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ABSTRACT 

Sockeye salmon Oncorhynch~rs nerkn spawning escapements into four river systems of Upper 
Cook Inlet, Alaska, were estimated using side-scanning sonar equipment. Estimated sockeye 
salmon escapements were 630,447 into the Kenai River, 204,935 into the Kasilof River, 52,3 11 
into the Crescent River, and 12 1,220 into the Yentna River. Indices of escapements of other 
salmon species into the Yentna River were also obtained by sonar: 103,990 pink 0. gorbrrscha, 
31,473 chum 0. keta, and 74,406 coho 0. kitslrtch salmon. Sockeye salmon in the Kenai River 
were primarily distributed within three age classes: 1.2 (3 1.9%), 2.3 (3 1.3%) and 1.3 (26.4%). 
Kasilof River sockeye salmon were primarily age: 1.2 (44.0%); 2.2 (25.0%); 1.3 (1 5.5%) and 2.3 
(15.3%). Age-2.3 sockeye salmon were the most abundant (61.7%) age class in the Crescent River, 
followed by age class 1.3 (1 8.4%). Yentna River sockeye salmon were primarily age: 1.3 (5 1.3%), 
1.2 (19.7%), and 2.3 (1 1.6%). Length and sex ratio data were collected for sockeye salmon in each 

Y 

river. Sockeye salmon migration routes in all rivers was near shore. Peak salmon counts were 
recorded during the evening hours in the Kenai and Kasilof Rivers, and during the evening and 
early morning hours in the Yentna River. Peak hourly counts in the Crescent River were related to 
the post meridiem high tides. 

KEY WORDS: Alaska, Cook Inlet, salmon, Kenai River, Kasilof fiver, Crescent River, Yentna 
River, Susitna River, age/sex/size, sonar, escapement enumeration. 



INTRODUCTION 

Prior to 1968, sockeye salmon escapement estimates in Upper Cook Inlet (UCI), Alaska (Figure 1) 
were based on surveys of clear water spawning areas and provided no information about the 
distribution or number of sockeye salmon which spawned in glacially occluded waters (King and 
Davis 1989). Commercial and recreational fishery management efforts were fiuther hampered by 
lack of daily and cumulative estimates of escapement. These constraints were significantly 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 
Rivers in 1968, was expanded to the Susitna River in 1978 and to the Crescent River in 1980. The 
Susitna River counting site was abandoned in 1985, and in 1986 counting operations began on the 
Yentna River, a major tributary of the Susitna River. Results of escapement enumeration studies 
were documented by Waltemyer et al. (1 98O), Tarbox et al. (1 98 1, 1 983), King and Tarbox (1 984, 
1986, 1987, 1988, 1989a, 1990 and 1991), King (1990), King et al. (1989b, 1992), King and Davis 
(1989, 1992), Davis and King (1 993, 1994 and 1995), Davis et al. (1993), and Namtvedt et al. 
(1 979). 

The program objectives of UCI escapement projects in 1995 were to estimate (1) the daily and 
cumulative number of sockeye salmon entering the Kenai, Kasilof, Crescent, and Yentna Rivers, 
and (2) the age, length, and sex con~position of those escapements. Indices of abundance were also 
obtained for Yentna River pink, chum and coho salmon. 

METHODS 

Bcr7dix Corporation' side-scanning sonar counters described by King and Tarbox (1 989a), Gaudet 
(1983) and Bendix Corp. (1980 and 1984) were used to enumerate salmon escapements. Pulse 
width was 100 ms and the frequency was 5 15 Khz. Two- and four-degree transducer elements 
were multiplexed in an alternating mode. The counting threshold was preset at approximately -38 
db by the manufacturer. Detection level could be lowered by increasing gain to the system. 
Counters were operated without artificial substrates in the Kenai, Crescent and Yentna Rivers. A 
technical consultant tested the counters for proper operation prior to deployment, and reinspected 
counters when migrating fish densities neared maximum levels in each river system (A. Menin, 
Hydroacoustic Consulting, Sylmar, CA). 

Project operational dates were: 1 July through 14 August on the Kenai River; 12 June through 4 
August on the Kasilof River; 28 June through 8 August on the Crescent River; and 7 July through 
10 August on the ~ e n t n a  River. Counting operations ceased when daily counts were < 1% of the 

'Use of a company's name docs not constitute product endorsement. 



cumulative count for 3 consecutive days. Kenai and Kasilof River counting operation cessation 
criteria were not instituted until cessation of continuous conlrnercial fishing. 

Raw hourly output data were edited to account for debris, bottom echoes, or other sources 
of non-fish counts. Hourly sonar counts by day were entered into a data-base program which 
calculated a daily average hourly count for inshore (1-6) and offshore (7-12) sonar sectors by 

Ca = Cb/N, (1) 
where: 

Ca = average count per sector per hour; 
Cb = valid hourly counts for all inshore or offshore sectors; and 
N = number of sector per hour units which contained only valid counts. 

The average count was then substituted into any sector/hour block where counts were deleted 
through editing. Sonar counts collected from the north bank of the Crescent River received the 
same treatment but calculations were made n~anually and computer entry of data occurred post- 
season. The daily average hourly count for the south bank of the Crescent River was calculated for 
each sector by: 

Cc = average count per sector per hour for the Crescent Rivcr south bank; 
Cd = valid Crescent River south bank hourly counts pcr sector; and 
N = number of hour units per sector which contained only valid counts. 

All counts recordcd on the south bank at Crcsccnt River occurrcd in sectors onc (93.5%) and two 
(6.5%) of the counting range. Printer skips (treated as false counts) regularly occurred in sectors 
one through six. Hourly averages for each sector were substituted where skips occurred or counts 
were deleted. Because of the spacial distribution of fish migrating adjacent to this bank, the method 
used for the treatment of false counts provided a more accurate estinlate of daily escapement 
because it did not place a high hourly average count derived from sector one or two into sectors 
where very few targets were detected. 

