenjek River in 1985. 1/ 

OBJECTIVES 

Overall objectives of the 1986 Sheenjek River fall chum salmon study were 
to determine the timing and magnitude of adult salmon escapement and to 
collect age, sex, and size information on sampled portions of the run. The 
following _specific objectives were identified: 

1. estimate timing and magnitude of the fall chum salmon escapement 
using hydroacoustical techniques; 

2. estimate age_, sex, and size composition of the spawning 
population; 

3. support stock separation studies based upon scale pattern 
analysis (SPA) and protein-gel electrophoretic analysis by 
collecting fall chum salmon scales and tissue/organ samples; 

4. monitor selected climatological and hydrological parameters daily 
at the project site for use as baseline data. 

MATERIALS AND METHODS 

Two 1981-model, Bendix side-scanning sonar counters were operated at 
approximately rivermile 6 on the Sheenjek River in 1986 at the same 
counting site used in 1985 (Figures 1 and 2). One counter was operated 
from either bank and without deployment of artificial substrates. Fish 
leads were constructed to shore from each deployed transducer, preventing 
salmon from passing upstream inshore of the transducers. A 20-foot 
aluminum counting tower was assembled and deployed near the west bank 
transducer to facilitate visual and oscilloscope calibrations of the west 
bank sonar counter. Installation and operational procedures of each 
counter was the same as in previous years. 

Oa ily osci 11 oscope-sonar counter ca 1 i brati ons were made for each counter 
and calibration procedures were the same as described by Barton (1983). 

An adult salmon beach seine (100 feet long, 66 meshes deep, 2.5-inch 
stretch measure mesh) was periodically fished at approximately rivermile 12 
to sample adult salmon for age, sex, and size composition. Captured fish 
were enumerated by species. Chum salmon were sexed by external 
examination, measured to the nearest 5 millimeters from mideye to fork of 
tail, and scale sampled for subsequent SPA studies. Three scales were 

1/ The current escapement objective for the Sheenjek River is 62,000 fall 
chum salmon. 
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removed from an area posterior to the base of the dorsal fin and above the 
lateral line on the left side of each fish. A small section of spine (3-4 
vertebrae) was removed from an area posterior to the anal fin of each fish 
for subsequent age determinations. 

One hundred fifty chum salmon were further sampled for subsequent 
electrophoretic analysis. Tissue samples collected from each of these fish 
included muscle, heart9 and liver. The tissue samples from each fish were 
individually bagged and placed into coolers containing dry ice before being 
flown to Fairbanks for freezing. Containers were labeled according to 
location, species, and date(s) samples were collected and then forwarded to 
the Canadian DFO office in Nanaimo, B.C. for subsequent processing. 

A depth profile was made at the counting site on 17 August by stretching a 
one-quarter-inch rope across the river and measuring water depth every 10 
feet with a precalibrated spruce pole (Figure 3). A river water level 
gauge (meter stick) was installed at the sonar site on 18 August. Daily 
changes in water level and surface water temperature were measured at noon 
(Appendix Table 1). Surface water velocity was measured daily at each 
sonar transducer with a digital flow meter (Appendix Table 2 and Figure 4). 
Other daily observations included recording the occurrence of precipitation 
and percent cloud cover. 

An aerial survey was flown of the Sheenjek River fall chum salmon spawning 
areas in a PA-18 (Super Cub) on 2 October to estimate abundance and 
distribution of adult salmon spawners. 

RESULTS AND DISCUSSION 

Timing 

In 1986, the west and east bank sonar counters became functional on 17 and 
19 Augustt respectively. This represents approximately 2 weeks earlier in 
start-up of fall chum salmon enumeration on the Sheenjek River compared to 
previous years: 

Total Days 
Year Starting Date Ending Date Monitored 

1981 31 August 24 September 25 
1982 31 August 22 September 23 
1983 29 August 24 September 27 
1984 30 August 25 September 27 
1985 2 September 29 September 28 
1986 17 August 24 September 39 

Although sonar operations have terminated each year prior to the end of the 
salmon run by an unknown number of days, it is hypothesized that a 
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relatively small portion of the total run passes subsequent to the 
termination of annual sonar operations in most years based upon results of 
historic aerial surveys. Generally, salmon are present and spawning at 
most major spawning areas in the Sheenjek River by late September. 

