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Sockeye salmon OPZCO~/;IY~C~Z(S nerka escapements into four river systems of Upper Cook Inlet. 
Alaskri, \ere estimated usins side-scanning sonar equipmenr. Fish wheel catch was used to 
apportion sonar counts in the Crescent and Yenma Rivers. Estimated sockeye salman escapements 
wcre 1.1 81.309 into the Iienai River. 359,633 into the k i l o f  River, 133.457 into the Cresccnt 
River. and 150,813 into the Yentna River. Indices of escapements of other salmon species into the 
Yuntna River were also obtained by sonar: pink 0. gorhuscha. chum 0. kfu ,  and coho 0. kitsutch 
salmon. Sockeye salmon in the Kenai River consisted primarily of age classes: 1.3 (57.996): 1.2 
( 14.3%) and 2.3 ( 18.7a/o). Kasitof River sockeye salmon were primarily age: 1.2 (37.3%); 1.3 
(26.1 %); and 3.2 (29.3% j. .4ge- 1.3 sockeye salmon were the most abundant (5 I. 1%) age class in 
the Crescent River. followed by age class 2.3 (20.3%). 1.2 (14.4%) and 2.2 (13.4%). Yenma River 
sockeye salmon were primarily age: 1.3 163.6%). 1.2 (1 6.1%) and 2.3 (10.3%). Lenb,rth and sex 
ratio data were collected for sockeye salmon in each river. Sockeye &on migration routes in all 
rivers were near shore. Houriy peak salmon counts were typically recorded during the afternoon 
and evening in the Kenai River. The Kasilof River peak hourly counts on the north bank generally 
occurred in the afternoon and evening, but south bank peak hourly counts o c c m d  during the 
morning hours. Peak hourly counts in the Crescent River occurred in the afiernoon and evening 
and did not always reflect post meridiem high tides. Peak hourly counts for the Yenma River were 
recorded during the evening md early morning hours on both banks. 

In addition to achieving project objectives. counts were again compared between substrate and 
substrateless counters an the north bank of the Kasilof River in 2003. Unlike the results korn 2002 
comparison counts. there was no substantial ditTerence in escapement counts between the two 
methods. 

KEY WORDS: Upper Cook Inlet. sockeye salmon Kenai River. Kasilof River, Crescent 
River, Yentna River. Swim River. qdsedsize, sonar, escapement 
enumeration, fish wheel, substratebss. 



INTRODUCTION 

Prior ro 1968, sockeye salmon escapement estimates in Upper Cook Inlet (UCI). Alaska (Figure 1) 
were based on surveys of dear water spawning meas and provided no information about the 
distribution or number of sockeye salmon which spawned in glacially occluded wa~m (King and 
Davis 1989). Commercial and recreational f i s h e ~  management efforts were further hampered by 
lack of daily and cumulative estimates of escapement. These constmints were signifrcantiy reduced 
by the development of hydroacoustic techniques to enumerate sockeye salmon in some glacial 
tributaries of UCI. Hydroacoustic enumeration of escapement began on the Kenai and Kasilof 
fivers in 1968 with the use of multiple msducer systems (MTS) which were arrayed linearly in 
uplooking positions (Yamtvedt et al. 1977). Transition from A4TS to side-scanning sonar (SSS) 
occurred in the Kenai River in 1977 when all counts were derived with a 1974 model MTS, except 
during the period I2 July through 3 August when a 1977 model SSS was employed on the north 
bank. SirniIarly. SSS was utilized on the north bank of the KasiIof River in 1977. but south bank 
counts were derived by use of a MTS m y .  By 1974, both banks of the b i l o f  River w m  
utiIizing side scan sonar. .4n attempt to utilize MTS equipment in the Smim River in 1976 failed, 
but enumeration of salmon escapement with SSS was expanded to the Susima River in 1978. 
Escapement enumeration utilizing SSS began at the Crescent River in 1980 below the outlet of 
Crescent Lake. The Kenai River counting site is located at river mile (Rw 19.5. The Kasilof 
River counting site was relocated h m  the outlet area of the Iake to approximately RM 10.5 in 
1985. The Susitna River counting si~e was abandoned in 1985 when recurrent flooding endwed 
the site untenable, and counting operations began on the Yenma River. a major tributary of she 
Susitna River, in 1986. The Crescent River counting site was relocated to approximately RM 1.5 in 
1984. Prior to 3,003, artificial substrates were utilized in dl the rivers except the k i l o €  
Subhmteless counters were deployed for the first time in the Kmai River in 1987 (north bank) and 
1993 (south bank), Crescent Rivtrr (both banks) 1988. Yentna River in 1994 (south bank) and 1995 
(north bank1 and in the h i l o f  River in 2003 (borh banks). Various authors between 1974 and 
2002 have documented results of escapement enumeration studies. 

The primary program objectives of UCZ escapemenr projects in 2003 were to estimate: (1) the d d y  
and cumulative number of sockeye salmon entering the Kenai, Kasilo.f:, Crescent. and Yentna 
Rivers: and, (2) determine the age. length, and sex composition of those escapements. 

METHODS 

Bendi'~ Corporation side-scanning sonar counters described by King and Tarbox (1989a), Cnudet 
( I9831 and Bendix Coq. (1980 and 1984) were used to enurnerne salmon escapemenrs. Puke 
width was 100 ms and transducer frequency was 51>Xhz Two- and fourdegree transducer 
elements were multiplexed in an alternating mode. The manufacturer preset the counting threshold 
at approximately -38dB. However, tests with a standard target of 41dB typically saturated rhe 
counters. indicating the counting threshold to be lower rhan -3SdB. The pulse repetition rate was 
~ariable. Counters were operated without artificial substrates in the K d .  Crescent and Yenma 



Rivers and for the firs1 time in the Kasilof River. Technicians tested rhc counters for proper 
operation prior to deployment and counter repairs were completed by Russ Th>nes of Yetersburg 
Electronics' prior to the stzut of operations. 

Project operational datrs were: 1 July through 10 August on the Kenai River; 15 June through 10 
August on the Kasilof River: 27 June through 3 August on the Crescent fiver; and 7 July tluough 6 
August on the Yentna River. Counting operations ceased when daily counts were < 1% of the 
cumulative count far 3 consecutive days. K& and Kasiiof River escapement projects cessation 
criteria were not instituted untiI the end of commercial iishing. 

Raw hourly output data were edited to account for debris, bottom echoes. or other sources of non- 
fish munts. Hourly sonar counts by day were entered into a database program (Excel) that 
calculated a daily average hourly count far sonar sectors by 

Ca = Cbm, 
where: 

(11 

Ca =average count per sector per hour; 
Cb = vdid hourly counts for af'fkctd sector and adjacent sectors; and 
N = number of sector per hour units which contained only valid counts. 

The avenge count was then substituzed into any sector/hour block where counts were deleted 
through editing. 

TernporaI and spatial behavior of sockeye salmon was assessed by examining distribution of fish by 
sector. hourly pasqc  rate. bank preference. and cumulative proportion of s o w  counts by day. 

T d u c e r  orientation was accomplished by remotely controlled rotatow on the north bank of the 
Kenai River. the north bank of the Kasilof River md both banks of the Yenma River. Correct 
orientation of the acoustic axis was tested periodically by the use of an artificial target. A sealed. 
weighted plastic sphere was moved rhrough thc: ensonifid area at various distances fiom the 
transducer. Simultaneous detection of the target by the counrer and visual recognition on an 
oscilloscope verified correct axis orientation. X mmclucer would be moved nearer shore as water 
depth increased. Short weirs placed downstream within a few feet of the u m s d e r  prevented fish 
kom passing behind or too near the transducer. 

Counters were generally monitored from 0700 to 0300 haws on the Kenai River and 0700 hours to 
2300 hours on the Kasilof River. .4t Crescem River. counters were monitored throughout the day. 
but observations were concentrated when passage ms were at daily peaks. Yenma Kver counters 
were monitored 0600 so 0200 hours on the south bank and 0700 to 2400 hours on the north bank. 
In addition to regularly scheduled monitoring, i n t e d e d  monitoring was conducted during 
episodic periods of hi& rates of fish passage. In all cases, visual counts from an oscilloscope wcre 
compared ro she counts accumulated by the counter during a minimum 10-min period or for a 
minimum oscilloscope count of 100 fish. The t i d  c o r n  were compared LO c o r n  produced by 
the counter and adjummems to the counter (calibration) were made if a relative error greater than 



30% existed. However. operators typically made adjustments to the counters to adjust for Iess than 
10% relative error. The basic counter adjustment consisted of changing the pulse repetition rate. 
During periods of low density passage (<500 fish per hour), Kensli and Yentna River 
oscilloscope/counter observations were made at a minimum of 1 hour per bank each day. When 
passage rates reached 500 fish per hour, minimum observation time increased to more than 2 hours 
per bank per day. Kwilof and Crescent River counters were senerally monitored for a minimum of 
3 hours per bank per day 

Information used to estimate species composition of solw counts, and age. length. and sex 
composition of sockeye salmon escapements was obtained fiom saImon captured in fish wheels. 
Fish wheels were located on the north banks of the Kenai. Kasilof, and Crescent Rivers (I  at each 
site), and on botb banks of the Yentna River. Fish wheels were operated for different lengths of 
time rich day at all four sonar sites, depending on the strength of the salmon run. The Yentna and 
Crescent Rivcr fish wheels were generally stopped when opentors estimated the minimum sampie 
size of 1% of the previous day's escapement had been achieved. In 2003, a minimum of 500 
sockeye salmon was needed each week for age, length and sex evaluations fiom the K e d  and 
KasiIof Rivers. Crews on the Kasilof and Kenai Rivers attempted to catch an average of 70 to 80 
fish per day. Scstle samples for aging anti rnid-eye ro fork-of-tail length (mm) and sex idormation 
wert: collected for dl sockeye salmon sampled and were used to aid in the determination of river- 
of-origin of smcks caught in the commaciai fishery. Age. sex ratios and mean lengths were 
caIcuIated by grouping samples together by weekly time (sampIe) periods for the Kasilof and Kenai 
Rivers, and for the s e w n  for the Crescent or Yentna Rivers. 

Because of their size and number. Dolly Vm&n char were included in sonar count apportionment 
at Crescent River. Typically, few Chinook salmon have been captured in the fish wheel at Crescent 
River. The low catch rate for Chinook salmon may be attributed to m h i i g  for this species 
which places the majority of h e  run in the river before cornins operations begin or that Chinook 
salmon are not accessible to the fish wheel because of where they migrate in the river. Dolly 
Varden char and Chinook salmon had been lumped together for sonar count apportionment 
purposes prior to 2000. but sonar counts were apportioned to cach of rhese species in 2000 - 2003. 

Factors htluencing the accuracy of escapement estimates for pink. coho, chum, and Chinoak 
saimon in the Yentna River were discussed by Tarbox et al. (1981, 1983). Counts recorded in the 
Klrsilof and Kenai Rivers were treated as sockeye salmon in 2003. 

A second counter with the transducer mounted on an 18 m duminum substrate was deployed for 18 
days on the north bank of the b i l o f  River beginning 23 July. The substrateless counter was 
moved upstream approximately 13 m &om its original position and the substrate counter was 
deployed in i~ piace. Dam h m  rhe subsrmteless counter continued to be used for escapement 
cstimtes. Borh counting units used a 5 15 transducer. a 12 - V batterylsolar power source, 
pulse width of 100 ms, beam w i d h  of 3' and 4"or alternated benveen the rwo. Both counters 
were monitored and cdibmted in a similar manner by comparing oscilloscope counts to those :. 
generated by the counter. Data was compiled and tabulaxed in a similar manner. Counting ranges 
fbr both counters depended on fish distribution. but in the case of the subsmeless counrer. 



counting mnge wiis also dependent on bottom profile. Some of the differences between the two 
units include hit criteria which was K~ed and could not be adjusted, power output (voltage peak to 
peak), md weir width. The weir for the substrate counter was wider than that for the subsmteless 
counter. The power output of the substrate counter was 30 V, and 40 V or more for the substrateless 
counter. depending on acoustic noise levels observed near the transducer (rock induced). 
Consequently. thct dead range was set to avoid rock induced acoustic noise and the intennittent 
counts produced by such noise. The substrate transducer was located 1.2 m. from shore and the 
substrafeless transducer was deployed 2. I m. fiom shore as dictared by the bottom profile. 