Temporal and spacial behavior of sockeye salmon was assessed by examining distribution of fish 
by sector, hourly passage rate, blank preference, and cumulative proportion of sonar counts by day. 
Counting range is the length of the ensonified area in which counting occurs. Counting range for 
the counter operated at on the north bank of the Crescent River r'mged from 8.8 n~ to 9.1 m and the 
counting range for the south bank was 20.1 m. Counting range for the north bank of the Kcnai 
Rivcr was 13.1 m to 17.1 nl and 8.8 m to 9.1 n~ for the soutl~ bank. An estcndcd wcir was crccted 
on thc south bank of the Kenai River enabling positioning of the transducer furthcr from the bank. 
Counting ranges at the Kasilof Rivcr were 11.3 nl to 12.5 111 on the north bank and 12.8 nl to 14.3 
m on the soutl~ bank. In the Yentna River, counting rangc for thc north bank was 8.8 111 to 10.0 m. 
On tlic south bank fish were counted bctwccn 4.9 ni to 5.5 m. Reported rnngcs cncompasscd the 



period when 80% (10%-90%) of the run occurred and the average counting range employed was 
used for descriptive purposes. Transducer distance from shore varied among systems and is not 
reflected in the reported counting range. 

Transducer orientation was accomplished by remotely controlled rotators except on the Kasilof 
River and the south bank of the Kenai River. Correct orientation of the acoustic axis was tested 
periodically by the use of an artificial target. An air-tight plastic sphere was weighted and moved 
through the ensonified area at various distances from the transducer. Simultaneous detection of the 
target by the counter and visual recognition on an oscilloscope verified correct axis orientation. 
Transducers were moved nearer shore as water depth increased. Fish passage between (behind) the 
transducers and the bank was prevented by the use of weirs. 

Counters were generally monitored 0700-2400 h on the Kasilof, Crescent and Yentna Rivers, and 
throughout the 24 h period on the Kenai River. In addition to regularly scheduled monitoring, 
intensified monitoring was conducted during episodic fish passage. In all cases, visual counts from 
an oscilloscope were compared to the counts accumulated by the counter during a minimum 10-min 
period or for a minimum oscilloscope count of 100 fish. During periods of low density passage 
( 4 0 0  fish per hour), Kenai and Yentna River oscilloscope/counter observations were made at a 
minimum of 1 h per balk each day. When passage rates reached 500 fish per hour, minimum 
observation time increased to 2 h per bank per day. Kasilof and Crescent River counters were 
monitored for a minimum of 2 h per bank per day. If a relative error greater than 20% occurred 
between targets counted on the oscilloscope and targets recorded by the counter, counter 
adjustments were made to reducc the relative error. However, operators typically nude 
adjustments to the counters to accommodate for less than 20% relative error. The basic counter 
adjustment consisted of changing the pulse repetition rate. 

Information used to estinlate species composition of sonar counts, and age, length, and scs 
composition of sockeye salmon escapements was obtaincd from salmon captured in fish wheels. 
Fish wheels were located on the north banks of the Kenai, Kasilof, and Crescent Rivcrs (1 at each 
site), and on both banks of the Yentna River. Fish wheels were operated up to 24 11 per day at 
Yentna River, and during daylight hours at Crescent and Kasilof Rivers. The Kenai River fish 
wheel was typically operated during evening hours when the passage rate and proximity to shore of 
migrating sockeye salmon maximized capture rate. The fish wheel was generally stopped when 
operators estimated the minimum sample size required to provide age, sex and length data was 
attained. Fish wheel catches at the Yentna River site were expanded for each 24 h period based on 
the hourly catch rate during the hours of operation by 

Fd = (Fl/H) 24, (3) 
where: 

Fd = expanded fish wheel catch for 24 hours; 
Fh = fish wheel catch for hours operated; and 
N = hours fish wheel operated. 



In the Kenai and Kasilof Rivers all sonar counts were treated as sockeye salmon. In the Yentna 
River, daily fish wheel catches were grouped into sample sizes of at least 150 salmon to apportion 
sonar counts. Actual (not adjusted to 24 h) fish wheel catches were used to apportion sonar counts 
in the Crescent River, and, because of their size and number, Dolly Varden char were included in 
sonar count apportionment at Crescent River. Dolly Varden char were marked and released to 
verify that captured fish passing the sonar counters were migrating fish. 

Factors influencing the accuracy of escapement estimates for pink, coho, chum, and chinook 
salmon in the Yentna River were discussed by Tarbox et al. (1981, 1983). Counts apportioned to 
these species in 1995 were considered to be index counts. 

Sample sizes for estimating sockeye salmon age composition were based on methods for estimating 
multinomial proportions developed by Thompson (1987). Minimum sample sizes were calculated 
so that the estimated proportion of each major age class was within 5% of the true proportion 90% 
of the time. Previous years age composition proportions were analyzed to determine adequate 
sample sizes for a variety of age class ratios. The largest sample size calculated in this manner was 
chosen as a minimum sample size for 1995. The minimum sample size was increased by 10% to 
account for unreadable scales, and this number was used as the total sample size required. Sockeye 
salmon scale samples were collected daily from the Kenai, Kasilof, Crescent, and Yentna Rivers. 
The number of salmon sampled for age composition per day was based on a percentage of the 
previous day's escapement count. These percentages were calculated by dividing the total season 
sample size by the anticipated total escapement. 

To detect shifts in age class proportions over time, sockeye salmon age class san~ples were divided 
into four periods of approximately equal sample size and tested using the chi-square test of 
independence. The initial test included all periods. If a significant difference was detected, each 
period was then tested against the following period to deternline at what point the age class shift 
occurred. 

Mid-eye to fork-of-tail length (nun) and sex were also recorded for all sockeye salmon sampled. 
Sex ratios and mean lengths were calculated by grouping all samples together regardless of type or 
timing of sampling. Age classes which were 2 10% of the total escapement in each river were 
included in the age and length composition tables. 

Kerrni River 

An estimated 630,447 sockeye salmon migrated past the Kenai River sonar site (Table 1) from 1 
July through 14 August. The desired escapement goal range for this drainage is 400,000-700,000 
fish. The estimated sockeye salmon spawning escapement (sonar count minus sport harvest abovc 
the Soldotna bridge) was 5 19,991 fish (Table 2). A total of 7,542 sockeye salnlon were passed at 



the Hidden Lake weir. The late-run Russian River sockeye sallnon escapement totaled 74,461 fish 
(Table 3). 