Based upon a time-density model developed by Mundy (1982, 1984) to describe 
salmon migration run timing, timing of the 1986 fall chum salmon run to the 
Sheenjek River was one of the earliest observed since sonar enumeration on 
this river began in 1981. The pattern of the migration is described by the 
mean date of passage (a measure of central tendency) and the standard 
deviation (a measure of dispersion). These statistics are calculated from 
the proportion of the tota 1 escapement occurring each day. Further, the 
median date is the date by which 50% of the sonar estimate is made. These 
statistical parameters are given below for the migration of fall chum 
salmon into the Sheenjek River during the past 6 years: 

Mean Standard Median Duration of 
Year Date Deviation Date Project (days) 

1981 8 September 5.12 7 September 25 
1982 12 September 6.50 14 September 23 
1983 13 September 7.26 14 September 27 
1984 11 September 7.67 9 September 27 
1985 18 September 7.46 20 September 28 
1986 3 September 8.96 31 August 38 

It is likely that the 1986 run was nearly the same (if not slightly later) 
as that observed in 1981. Duration of counting in 1981 was from 31 August 
to 24 September with a mean date of run passage indicated as 8 September. 
If daily counts observed in 1986 for the same period as moni tared in 1981 
(i.e., 31 August to 24 September) ate subjected to the time-density model, 
the mean and median dates of run passage would have been shown as 
10 September and 9 September, respectively. Thus, it is likely that timing 
of the 1981 and 1986 runs were very similar and earlier than fall chum 
salmon run timing in the Sheenjek River observed in 1982 through 1985 
(Figure 5). It is thus plausible to assume a higher proportion of the run 
in 1981 was unsampled in the 2 week.s prior to sonar operations than in 1982 
through 1985. The 1atest run in the Sheenjek River was observed in 1985. 

The diel pattern exhibited by migrating salmon in 1981 through 1984 was 
again manifest in 1986. Upstream migration conunenced with the onset of 
darkness and continued through hours of suppressed 1 i ght. Overa 11, the 
period of greatest upstream movement in 1986 occurred between 2100 and 0600 
hours of the following morning (Figure 6). Peak hourly passage occurred 
between 0300 and 0400 hours when, on the average, 9.22% of a day•s count 
was made. In only a single year since sonar operations have been conducted 
on the Sheenjek River (1985) has the diel pattern in migration not been 
exhibited. In that year it was speculated that increased movement during 
periods of daylight was related to density-dependent factors, i.e., a large 
run size and late run timing (Barton 1986b). 
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Abundance 

The west bank sonar counter became functional by 2100 hours on 17 August 
and operated through 0800 hours on 24 September. The east bank sonar 
counter was operating by noon on 19 August and removed at approximately 
1000 hours on 18 September due to electronic failure. 

Sonar counts were adjusted daily based upon oscilloscope calibrations of 
each counter. A total of 188 calibration periods averaging 24 minutes !1!ach 
occurred with the west bank counter~ while 148, 24-minute calibration 
periods occurred with the east bank counter. The lower number of periods 
associated with the east bank counter reflects early removal of that unit. 
In total, 336 1 24-minute calibrations for approximately 134 hours were made 
for both sonar counters: 

Time of Day West Bank 

0001-1200 hrs 24.6 hrs (32.9%) 
1201-2400 hrs 50.0 hrs (67.1%) 

Total 74.6 hrs 

East Bank 

20.0 hrs (33.5%) 
39.6 hrs (66.5%) 

59.6 hrs 

Total 

44.6 hrs (33.2%) 
89.6 hrs (66.8%) 

134.2 hrs 

The east bank sonar counter was shut down on 18 September due to electronic 
fai 1 ure, 7 days earlier than the west bank counter. Estimates for fish 
passing the east bank were made for those 7 days by multiplying the west 
bank adjusted counts by a factor of 0.4981; the average percentage that 
east bank counts were of west bank counts for the period 5-17 September. 
The resulting total adjusted east and west bank sonar count was 14,571 and 
35 1 592, respectively, or 50,163 for both banks combined for the period 17 
August t~rough 24 September (Table 1). 

Actual counting range for the west bank sonar counter varied throughout the 
season from 44 to 80 feet while that for the east bank varied from 30 to 90 
feet, depending upon initial placement and subsequent relocation of 
transducers as necessitated by fluctuations in river water level (Appendix 
Tables 3 and 4). Consequently~ the uninsonified zone in midstream (i.e., 
the distance between· the ends of the 2 sonar beams) also varied throughout 
the season and ranged from a maximum of 193 feet on 17 August to a minimum 
of 50 feet on 17-18 September. This represents a much larger uninsonified 
zone than was experienced in 1985 (35 feet). 