Fish counts fim the substrateless and substrare-mounted sonars were visuaIly compared by 
plotting counts fiom the rwo units by date, time of day, and sector (distance fiom shore). Two 
autocorrelation functions were cdculated using the data fiom each unit to determine the time 
between independent observations. Two regression analyses were then conducred wirh the counts 
From the subs~teless and substrate-mounted sonars used as dependent variables. F-tests were 
conducted to rest whether the slope of each regression equation differed between the two. 

RESULTS 

Kenai River 

An emimted 1.18 1.309 sockeye &on migrated past rhe Ktnai River sonar site (Table 1)  fiom 1 
July through 10 August. No other species of salmon were apportioned fiom the escapement 
estimates during this time period (Table 2). The pre-season return estimate for the Kenai River was 
2.04 million sockeye salmon. but as the w o n  pro-gressed the estimate was increased to 3.2-3.9 
million sockeye &on. The late-run sockeye salmon optimum escapement god (OEG) is 
500.000-1.000.000 sockeye salmon. The desired in-river goal range fbr total returns a . 0  million is 
600.000 to 850,000 sockeye salmon. for returns ran-@ng from 2.0 to 4.0 million is 750.000 to 
950.000 md for over 4.0 million is 850.000 to 1.1 million. The escapement in 2003 was the third 
highest since 1978. 

Eighty percent of the sockeye salmon escapement passed the sonar counters in 2 1 d (TabIe 3 mean 
= 31 d: range for 1979 to 2002 is 6 to 39 d). In 2003. the midpoint of the escapement was 19 July. 
3 days earlier than the mean. The escapement peaked on 27 July when 108.890 salmon were 
detected (Figure 2). Two other distinct peaks in the M y  escapement also occurred on 13 July and 
22 July. Sockeye salmon migration dong the north bank of the river accounted for 49% of the total 
escqment (Table 4). Run timing was issimilar for borh h k s  throughour h e  season (Figure 3). 
Passage rates were greater on the south bank during the 2 days of the peak (17 and 18 July). 

S h o n  were most abundant on the north bank in sector 3 (Table 5; Figure 4). The north bank 12 
sector counting range depended primarily upon fish distribution fiom shore and varied through the 
season h m  14.3 to 35.9 m.. with 81% of the migration occurring within the fm 6 sectors (7-13 m) 



of the counting range. The north bank transducer was located approximately 5 m %om thc bank. 
Salmon were most abundant in sector 3 along the south bank. The south bank 12-sector counting 
range varied slightly from 5.2 to 6.1 m. vcjth 82% of the mi-mtian occurring within the first 5 
sectors (2 m) of the counting range. Fish distribution from shore was nat as variable on the south 
b a d  as the north bank. Tfie south bank transducer was located approximately 3 m fiom the bank. 

Salmon passage dong the north bank was consistent over the 24-hour period, with passage rates 
exceeding 4.2% of the daily total (required for a constant passage rate) from 1500 through 0300 
hours (Figure 5 & 6). North bank fish targets recorded during the hours when fish passage 
exceeded 4.2% per hour accounted for 62.3% of the bank total. A similarly pronounced pattern of 
fish passage occurred on tfie south bank, where 71.5% of the fish migraced past the counter from 
1200 through 2400 hours. 

A c W  fish wheel catch was 2.749 sockeye salmon (Table 6), h r n  which 1,068 scale samples, sex 
determinations. and lengths were obtained (Table 7). The largest component of the sockeye salmon 
escapement was age-1.3 fish (57.9%), followed by -1.2 (14.4%), -2.3 (1 8.7%) and -2.2 (8.0%). 
Mean length by sex md maie-to-female rarios (Table 8) were within historicd bounds for age-I .2 
and -1.3 fish. Femde spawners of the major age classes constimted 56% of the total escapement. 

Late run sockeye salmon escapement through the Russian River weir (Berkhahn. 3,003 pers. 
comrn.) amounted to 157.369 in 3003. the highest return pas the weir on record (Table 9). An 
additional 27.473 sockeye d m o n  were estimated below the Russian River weir bringing the total 
Russian River sockeye salmon escapement estimate to 184,943. The escapement of sockeye sdrnon 
into Hidden Lakc was the lowest since 1995, with 12,094 migrating past the Hidden Creek weir 
(Fmdrei, 3003 pen. corm.) A linear regression anaIysis of the Russian River* Hidden Creek and 
Kmai River sonar escapement estimates is shown in figure 7. 

Kasilof River 

The optimal escapement range for this system is 150.000 to 300,000 sockeye salmoa, A teal of 
359.633 sockeye salmon were counted at rhe Kasilof River sonar site from 15 June through 10 
August (Table 10). The midpoint of the sockeye salmon escapement occurred on 14 July, 2 d Izlter 
than tI~t mean for the previous 24 yem (Tabie 11). Peak passage was recorded on 16 July when 
28.756 salmon passed the counters (Figure 2). Eighty percent of the escapement occurred in 34 d. 3 
d less than the historical mean (1 979-2002). No other species of saimon was apportioned fiom the 
sonar counts. 

Salmon coum were evenly distributed between borh banks (Table 4). Spatial distribution adjacent 
to the north bank was near shore (Figure 81, where 80% of the salmon mi-gritted within the fim 4 
sectors of the m d u c e r  (Table 5). Salmon were most abundant in sectors 2 and 3. The counting 
range (13 sectors) for the north bank varied &om 18.6 m early in the run to 55. m at the end. Fish 
passage was slightly less shore oriented on the south bank where 84% of the salmon passed within 
the 6 sectors (5.8 in) of h e  transducer. Fish were most abundan~ in sectors 2 4 .  The sourh 



bank counting range was also variable (12 sectors). ranging from 18 m during the first half of the 
run to 4.0 m near the end. 

The average hourly passage rate on the north bank met or exceeded the average for a consistent 
passage rate (4.2%) between 1200-2400 hours (Figure 6 & 9). Fish detected during these hours 
accounted for 61.9% of the north bank total. Passage rates adjacent to the south bank exceeded 
4.2% of the rota1 between 0500-0900 and 1400-1700 hours. SaImon counted during these hours 
accounted for 42.7% of the south bank total. 

Sockeye salmon escapement was also estimated for three index streams (Bear. Moose and Glacier 
Flats). The escfipemenr estirnare for Bear Creek was 71.654 sockeye salmon, of which 9.997 were 
killed for artificial propagation at the Trail Lakes hatchery (Fanbi  pers. corn., Table 12). Stream 
surveys estimated 11,514 sockeye salmon in Moose Creek and 9,580 sockeye salmon in Glacier 
FIat Creek (peak surveys). Four regression analyses were conducted to compare escapement counts 
at these three streams with Kasilof River sonar counts (Figure 10). 

A total of t ,704 sockeye salmon were captured in the b i l o f  River fish wheel (Table 13). of which 
1.298 were sampled for age. length. and sex characteristics (Table 14). -4ge. -1.2 (37.3%). -2.2 
(29.3%) and -1.3 (26.1%) sockeye salmon were the predominant age classes. Mean lenbrths and 
male to fmalc ratios for the major age dasses feII within historical bounds (Table 15). Female 
spawners comprised 55% of the major age classes. 

Sonar counts using two slightly different techniques were compiled aver the last 18 days (32%) of 
the seasan. Daily sonar estimates produced by the substrate and submateless counters are provided 
in TabIe 16 and are illustrated in Figure 1 I. The 22.555 iish recorded by the substrateless counter 
represented approximately 12.5% of the totaI fish passage enumerated on the north bank (23 Jul- 
I0 Aug.). The s u b m e  counter counted 24,372 fish. 7% more than the substrateless unit. The 
hourly uend h r  18-i days of dam collection was not substantially digerent between counters 
(Figure 12). Distribution Grom shore by sector suggested the fish passing the substrateiess counter 
were slightly more bank-oriented. Hawever, 90% or more of the fish passage occurred within the 
first 5 sectors (within 3 ml of each transducer indicating little off shore movement of salmon 
passing either counter. Counting ranges for both counters varied h m  5 3  rn to 9.1 m, with the 
substrate averaging 6.9 m and the substrateless 5.9 m. The dead mge for both counters was -75 m. 
The substrate was located 1.2 m hrn shore and the substrateless 2.1 rn fiom shore making the area 
effctively cavered from shore by both counters nearly the same (-8-9 m). 

Autocorrelation hctions indicated the time between independent counts was 10 hrs with the 
substnteless sonar and 24 hrs or more with h e  sut3strare-mmkd sonar (Figure 13'). Since hourly 
counts could not be considered independem. daily total counts were used in subsequent regression 
analyses to compare counts beween the two units. The slopes of two regression equations 
estimated using the substrateless and substrate sonar counts as dependent variables were not 
significantly different from one. 



Crescent River 

Sockeye salmon escapement inta the Crescent River was second highest on record (Table 1). The 
total escapernenr of sockeye salmon was estimated at 122.457 fish from 27 June through 3 August 
(Table 17) out of a total of 138260 fish counted. The desired sockeye salmon escapement goal for 
this system is 25.000 to 50.000 fish. 

The midpoint of the sockeye sdmon escapement occurred on 14 July (Table 18). 3 d earlier than 
the historical average &e of 17 July. The peak in daily salmon passage occurred on 13 July 
(Figure 2) when 13,223 fish targets were recorded. Eighty percent of tbc escapement passed the 
site in 38 d. five da3-s longer than the historical mean. Run timing between banks was similar 
(Figure 3): however. 65% of the fish migrated along the north bank (Table 4). 

Spaual distribution of fish targets was strongly shore oriented, with > 80% of the counts within I .O 
m of the transducer on the north bank (Table 5 & Figure13) and >90% of the counts within 1.0 rn 
of the south bank transducer. A greater than expected (4.3% of the daily total) passage rate 
occurred adjacent to the north bank fiom 1 100-2200 hours (Fibwe 6 & 151, accounting for 75.9% 
of the bank total. On the south bank the highes~ hourly passage rates occurred between 1200-2000 
hum. accounting for 63.m of the bank total. 

The Crescent River fish wheel captured 2.278 sockeye salmon (Table 19), of which 1.080 ('fable 
20) were sampled for age. length, and sex dam Age-1.3 fish were the most abundant (5 1 .1  %). with 
other major components of the escapement represented by age-2.3 (20.3%). -2.2 (13.4%) and -1.2 
(14.4%) fish. Mean lengths and male-to female ratios for the major age classes fell within 
historical bounds (Table 21). Females accounted for 53.1% of the total sockeye salmon 
escapement. 

Crescent River hourly fish passage mes peaked during the afternoon and evening hours but not 
necessarily folIo\l;ing high tides (Figure 16). The association wirh post meridiem high tide was not 
as clearly evident as observed in 2002. 

From 7 July b u g h  5 Xu~wt. 425.219 salmon were counted at the Yenm River sonar site, of 
which an estimated 180.8 13 were apprriond to sockeye salmon (Table 22). The renun of sockeye 
salmon in 2003 was the highest on record since sonar operations began on the Yentna River in 
1981. The escapement goal range far the Yenma River is 100,000 to 150.000 sockeye salmon. 
Sonar counts apportioned to species orher than sockeye salmon wexe: pink salmon, 167.384: coho 
saimon. 45.222; chum sahon 30349; and other fish including chinook salmon. 1,45 1. 

The midpoint of the sockeye salmon escapement occurred on 21 July, two days earlier than the 
historical mean (Table 13). Eighty percent of the escapement passed the counters in 17 d. The 



peak in daily passage rate occurred on 30 and 7 1 July. when 3 1,227 and 3 1,999 sockeye salmon 
passed the counting sire on consecutive days. Run timing was slightly different by bank (Figure 3) 
with peaks being more pronounced on the south bank. In accord uith the historical trend, 71% of 
the salmon migrated adjacent to the south bank (Table 4). 

Salmon passage was shore oriented (Figure 27). On the north bank. 83?% of the salmon mi-gation 
occumed within the Grst 3 sectors or within an average range of 3 . 5 4  m fiom the transducer. On 
the south bank, 8 1% of the salmon were counted within the first 5 sectors, an average m g e  of 3 54 
rn from the transducer. 