Eighty percent of the sockeye salmon escapement passed the sonar counters in 31 d (Table 4; 
mean=19 d; range for 1979-95=6-3 1 d). The midpoint of the escapement was 3 1 July. Peak 
counts occurred on 25 July when 62,716 targets were detected (Table 5). Sockeye salmon 
migration along the north bank of the river accounted for 52.0% of the total escapement (Table 6). 
There were three distinct peaks in the daily numbers of fish passing the counters (Figure 2). 

Distribution of the salmon migration adjacent to the north bank was predominantly (94.4%) within 
10.8 m of the transducer. Salmon distribution adjacent to the south bank was more shore oriented, 
with 98.1 % of the counts within 6.1 m of the transducer (Figure 3). 

A pattern of increased salmon passage in the evening hours was observed on both banks but was 
more pronounced on the south bank (Figure 4 3 .  Fish passage measured 1800-0200 h accounted 
for 48.6% of the total migration. 

A total of 3,022 sockeye salmon were captured in the fish wheel (Table 7), from which 712 scale 
samples, sexes, and lengths were obtained. The largest component (3 1.9%) of the sockeye salmon 
escapement was age-1.2 fish, followed by -2.3 (3 1.3%) and -1.3 (26.4%) fish (Table 8). Mean 
length by sex was within historical bounds for all age classes (Table 9). The male-to-female ratios 
fell within historical bounds. Female spawners constituted 5 1.3% of the total escapement. Length 
composition was within historical bounds but 2-ocean fish tended toward the large end of the 
range. 

Chi-square testing of changes in age class proportions over all periods detected a significant (df= 9, 
X2=23.7, p=.005) difference. A significant increase in the proportion of 2-ocean fish and decrease 
in the proportion of 3-ocean fish (dF=3, ~ ~ = 2 0 . 0 1 ,  p=.OO 1) occurred bctween period 3 (26 -29 July) 
and period 4 (30 July -1 1 August). 

Age-1.3 and -2.3 sockeye salnlon were bound primarily for Quartz Creek, Tern Lake, the mainstem 
river, and the shorelines and outlets of Kenai and Skilak L'akes. Late-run sockeye salmon bound for 
Russian River (above the falls) were predominantly age-2.2 (3 1.9%), -2.3 ( 3 1.6%) and -2.1 
(26.9%) fish (Marsh 1995), while those bound for Hidden Lake were predominantly age 1.2 
(Fandrei 1995). 

Kirsilof River 

A total of 204,935 sockeye salmon were counted at the Kasilof River sonar site from 15 June 
through 7 August (Table 10). The desired escapement range for this system is 150,000-250,000 
sockeye salmon. Brood stock for artificial propagation at the Crooked Creek Iiatchery (12,416 
fish) were taken from Bear Creek (Fandrei 1995, Table 1 1). The index area spawning escapement 
estimate for Bear Creek was 29,017 sockeye salmon (Table 12). 



The midpoint of the sockeye salmon escapement occurred on 14 July, 1 d after the mean for the 
previous 16 years (range 1-22 July; Table 13). Eighty percent of the escapement occurred in 30 d, 
2 d less than the historical mean (1979-94). 

Sixty-two percent of the salmon counts occurred on the south bank (Table 6). Spacial distribution 
adjacent to the north bank was near shore, where 95.6% of the salmon migrated within 10.0 m of 
the transducer. Fish passage on the south bank was similar (97.1% of the salmon were within 9.9 m 
of the transducer, Figure 6). 

The average hourly passage rate on the north bank exceeded the 4.2% average for a consistent 
passage rate between 1400-2100 h and at 0700 h and 1000 h. Two periods had passage rates 
higher than the consistent passage rate on the south bank: 0600- 1000 h and 1900-2200 h. Saln~on 
counted during these hours on the north bank accounted for 47.7% of the total and 45.2% of the 
south bank total. A more consistent passage rate was observed on the north bank than on the south 
bank (Figure 7). There was one major peak and two minor peaks in daily passage of fish past the 
counting site (Figure 2). 

A total of 2,023 sockeye salmon were captured in the Kasilof River fish wheel (Table 14), of which 
587 were sampled for age, length, and sex characteristics. Age-1.2 (44.0%), -2.2 (25.0%), -1.3 
(15.5%) and -2.3 (15.3%) sockeye salmon were the predominant age classes (Table 15). Mean 
lengths by sex were within the historical range (Table 16), as were the male-to-female ratios for all 
age classes. Female spawners comprised 55.0% of the escapement. 

Chi-square testing of all periods combined detected a significant (df=9, X2=43.14, p=.001) change 
in age class proportions over time. Testing among periods detected a significant increase in the 
proportion of 2-ocean fish and decrease in the proportion of 3- ocean fish (df=3, X 2  =28.88, p=.OOl) 
between periods 1 (2 1 June-2 July) and 2 (3 July- 17 July). 

Crescent River 

A total of 64,077 salnlon were counted at the Crescent River sonar site from 28 June through 8 
August (Table 17). Sockeye salmon escapement was estimated to have been 52,3 1 1 fish or 8 1.7% 
of the total salmon escapement (Table 18). The desired sockeye salmon escapement goal for this 
system is 50,000 to 100,000 fish. 

The midpoint of the sockeye salmon escapement occurred on 22 July, 5 d after the date of the 
historical mean, and 80% of the escapcrnent passed the site in 23 d (Table 19). The peak in daily 
passage occurred on 2 2  July (Figure 2). Run timing between banks was similar. Sixty eight 
percent of the fish migrated along the north bank (Table 6). 

Spacial distribution of fish was strongly shore oriented, with 100.0% of the south bank counts 
within 3.4 m of the transducer and 94.9% of the north bank counts within 4.8 rn of the transducer 
(Figure 8). One peak in the migration was observed (Figure 2). Fish migrated adjacent to the north 



.ink at rates which exceeded the hourly average for a constant passage rate from 1600-2400 h 
(Figure 5). Sonar counts during those hours were 55.6% of the bank total. On the south bank the 
highest hourly passage rates occurred between 1300-2100 h (Figure 9), accounting for 66.6% of the 
bank total. 

A total of 1,539 sockeye salmon were captured in the fish wheel (Table 20), of which 435 were 
sampled for age, length, and sex data. Age-2.3 fish were the most abundant (6 1.7%), with the other 
major component of the escapement represented by age-1.3 fish (18.4%; Table 21). Average 
lengths by sex were within the bounds of previous years observations (Table 22). Male-to-female 
ratios were within historical bounds. Females accounted for 55.8% of the total sockeye salmon 
escapement. 