Unfortunately, distribution of fish passing through each sonar beam could 
not be accurately determined from examination of counts by electronic 
sector due to the inability to adjust target 11 Val id hit 11 criteria by 
electronic sector on the 1981 model counters. It was observed that when 
fish were accurate 1 y being counted in nearshore sectors they were often 
being over or undercounted in offshore sectors (or vice versa). It was 
hypothesized that this was due to differences in fish swim speeds relative 
to water velocities at a given location. Whereas, the overall adjusted 
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counts for each sonar counter are accurate, counts per electronic sector 
cannot be used to accurately document upstream-migrant salmon distribution. 
The same phenomenon was also observed in 1985 at the present site (Barton 
1986!!}. 

Since it was apparent from visual observations from the counting tower that 
salmon were indeed passing upstream in the uninsonified zone, the following 
technique was used to estimate that number: 

where: X n 

c16ni 

016ni 

z . 
nt. 

n 

I 

I 

X = 1: (_c 16ni 
n i=l ~16ni 

= Number of salmon to midriver in uninsonified zone 
for counter n 

= Adjusted count in sector 16 for counter n on day i 

= Linear distance (in feet) of sector 16 for counter n 
day i 

= Uninsonifed zone (in feet) to midriver from counter n 
on day i 

= East or west bank counter 

= Total number of days sonar counter operated 

on 

The above equation was used with the west bank data to estimate midriver 
fish through 14 September. The equation was modified to estimate midriver 
fish (using west bank data) for the period 15-24 September. Movement of 
the west bank transducer and readjusted counting range 1 eft only 1 foot 
between the end of the sonar beam and midriver for that period (15-24 
September). However, fish were still being counted in sector 16. 
Consequently, "Z" in the above equation (which was 1 foot) was subjectively 
given a value of 25 feet; extending the west bank midriver uninsanified 
estimate to 24 feet beyond midriver for this period of time. No fish were 
counted in sector 1~ of the east bank counter after 11 September and thus 
the estimate of midriver counts, using east bank data subsequent to that 
date, was zero (Appendix Tables 3 and 4). 

An estimate of 33,034 fish was made for salmon passing the sonar site in 
the uninsonified zone resulting in a total sonar-estimated escapement of 
83,197 fall chum salmon far the period 17 August through 24 September 
(see Table 1). The proportion of the 1986 sonar-estimated escapement 
which was observed prior to 31 August (the 2-week early start-up period) 
was approximately 45.6% (37 ,949). If run timing in 1981 was in fact 
similar to that of 1986 (as suggested earlier), total escapement in that 
year may have been on the order of magnitude of 137,000 fall chum salmon. 
Good escapement to the Sheenjek River in 1981 is also supported by the 
higher-than-usual proportion of age 5 fish which returned in 1986 (see 
following section). 
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An aerial survey was flown of the Sheenjek River from the mouth upstream to 
the vicinity of Haystack Mountain (approximately rivermile 80) on 
2 October. The survey was given an overall rating of 11 poor 11 due to high 
winds and turbulence, making observations difficult. A total of 12,659 
fall chum salmon were enumerated (12,101 live and 558 dead). Spawning was 
judged to be at peak. The aerial survey attributed to only 15.2% of the 
total sonar-estimated escapement for the season. 

Age, Sex, and Size Composition 

A tota 1 of 18 beach seine hauls on 7 separate days from 5-22 September 
resulted in a catch of 376 (145 males, 231 females) chum sa1mon~ 11 Arctic 
grayling, and 11 round whitefi sh (Appendix Table 5). Three hundred 
twenty-nine of these chum salmon were sampled for sex, size, scales, and 
vertebrae. One hundred fifty were additi ona 11y sampled for subsequent 
electrophoretic analysis. An additional 121 chum salmon carcasses (57 
males, 64 females) were collected from gravel bars on 14 and 22 September 
and all sampled for sex~ size, scales, and vertebrae. 

Legible vertebrae from · 442 
fallows: 

chum salmon revealed age composition to be as 

Age 0.2 = 8.1% (brood year 1983) 
Age 0.3 = 41.2% {brood year 1982} 
Age 0.4 = 50.0% (brood year 1981) 
Age 0.5 = 0. 7% (brood year 1980) 

The male-to-female ratio of the age samples was 1.0:1.2 with males larger 
than females for a given age group (Table 2 and Figure 7). 

Table 3 contains historic age composition data for Sheenjek River chum 
salmon escapement samples. With the exception of 1986, all other age 
determinations were made from scales. Clark (1986 unpublished) found in 
a study using fall chum salmon spawners from the Delta and Toklat rivers 
{Tanana River drainage) in 1985, that vertebrae tended to represent fa 11 
chum salmon ages as older than age determinations from scales. This he 
attributed to the tendency of scales to erode or be absorbed · as 
migration to the spawning grounds proceeded, while vertebrae do not. The 
~reatest differences in age composition occurred in the proportion of age 5 
(0.4) fish for both Delta and Toklat river samples. Vertebrae tended to 
represent a higher proportion of fish as age 5 than did scales. 