Fish passage rates increased during early evening hours (Figure 18) and generally remained ahvc 
the 4.2% required tbr a constant passage rate though the early morning hours. The seasonal hourly 
passage rate on the north bank met or exceeded the average for a constant hourly passage ntc 
(4.2%) from 1700 through 0300 hours, except 2000 hours (Figure 6). Higher than avenge passage 
rates occurred between 1200 and 0200 hours on the south bank with the exception of 1500 hours. 
Counts accumu1ated during periods of above average passage rate nccoun~ed for 59.8% of the north 
bank total and 68.6% of the south bank total. 

A total of 6,755 fish were captured in the north bank fish wheel and 13.573 in the south bank fish 
wheel at the Yentna River sonar site (Tables 24 & 25) for a total catch of 20,358 fish. The north 
bank fish wheel wught 3.331 sockeye salmon (34%). and 6,095 (45%) sockeye salmon were 
caught in the south bank fish wheel. Both banks combined for a total fish wheel catch of 8.426 
sockeye salmon, 41.4% of the total fish wheel catch by species. Age, sex. and lengh daw was 
collected from 812 sockeye salmon (Table 26). The major components of the escapement were 
ages 1.3 (63.6%). 1.2 (.16.1?/0) and 2.3 (10.3%). The number of age-1.3 sockeye salmon was 
considenbiy higher than average and is second only to the contribution of age-1.3 sockeye salmon 
in 1986. Average lengths for d1 age classm and male-to-female ratios fell within historical bounds 
(Table 37). Female spawners composed 46.2% of the major age classes sampicd. 

Pink salmon counts peaked on the 21. 22 and 13 July when approximately 40.000 passed the 
counters. Another 22.000 passed on the 3 and 3 Augusr and were stilI mrmhg strong when 
operations ceased on the 6 August Peak counts of chum and coho salmon occurred during the first 
week of A u w t  and these species were also still running szrong when operations ceased. 

DISCUSSION 

The 2003 iield season and sonar coun~ing operations were similar to past years excepr [hat all rivers 
had unusually high escapement numbers of returning sockeye salmon. Counting conditions on a11 
rivers were thought to be within design a d  operational tolerances of the Bendix side-scanning 
sonar system because: I) salmon passage was inshore and near the bottom during the peak of the 
run: 2) salmon densities were generally adequate for system Hdjuspnem: and. 3) one species. 



sockeye salmon. composed most of the rn except in the Yenma River (42.5 %). 

Kenai River 

The sockeye &on escapement for 2003 was the third highest since sonar operations officially 
began on the Ksnai River in 1970. The sockeye salmon escapemenu in 1987 and 1989 were 
greater when about 1.6 million sockeye salmon were counted each year. The higher escapements in 
these years can be attributed ro the Glacier Bay oiI spill in 1987 and the Exvon Valdez oil spill of 
1989 when commercial fishing was restricted for part of or all of ?he fishing season during these 
yem. 

Species apportionment of sonar counts xvas discontinued in 1995 and ensuing years because we 
perceived a potential problem in the apportionment process when a disproportionate number of 
nun-sockeye &on species appeared in the fish wheel catch (Davis 2001). Additionally, we 
consider the numbers of fish of other species as insignificant during the time sockeye salmon are 
being counted under normal run timing circumstances except those years when pink salmon enter 
the river ( u sd ly  starting in August). Salmon species other than sockeye salmon composed 1.0% 
of the total fish wheel catch in 1995, and 4.0% in 1996 (a pi& salmon year). In 1997. protracted 
run timing required extended counting operations, and species apportionment began on I3 August, 
resulting in 1.3% of the total fish =gets being apportioned to s p i e s  other than sockeye salmon. 
In 2998, apportionment by species was made when pink salmon numbers atcounted for 2.0% of 
total targets. Species apportionment began in August 1999 when species other than sockeye 
d m o n  exceeded 5.0% of the total fish wheel catch. The fish wheel catch prior to 1 August 1999 
had k e n  97.4% sockeye salmon. In 2003. 97.2% of the fish wheel catch was sockeye salmon. 
Counts of species other than sockeye saimon are of no vdue as index counts as extended run 
duration (coho or pink salmon), passage upstream outside the ensonified area (coho and chinook 
saImon). and disproportionate fish wheeI catch combine to limit the usefulness of these data Based 
on these darn we have established criteria for begkmhg apportionment to species in the KrnaJ 
River. When the fish wheel species composition contains 5 % of a species other than sockeye, md 
in our best professional judgement the presence of oxher species at or neat the 5 % level is a trend. 
then apportionment of s o w  counts will begin. This guideline was deveioped primarily to 
accommodate situations where run timing of sockeye and pink salmon overlap. 

Prior to 1999. a inhimum fish wheel sample of 150 fish was required to constitute a period for 
apportionment. Several days may have been required to attain an adequate sample size. This 
merhod of apportioning sonar counts was replaced by daily apportionment based on mud fish 
wheel catch in year 9,000 and was continued through year 2001. Altering the method by which 
sonar counts were apporrioned did not significantly change the find estimates lpK0.05; S. Carlson. 
ADF&GI Soldoma. personal commsrnication) and was more defensible from a biosutisticd 
viewpoint. In 2002 and 2003, a minimum of 500 sockeye salmon was sampled from the fish wheel 
on a weekly basis. 



Fish distribution on the south bank was occasionaliy affected by human dismbances in the or 
from activity on the boar dock which is located immediateIy below the weir. Fish usually moved 

offshore and out of the counting range for several minutes until such activities ceased (sometimes 
as much as 10-15 minutes or longer. depending on the duration of the disturbance). Experimental 
sonar counters were deployed side by side with the Bendix counters in 2001,2002 and ZOO3 on 
both banks and activity in the water and on the south bank dock were higher than in years when 
only the Bendix counters were deployed. 

In 3002. a computer was successfidly interfaced with the south bank countcr and used to tabulate 
daily escapement estimates. In 2003, the north bank counter was interfaced with s laptop computer 
and used to tabulate north bank escapemenr estimates. Midway though the season, the north bank 
counter malfunctioned and was replaced by a backup counter, elimiting the availability of 
computer generated escapemenr data Data had to be entered into a computer manually for the 
second half of the season. Recording escapement data directly onto a computer eliminated 
transcription errors and reduced the amount of time needed to finalize the previous day's data 

Kasilof River 

Sockeye salmon escapement into the Kasilof River was the second highest estimate on record since 
sonar operations began in 1970. The highest estimate occurred in 1985 when over 505,000 sockeye 
salmon passed the counters. 

Run timing, counter limitations. and spawning locaiions relative to the sow site made sonar 
escapemenr estimates for h i l o f  River pink, coho. and Chinook salmon impractical. Coho salmon 
enter the river primarily in -4ugust (G. Kyle, ADF&G, Soldotna personal communication). Early- 
and late-run Chinook d m o n  migrated past the sonar site during the time when sockeye were 
counted, but no counts were apportioned to this spies. We believe that the ratio of sockeye 
salmon to Chinook salmon ~~ in the fish wheel is biased toward Chinook salmon during the 
latter portion of rhe rua resulting in total Chinook estimates that exceed the acwd spawners 
passing the counting site. We are uncertain as to the ~ L M S  of this perceived bias. but fish wheel 
position, river current pattern or other similar mvironmenral factors could be influencing chinook 
migration partem at this site. The historicid proportion of Chinook salmon in the north bank fish 
wheel catch is 3.4% (range 0.01% to 5.1%). Some of the captured Chinook salmon were adipose 
fin clipped in the past indicating they were probably from the enhanced Crooked Creek smk a 
stream located several miles downstream of the coundng site. The error associated with 
apportionment of Chinook salmon counts to sockeye salmon is more acceptable than an inflated 
Chinook &on estimate. 

Due to the make-up of the n a n d  substrate, the Kasiiof Riva sonar site. was the last sonar site in 
UCX where artificial substrates were utilized. In 3002, comparison c o u n ~  between substnteless 
and artificial substrate counters were made to evaluate the f'etisibiliry of using subspateless counters 
in 2003. The 2003 results indicated that substrateless comfers would work on the Kasilof River 



(Westerman. 20021. The north bank comparison ~ s u l t s  in 2002. however. were subs~tial ly 
different. with the substrateless unit countins mice as many fish as the substme counter. Because 
of this count discrepancy on the north bank in 2002. thc substrate was again deployed 23 July 
through 10 August 2003 for additional analysis. 

Adequate water depth in late July allowed for the sfisfactory deployment of both substrate and 
substrateIess counters and minimized the risk of off shore dispersion of fish. The counters were 
deployed within 13 m of each other. and in the only locations that wouid support two different 
rransducers. Fish are more dispersed offshore early in rhe migration. when water levels are 
relatively low. and exposed or shallow gravel bars influence fish distribution. The artificial 
substrate is also known to disperse fish, pardcutarty when water levels are low. The deployment 
and successfd operation of hiio independent counters on the north bank is best achieved during mid 
or Late July because of the effects hat shallow water level, bortom profile and boulders have on fish 
behavior in early July. 

In 2003. comparison of daily counts indicated no significant difference between the substrate and 
substrateless counters (Figure 13). No substantial difference in fish distfibution between the wo 
units was apparent when considering the overall arm covered by both transducers; which includes 
counting ranges, dead ranges and distance corn shore. Sector counts indicate that the majority of 
fish passed within the counting range of b r h  counters. Offshorc distribution of fish at both 
locations was related to the influence of short weirs. which force fish to move far enough offshore 
to emure passage through the transducer beam. The submate weir, wider of the two, diverted fish 
away from shore for about 3.5-6.0 m. whereas the substrateless weir diverted fish only about 3.3- 
3.6 rn. h m  shore. The substrateIess weir, according to Technicians, may not have been wide 
enough to prevent a few fish f b m  passing inside the dead range of the transducer, that area n m s t  
the transducer where fish signals may not be counted because of e m m u s  noise. Technicians 
noted thar on two diffment occasions (26 July and 2 August), the substrateless weir had been 
bmped by Imge debris (tree) during the night and had shifted position enough to allow fish to pass 
behind the msducer and go undetected. The differences in counts fiom these days were two of 
the highest during the I8 days of cornparisom. Problems with fish passing too near the 
substrateless transducer were also noted on 24 July: probably accounting for the difference in 
counts on the 23 and 34 July. The substrate counter did not experience the problem of fish passing 
too close to the dead nnge because of the width of the weir- Boulders immediately upstream (about 
I-:! m at both sites) of the transducer influenced the dead range setting for both counters, creating 
acoustic noise that forced us to maintain a dead range of about 0.75 m. .A lesser dead range would 
have generated Mse counts in sector 1. Detection of fish (by osc~oscope) inside the dead range 
was mare apparent on the submeless counter than on the submate. Adjustments to the weir. dead 
range and power output were made to help alleviate this problem. In both cases, fish were strongly 
shore oriented and most passed within the ensonified area. 

Visual observations fiom the oscilloscope indicated Ehat hit crireria on the Bendk sonar were sex 
properly to ensure the most accurate reflection of hh passage by sector. The substnte (6" 
aluminum tube) is known to affect fish behavior by forcing a propordon of fish offshore. causing 
them to cross though h e  mmsducer beam in deeper water (Kmg 1986). In 2002, a proportionately 



higher number of fish passed farther offshore when crossing rhe substrate than when passing 
through the substrateless tmnsducer beam. The low number of fish detected in the outer sectors. the 
high water Ievel and water velocity of late July does not appear to have had a major impact on 
offshore fish distribution in 2003. Offshore movement was not visualIp observed on either 
counter. increasing 'cater level and water velocity forces fish to migrate closer to the bank far ease 
of movement. Time of day and sunshine, factors known to influence fish behavior, did not 
influence distribution. 

The substrafeless counter offers several advantages over the subsme counter for estimating 
sockeye salmon escapement in the Kasilof River. 1.) The amount of debris. particularly large 
woody debris fiom Iimbs to fill-size cottonwood or spruce trees, capabIe of catching on the 
substrate. has been a constant maintenance problem (and safety issue) with substrate counters. 2.) 
Fish will move more naturally. without having to cross a 6" aluminum obstacle, resulting in 
reduced fish speed and more natural fish distribution pattern. 3.) Adjustments to the pulse 
repetition rate will more accurately reflect fish distribution in the middle sectors. 4.) The 
manpower requirement to depby. maintain and breakdown equipment will be much less, 

Crescent River 

Escapement estimates for sockeye salmon were the second highest on record since sonar began 
operating on the Crescent River in 1979. The estimate in 1985 of 128,628 is the highest on record. 