Crescent River hourly fish passage rates peaked during the afternoon and evening hours following 
high tides (Figure 10). The peak hour of fish passage on the north bank occurred after the 
meridiem high tide on 41 of the 42 d of operation and on the south bank on 32 of the 42d of the 
enumeration operation. 

Chi-square testing of age class proportions detected a marginal change over time among age classes 
(dfs9, x2=1 6.46, p=.001). 

Age and length composition of the sockeye salmon escapement in the Crescent River was typical of 
previous years, however, age-2.2 males were the smallest on record. 

There were no recaptures of marked Dolly Varden char. 

Ye~rtna River 

From 7 July through 10 August, 331,393 salmon were counted at the Yentna River sonar site 
(Table 23), of which an estimated 121,220 were sockeye salmon. The escapement goal range for 
the Yentna River is 100,000-150,000 sockeye salmon. Sonar counts apportioned to species other 
than sockeye salmon were: pink salmon, 103,990; coho salmon, 74,406; chum salmon, 3 1,473; and 
chinook salmon, 346 (Table 24). Estimates of coho and chinook salmon escapements for other 
tributaries of the Susitna River were also made (Table 25). No estimates for pink or chum salmon 
were available for the Susitna River above its confluence with the Yentna River. 

The midpoint of the sockeye salmon escapement occurred on 26 July, the same date as the 
historical mean. Eighty percent of the escapement passed the counters in 15 d (Table 26). Run 
timing was not appreciably different by bank. Eighty nine percent of the sockeye salmon migrated 
adjacent to the south bank (Table 6)., 

Of the salmon counted from the south bank, 91.7% were within 2.8 m of the transducer (Figure 1 1). 
On the north bank, 94.2% of the salmon were counted within 4.8 m of the transducer. 



Fish passage rates increased during afternoon and evening hours (Figure 12). The seasonal hourly 
passage rate on the north bank met or exceeded the average for a constant hourly passage rate 
(4.2%) 1700-0200 h (Figure 5). Counts accumulated during these hours accounted for 55.7% of the 
north bank total. The percentage per hour for a constant hourly passage rate was exceeded 1500- 
2300 h on the south bank. Counts accumulated during these hours accounted for 42.6 % of the 
south bank total. There were two distinct peaks in the daily numbers of fish passing the counters 
(Figure 2). 

A total of 3,552 sockeye salmon were captured in fish wheels at Yentna Station (Tables 27; 28), of 
which 507 were sampled for age, sex, and length data. The major components of the escapement 
were ages 1.3 (5 l.3%), 1.2 (19.7%), and 2.3 (1 1.6%; Table 29). Mean lengths and mate-to-female 
ratios for all age classes fell within historical bounds (Table 30). Fen~ale spawners composed 
50.6% of the total sockeye salmon escapement. 

The proportion of age-1.2 fish decreased and the proportion of age-1.3 fish increased (d%3, 
%*=8.502, p=.037) between period 3 (26-28 July) and period 4 (29 July-8 August). However, all 
periods were tested together and no significant (dF9, X* =l4. l l ,  p=O. 1 1 S) changes were detected. 

Eighty percent of the pink salmon escapen~ent occurred in 1 1  d, with the midpoint occurring on 26 
July (Table 31). Pink salmon run duration (80%) in the Yentna River has ranged 9 to 21 d. 
Migratory timing has been remarkably consistent, with the nlidpoint occurring between 25 and 30 
July in 13 of the 15 years for which data is available. 

DISCUSSION 

The 1995 field season and sonar counting operations were similar to past years. Counting 
conditions on all rivers were thought to be within design and operational tolerances of the Bendis 
side-scanning sonar system because (1) salmon passage was inshore and near the bottom during the 
peak of the run, (2) salmon densities were generally adequate for system adjustn~ent, and (3) one 
species, sockeye salmon, con~posed nlost of the run except in Yentna River (37%). 

Kcrrrri River 

Species apportionment of sonar counts was discontinued in 1995 because we perceived a potential 
problem in the apportionn~ent process when disproportionate numbers of non-sockeye salmon 
species appear in the fish wheel catch. Additionally, we considered the numbers of fish of other 
species as insignificant during the time sockeye salmon are being counted under nornlal nm timing 
circun~stances (salmon species other than sockeye salnlon composed 1 .O% of the fish wheel catch 
in 1995). If run timing differences dictated, species apportionment of sonar counts would again bc 
instituted. Counts of other species are of no value as index counts as extended nln duration and 
offshore distribution combine to limit the usefulness of thcse data. 



Kasilof River 

Run timing, counter limitations, and spawning locations relative to the sonar site made sonar 
escapement estimates for Kasilof River pink, coho, and chinook salmon impractical. Coho salmon 
entered the river primarily in August (G. Kyle, ADF&G, Soldotna, personal communication). The 
proportion of pink salmon was not known, but the average historical proportion of the pink salmon 
in the Kasilof River escapement is 1.9% (range 0.2-6.4%). Early- and late-run chinook salmon 
migrated past the sonar site during the time when sockeye were counted, but no counts were 
apportioned to this species. We believe that the ratio of sockeye salmon to chinook salmon 
captured in the fish wheel has been biased toward chinook salmon during the latter portion of the 
run, resulting in total chinook estimates that exceed the actual spawners passing the counting site. 
The error associated with apportionment of chinook salmon counts to sockeye salmon is more 
acceptable than an inflated chinook salmon estimate. 

Crescent River 

Prior to 1993, fish were collected for species composition with drifted gill nets and a fish trap. The 
installation of a fish wheel at Crescent River provided a larger sample size and probably reduced 
the degree of size selectivity inherent to the gear types formerly used. Dolly Varden char, which 
had not appeared in the catch in previous years, appeared in the fish wheel catch in 1993. We 
determined that the char captured at Crescent River were of adequate size to meet target detection 
thresholds of the counters and included them in the apportionment of daily sonar counts in 1993-95. 
We also concluded that these fish were migratory based on morphological characteristics and 
results of marking all Dolly Varden char captured in 1993-94. Of the Dolly Varden char marked in 
1993-94, none were recaptured. In 1995, 132 char were marked and none were recaptured. The 
high proportion (18.6% or 548 fish) of char in the fish wheel catch in 1994 led us to believe that the 
sockeye salmon escapement may have historically been overestimated. The proportion of char in 
1993 (0.5%) and I995 (0.7%) may be more indicative of the degree of historical over 
apportionment to sockeye salmon than the high proportion observed in 1994. 