Fluctuations in age composition can be explained by differences in 
abundance between year classes. For example, age 3 (0.2) fish predominated 
the 1974 samples (66%), reflecting a very large year class (1971) that 
returned predominantly in 1975. In subsequent years, excluding 1979 and 
1980 when no samples were collected, age 4 (0.3) fish usually predominated, 
followed by age 5 (0.4) fish. Samples were collected with gillnets in 
1981, 1982, and 1983 and consequently, age 3 fish may be underrepresented 
while the proportion of older aged fish overrepresented in those years. 
The high proportion of age 5 fish in 1986 reflects a strong 1981 year 
class. 



Table 2. ~an Jer.gtn n a;e i ily seKl cf fall t:niJII 5al._n Silllpii!CI in tnt Silei!IJ!k 
Ri~ 111 !3a6, a 

Brocd Year and 'lge Sro'lll 

!S83 1'382 !9!11 !580 

0.2 0.3 {U 0.5 

F9IUS 

Length :IllS 57& 589 
St.wlanl ll!!viation 25.19 28.3a 2!1.77 
S.ltSiZI! .21 96 120 2 
Percent lt.SJ 22.~ 21.2:1. o.u 

IR.fS 

~~~ 570 601 &31 
StiiiHW'd DIYiatillrl 30.36 30.48 31.~ ~ 

Sa..,lt Sht lS M 101 1 
Pa'a!nt 3.4~ 19.0J 22.91> o.a;. 

SEXES CIJtiiNED 

~ 51 587 509 
5ti!Miird DIYiatiCIII 2&.37 31.79 37.~ 

~le SiH 36 !82 221 3 
llwatftt 8.1~ '1.~ 50.01. 0.~ 

a Agn _.. dtt.,..ined fro. wrtlllra 1111 di!SigNhd using Eurcpan •tllocl. 
l.eftgtM _.. -~n~~ frol •i~ to fori! !If tail to nNl'St 5 •illi.trs. 
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Total 

581 
31.07 
~I 

s..~ 

&1-\ 
:l6.45 

210 
4a.:ill 

5'36 
l7.l 

442 
:OO.Ol 
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. Figure 7. Length frequency distributions by sex and age groups of Sheenjek 
River fall chum salmon sampled in 1986. 
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Table 3. COMparative ag2 ccmpostion of Shet!nJek River fall C!l'Jfll sai.;~.::;r, 

escapements, !974-1986. a 

Samille 
Year Age 0.2 Age 0.3 Age 0.4 Age 0. S Size 

1974 b &6~ ~ 3i ~ 137 
1975 b J1; ~ ~ 1~ 197 
1976 b ~ 44~ 51~ ~ 118 
19'77 b 11~ m 16~ ~ 178 
1978 b ~ 82~ 10l 0~ l!lO 
1979 
1980 
1981 c ~ ass 1~ Tnc& 340 
1982 c 31. 47l 50S Tract 109 
1983 c 6.~ 87l 6.51. ~ 106 
19M d 1~ 811. ~ . ~ 2f!l 
1985 d 1:1. m 6l OS 513 
1986 d,e Sf. 41~ SOl 1" ~ 

a All a;e detert~~inations NIH'tt fro. seal" ut~less othel"'lise indicated. 
Agt designation is European. 

b Carcass saples handpiO:ed frCII tht spawairg grounds. 
c Escapetellt s•ples taken •ith ~7/8 ird JtSit gillnets •t sonar sitl. 

Thus results o~rw biased towards older age fish. 
d Estapeii!Jit samples taken with beach s1i12 at riv.ern 11 12. 
e Agt detert~irllition was by verhbl"ae. 

17 
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SUMMARY 

1. The 1986 Sheenjek River sonar-estimated escapement from 17 August to 
24 September was 83!197 fall chum salmon, including an estimated 
33,034 which passed upstream between counting units in the 
uninsonified zone. This represents slightly in excess of double the 