Prior to 1993, fish were collected for species composition with drifted gill nets a d  a fish trap. The 
installation of a fish wheel at Crescent River (1993) provided a larger sample size and probably 
reduced the d e w  of size selectivity inherent to the gear types formerly used Dolly Varden char 
had not appeared in the catch in previous years. but appeared in the fish wheel catch in 1993 (Davis 
and King 1994a). We believe that the char captured at Crescent River were of adequate size to 
meel target detection thresholds of the counters and included them in the apportionment of daily 
sonar cams after I993 (Davis and King, 1993). We also concluded that these fish were migratory 
based on morphological characteristics and results of marking dl  Dolly Varden char captured in 
1993 through 1995. Of the Dolly Varden char marked in 1993 through 1995. none were 
reaptwed. The high proponion (18.6% or 548 fish) of char in the fish wheel catch in 1944 led us 
to believe that the sockeye salmon escapement may bave historically been overestimated. The 
proportion of char in 1993 (0.5%) and I995 (0.7%) m y  be more indicative of the degree of 
historical over apportionmen1 to sockeye salmon than the high proportion observed in 1994 (Davis 
and King 1994a 1996). In 3003. fish wheel catch resulted in 6,339 counts being apportioned to 
Dolly Varden char. or 4.6 % of the total count. The fish wheel catch of Chinook and coho salmon 
was insignificant (>I%). and the chum and pink salmon catches were sdll high when counting 
operations ceased. 

Tfie physical chmteris~cs of the riverbed are changing at rhe Crescent River sonar site. Flooding 
in the fdl of 3002 cut a small channel into the north bank about 100 m downstream of the counting 
site and added to the size of gravel bars that have been building in the middle in the river for the 



past 10 years. The main current remains on the south side of the river, but the river filled in some 
of the channel on &at bank, making the slope a litzlc less steep and more suitabie as a site for the 
sonar counter. The north bank has an adequate location for counting purposes. but is more 
influenced by gravel bars. 

Yenha River 

Sockeye salmon escapement in 2003 was the highest ever recorded since sonar operations began on 
the Ycnm River in 198 1. 

River levels did not halt any aspect of sonar operations in 2003 except on 29 July, when the south 
bank fish wheel was not operated because of high water. The south bank fish wheel catch from the 
previous day was used to apportion sonar CUUIIS on the south bank for 29 July only. River flaws 
were high (at times about 0.3 m. below flood stage at the Lake Creek gauging station) until 18 July 
when water levels dropped and remained low until 28 July when water levels increased again. 
Water level dropped over 1.3 m. between 30 July and the end of operations on August 6. Data 
collected by Barrett (I 985) utilizing m k e d  fish indicated that upstream mi_gmtion in this system is 
slowed during episodic high flow events. 

King and Tarbox (1990) indicated sockeye and pink salmon exhibited differential migratory 
behavior in the Yentna River. They found that sockeye salmon were proportiodly higher in the 
fish wheel catches fiom 1200 to 2400 hours, and pink salmon were more frequently captured from 
0600 to1 200 hours. This observation identified st potential source of error in the use of total daily 
adjusted fish wheef catches to apportion sonar counts. To evaluate this potential bias, fish wheels 
were operated in three 6-hour rime blocks over a 24-hour period in 1993 and 1994. Analyses of 
data fiom these wo yeam indicated the degree of bias did not justify h e  addition4 expense of 
operating the fish wheels in this manner, so this method of fish wheel operation was discontinued in 
1995. In 2003. both fish wheeIs were usually operated for 4 to 8 hours per day. depending on 
catch rate. and three times daily: once in the morning, afternoon and evening. 

Enumeration activities ceased on the Yenma River on 6 August, Migratory timing infomation and 
escapement estimates could not be calculated for pink churn rrnd coho salmon, because migration 
continued past the end of sonar operations in 2003. The mean coho and chum salmon escapement 
estimates for I981 to 1984 was 78.7% of the chum salmon escapement and 84.8% of rhe coho 
salmon escapement. which was recorded by 12 August (King and 'Tarbox 1986). Spatial 
distribution of chinook saimtln is not known be as bank oriented as sockeye salmon and therefore 
an unknown proportion of the migrating fish may pass outside the emonified areas and would also 
avoid capture by the fish wheel. Escapement estimates for other species of salmon in the Yentna 
River should not be considered a reliable d y s i s  of run snength. 
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Table 1. Estimared sockeye safmon escapemenr recorded by side-scanning sonar in h e  Kenai. Kasilof 
Crescent. Yenma and Susima Rivers 1978-2003. Escapement revised for Kasilof. 1980. 

1981 407.639 36.625 41.113 139.401 340.732 

1982 619.).%3 1 180.219 58.937 113.847 189.772~ 215.856'- 265.33," 

1983 630.340 1 1  0.271 92.137 104.311 112.314 176.1 14' 

19M 34.571 13 I .685 1 18.345 149.373 194.480~ - 279.446' 

1985 501820 505.049 13.628 107.124 c 227.924% 

1986 501.157 275.963 90.385' 92.076 

1987 1.596.871 249.250 120.319 66.054 

198s 1.021.469 X)-4.0!3@ 57.7 16 52,330 

1989 1.599.959 158.306 71.064 %f 69 

1990 619.510 144.136 52.138 140290 

I991 647.597 138,369 44.578 109.632 

1992 994.798 184.178 58.229 66.074 

1993 8 13.61 7 149.939 33.556 141.691 

1994 1,003,546 105.1 17 30.355 128.032 

1995 630.447 204.933 52.3 I 1 121 220 

1996 797 3-47 f 49,944 18.729 90.660 

1997 1.064.8 18 266,025 70.768 157.821, 

1998 767.558 273.2 13 62.357 1 19.623 

1999 803.379 3 l l j S 7  66.5 1 9 99.029 

2000 6M,Sf 8 256.053 56.599 133.094 

200 1 650,036 307.370 78.08 1 83.532 

2002 957.924 226.682 61833 78.591 

2(1)3 1.181.309 359.633 122.457 180.8 13 

' lncluda counLs afier E June 11 478471 wd aftn ! lul! (1988-02). n t ~ r s m c . . ~  
"ncludcs c o u n ~  or esorinrstes prior ID 15 Junc 11 983-18) and pa enumntion estimates IIYII-16) 
- No counrs conducrcd 

d~ombiflrs wnar counrs from k'cnma aqd Swhincst3iians 
'Sonar counts discondnued 

! Sonar caunts from mrrk~~ecapurc arirnares from Sunshinc Sniion mi! r \ s r  bank ofrhe Susrmn River. 
' Counrs Cum Ifentor Sutmn and mL-rtcap~we cssimjre irom Sunshine Stxion. 
h~ombined counts from Ymmn Srarror. and ean h k .  Sllsilnr Smnog. 

'Counts bough 16 lul) only. 
' Cornbind counts from ~ i u r s  on W a n d  Glacier Flat Crrcirs end sunqs a i t ~ l n v i n i n ~  spawning s!mmr. (Sonar count 151,856. r 



Table 3 . Estimated sockeye salmon escapemenr and other apponioned species into the Kenai River. 
I July through 1 0 A u p t  2003. 

So&qc Pink Coho Chinook 

IMe Daily Cum Ilaily Cum Dail) Cum Daily Cum 

I-JuI 
'>-Jut 
3-3111 
4-Jd 
~ J u I  
6-lul 
7-Jui 
8-Jul 
4-JuI 
l 0-Jut 
1 1 Jul 
12-3ul 
13-Jul 
14-Jul 
IS-Jul 
16-Jul 
17JuI 
18-1111 
19-Jul 
20-ful 
2 1 -Jul 
22-Jul 
23-1~! 
2GJul 
29-Jul 
26-Jut 
37-lul 
28-Jul 
29-Jul 
30-Jul 
3 1-Ju! 
I -Aug 
2-Aug 
3-Aug 
4.4ug 
5-Aug 
6-rI~g 
7-Aug 
8-Aug 
9-.4ug 
10-;2ug 
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Table 1. Distribmion of sockeye salmon escapemenr by bank ('+& of total count) recorded by side- 
scanning sonar in the Kenai. k i l o f .  Crescen~ and Yenma Rivers 1979-2003. 

Kenai River 

Year North Sauth 
Bank Bank 

Kasilof River 

rjortb South 
Bank Bank 

Crescenr River Y enma River 

Korth South North South 
Bank Bank Bank Bank 



Tahic 5 ,  Fish distriburion h?. sector and averape coun~in_r ranges for h o ~  banks o f ~ h z  Kcnai. 
KasiIa:: Cremt .  and Yenma Rives. 2003. Comparison of tish d~strihurinn bemen 
subsmc and substrareless counrers w d  on the nonh bank of the KsiIaf River 2.1 July 
- lo Augusl is given at thc bonam. 

timi RWer nonb bank 
Ihily O.0 4?0 12% 235. 1% 1590 8% 4?r 4% 3% 3 7 0  29. 3% 
Cum. 'a .IS- 16% 3% 5899 73% 8IYi 85% Wtr  930 95% 9 T o  lWrr 
Counring mgm: 14.3 - 25.g m awnpe colmuq rangc lU.8 m 

south bank 

IJaily 46 1'94 9% 38:; 1R!* 640 6% 5% f m n  2?b 1% 190 Oqr 

Cum 90 1% 1030 4830 76% 82% 88% 9 %k 98% W ? h  IUO?. 100%. 

Cawing nngcs: 5.2. - 6.1 m a~pera& counlrog range 3.h m 

liasilof River 
h i l y  ?*a ED 38% 
Cum 9;  8% J6?& 
Counting ranges: 52 - IBd m m 

h i l y  2; IWo 1896 
Cum. O.0 1Jb,0 5290 
C'ounting ranges: 4.0 - 18.6 m 

Cmecnl Rivcr 

.kc. Jm 63% 18% 
CUB. '$0 63% 81% 
Counting ranges: 3.4 - 6.1 m 

S~C. ?i 94% 49, 
Cum. 4; 9490 '28% 
Countingrnngcs: 10.1 - 152 rn 

avemgc munung range 6.2 m 

south b a d  
1% I!. D ? i  0% 090 5% 0% 0% 0'. D?; 
99% 100% Imo 1000,; lDO0A ICO?. IOOOlr IW,o 1W.r 1009. 

amage counting range 13.0 m 

Y n t m  River north bank 

Ddiy 'i 13?e 4440 36% 109. 3% lo. 1% I S ;  0% 0% 0.0 
C U ~ .  O,. 1 %  57'i 834. 93% 96% 9 7 9 0  98% 99% W?e W / o  1 W . o  10Pm 
Counting nnges: 8.7 - 13.2 m av-c cnunring m g c  10 0 m 

soah bank 
nail? 90 1% Il'b 2 7 ;  3% 1990 !19~ 44; 2% 1% 1% (1?i P.6 
C U ~ .  'a 1'0 2 ' 0  34% 5 2 s  81.0 9 2 0  n PWll WEO). I#% 100?0 IOfl% 
Counting nngrs: h 4 - 9.1 rn avenge counting mngv 6.4 m 

Kasilal Riicr mnh bpnk 

subsrm~eless counter (July 23 - August 10 only) 
Ihilp ?:b j900 Eno !Pa 80. fa; 1". 15, lD,o 04r (P. l l4b 

CUIII O i  39Qa c i l eo  7Waa 86ep Wb-e 9 9 0  9S"b URI. WQu 10wi I t W n  IO(Rb 
Counting ranges: 5.2 - 9.1 m avenge counting nngc 6.Q m 

suhm~r  eounm (July 2; - August 10 only 
Daily 54 l4?a ~ I ? o  3'0 .'?I 1'0 !?e loo In*  loo I o n  O'a P o  
CUrn *'e 1 549. 89.0 94'0 95.b 97% 98.b o O m  1UO0n I ( B o  
Counting mgvs: 5.4 - 9.1 m armgc cgmunl range 5.9 rn 





Table 7. tlgc camposition of Ken& River sockeye salmon sampled from the Kenai River fish-wneeI, 1970-2003 

Year 
>alltpJe 

I . !  1 .I 1.3 1.4 2.1 2 3  1 3  Other Sire 

0.0 10.0 17.0 0.0 26.0 25.0 15.0 6 4  225 
0.0 8.0 39.0 I .0 3.0 38-0 11.O 0.0 168 
0.0 21.0 34.0 0. u 0.0 23.0 20.0 U.II 403 
0.0 5.0 68.0 1.0 i -0 8.0 16.0 0.0 632 
1.0 18.0 45.0 0.0 3.0 18.0 12.0 (LO 195 



l'ahlr 8 .  At'cngc. length carn~osition of tirv major age classes oP sackeye salmon sampled h 
&c Kcmi River. 1980-2003. Length m s d  h m  mid-eyc ro fork-of-mi!? 