We concluded from the hourly passage rate that daily migration timing is probably related to tide 
stage. However, we have not observed a diurnal bimodal entry pattern into Crescent River, so 
some other as yet unidentified variable(s) must also be influencing fish migration at this site. We 
have been unable to correlate fluctuations in water level or temperature to fish entry patterns into 
Crescent River. 

Yeirtrr a River 

King and Tarbox (1990) indicated sockeye and pink salmon exhibited differential migratory 
behavior in the Yentna River. They found that sockeye salmon were proportionally higher in the 
fish wheel catch 1200-2400 h and pink salmon were more frequently captured 0600-1200 11. This 
observation identified a potential source of error in the use of total daily adjusted fish wheel catches 
to apportion sonar counts. To overcome this potential bias, fish wheels catches used to apportion 



sonar counts were collected by operating the fish wheels in 4 time blocks of 6 h each over a 24 h 
period in 1993 and 1994. We determined that the degree of bias did not justify the additional 
expense of operating the fish wheels in this manner, and this method of fish wheel operation was 
discontinued in 1995. 

Enumeration activities ceased on the Yentna River on 10 August. Migratory tinling information 
could not be calculated for chum and coho salmon because migration continued past that date. The 
range for 1981-84=69.8%-92.0% (mean 78.7%) of the chum salmon escapement and 79.6%-89.9% 
(mean 84.8%) of the coho salmon escapement was recorded by 12 August (King and Tarbox 1986). 
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Table 1. Estimated sockeye salmon escapement recorded by side-scanning sonar in the Kenai, Kasilof, Crescent 
and Susitna Rivers 1978-1 995. 

System 

Year 

- - - -- -- -- 

Kenai R.a ~ a s i l o f  R . ~  Crescent R. Susitna R.' 

" Includes counts aftcr 22 June (1978-87) and aftcr 1 July (1988-95). 
Includes counts or estimates prior to 15 June (1983-88) and post enumeration estimates (198 1-86). 
Sonar counts from ~ u s i t n a  Station unless othcnvise indicated. 
No counts conducted. 
' Sonar counts from Ycntna Station only. 

Sonar counts from Yentna Station and cast bank of the Susitna River. 
"ounts from Ycntna Station and mark-recapture estimate from Sunshine Station. 
h Counts through 16 July only. 

Combined counts from \viers on Bear and Glacier Flat Creeks and surveys of rcm;lining spawning strcuns. 
I;N: I IISUC.X.S 



Table 2. Late-run Kenai River sockeye salmon escapement summary 1968-1 995. 

Estimated Estimated Estimated Estimated 
Escapement Russian River Kenai River Total Sonar Count 

at Sonar Sport Mainstem Harvest Above Less Sport 
Year Site" ~ a r v e s t ~  Sport Harvestc Sonar sited Harvest 

" Bendix Corp. multiple transducer sonar 1968-1 977, side-scanning sonar 1978-1 995. 
h Based on creel census data from Sport Fish Division, Soldotna. 
" Sport Fish Division Statewide Harvest Estimate, above the Soldotna Bridge (and sonar site) only. 
d Combined Russian River and mainstem (above bridge) harvests. 
' Sonar count less sport harvest reduced by 77,060 fish harvested by dip net at Hidden Creek. 

FN: ESCSULLSLS 



Table 3. Late-run sockeye salmon escapement counts in eight index areas, Kenai River drainage, 1969-1995. 

Tern 
Russian Rivera 

Total Index 
Railroad Johnson Moose h r m i g a n  (Mud) Quartz Hidden Above Below Area 

Year creekb creekb creekb creekb Lakeb CreekC ~ a k e '  Weir Weir Escapement 

1969-75, ADF8iG archives, Division of Sport Fish, Anchorage. 1976-95, Marsh. L.. ADIr8iG, Division of Sport Fish, Soldotna. 
b ~ n i t e d  States Department of  Agriculture, Forest Senrice, Seward. Alaska (1984-92, 1994). 
' FRED Division ~ve i r  count (1 982-83). 

~ c i r  count: 1971, 1973, 1976-89 (FRED Division); 1990-95 (Cook Inlet Aquaculture Association). 
' Curter-Moose Crcck survey conducted on lower I .O mile ofcrcek. Rarn~igan Creek survey conductcd on lower 1.5 milcs ofcreek (1991-1992, 1994). 
' S u n q  conducted on an unnamed stream at eastern end of Tern (Mud) Lake. 
' CFMRrD ground survey 

FN: ESCIDXXS 







Table 5. Estimated sockeye salmon escapement into the Kenai River, 1 July 
through 14 August 1995. 

Date Daily Cum Date Daily Cum 



Table 6. Distribution of  sockeye salnlon escapenlent by bank recorded by side-scanning sonar in the Kenai, 
Kasilof, Crescent, and Yentna Rivers 1979-1 995. 

Kenai River Kasilof River Crescent River Yentna River 

Year North South North South N o d l  Soulh North South 
Bank Bank Bank Bank Bank Bank Bank Bank 





Table 8. Age composition of sockeye salmon collected in the Kenai River 1970-1995. 

Percentage Compostion by Age c l a d b  

Sautiple 
Year 1.1 1.2 1.3 1.4 2.1 2.2 2.3 Other Size 

" Pcrccntagcs wciglitcd by total numbers in tlic cscapc~ricnt: 1978 (Bctlic ct al. 1980), 1979- 
1982, 1984-1 995. 

b 1978-1995 from Waltanycr, ADF&G, Soldotna. 



Table 9. Length composition of the major age classes of sockeye salmon collected in the Kenai River 
1980-1 995. Length measured from mid-eye to fork-of-tail.= 

Mule 

--  

Female 

Avo Avc Ratio 
Age Length Shldrd Sanple Length Stndrd S m p l c  Male- 

Year Class (mn) Error Size (111111) Error Sizc Fcinale 



Table 10. Estimated sockeye salmon escapement into the Kasilof River, 15 June 
through 7 August 1995. 