escapement objective established for the 1986 season in this stream 
(40,500). 

2. Nearly 46% of the sonar-estimated escapement in 1986 was observed 
prior to 31 August. Mean and median dates of run passage were 
3 September and 31 August, respectively. 

3. Daily upstream migration of chum salmon was primarily confined to 
periods of darkness or suppressed light. Peak hourly passage occurred 
between 0300 and 0400 hours when, on the average, 9. 22% of a day 1 s 
count was observed. 

4. A good aerial sur.vey of the Sheenjek River to estimate fall chum 
salmon spawning abundance was not obtained in 1986. 

5. The chum salmon sex ratio in 1986 was 39% males and 61% females based 
upon beach seine samples at rivermile 12 from 5-22 September. Carcass 
surveys in the same vicinity on 14 and 22 September resulted in a sex 
ratio of 47% males and 53% females. Overall age composition as 
determined from vertebrae was approximately 8% age 3 fish; 41% age 4 
fish; and 50% age 5 fish. Less than 1% of the fish sampled were 
age 6. 

6. Tissue/organ samples were collected from 150 chum salmon and forwarded 
to the Canadian DFO for subsequent e 1 ectrophoret i c ana 1 ys is. Sea 1 es 
were also collected from these fish in support of stock separation 
studies (SPA) conducted by ADF&G. 

CONCLUSIONS 

1. It is essential to initiate sonar operations in the Sheenjek River not 
later than approximately mid-August to ensure the likelihood of 
determining precise fall chum salmon escapement timing to this stream, 
particularly in years of earlier-than-average returns. 

2. The higher proportion (40%} of fish estimated passing the 
in the uninsonified zone in 1986 as opposed to 1985 
attributed to increased river width and • in turn, 
uninsonified zone. 

sonar site 
(23%) was 
a larger 

3. Data collected in 1986 an Sheenjek River fall chum salmon run timing 
and age composition suggest total escapement to this stream in 1981 
may have been on the order of magnitude of 137,000 fish. 
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RECOMMENDATIONS 

It is again recommended that Sheenjek River sonar operations be initiated 
in mid-August and continue through the end of September to more 
precisely document fall chum salmon escapement magnitude and run timing. 
Two counters should be operated from the 1986 site unless substantial 
alteration to the stream bottom occurs. However, it is highly recommended 
that at least one (possibly two) of the newer model (1985) long range, 
Bendix -side-scan sonar units be used. The 1985-model counters can be 
operated at variable ranges to a maximum of 500 feet. In addition, "valid 
hit11 criteria can be manually selected as necessary for each of the 
individual electronic sectors. These combined features of the 1985-model 
counter should result in eliminating a midrivei uninsonified zone in 
subsequent years as well as reveal accurate spatial distribution of 
migrating fish. 