Aw Avc Ratio 
.Sgc fra@ Sample bn@ Sample Male- 

Year Class (mm) Sirr ~mml Sizc Fcmde 

i -3 580 
5% 
5% 
591 

St" 
575 
5n.I 
bus 
+9t 

649 
586 
561 
572 

583 
5?9 

$84 
60- 
gr: 
5?7 

600 
665 
fa(, 
bob 

595 



l'ablr 8 (p. 2 of 2 l 

Mait female 

Avc Avc h 0  

,\rc k n r h  Snmplt b n @ t  Sample MBJc- 
Y u r  Clwr rmml Stze (ern) S e  Female 

0-8: 1 
7 7.1 --. 
0.7:l 
!.!:I 
0.8: 1 
0.6:l 
0.6: I 
1 .o: I 
i..vi 
1.1:1 
0.21 
0.7:l 
0.8:1 
I.]:] 

O.?: 1 

1.01 
I.!:! 

I :I 
0.8:l 

?MI3 summary (all ages) 546 683 532 ESi 0.8: 1 



Table 4. Late-rut: sockeye salmon escapement counts in ei@ index areas. Kenai River drainage 1969-2003. tn. 

Russian River' 
Carter- T m  Total Index 

Kailroad Johnson Maox Ptannigac (Erlud, Qum fiidden Above Below Area 
Year ~rrck"reck"reek~ ~reck' Lake" Creep Laked Weir Weir Escapement 

1069-75. ADFkCi archtves. Q~!rston oiSpor. Fish. hnchongc. 197607. ADF&G. Division of Spun Fish. Soldorna. 
b!laitcd Sstes h*mmm! of Agricuh~re. Forest Service. Sm!ad. A l a s k ~  (198192. 1 WJ 

: FRn) Division twir counr [ 1982-8: 1 

"~eir coum 1W1, !L)i:. 1970-89 (EXEL3 l>ivision): !430-03 ~Cooh In!a Aqu~culture Associsiion~ 

' C ~ C I - > ~ U O X  C:b sun? rnsduncd on iowcvc.: I .O mile of creek. 

Pannigtn Crk survq conhctcd on \oww I .5 miles cicmk 1iWi-1992.1992) 

' ~ u r v q  co~duvtcul on an t nmed  mcam at mwm end oiTm (Mud) like. 
'CFM&D ground survey. apps. !U miles, Qtz Cr. subsratioc m Kemi 1.k. lW5-2003. 



Table 10. Estimated sockeye salmon escapemenr into the Kasilof River, 
15 June through 10 Aupst 2003. 

Date Daily Cum Date Dai lv Cum 

1 5 Jun 
16-Jun 
17-Jun 
18-Jun 
19-Jun 
30-Jun 
3 I -Jun 
22-Jun 
23-Jun 
24-Jun 
2JJun 
36-Jun 
27- Jun 
28-Jun 
39-Jun 
30-Jun 
I -JuI 
2-JuI 
3-JuI 
4-JuI 
5-JuI 
6-Ju~ 
7-Jul 
8-JuI 
9- JuI 
1 0-Ju~ 
1 1 -Jul 
12-Jul 
I3-Jui 

13Jul 
15-Jul 
1 6-JuI 
17Jul 
1 8-JuI 
1 9-JuI 
10-JuI 
21 -JuI 
22-JuI 
1-3 J u l  
24-Jul 
25-Jul 
26-3~1 
37-Jul 
28-Jul 
29-Jul 
20-JuI 
3 1 -Jul 
I -Aug 
I-Aug 
3-Aug 
4-Aug 
5-Au~ 
6-Aug 
7-Aug 
8-Aug 
9-Aug 
I 0 - A u ~  
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Table I;. Daily fish wheel catch by species for the north bank of thc Iiasilof River. 15 Junc. through 1 I August 1003.3 

Sockcyc Pink Chum Coho Chinook f rout 

Hours 
Date open Daily Cum Daily Cum Daily Cum Daily Cum Dailv Cum DaiIy Cwn 

! ~ . ~ u r .  0.0 o o o 0 o o o { I  u o r b  

M4un 0 0 II 0 f l O  0 0 0 (I 0 0 0 0 
li-lur. 12.0 2 2 0 D 0 0 I, 0 L 1 0  0 (I 
I S - J U ~  26.0 5 7 o o o 0 o u n o 0 o 
lMun 33.11 f If 0 0 O 0 0 U Cl 0 0 0 
2Wun 10.9 5 I 4  U C ir D 0 0 0 0 0 0 
2 I-Jun 0.0 0 l U  G 0 [I 0 O 0 0 0 0 0 
2-Jun 300 JS 32 0 0 0 0 0 0 0 0 O 0 
22-Jur; 18.5 37 89 0 O 0 0 (I 0 ! 1 0 0 
24-fun 0.0 U 89 U O 0 0 0 I: 0 1 0 0 
25-Jun 18.0 32 121 0 0 G 0 0 D 0 1  
26Jun 3 . G  

0 0 
2 153 o o G 0 o r~ o I o G 

17-Jun 11.3 4 157 0 0 0 0 0 0 0 1 O 0 
2R-l~n 0.0 0 157 0 0 0 0 0 0 0 1 o 0 
29-Jun 49.7 75 182 0 0 0 0 0 0 I ?  3 3 
30-fun 15.5 60 242 0 (1 0 0 0 0 1 3 1 4  
I -Jul 3.5 2 344 0 0 0 0 0 0 0 i 0 4 
2-JU~ I B O  47 291 o n 0 0 0 0 0 3 0 4 
%JuI 13.2 131 432 1 1 0 0 0 0 0 3 2 (1 
4-Jul 17.3 66 498 0 1 0 0 0 0 0 . 3  0 6 
9Jul 10.0 8 5M 0 1 0 0 0 0 0 3 0 6 
bJul 26.8 44 550 0 ! 0 o 0 (I 0 3 I 7 
7-lu! 24.0 67 517 1 1  0 0 6 0 0 3 0 7 
X-JuI 20 0 51 668 1 ;  0 0 [r 0 1 4  0 7  
Pdul 2i 3 I 7R0 2 5 0 0 0 0 I) 1 0 7 
I ~ J U I  24.0 s2 861 I ti o o 0 o u 4 o 7 
ll-Jul 4.7 8s 950 1 7 0 0 0 0 0 4 0 7 
l f lu l  15.5 366 1316 2 9  0 0 0 0 0 4 0 7 
13-Jul 12.5 17 t333 fl 0 0 0 0 (I 0 4 0 7 
14-Jul 11.0 6 1541 1 10 0 0 0 0 0 4 0 7 
19-Jul 15 8 27 1368 O I(r 0 0 0 0 0 3 CJ 7 
I&JuI 11.3 bS 1436 I I I  0 0 0 U 0 4 0 7 
17-lui 4.0 63 1499 I 11 0 0 0 0 0 4 0 7 
I +Jul 6.2 62 I561 0 12 0 G 0 0 1 5  0 7 
I <hJul 12.0 32 1603 0 12 D 0 0 0 0 5 0 7 
~O-JUI I 1.5 4 1607 1 IS o o o 0 a s u 7 
11-JUI 15.0 5 1612 0 13 a o o o 0 j o 7 
2-Jul 20.0 39 1651 0 13 0 0 0 0 1 7  0 7 
3-Jul  17.3 22 1673 0 i3 0 0 0 0 4 I 1  0 7 
24-Jul 10.3 7 I680 I 14 0 0 0 0 1 1; 0 7 
2EJul 11.8 6 1686 0 I4 G 0 0 0 0 13 0 3 
16-Jul 18.0 1 1687 0 14 0 0 0 0 0 13 0 7 
27-Juf 18.3 2 1689 0 I4 0 0 [! 0 1 14 0 7 
28-Ju~ 14.0 O 1689 0 I4 0 0  G 0 0 14 0 7 
49-1111 14.8 4 1643 I !5 O 0 D 0 0 I4 I) 7 
311-JUI 11 u 4 1697 o IS D n o o o I: o 7 
31-Ju! 26.0 4 !70I 0 15 0 0 0 0 11 0 7 
I Aug 2 . 8  3 i7G 0 15 II 0 0 [I 1 I4 1) 7 
Z - A U ~  :a.rr 11 17W [I 15 o n o (1 o 14 0 7 
3-Aug 13 7 1 1704 0 15 0 0 0 0 O 14 O 7 
J - A U ~  77.8 o ! 7 ~  o ! j  D a o o u i4 0 7 
5-Aug 0.0 0 1704 0 !j 0 0 0 0 0 14 0 7 
6 - ~ u g  0.0 0 1704 0 IS O 0 0 0 0 I4  0 7 
? - A U ~  0.0 O 1704 Ir !5  (1 (1 O 0 0 14 0 7 

O R  0 i7M 0 !5 0 0 (I 0 6 I4 0 7 
9-Aug 0.0 0 1704 0 15 0 0 0 U 0 12 0 7 
] : I - A U ~  uo tr 1 7 ~  o 15 o u 0 o o 11 n 7 
1 tdug 0.0 o ! 7 ~  c 15 o CI o D G 14 o 7 

Fh r i i A l W  



Tabis IJ. Age composition of sockeye salmon sampled h r n  the Kasilof River 1 %9-2003. 

Sampk 
Year 1.1 1.2 1.3 1.4 2.1 2.2 2.3 Other Size 



Table 15. Length composition of the major age ciasses of sockeye saimon sampled from lhe  
liasiiof River. 1980-2003. Leo-mh measured irom mid-eye ro fork-oi-rail? " 

Aw Avc k l i d  

Ap Length' Sampic L q h '  Sample MJe- 
Year C i a  (mm) Stre imm) Sw.e Femalc 

115 
369 
418 
187 
38.: 
433 
105 
If? 
383 
2% 
106 
335 
1Y: 
59 
PY 
49 
125 
1 92 
131 
t 59 
122 
1 2  
I SO 

207 



AVC b s i o  
.4ee $& ~ m p l e  t n i p ~  ~smpic h ~ e -  

Yw Clas ~ m m )  Sue [nun) S i  Fan& 



Table 16. Comparison sonar estimates benveen a counter with a transducer mounted 
on at1 anificial submate and of a counter withour artificial substrare (sub- 
srrateless). north bank Kasilof River 2003. Results fiom a regression analyses 
beween counters are provided at the bottom. P-values indicare whether the 
slope of the re_m$sion equation was different from one. 

Differencea "/o Difference 
Substra&iess Substrate tsab'less - subsuatel (sub'less i subsrratel 

23-3 UI 
24-Jul 
25-Jul 
26-Jul 
37-Jul 
28-Jul 
29-Jul 
30-JuI 
3 1 -Ju~ 
I -Aug 
2-Aug 
3-Aug 
3-Aug 
5 - A u ~  
6-A ug 
7-Au~  
8-.4 llg 
9-Aug 

10-hug 

Total 32,555 24.372 -1,817 93% 

'1800 - 24W hours only for 'I3 Jul.. 

Dependent 

Variable Slope Imercept R: p-value 
Suktra~eless O.% -40.59 0.935 0,524 

Substrate 0.97 135.24 8.925 0.623 
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Table 19. Daily fish wheel catch by species for the Crescent River. 27 June through 
3 August. 2005. 

Sockeye Pink Chum Coho Chinook Dolly Varden 

Hours 
Date open Daily Cum Daily Cum M i y  Cum Daily Cum Daily Cum Daily Cum 



Table 30, Age composirion of sockeye salmon sampied from the Crescent River 1979-2003. 