Date Daily Cum Date Daily Cum 

FN: 95KA.XLS 



Table 1 1. Kasilof River sockeye salmon escapement estimates 1368-1 995. 

Escapement Fish used for 
Estimated by Artificial Propogation Sonar Count 

Year Sonar Count" of Tustumena ~ a k e ~  Less Egg Takec 

" Multiple transducer sonar counts rounded to the nearest thousand (1968-1 978) from 
Namtvedt et nl. (1979). 

h From Cross et al. (1 983): 1974-1 980; FRED Div., Soldotna, Ak. files: 198 1 - 1992; 
Fandrei, Cook Inlet Aquaculture Association: 1993- 1995. 
' Considered estimate of natural spawners above sonar site. 
d Combined counts from \veirs on Bear and Glacier Flat Creeks 'and surveys of spawning 

streams. 
Includes 290 fish not used for artificial propogation of Tustumena Lake, Fnndrei (1995). 
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Table 13. (p. 2 of3) 

Cumulative ~ r o ~ o n i o n ' ~  

Date 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 

- Cor~~inucd - 
FN. 956ACUM% XLS 
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Table 14. Daily fish wheel catch by species for the north bank of the Kasilof River, 19 June through 
3 August 1995. 

Sockeye Pink Coho Chinooka 

Hours 
Date open Daily Cum Daily Cum Daily Cum Daily Cum 

' Other species captured included: 9 Dolly Vardcn char, 2 whitefish. 
M 9 5 K A l F W K U S  



Table 15. Age composition of sockeye salmon collected in the Kasilof River 19G9-1995. 

Pcrccntage Coriipostion by Agc Class " 

Sanlplc 
Year 1.1 1.2 1.3 1.4 2.1 2.2 2.3 Othcr Sizc 

" Pcrccntagcs wcightcd by total numbcrs in thc cscapcmcut: 1379- 1995 
b 1978- 1935 from Waltcmycr, ADF&G, Soldotna. 



Table 16. Length composition of the major age classes of sockeye salmon collected in the Kasilof River 1980-1995. 
Length measured from mid-eye to fork-of-tail. 

Male Female 

Ave Ave Ratio 
Age Lengtha Stndrd Sample LengthD Stndrd Sample Male- 

Year Class (mrn) Error Size (mm) Error Size Female 

'1980-1395 Srom W:~ltcmycr, ADFBG, Soldotna. 
3 3 



Tablc 17. Esti~natcd salnlon escapement into the Crcsccnt Rivcr 1979-1995. 

Sockcyc Pink Chum Coho Chinook 
Datc Total 

" N o  counts apportioncd to chinook salmon in 1994 (8 chinook salnion wcrc cnpturcd in thc fish 
whccl). Counts wcrc apportioncd to Dolly Vardcn char. 

b Count rcprcscnts combincd Chinook and Dolly Vardcrl char (17 Chinook saln~on \vcrc 
captured in thc fish whccl). 

FN: CKI IIST.SI.S 



Table 18. Es~imated salmon escapmcnt inlo the Crescent River, 28 June through 8 August 1995. Species composition based on fish wheel catches. 

Sockeye Pink Chum Coho Chinook 

Date Daily Cum Daily Cum Daily Cum Daily Cum Daily Cum 



Table 19. Cumulative proportion by date of sockeyc sallnon counts recorded in the Crescent River 1984 - 1995. 

Curnulativc Proportion" 



Table 19. (p. 2 of 2) 

Cumulative Proportiona 

Date 1984 1985 1 9 8 6 ~  1987 1988 1989 1990 1991 1992 1993 1994 1995 

-- - 

Midpoint 17-Jul 18-Jul 19-Jul 09-Jul 15-Jul IS-Jul 21-Jul 17Jul  14-Jul 23-Jul 22-Jul 

No. days 

for 31+ 26+ 2 1 23 22 2 5 2 1 2 3 23 24 2 3 

a Proportion accrued on last day (1984-1956, 1988) represents that portion ofthe escapement estimated to have entered 
the river after tcnnination of counting operations. 

b ~ n u ~ n e r a t i o n  activities terminated on 16 July 1986. Estimated proportions from King and l'arbos (198%). 

Inclusive dates: date proportion of cscapen~ent reached 10% through date proportion ot'escapcment reached 90%. 



Table 20. Daily fish wheel ciitch by species for the Crescent River, 28 June through 8 August 1995. 

Sockeye Pink Chum Coho Chinook Dolly Varden 

Hours 
Date open Daily Cum Daily Cum Daily Cum Daily Cum Daily Cum Daily Cum 



Table 21. Age composition of sockeye salmon collected in tile Crcscent River 1979-1995. 

Percentage Compostion by Age Class' 

Sarnplc 
Year 1.1 1.2 1.3 1.4 2.1 2.2 2.3 Other Size 

" Pcrccntages wcigllted by total numbers in tlic escapcmcnt: 1979-198 1, 1986-1995. 

1979-1995 from Walternycr, ADF&G, Soldotna. 



Table 22. Length composition of the major age classes of sockeye salmon collected in the Crescent River 1980- 
1995. Length melsurcd from mid-eye to fork-of-tail. 

Male Female 

Avc Av e Ra~io  
Age Lengtha Stndrd Sample Length' Stndrd Smnplc Male- 

Year Class (mm) Error Size (mm) Error Size Female 



Table 23. Estimated salmon escapment into the Yentna River, 7 July through I0 August 1995. Species composition of  daily sonar counts based on fish 
wheel catches. 

Sockeye Pink Chum Coho Chinook 

Date Daily Cum Daily Cum Daily Cum Daily Cum Daily Cum 

FN: 95YE.XLS 



Table 24. Estimated salmon escapement into the Yentna Rivcr 198 1- 1995. 

Date Sockeye Pink Chum Coho Chinook Total 



Table 25. Salmon escapement observations in selected Susitna River tributaries 1995. 