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Appendix faille 1. Dai-ly c~anges il'l wati!r level and silrface water teoQ­
perature at the SheenJek River project s1te, 1986. 

WATER LEV8.. 

~ter Daily Zero Water 
Day Oate ileading a Chang& IiatUil Te111p D 

-------
1 UHiug 21.00 o.oo 0.0 52 
2 19-Aug 27.00 --£.00 -i. 0 49 
3 20-Aug 33.50 ~.so -tZ.S 4a 
4 21-Aug 30.00 3.50 -9.0 47 
5 22.~ 21.00 ~.00 o.o 46 
6 23-Aug as. so ·5.50 -5.5 45 
7 lHiug 31.50 ·5.00 -10.5 45 
8 25--Aug 39.00 ·7.50 -18.0 43 
9 26-Aug 49.00 -10.00 -28.0 43 

10 27-Aq 56.50 -7.50 -1'5.5 45 
i1 28-Aug 60.50 -4.00 -39.5 4+ 
12 29-Aug 65.00 .... 50 -'".0 '"' 13 30-Aug bS.SO -().50 -44.5 45 
a 31-Aug 56.00 9.50 -35.0 46 
15 Ol-5ep 52.00 4.00 -31.0 46 
16 02-Sep 54.50 -2.50 -33.5' 48 
17 03-stp 60.00 -5.50 -39.0 48 
18 a.-sep 63.50 -3.50 -42,5 46 
19 05-Sep 67.00 -3.:50 -46.0 46 
20- !li-5ep 70.00 -3.00 -49.0 46 
21 07-Sep 72.00 -2.00 -51.0 46 
22 08-5ep 75.00 -3.00 -~.0 46 
23 09-Sep n.oo -2.00 -56.0 46 
24 1()-Sep 00.00 -l.OO -59.0 45 
25 U-Sep aJ.OO -3.00 -62.0 ~ 

26 12-l3e, 85.5(1 ~.so -64.5 45 
27 13-Srp 87.50 -2.00 -66.5 45 
28 14--5ep 88.50 -1.00 -67.5 43 
29 15-Stp 89.00 -o.so -68.0 43 
30 16~ aa.oo 1.00 -67.0 4J 
31 17-5ep 89.50 -1. 5() -68.5 44 
32 l8-51p 89.00 0.50 -68.0 45 
33 l~p 90.00 -1.00 -69.0 45 
34 _ 20-5ep 91.00 -1.00 -70.0 45 
3S 21-5fP 91,00 o.oo -70.0 41 
36 22-SeJJ 92.00 -1.00 -71.0 39 
37 23-5ep 92.50 ~.so -71.5 38 
38 ~-5ep 93.00 -o.so -72.0 37 

a Meter reading in centillli'hrs. 
b Te•JJeNture in degren Fahremeit. 

21 



22 

Ap:Jerdix T.a~l~ 2.. Surface wat~ velocities ~e~sur!d ~aily at tie east 
dnd west bank sonar transducerst Sileen.Jek River, 198&. 

SURFHt."'E wATER VELOCITY 
-------------

0!/SEC FT/SEC 
-------

Day Dat;: lierl Sal'lk East Banlt ioiest Bank East Bank 

!B-1lc; 9l 3.05 
2 :'3~ug 90 2.95 
3 00-Au; 88 47t 2. 89 !.54 
4 21~ug 96 35t 3.15 1.15 
5 22-lhll.l 100 45• 3.28 1. 48 
6 23~ug 38 SOt 3.22 1.64 
7 24-Aug 98 SSt 3.22 1. BO 
8 25--AWJ 9J SSt 3.05 t.ao 
9 2£.-i}ug as 62t 2.79 2.03 

!0 27~ug 79 531 2.59 1. 1-' 
11 28~u1 87 2.SS 
12 29-~g 96 as 3.1S 2.79 
13 J(H:jug 96 76 l15 .2.49 
14 31-AIIg 98 ~ 3.22 2.79 
15 01-sep ,101 7S 3. 31 2.~ 

16 0.2-Sep 105 72. 3.44 2.36 
l7 03-£ep 100 76 3.28 2.49 
18 04-Eep 95 74 3.12 2.~ 

19 05-Sep 96 72 3.15 2.36 
20 06-Se!l 95 71 3.12 2.33 
21 07-5ep 85 fib 2.79 2.17 
22 0!1-S!p 86 71 2.82 2.33 
23 09-Sep 90 68 2.95 2 • .23 
24 1o-5!p 82 67 2.69 2.20 
25 u-se, 84 62 ~76 2.0l 
26 12-Se!l Bt 66 2.6& 2.17 
27 13-51!!) 78 61 2.56 e.oo 
28 14-Sep 75 63 2.49 2.07 
2:9 15-5ep 81 62 2.£6 2.0l 
l) 16-Sep 86 &9 2.82 2.26 
31 _17--se, 88 65 2.89 z.t3 
32 18-St!' 75 70 2.46 2.30 
33 t'Hep 85 63 2.79 2.07 
34 20:-Sep S6 2.82 
35 21-Sep 82. 2.69 
36 2a-Sep ~ 2.79 
:rr a~ 96 2.82 
38 " 24-Se~ 81 z.66 

* Yelocihes taken i-ediately at shorelire and not at transducer. 
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llpperdbc -:"abie l. lhstance lfeetl of il'ISa~ified and u11insonifi!!d 211'11.'5 by tl'~ lleSt ilank :sonar counter and estirn,ted 