Percentage Compoaion hr Age Class liaC - 
Sample 

Ycar 1.1 1.1 1.3 1.4 2.1 2.2 2.3 Other Sizc 





Table 21 (p. 2 of 2 )  

Male Female 

Ave Avc m i 0  

Akt Length' Sample Lengtha Sample Male- 
Yuv Class (mm) She. (mml Size Female 

Average (1980-02) 

2003 summary (all ages} 532 502 523 569 0.9: 1 

1960-1997 fium Wllmycr, .4DF&G. MdoW M OILECW.%LS 

11)98-3603 frmlob~a ADFM;. Wdoma 



Table 32. Esrima~ed salmon escapement in the Yenrna River. 7 July through G Augus~ 2003. 

Sockeye Pink Chum Coho Olhcr' 

Date Daily Cum Daily Cum Daily Cum Daiiv Cum Daily Cum 

7-Jul 687 687 282 283 42 42 39 39 I0 10 
I-JuI 539 1.226 3 7  539 40 91 46 85 0 10 
9-Jul 51 1 1.747 133 672 41 ! 31. 97 183, 67 77 
10-Jul 720 2.467 429 1.101 27 159 48 130 56 133 
I 1 Jul 80% 3.275 587 1.688 149 308 bU 2 W 37 17U 
12-Jul 866 4.141 930 2.6 18 194 502 65 3 55 17 187 
l3Jul 5.071 9.212 1.736 4.354 265 767 332 -1.3- I , [  29 216 
14-Jul 13.506 22.718 $506 8.860 957 1 . 4  I.Ohh 1.793 48 2h.4 
15-JuI 12.008 34.726 6,055 14.915 861 2585 1.028 7.821 134 398 
16-jd 8.399 43.125 6.451 21.366 876 3.461 511 3.331 29 427 
17-Jut 1.015 47.140 3.581 24.948 284 3.745 3 5  3.567 0 427 
18-l ul 9.918 57.058 3.481 28.41Y 601 4.346 1.385 4.952 32 459 
19Jul 10.143 67201 1.669 31.098 647 4.993 963 5.915 50 509 
20-Jul 11.127 88.98 6.195 37293 1.086 6.079 1.014 7.919 32 54 1 
2 13ul 21.999 110.427 13.094 50.387 1.951 8.031 3.022 10.951 0 54 1 
22-Jul 12.1.55 112.583 13.839 642.26 1326 9357 2.463 13.414 49 590 
23-Jul 4 . W  127.575 12.506 76.732 1.156 10.513 2.135 15.549 Q 632 
24Jd 7.437 135.012 9.479 86211 977 11.390 1.713 17262 3R 670 
3-jut 6.492 141505 4.855 91.066 924 12.11 4 1.397 18.659 0 670 
2bJul 5.57Q 1.17.083 4607 95.673 796 13.210 850 19.509 0 670 
27-Jul 5.440 151.523 9.055 104.728 1.582 14.792 5246 1,755 29 6cW 
28-Jul 3.857 156360 5.786 108.514 333 15.129 1.060 23315 0 699 
39-Jul 2.ficO 159.110 1.740 lt0.254 154 l5.28R 467 24.28? 0 699 
30-Jul 1.044 161 l S 4  3.678 112.932 533 15.821 1.075 25357 0 6W 
~ I - I U I  3,018 1 ~ . 2 7 2  6.618 119.55r1 592 16.4i3 1313 26.670 u 699 
1-Aug 5.836 170.108 9-884 129.4-34 2.435 18.848 3.884 30.555 17 716 
2-Aup. 3.984 174.092 t 1.888 141322 2.000 10.848 3.385 3j.938 30 746 
Mug 2.475 176.567 10365 151.587 1.414 23262 1.627 38.565 191 937 
4-Aug 1.163 177,730 6.696 158.285 1.875 36.137 3.241 4 1.1106 1 02 1.039 
5-Aug 1.336 179,066 4.b63 161.946 1.400 38.537 I 43.452 IS4 1.193 
6-Aug 1.747 180.813 1.438 367.384 1.811 30349 1.770 45222 258 1.45 1 

*Ohm S ~ I U  umsincd ufabolu 0.3% of Ihc fish w k l  mzch rmmrly ~~ h a a  &ik firh ad niabow mm!. F%:O3YE.ds 







Tablc 24. Daily fish wheel catch by species for tbc north bank of the Yenma River, 7 July through 6 Augus~ 2003. 

Sockeye P i  Churn Coho Chinook othd 

Datc E)aily Cum Daily Cum Daily Cum Daily Cum Daily Cum Daily Cum 

PN: R3YEFkltXLI 

' Fish wheel included whitefish and long-ncd sucker. 



Table 25. Daily fish whet1 catch by species for the south bank of the Ycnma River, 7 July through 6 August, 2003. 

Sockeye Pink Chum Coho Chinook Othera 

Daily Cum Daily Cum Daily Cum Daily Cum Daily Cum Daily Cum 



Table 26. Age composition of sockeye salmon sampIed h m  the Yentna River 1986-2003. 

Percentage Compostion by Age Classav b. 

Sample 
Year 0.2 0.3 1.1 1,2 1.3 1.4 2.1 2.2 2.3 2.4 Other Size 

1986 
1987 
1988 
1989 
1990 

1991 
1992 
1993 

m - 1994 
1 995 

1 996 
1997 
1998 
1999 
2000 

200 1 
2002 
2003 

Mean (1986-02) 

FN: >7XGCO*iP.XLS 



Table 37. Length composirion of the major age classes of sackey e salmon collected in the 
Yenrna River 1986-2003. Lcnph measured from mid-eye to fork-of-tail.' 

Mdr Female 

Ave Ave lEslia 
ngr: Lm&" Sample Length' Sample Mate- 

Year class (mrn) Size (mm) Size Female 

Average (I  986-02) 473 75 48 1 64 1.2: 1 

Continued- FS YLLECOM~MS 



Table 37. (p. hf 2, 

4ve Avc Ratio 
~ g e  Lcnefha Sample Length' Sample Mair- 

Year Class ~mm)  Sizc (ml Size Fcmalc 



Figure 1. Upper Cook Inlet, Alaska, and sites where salmon escapement was 
monitored with side-scanning sonar. 
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Figure 4. Distnbuton of &on sonar counts by secgr in the Kenai Rim, 203 



Figure 5. Distibution of salmon sonar counts by bur  in the b n a i  Riva, 2003. 

58: 





1 8 W )  Russian Ilrver Ercepmal 

1m 
Russia. Rand IIirMca t l ~ a p m m t  

ISMKWIO . ?' .  2.4201~ - 221885 + t - -. 0 0 3 1  ; 1 2 m  

9 * m  
3: .- 
g aMMoo 3 w 

+ + + 
?COODO 4 + 

a .  ---. . --. 

10CWU I IRO(M) 120000 2600(10 SWOUO 5JOOnU 3BOOOC 

Russian R. (above weir) 
and fiiddnr L. Escapclnrni 

Figurc 7. Linear relatiofiships henwen Kenai River escapement and Russian River (top) escapement 
1978-3003. IIidden Lake (middle) 1978-2003 and Russian and Hidden combined for 1979- 
2003. The square repratnts ZOO3 cscapcmcnt. 51 KCESC i- 



South Banlc 

Figure 8. Distribution of salmon counts by sector in tlx k i l o f  River, 2003. 



South Bonk 

F i p  9. Dktriiution of salmon cottots by hour in the Kasilof River, 2003. 
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Hour 

0.5 1.0 1.5 2.0 1.5 3.0 3,s 4.0 3.5 5.0 5.5 6.0 6.5 7.0 

Distance from Traducer (m) 

Figure 12. C:ornpsrison of' hour11 (top) and fish distribution counts (bottom) baween substrate md suhstrarrl~!~ 
counvn for the north bank of the Karilaf River. 2003. Thc substrateless wmsduccr \was located 1.3 m. 
from shore and the substrdtt' m s d u c a  located I A m. from shore. 
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South Bank 

. . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . .  . .  -, . . . . . .  - . .  . 

Figure 14. Disaiburiar of -on counts by sectot2in the Crescent River, 2003. 



South Bonk 

Figure 15. Distribution of sslmon mhts by hour in the Crescent River, 2003. 
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South Bank . .  . . .  

. Figure 17. Distribution of salmon counts by sector in the Yenma River, 1003. 



South Banlc 

Figure 18. ,J%tributio~ ofsalmon counts by hour in the Yentm Rive, 2003. 



Appendis A.1. Estirna~ed salmon escapement adjacent to the north bank of the Kenai River. I July 
through 10 August 2003. 

- - ~ ~ 

Sockcl;e Pink Coho C'hinuok 

[Jaw Daily Cum Daily Cum Daily Cum Dailv Cum 



Appendix A.?. Estimated salmon escapMlenr adjacent to the south bank of the Iienai River. 1 July 
through 10 Augus~ 2003. 

Sodteye P i i  Coho Chinmk 

Date Ilaily Cum Daily Cum Daily Cum Daily f urn 

I -Jul 
2-Jd 
7-3ul 
4Jul 
5-lul 
6-Jul 
5-lui 
8-JUT 
9 Jul 

10-Jul 
I l -Jul 
12-Jul 
13JuI 
l+Jul 
r.s-5~1 
16-Jul 
17-JuI 
18-ful 
t9Jul 
SO-lul 
21 -Jul 
22-Jui 
23-JuI 
21-iul 
25-Jul 
26-Jul 
27-iul 
3-Jul 
79-JuI 
30-Jul 
3 1-Jul 
I -.4ug 
?-Bug 
3 - A u ~  

5-.4ug 
b.4ug 
7-,4\1g 
8-Aug 

I 0 - A u ~  
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Appendix A.7. Kenai River nonh b a d  son= counts by senor. ! 3uiy firnu& I0 Augm 2003. 

1)aII: Cum 
am -a I - 4 5 (r 8 9 1C l i  I Total -1otal 



Appendix A.S. Iienai fiver much bank sonar counts by staor. 1 July throttgk 10 August. 1003. 

Daily Cum 
mr~ ! - Z 5 6 7 S 9 I0 11 12 70ral 'ld ., 

186 
7X 
MI 

153 
146 

9C> 
ZU 
149 
1M 
IS4 

277 
564 

1.08s 
621 
301 

980 
68 1 
454 
819 
497 

56': 
515 
606 
871 
568 

510 
610 
44s 
317 
351 

470 
385 
630 
530 
S I R  

59 1 
825 

1.043 
400 
88 1 

728 

20.1 IS 





Appendix A-10. Kenai River south bank sonar counts by sector. 1 July rhrough 10 August 1003. Counts 
expressed as percenlqe of daily toml. 

Counts by Sector 

Daily 
Total 



Appendix 111 1. 'hlinimum and mavimum dail j counting ranges for k b  banks o f  rhc Kenhi river and range from tnnsduccr 
where ar least 8096 of the m i p u o n  occumd in 1003. 