Number of Fish Observed or Estimated 

- - -- 

Method Source Sockeye Pink Chum Coho Chinook 

Chelatna Lake 
Deception Creek 
Rabideux Creek 
Birch Creek 
Question Creek 
Answer Creek 
Goose Creek 
Little Willow Creek 
Montana Creek 
Prairie Creek 
Sheep Creek 
Willow Creek 
Alexander Creek 
Deshka River 
Peters Creek 
Lake Creek 
Cache Creek 
Talachulitna River 

Weir 
Aerial 

Ground 
Ground 
Ground 
Ground 
Aerial 
Aerial 
Aerial 
Aerial 
Aerial 
Aerial 
Aerial 
Aerial 
Aerial 
Aerial 
Aerial 
Aerial 

a Fandrei, G., 1995b. 
b Sport Fish Division records, Alaska Department of Fish and Game, Palmer. 

FN 9SSUSIDX XLS 
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Table 27. Daily adjusted fish wheel catch by species for the north bank of the Yentna River, 7 July 
through 9 August 1995. 

Sockeye Pink Chum Coho Chinook 

Hours 
Date opena Daily Cum Daily Cum Daily Cum Daily Cum Daily Cum 

0 
3 
7 

I G 
2 2 
3 1 
37 
4 0 
4 1 
4 1 
7 1 
97 

144 
177 
2G9 
305 
33 1 
357 
417 
479 
514 
GIS 
722 
7G 1 
77G 
800 
83 1 
8GG 
995 

1,028 
1,074 
1,108 
1,12G 
1,141 

a Fish wheel catch idjuslcd for 24 11: (daily cakch 24 11) /hours open. Actu:ll catch by spccics: 8 15 
sockeye salmon; 2,343 pink salmon; 82G chum salmon; 587 coho salmon; 19 chinook salmon. 

FX 9JYEItWR SLS 



Table 28. Daily adjusted fish wheel catch by species for the south bank of the Yentna River, 7 July 
through 10 August 1995. 

Sockeye Pink Chum Coho Chinook 

Hours 
Date opena Daily Cum Daily Cum Daily Cum Daily Cum Daily Cum 

a Fish whcel catch adjusted for 24 h: (daily catch * 24 h) /hours open. Actual catch by spccics: 2,737 
sockcyc salmon; 2,335 pink salmon; 691 chum salmon; 2,737 coho salmon; l l chinook salmon. 

FN: 9SYE2RVR.XLS 



Table 29. Age composition of sockeye salmon collected in the Ycntna River 1986-1995 

Percentage Conlpostion by Age Classa' 

Sample 
Y car 0.2 0.3 1.1 1.2 1.3 I .4 2.1 2.2 2.3 2.4 3.2 Size 

"crccntqcs ~vcightcd by total numbcrs in the escapement: 1979-198 1, 1986-1995. 
b 1986-1 995 from Waltemycr, ADFBIG, Soldotna. 



Table 30. Length composition of the major age classes of sockeye salmon collected in the Yentna River 
1986-1995. Length measured from mid-eye to fork- of- tail. 

Male Female 

Ave Ave Ratio 
Age Lengtha Stndrd Sample Lengtha Stndrd Sample Male- 

Year Class (mrn) Error Size (mm) Error Size Femalc 

1 
1 
1 
1 
1 
1 
1 

GOO 5 5 6 56 1 2 56 1.0: 1 
578 4 2 5 5.14 3 34 0.7: 1 

a 1986-1 995 !?om Waltcmycr, ADFRtG, Soldotna. 

4 9 







Sonar Site I 

F i g u r e  1 .  Upper  Cook I n l e t ,  A l a s k a ,  and s i t e s  where sockeye  sa lmon escapement  
was m o n i t o r e d  w i t h  s i d e - s c a n n i n g  s o n a r .  





F i g u r e  3. D i s t r i b u t i o n  o f  salmon s o n a r  c o u n t s  by s e c t o r  i n  t h e  Lena i  C i v e r ,  
1995.  

95K1<12S GRF 



F i g u r e  4 .  H o u r l y  d i s t r i b u t i o n  o f  sa lmon m i g r a t i n g  p a s t  t h e  Kena i  R i v e r  sona r  
c o u n t e r s ,  1995 .  





F i g u r e  6 .  D i s t r i b u t i o n  o f  sa lmon s o n a r  c o u n t s  by s e c t o r  i n  t h e  K a s i l o f  R i v e r ,  
1995 .  

0 5 K / \  12S.Gl<I' 



Figure  7 .  Hourly d i s t r i b u t i o n  of  salmon migra t ing  p a s t  the  Kas i lo f  River 
sonar  coun t c r s  , 1995.  



Figure  8. D i s t r i b u t i o n  o f  salmon sonar  counts by s e c t o r  in  t he  Crescent  
River ,  1935 .  



A NORTH BANK 

A SOUTH BANI< 

Figure  9 .  Hourly d i s t r i b u t i o n  of  salmon migra t ing  pa s t  t h e  Crescent  River 
c o u n t e r s ,  1 9 9 5 .  





Figure 11. Distribution of salmon sonar counts by sector in the Yentna 
River, 1995. 



Figure 1 2 .  Hourly d i s t r i b u t i o n  o f  salmon migrating past  the Yentna River 
sonar counters ,  1995.  

95YEl ~H.I;?; 



Appendix A.  1. Estimated salmon escapement adjacent to the north bank 
of the Kenai River, 1 July through 14 August 1995. 

Da te  Daily Cum Date  Daily Cum 



Appendix A.2. Estimated salmon escapement adjacent to the south bank 
of the Kenai River, 1 July through 14 August 1995. 

Date Daily Cum Date Daily Cum 
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Counts by I IOU 

- 
Daily Cum 

DJIC 1 2 3 J 5 6 7 8 9 10 11 I? 13 1 4  15 16 17 I8 19 20 21 22 23 24 Told Total 





- 
Daily Cum 

Dale 1 2 3 4 5 6 7 8 9 10 1 1  I2 13 I4  15 16 17 18 19 20 21 22 23 24 Tobl Total 



.-\pp<ndis A S .  K c m i  K i w r  nonh b ~ n l .  sonar counts by hour. I Jul!. lhrouph I4 A u g w ~  1995. Count, c s p r c ~ r e J  as  pcrccntJye ol'dail!.tolal 

C o u n b  by I lour 

D ~ l c  1 2 7 J 5 6 7 8 9 10 1 1  12 13 13 5 16 17 18 19 20 21 22 23 24 Total 

FN: 95REIIIP.XLS 





Appcndis A.6. Kcnai River south bank somr counts hy hour. 1 July throuph 10 hugust 1995. Counb csprcsscJ 3s pcrccntayc of daily tot>\. 