n•.m~er of c!ru11 !iill10n p;~ssinQ u11Strea~~~ in the west side Ql'linsor.ifii!d zone in t1e s~,i!i'l'ljsk iliver 1'386, 

io!EST BMNK 
-------

c)(tent of Sonir Rveragl! tnins.oni - EX;Jil'lded 
TransdOJtl!'l' i \'ISQI'l if ied Width of count count per fi ed zone ~o.;rts 

distmce ~ C,j;;r,ti n~ zt:ont ii ~ l udes sector setter li~.Jl ft RivRI" (to Mid- <to llid-
Date fro1 shcre ~dll!jt l!ange ir,s-'!ore lead) 15 (Ft) 16 (sedor 161 Width river) r:ver} 

Ill +!21 + {31 (6J/(5) (i) /2- (4) (~)•17! 

(!) (~) (31 14) (5) (61 17) !Sl (9) llQI 

17-!!~g 56 1 70 !27 4.375 l 0.7 320 33 23 
18~~ 56 1 &0 137 5.000 21 4.2 320 23 97 
!<Hug 56 I 60 !17 3.7'50 31 8.3 320 43 3'55 
20~ug 56 1 &0 117 3.750 64 17.1 320 43 7~ 

21~ug 56 1 60 117 3.~ 30 8.0 320 43 344 
22-Aug 56 60 117 l. 750 Tl 20.5 320 43 883 
23~U!J 56 60 li7 J.m 35 ~.3 320 43 401 
2~-iWI 5& 1 60 117 3. 750 61 16.3 320 43 699 
~!I 56 1 60 117 3.750 150 40.0 320 4l 1, 720 
3i.oAug 56 1 60 117 3.750 16i! - 43.2 320 43 1,958 
27~g 85 1 70 ~~ 4. 315 226 51.7 320 JO 1,550 
21~11!1 89 1 45 135 2.813 189 67.2 320 ~ 1,6110 
~ 8'J I 45 l:!S 2.813 184 65.~ 320 2S 1,636 
ll-ilt~~ 89 I 45 135- 2.813 121 4:t7 320 25 1,093 
31--A•l!J 89 1 45 135 e.e13 123 43.7 320 25 1,093 
01~ 89 I ~ 135 2.813 :57 20. 3 320 25 507 
()2~ B9 1 45 135 2.813 M 29.9 320 25 747 
ll3--Sep 89 1 ~ 135 2.813 62 22.0 320 ~ 551 
04-Sep 89 I 45 13S 2.913 76 ZT,O 320 25 &76 
as-sap B9 1 44 134 2.~ 41 14.9 320 26 388 
~ 89 1 44 !34 z.m 46 16.7 320 26 435 
07-&p 89 1 44 134 2.750 83 30.2 320 26 7B:i 
OHeta M 1 44 134 2.750 67 24.4 320 26 633 
09-5!, 89 1 ~ 134 

'· 750 
61 22.2 320 26 m 

IG-Sep 8'J 1 44 134 2.750 36 13.1 320 26 340 
11-51!11 89 1 44 1~ 2.750 .E 12.7 320 26 331 
12-sell 89 1 44 134 2.750 !!& 34.9 320 26 SOli 
13-5~~t 89 1 44 134 2.750 6i! 22.5 320 26 5!16 
1~ 89 1 44 134 2.750 15& 56.7 320 26 1,475 
ts-se, 104 1 53 158 3.313 118 J5.6 320 C21 25 891* 
JHep 104 1 53 158 3.313 69 20.8 320 12) 25 521 • 
17-51p ~~ 1 54 159 l.m 101 29.9 320 (1)25 7~ I 

18-Sep 104 1 5t 15'3 3.375 66 19.& 320 (1)25 
~· tHep 104 I So\ 159 3.315 112 l).2 3S) 11l25 ~· 20-S!p 104 1 ~ 159 J.:W 36 10.7 320 (1)25 261• 

21-s., 1~ 1 54 159 J.m 57 16.9 320 11125 4221 
2Hep 104 1 52 157 3.2!10 34 10.5 320 {3)25 262• 
23-5~ 104 1 ~ 157 J.e~ 20 6.2 320 (31 25 1~4 I 

24-5ep 104- 1 52 !57 3.~ 6 1.8 320 (31 25 461 

3,050 27,658 

• Uninso~~ifitd :n SIIIIJEtiwly extenel!d ZS fMt !leyOnt th• end of WISt bank SONI" bNI fi. L, fmhl!l' t!lan lrid-riVI!rl, 
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l!pper.d ix Tal:J!e 4. Oi st anct !f!l!~l ~f i r:sc:l ified and ur. l n$0Yll Heo lones ~Y t r.1 east ':ani< sc.nar :ow.t rr ar.d o:sti :r.at!d 
"'Umber of ~u!! 2bon pas.s i~; u:JStrealll i~ tne east side u:o ir.so!li~ :l!c! ::cn1 in he S:, !!!!"'J!i<; Riv!r ! ~6. 

--------
£AS T BP N !< 

Sxtent of Sor.ar AYerage ~YilliSOl'll- EMpa«!i!d 
Tr ~'ISd 'l~er i T:S(I'l i fi ed Wi dth of ceunt rount ~ fi l!ll H r>e :::O:•UI'!'; 5 