Nanh Bank Sou* Bnk 
b g e  where Sectors whae K w ~ e  whrrc kaors &em 

Counting Avmgc 8!X, 0:' .. 80%. of Camring Avera&!e 80% of - 80!10 of 
Range (Sccnns 1-12) SeEtor m i d m  nipanon h g  (Seam 1-12] Seaor migra~ion rniptim 

Date ffr) (ml Width {m) occurredLm) occurrcd ~fil (ml Wi&!lmr u c e ~ ~ ~ c d l r n l  o f c d  

3 .(r 1 - 8  
4.0 1 - 8  
4.1 1 - 8  
4.1 1 - 8  
4. I I - S  



Hnnh BYli; b t h   an^. 
Ranperhere Scaarswbm b e e  whm Scerars wtmr 

(buali~ AV-C -> SO?. of ,8090 of COIIIU~~~ AVCV$C 8Mo of 80.t. of 
b g c  ~Senm 1-12) Sector miparion mipatron Rmge (Seams 1-12) Sccto: mipruron mrpvion 

Dart ( f i l  rrnlWidrhmb p e e d ( r n 1  clccurrd ( f i b  (m) U'idth~m) oonnred(rn) occurred 

5- A u ~  58 17,- 1.5 8.8 ! -  I 1  I" 5.: D 1 5.5 1 - 8 
S-Au~ 60 18.; 1 .S 9.1 i -  l l  
&Au~ 6b 183 1.5 9.1 1 -  10 I' 5.2 0.4 3.0 1 . 7  
6Aug 76 X . 3  I .II 10.- 1 - I(] 

W 18.' 15 9.1 1 -  I 1  1' - 6 .- I 0.: 5.5 1 - 8  
'-AULI 68 20.7 1 ,: 10.4 1 -  11 
X-AUF 40 18.3 13 9.1 1 -  1 1  I' - < .- * 0 4 4.3 i - 10 
h-Aug 61 1S.b 1.5 9,; 1 -  11 
U-Aui: 55 16.8 1 4  8.4 1. 12 17 5.1 0.4 3 1 1 - ( I  

70 21.5 
''-A4 60 18.3 

1.6 10.: I -  12 
i\~-Aug 1.5 9.1 1 -  li 17 - s .- 7 0.4 3.5 1 - 8  
IU-Au~ 65 19.8 1 .: 9.9 1 -  11 19 5.8 0.5 3.9 1 - 8 



Appendix A. 12. E s t h w d  sairnon escapement adjacenr io the north bank of the h i i o f  Rivcr. 15 June 
through 10, August 2003. 

w e  Ptnk Corn King 
Daily Cum Daily Cum Wily Cum Daily Cum 

216 116 0 U 0 0 0 0 
103 319 D 0 0 0 0 0 
127 446 0 D 0 0 0 0 
25 1 697 I! 0 0 0 (I 0 
941 1.638 0 0 V 0 0 U 

2.702 4,340 0 0 0 O 0 0 
2.77s 7.118 n a u n o II 

1.562 8.680 0 0 0 0 (1 D 
4.644 1332.1 o o o o n o 
2 . W  15,866 0 0 0 0 t )  0 
1.8W 17,666 0 [r 0 0 [, 0 
3.113 20.779 d 0 0 0 0 0 
100 11.179 0 0 0 0 0 D 
254 21.433 0 G 0 0 0 0 

1.130 22,563 D 0 (1 0 0 0 
5.653 16.216 0 0 0 0 0 (1 

1.713 3,929 0 0 0 0 0 0 
3.326 31-35 0 0 0 0 U 0 
8.069 39.324 0 0 I) 0 0 0 
1.537 41.861 0 0 0 0 0 (1 

860 2.741 0 0 0 0 0 0 
4.181 46.922 0 0 0 0 0 0 
7.070 53,992 6 0 0 0 (i 0 
1.694 55.68~1 0 Q 0 G 0 0 
5.249 58.935 0 0 0 (1 0 0 
4.368 63.303 (1 0 0 (i 0 0 
8.969 72132 o u o o n o 

14.904 87.176 0 0 0 0 0 0 
2.950 90.136 [i 0 0 0 U U 
4.846 94.972 o o a tt o o 
J.IS 99.126 o o o a [I u 
14.032 118.158 o Q a o o o 
16246 131.404 0 0 0 0 0 0 
7.9 17 142.321 0 0 0 0 0 0 
2.812 tss.133 o (r o u n a 
9 145.682 0 0 0 U 0 0 

3.742 149~42: a o G (1 o o 
5.5.12 154.964 o a o o a o 
4.837 159.803 a o a 0 o o 
1.869 161.671 o o o o n 0 
2.301 163.973 0 [r 0 0 0 0 
1.191 365164 0 0 0 O 0 6 
3.723 167.887 0 [, 0 0 LI 0 
2.353 170-2447 0 0 0 O 0 0 
1.855 172.095 0 LI 0 0 (r D 
1.181 173.276 o o o o a o 
1.003 174.280 0 U 0 0 O D 

~6 i75.36 n o a u o (I 

778 !76.0?4 0 (1 0 0 0 0 
826 176,850 0 0 U 0 0 0 
586 177.436 0 0 0 0 0 0 
595 178,031 (1 0 (1 0 I1 0 
715 178.756 0 0 G 0 0 0 
6.19 179.4U5 0 0 U 0 (I 0 
S$l 179.986 0 0 0 (I 0 0 
555 180.541 0 0 0 (r 0 0 
3 i81,203 0 0 0 0 0 0 



Appendis A. 1 j. Esrim3ted salmon rscapmen:nt Niacenr ro rhr somh bank of h e  kasilof River. 15 Junc 
through 10 .kugust 200:. 

I SJun 
16-lun 
I7Jm 
I h-fun 
IY-Jun 
2u-Jun 
2 i -Jun 
Z-Jul? 
23-Jun 
34-Jun 
3Mun 
ICr-Jun 
27-Jun 
28-Jun 
29-J-lun 
30-Jun 
I-Jul 
2Jul 
5-Jul 
4.1~1 
5Jul 
&Jul 
7-Jul 
8-J ul 
9-Jul 
10-Jul 
I 1-Jul 
12-JuI 
13-jul 
14-Jul 
1 SJul 
16-Jul 
17-Ju~ 
1 Mu1 
19-Jul 
211-Jul 
'I-Jul 
I?-Sul 
13-Jul 
24-Ju1 
5 J u I  
3bJuI 
17-Jul 
28-Jul 
29-Jul 
33-Jul 
3 I-Jul 
1 -Aug 
1-Aug 
:.t\ug 
&A& 
5-ACE. 
&Aug 
7-AUg 
$-,\Ilg 
%Aug 
1 Qhug 

Sockeye P ~ n t  Coho Kin$ 

Dally Cum Doily Cum Daily Cum Daitv Cum 

13M1 : .300 0 IJ 0 0 0 0 
86 1 1.161 (r 0 It G 0 0 
570 2.731 0 O 0 D (1 I) 
700 3.43 1 0 (! 0 0 D 0 
I -089 -1.510 0 o o 0 (1 n 
2.77r1 f 290 0 0 0 f j  0 0 
4.799 12.089 n o o (I o o 
2,477 14.56~  0 0 0 D 0 B 
5,269 19.835 o o 0 (I 0 n 
5.066 24.90! 0 0 0 0 0 (I  

2.577 28.478 0 0 (I 0 0 U 
5.571 34.049 0 D 0 0 (1 0 

5% 34.608 0 0 0 0 0 0 
203 3481 1 0 0 C, 0 b 0 

2.1 10 35-92! 0 0 0 0 0 0 
4.570 41,591 I) o D o o tr 
1.595 42.988 0 0 0 0 0 (1 
166.: -. 45.651 0 0 U 0 0 0 
1,356 50.008 0 I) 0 0 0 0 
2,902 52.910 0 0 0 0 0 0 

873 53.783 0 U 0 0 0 0 
1 .1Q4 55,277 0 0 Q 0 (1 0 
3.773 59.050 0 0 b 0 [t 0 
3.748 62.798 0 0 0 0 0 0 
: 585 67.38: [I 0 0 0 0 0 
5.707 73.090 o n o D o o 
1.944 75,035 0 i~ 0 0 0 Q 
4.477 79.31 1 0 0 U D (I 0 
1.R38 C.319 0 0 0 Ir 0 0 
4.1 11 86.461 0 0 0 0 0 0 
3.382 88.843 D 0 0 0 0 0 
4.724 98.567 0 Q 0 0 0 0 
9 . M  108231 0 0 0 [L 0 0 
5.500 111.731 0 (r 0 0 0 U 
3.674 1 14,405 n o o o o o 
3.941 118,346 0 0 0 0 0 0 
4552 12,898 0 0 0 0 0 0 
5.319 128.217 0 0 0 0 0 0 
6.745 134,961 0 0 0 0 0 0 
4 138286 0 0 0 0 0 0 
4.M 142,532 0 0 0 0 0 0 
2,876 145.108 0 0 0 0 0 0 
3,914 149.332 0 U 0 (1 0 0 
4.4 I6 152.748 0 0 0 0 0 0 
5.928 157.676 0 0 0 (1 0 U 
3.020 1lb0,6% b 0 o o o n 
2.617 163.313 0 0 0 o 0 (I 

2.176 165.489 0 0 0 (I 0 [I 

5260 167.749 0 0 0 0 0 0 
1.850 IN).MS 0 II 0 0 0 6 

883 !70,48R 6 11 0 0 I r  0 
1 . 4 2 9 l 7 1 . 9 1 7  0 0 0 0 0 0 
1.386 173.303 0 0 0 (I 0 0 
1.5iU 174.807 U 0 0 0 I; 0 
1.113 375.920 0 0 a 0 (1 O 
1.161 177.054 (r 0 0 9 0 0 
1.35 178.42~ D 0 0 0 0 C 
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Al1;widix A.17. Ktailof Itivcr soul11 bank soriar courits by hour. 15 June tlrrclt~gh 10 August 2003. Cutlnls csprcssed as percentage of daily laral. 

Cautlls by flour 

1)nily 
Date 1 2 3 4 5 6 7 8 9 10 I t  12 13 I 4  I S  16 17 18 19 20 21 ?2 23 29 'Ielrl 





Appendix A.18. I;asiiof River nonh bank sonm counts by sector. 15 June through 10 Augnst 200:. 

comn by Sector 

Daily Cum 
Druc I - 7 3 4 5 6 7 8 9 10 11 I? Total Total 

35 Jun 
16.Jun 
27-lun 
2&Jm 

29-Jun 
30-lun 

I -Jul 
2-Jui 
Mul 
Stlul 



w d i x  A. IS. (p. 20f 3 

Daily C m  
Dale I 2 3 4 5 6 8 9 I0 11 12 Tom1 Ted 

tAup 354 76 41 35 24 25 13 6 5 2 1 3 586 137.436 
5-hue 5 57 30 Y $5 25 12 4 0 - I 0 0 595 178.031 
Chug 541 64 29 16 24 17 19 2 i - 7 i~ 0 7 3  1?8.756 
: -Au~ 41 7.1 4.3 41 31 13 14 ? - .I 1 1 0 654 179.405 
&-hug 401 62 35 24 1 20 5 5 0 2 0 0 581 119,986 



Appendix A.19. milof River south bantrsoner c o w  by sector. 15 June through 10 August 2005. 



C m s  Sector 

Dailr Cum 
Datr 1 % 4 5 6 .Pi d 10 11 12 Total f'd 7 



Appcndis A.10. K ~ i l o f  Rivcr north bank sonar counts by secto:. 15 June through 
10 August. 2003. Counrs expressed as percentage of daily total. 



Appendla A.10 (p. 2 o f 3  

Counts by S m r  

.- 

Daily 
Dale -+ 1 .. , 1 5 6 7 S 5 10 I 1  I X o m i  



Appendix A.7 1. Ibsilof Rivtr wuth b d  sonar counfi by Sectoi. 15 June through 
10 August. 2003. Counrs expressed as ptrcenuqr of daily toral. 

30-Jun 7.R 11.6 20.4 16.2 13.3 2.7 4.5 2 1 7  3.9 0 0 1 
I-JuI 6 4  17.3 9.7 9.3 1 .7  8.9 4.4 9.5 7 8.1 5.0 5 1  
Wul 31 9.5 6.7 1 . 9  6.2 6 9  7.6 11.1 8.7 9.2 9.8 8.1 
X u 1  102 19.7 8.8 8.1 7.2 7.0 6.7 8.1 34 6.9 9.3 4.6 

4-Jul 10.5 19.3 11.1 10.5 10.0 8.8 5.4 7.2 1.7 5 4  6.8 4.3 

I00.0 
100.0 
3Mk.11 
Inn 0 

100.0 



Total 13.Y 18.1 19.3 16.6 10.6 5.2 3.8 31 1.7 2.8 1.8 1.9 100,0 



Appeudii A. 11. Minimum and rnavimurn daily counthg ranges for both banks of the Kasilof river and rangc ridm wnxluccr 
\\-hen a minimum o f  8090 of the migration occumd in 1003. 

Korclilanli South Balk 
Range where Secton where Range whne Sccjcctm wncrc 





Appendk A.23. Daily substrateless (top) and mbsuatc Iboxom) sonar counts by sector on the nonh bank of the 
h i l o f  River 93 July through 10 Au,~ust 2003. 



Appendix A. 24. Minimum and maximum counting range for the subsrrate counter (top). 
and subsmeless counter (bottom) north bank of the Kasilof River. 2003. 