c istar.~e tea<! C;:,antil'l!! l Or'.! li r~ 11.-d es se~tOI" sector lineal ft River {t e> '11 id- !to ~id-

D~t! f !'O!II s+:e:-e ~l.r~ ~a.n~e i ns-'lore l ea11 l !6 <Ftl 16 l se!:~O" !6) ~idth rived l""!·~~ :"" } 

i ll+f2)? C3J f6)/ (5) !Sl/iH'+l !9)• (7) 
( ~) (2) !ll (4) (5) (6) m (8) !'3 ) (!0! 

! 7~ug 320 160 
18-Aug 320 160 
1Hu; 12 70 83 4.375 4 0.9 320 T7 70 
a>..qug 12 70 83 4.375 12 2. 7 320 77 211 
21-ilug 12 7() 83 4.375 6 !.4 320 n 11)6 
~ug 12 71) S3 4.375 32 7.3 320 77 563 
~ilg 12 I 70 83 4.375 6 1.4 320 T7 106 
2+-4lug 12 1 70 8J 4.375 12 2. 7 32() Tl 2H 
~ 33 1 55 99 4. 063 66 16.2 320 61 991 
26-Aug J3 1 70 1~ 4.375 M 14.6 320 :16 IU9 
27-ilug 33 1 70 104 4.37S 27 6.2 .320 30 185 
28-Auf 40 1 30 71 1.875 2:2 11.7 320 89 1,044 
29-Aug 40 I 60 101 3.'750 lT 9.9 320 S9 582 
:IHIIIJ 40 1 60 101 3.750 13 3.5 320 59 - 205 
31-ilug 40 I 60 101 3.~ 0 o.o J20 59 0 
01-51!11 40 1 60 101 3.~ D o.o 320 S9 0 
02-Sip ~ 1 60 101 3. 750 12 3.2 320 5IJ 1M 
03-511) 40- 1 60 101 l.'r.iO 0 o.o 320 59 0 
o.-5ep. ~ 1 90 131 5.625 0 o.o 320 29 0 
05-5ep I 40 1 70 111 4.375 I 0.2 320 43 11 
C6-Sep I 40 1 70 111 •.m 2 0.5 320 49 22 
07-51p. 40 I 70 111 4.375 2 0.5 320 49 22 
OIHep. 40 1 70 111 4.375 1 0.2 320 49 11 
09--Sep • 40 1 70 111 4.375 1 0.2 320 4! 11 
tHe!~• 40 1 70 111 4.375 1 0.2 320 49 u 
11-5ep • 40 I 70 111 4.375 0 0.0 320 49 0 
12~ .. 40 1 70 1ll 4.375 0 0.0 320 49 0 
13-5ep • "10 1 70 111 4.37S 0 0.0 320 . 49 0 
14.S.p • 40 1 70 111 4.375 0 o.o 320 49 0 
1S-5ep t 40 I 70 111 4.375 0 0.0 320 49 0 
16-Se, I 40 1 70 1l1 4.375 0 o.o 320 49 0 
17-5ep • 40 1 10 111 4.375 0 0.0 320 49 0 
liHI!t. 40 1 70 111 4.375 0 o.o 320 49 0 
19-5. 320 160 
20--!ilp 320 160 
21-&!sr 320 160 
22-Sep 320 160 
~ 320 160 
24~ 320 160 . 

5.312 

• !lays on lllicll the !iOl'lil" countll!l' Mas Ol)el"at !d on the 2 d!gi'H ll!al only • 



AppfmdiM Table 5. ~eenJek Ri'41!r beam seire catdle5 and c:hu1 sal10n sntplad for age, sex, r;ize, and 
electrophoresis, 1986. 

----------
HI.JitiBER tl!tJ! 5rullll4 

OF 
DAlE SETS R£ FOIALE 

----------------
05-!lep 7 5 10 
Qli-5ep 3 11 15 
07-81!p 3 22 2ft 
10-Sep I 16 4 
lE.-5eo l 34 56 

17-5eo 2 I 2& 60 

22'-Sep Jl 62 

TOTALS 18 145 231 

ARCTIC RD~D 

GRAVLINS WHITEFISH REMARKS 

1 
2 
4 

1 

2 

3 
5 

2 

11 11 

All chu15 Sallflled for- • 
Al f chuiS suplerl for AWL 
1111 dtuiS sa.pled for AIL 
All diUi!i sal'llpled for AIL 
All dlWIS sa11pll!d for AIL arw.t 

electrophoresis 
SO cllums Sllllpled for IIIL and 

60 chUH fOI" electrophoresis 
52 chuas sau~pled for Ill. 

The following cltUII salaon ll!re carcasses collected by boat suney of grav1!1 bars. 

1~-Sep 

22-Sep 

TOTALS 

20 
37 

57 

13 
51 

----------.-------
G~~ TOTAL 18 202 295 11 11 

-------------------------

All t'hu111s Siontpled for Iii!. 
All clluiS sutplE!d for 1M. 

Tohl diUI sal110n collected s ,.97 
Total AWL sat1ples = 450 
Total electroplloretic sa11ples = 150 

N 
(,n 