Subsnate counter 
Range where Secrors w h m  

Countin,e .;2vewe >8O% of =. 8090 of 
Range (All Secrors) Sector migration rnigntion 

Dac Ifi) (m) Widrh (m) occurred (m) occurred 

Substrateless counter 

Average -19 ft -6 m. -2.5 m. 1 - 5  
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Appendix A33. C m n t  River north b d  sonar counts by secror. 17 June through 3 A- 2003. 

Daily cum 
I)arc ! - -7 3 4 5 6 7 8 9 10 I I  12 Total Toml 

Total 57.229 16.066 7.515 3.362 3 1.498 b90 655 334 190 327 485 90.444 



.4ppmdis r2.34. Crcsccn~ River south bank sonar counn hy sector. 2" Junt throush 3 Augusr 200.;. 

22-JuI '11 1 49 45 5 40 13 0 6 O I1 I O i.123 4O.465 
22Jul 811 38 21 28 19 ill Q 4 U 0 0 O dl?, 41+407 
14-Jul 52J 1U 16 1 0 0 5 O 0 11 2 4 5 .  41.980 
25-Jul 305 9 3 3 O P O 0 0 O 2 I 330 31.310 
2Mul 891 5 0 3 2 1, 0 0 0 (J 0 0 900 43.210 



Appendix A.35. Crescent River north bank sanar counts by sector. 27 June through 3 August. 2003. 
Counts expressed as percentage of daily total. 

FSO3CR:SP XLS 



Appendis A.36. Crescent River south bank sonar counts by sector. 27 June through 3 August. 2003. 
Counts expressed as percenrqe of daily mtd. 

Counts by kctor 
Daily 

Date 3 1 - 3 4 5 6 7 8 5 10 I I 12 Total 

Mul 88.8 7.1 0.6 0.0 0.0 0.0 0.0 0.0 0.0 0.h 0.4 

.:Jul 90.8 7.8 0.3 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 

CJul 98.5 1.2 0.1 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 

5-Ju~ 9 3  6.2 0.7 0.0 0.0 0.0 0.0 0.0 0.O 0.0 0.0 

6-JuI 98.V 1.1 0.0 0.0 0.0 0.11 0.0 0.0 0.0 0.0 0.0 



Appendix A. 37. Minimum and maximum daily counting ranges for both banks of the Crescent river and rmge from =durn 
where a minimum oi8Ob,b of he migration occunrd in 1003. 

Nanb Baak south Bank 
Rmgcwhac Scctorrwhcrc RMgewkcrc Seemswhm 

bunting Average = Wm of > 80% of Conning ~ ~ m p  8bSiof '- 80% or 
Range tScaorj 1-13 Secra: mipsrion m i m i o n  Rmpe (All Sonom] Sector migmian m~palion 

Duc (fl) (rn) Width ~ m )  Decxlrredtm) DuNmd (ftl (m) Widrh tml accud (mi occurred 

27-JWI 11 3 ,J 0.3 1.1 I - 4 50 15.2 1.3 1.3 I -  1 
2&Jun I I 5 ,A 0.3 1.1 1 - 3  50 ! 5.2 : -3 1 -7 I -  1 
29-3un I1 5 4 0.3 1.1 1 - 4 50 I S 1  : .3 1 f 1 -  I 
~ ~ J U I I  I1 3 .A 0.: 0.8 i - 5  50 15.2 1.3 ! 3 1 -  1 

1 Jul I1 5.4 03 0.6 1 . 2  50 I 5 2  13 1.3 t -  I 
2-1111 I I 3.1 03 0.6 i - 2  50 15.2 I .j 1 .3 1-  1 
3-JuI i I 5.3 C.3 0.6 1 - 2  50 15.2 1.3 1.3 I -  l 
+Jul L I  5.4 0.3 0.6 i - 2  30 152 i .3 1.3 1- I 
5-Jul I i 3.4 0.3 0.3 I -  I 30 1 5 1  1.3 ? -3 1 -  I 
5-Jut 14 4.3 (I,.! 0.4 1 - 1  
&Jul If 52 0.4 0.4 1 - 1  SO 122 1 .O 1 -0 1 -  ! 
5-1111 17 5.2 0.4 0.4 i .  I 40 12.2 1.0 1 .O 1- I 
8-3111 I? 5 3  0.4 0.4 1 . 1  40 122 1 .O !.a 1- 2 
9-Jd 16 4.9 0.4 0 9 I -  1 40 12.2 1 .O 1 • I -  1 

10-JuI 12 3.7 0.3 0.3 1 - 1  40 12.2 1.0 1 .0 1- 1 
I I-JUI 10 3.0 0.3 0.5 1 . 1  40 121 1.0 !a I -  I 
1 1-Jul 15 4.6 0.4 0.8 1 - 1  I -  1 
12-Jul 10 6.1 0.5 0.5 I -  1 40 12.2 1 .O 1 .O I -  I 
13-JuI I2 3 .: 03 0.6 I - ?  46 12.2 1.0 1.0 1 -  i 
I 4-JUT I? 1.. 0.3 0.6 i - ?  40 12.2 1 .O 1.0 1-  I .. . 
15-Jul 12 3.7 0.3 0.6 I * ?  40 12.2 1 .O 1 .O I -  1 
Ib-Jul :? f.7 0.3 0.6 1 - 2  40 12.2 ! .U ! .C I -  1 
17-Jul 12 .?.I 0.3 0.3 1 - 1  35 10.7 0 9 0.9 1 -  I . . 
I'I-Jui 14 4.3 0 A 0.4 I -  1 
I Wui 12 ? .: 0 ? 0.6 1 - 2  35 10.7 0.9 0.Y I -  I 
I K-Jul IS 4.6 0-4 0.8 1 - 2  Y 10.4 O.q k g  1 -  I 
19-Jul 15 4 -6 0.4 0.4 1 - 1  34 19.4 0.9 0.9 I -  I 
TO-JuI IS 4.6 04 0.4 I - !  34 10.4 0.9 0.9 1 -  I 
21-Jul 15 4.6 0.4 0.4 1 -  1 32 10.4 (r .9 0.9 I -  I 
22-Jl 15 4.6 0 .4 0 -4 I -  I 34 10.4 0.9 0 9 1 . 1  
2-luf 35 lD.7 0.9 U .'I 1 - 1  
23-Jul 15 4b 0 A 0.4 1 -  1 35 IC.7 0.9 0,9 1 -  I 
?4-J~l I5 1.6 0.4 0.4 1-  1 35 10.7 (1.9 0.9 1 - 1  
25-Jul I5 4 6  0.4 0.4 1 .1  35 1Q.1 0.8 0.8 1 -  I 
26-Jul 15 4.6 0.4 0.8 1 - 1 j3 10.1 0.8 0.8 I -  I 
2-Jul 35 10.7 0.9 0.9 1- 1 
27-Jui !I 4.6 0.4 0.8 I - 1 33 10.7 0.9 0.9 1 - 1  
2Wul 15 4.6 0.4 0.8 1 - 2  35 10.7 0.9 0.9 I -  f 
?%Jut 15 4.6 0.4 (1.8 1 - 3 35 10.7 0.9 0.9 I -  1 
30-Jul I5 4.6 0.4 0.8 1 - 2  35 103 6.9 R.9 1 -  I 
il-Jul 15 :.b 0.4 1 1  1 - 3  35 10.1 0.9 0.9 1 -  I 
I -Aug 15 4.6 0.4 5 .O 1 - 8  36 11.0 0.9 0.9 1 -  1 
2-Aug 15 4.b 0.4 53 1.10 36 11.0 0.9 Lt.9 I -  I 
3-Aug 1' 4.6 0.4 3.5 1 - 9  56 ! 1.0 0.9 0.9 1 -  I 
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Appndis h.33. Yentrrn River south bank sonar uuu11ls by hour, 7 July tltrouph 6 Augusl. 2003. Cou!~is cxprcssed as percentage of daily rolal. 

Cuunts by 1 lour 



Appendis .kU. Ycnvla River no& bank sonar counts by secror. 7 July through b August. 2003. 

Counts by Scctor 

Daily Cum 
I3au 1 2 3 4 5 6 7 X 9 10 11 12 Tnwi Total 

12Jui 
1 Mut 
14Jul 
15-JuI 
f 6-Jut 



Appendix A.M. Yenula River south bank sonar counts by sector, 7 July through 6 Augus~ 2003. 

COW by Sector 

Daily Cum 
Dart 1 - 3 5 4 5 6 7 8 9 10 11 13 Tml Total 



Appendix h.46. Yrnma River north bank sonar cotinn by srclor. 7 July through 6 Augus. 3003. Counrs expressed 
as percenrage of daily total. 

Dai lp 

Date 1 - 3 i 5 6 7 8 Q 10 I I 12 Total ., 

I .  0 . 9  28.2 10.3 0.9 0.1 0.2 0.0 D.0 0.0 0.0 

3.7 34.2 2.0 1.2 2.9 1.5 1.2 0.6 03 0.6 0.1 
8 12.7 28 4 9.3 3.3 1.5 1.5 1.1 1.2 1.1 0.9 

6.4 H.! 17.0 8.2 2.4 0.8 0.5 0.1 0. I 0.1 0.2 
6.9 53.4 28.5 7 6 2.5 0.6 0.1 0.1 no 0.1 CI .(I 



Appendix A.47. Yentna River saurfi bank sonar aunts by sector. 7 Juiy through 6 Aups~, 2003. Counw expressed 
as petmatage of daily total. 

27-Jul 0.9 13.5 23.0 2 . 102 11.1 3.9 2.0 1.8 0.6 02  0.2 IW.0 

3-sul 1.3 13.8 30.1 3 . 9  IW 9.a 2.5 1.3 0.9 03  0.2 0.1 1oo.o 
29-Jul 3.7 11.6 57.9 16.5 I I A  5.9 1.4 0.7 0.7 0.2 0.1 0.1 IW.0 
30-Jut 1.4 11.2 29.8 51.0 14.6 5.8 3.1 11  1.1 0.6 0.1 0.1 1D0.0 
jl-lul 2.1 15,o 22.5 20.6 19.2 10.4 3.9 2.4 1.9 1.1 D.4 0.7 100.0 



Appendix A.48. Minimum and maximum daily cornring ranges for bath banks of the Yenms river and range h m  transducer 
where a minimum of 800,~ of be migmxion occurred in 2.00:. 

-=- - 
Counting A v w c  'Z m o f  >W/eof Couming A V ~  ; & ~ ~ / r o f  > MT/.of 

Range (Sectors 1-12) Seem mipslim m i ~ o o  Rang: (%as i-12) S c e r ~  mimion migmon 
Datc IRI tm\ Width fm) o c c d  (m) owurrud (A) Irn) Widthlml ocamed(m) ocarrred 

FS u3cw&!c.* 
Average - 10 m. Average -8m. 



The :21;1~ki~ Ucpartmet~r ol' Fish and Game administers it11 progrdms and rlcriviiies I'rw from discrimination 
on rhc h ; ~ ~ i s  of' TXC. ~olor.  nnlionul origin. age. sex. reiigion. mariral status. pregnancy. parendwod ur 
disahiliry. The Jcpmlrncnt administers all propranis md ;xtivitics in cumpliancc wirh Title VI of h c  Civil 
Rights Act IIC !1104. Szclion SM rjf rhe RchuhiIitation r\cl of 1973. Titlc I1 ot' rhe hmcricnns with 
Disnhitilies Act 1,i' 19'10. the Age. Discrimination . k t  1975. and Title 1X of ~ h c  Education .4rnendalcnrs 
oi 1972. 

It' you helievc you Irave htctl Jiscrilninated against in ally program. aclivi~y. or t'aciliiy. or if you desire 
funhcr infornturion plase wrire ro ADFkG. P.O. Box 25526. Juneau. AK 99802-5520: [J.S. Fish an3 
Wildlife Service. UWO N. Flurficid Drive. Suile 300. Arlington. VA 22203: or O.E.O.. I;.S. Dcpument ol 
rhr Inlcriur. Wishingtan DC 20240. 

[:or infonnurion irr~ alrcrnativc ft~rmaa avililabIt far his :md other Depnnmcnt publications, plcasc cantacr 
the depart~ncnt ADA Cwrdinator nr f voice) Y07465-4120, ITDDI 907165-3Mh: or (FAX) 907-465- 
$#,'J - .  
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