- 
Counts by Ilow 

Daily 
D ~ t c  I 2 7 4 5 6 7 8 9 10 1 1  I2 13 14 15 16 17 18 19 2 0  21 2 2  23  2 4 7 0 ~ ~ 1  

-Conlinucd- 
FN: 95KElIIP.XLS 



- 
Dailv 

Fh': 9JKEIIiP.XLS 



.Appa~lis A.7. Karai River norh bank sonar counb by sector. 1 July Uuou& 14 August 1995. 

Cot111u by Seaor 

Daily Cum 
D a ~ s  1 2 3 4 5 6 7 8 9 I0 1 1  12 Total Told 



.-\ppx~dis AS.  Kc~lai Riwr sot1111 ba lk  sonar cou~~!s by sector, 1 July tluoudi I4 August 1995 

Counk by Sector 

Daily Cum 
Dale 1 2 3 4 5 6 7 8 9 10 11 12 ~ o t i l  Total 

I 09 
33  
2 5 
26 
4 2 

5 1 
6 1 
4 8 
26 
74 

3 1 
3 9 
63 
40 
4 9 

59 
1.137 
2,642 
2.813 
4.837 

8.04 1 
3.746 
7.470 

14.278 
12.32c. 

3.706 
1,106 
1.558 

476 
ISY 

I30 
213 
165 
272 

1.991 

997 
268 
747 
403 
324 

400 
427 
2x1 
117 
253 

72,078 



Appuidis A.9. Kenai River north balk ~ 0 1 1 ~  COUII(S by sector, 1 July through I4 August 1995. Counts csprcsscd as pcrccntagc of 
daily total. 

Counts by Scctor 

Daily 
Date I 2 3 4 5 6 7 8 9 10 11 12 Total 



Appcndis A.lO. Kellsi River south bank sonar counts by sector, I July through 14 Augusl 1995. Counts espresscd as percentage of 
daily total. 

Dailv 



Appendix A. 11. Estimated salmon escapement adjacent to the north bank of the Kasilof 
River, 15 June through 7 August 1995. 

Date Dailv Cum Date Dailv Cum 



Appendix A. 12. Estimated salmon escapement adjacent to the south bank of the Kasilof 
River, 15 June through 7 August 1995. 

Date Daily Cum Date Daily Cunl 

FN: 95L\2C.SIS  
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C o u n k  by How 

Daily Cum 

D J ~ C  1 2 5 4 5 6 7 8 9 10 1 1  12 13 1 4  1 5  16 17 18 19 20 21 22 23 24 Tordl Tolal 

FN: 9SMIHC.XLS 



Appendix :\. 14. K~silofKi\ .cr south bank sonar C O U ~ ~ J  by hour. I5 Junc through 7 :\U_PUI 1W5 

- - 

Counts hy tlour 

Daily Cum 

DJIC I 2 3 4 5 6 7 8 9 10 1 1  I2 I? 14 15 16 17 18 19 2 0  21 22 23 24 Total Total 

Continucd- 
FN: 9JL42HC.XLS 



Daily Cum 

D ~ t c  I 2 .: 4 5 6 7 8 9 10 1 1  12 I? 1.1 IS 16 17 18 19 20 21 22 23 24 Total Total 
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A p ~ x d i s  :L 16. Kasi lolKivcr soulh hank sonar counls by hour. I5 June through 7 August 1995. Counls csprcrscd 2s pcrccrilagc o fda i ly  total. 

Continucd- 
FN: 95u,CAIl{P.nS 



Counts by Hour 

Daily 



.Appwdis A. 17. Kasilof River n o d l  bank sonar cou~iu by sector. I5 Juns Uuougl17 August 1995. 

Daily Cum 

h t c  I 2 3 4 5 6 7 8 9 10 11 12 Toral Told 

I 
5 

2 5 
59 

3 5 

77 

67 

4 5 

56 

77 

103 

I SO 

113 

1 09 

123 

79 

7 7 

7 5 
64 

50 

8 I 

IOS 

S 2  

19 

5 2 

96 

3 2 

2 5 

2 2 

46 

26 

57 
112 

4 S 

4 I 

5 3 

4 6 

S S 

4 9 

5 4 



.-\pp?ndis A 17. (p. 2 of 2) 

Counts by Sector 



Appendix A 18. Rmilof Rivcr sonth bark sonar counts by secior. 15 June duough 7 August 1995. 

- - - - 

Counk by Sector 

Daily Culn 

Dak  I 2 3 4 5 6 7 8 9 10 I I 12 Total Total 



Appendix A 18. (p. 2 of 2)  

CounLs by Ssclor 

Daily Cum 

Dxte 1 2 3 4 5 6 7 8 9 10 I I I2 Total Told 



Appcndis A.19. Knsilof Rivcr north bank smiar C O L I I I ~ S  by sector, 15 Ji111c Ihrougll 7 August 1995. Counts csprcsscd ns pcrccntagc of 
daily total. 

Counts by Scctor 

Daily 
Datc I 2 3 4 5 6 7 8 9 10 I I 12 Total 



Aplmidis A. 19. (p. 2 of2)  

Counls by Scctor 

Daily 
D:IIC I 2 3 4 5 6 7 8 9 10 11 12 Total 



Appcndis A.20. Knsilor River sotllh bank s011nr counts by sector. 15 June through 7 August 1995. Counts esprcsscd as perccrllage of 

daily total. 

Daily 
Date I 2 3 4 5 6 7 8 9 10 I I 12 Totnl 



Appclldis A.20. (p. 2 of 2) 

Daily 
I h t c  1 2 3 4 5 6 7 S 9 10 11 12 Total 



Appmdis A.2 1 .  Estimated salmon rscapcment ndjaccnt to the north bank of the Crescent River, 28 June through 8 August 1995. 
Spccics colnposition of daily sonar counts based on fish whrcl catches.' 

Sockeye Pink Chum Coho Dolly Vardcn 

Dntc Daily Cum Dnily Cuni Daily Cunl Daily Cum Daily C u 111 

'Counts in Dolly Varden column are combined Dolly Varden char and chinook salmon counts. FN: YXRIC.SLS 

9 6 



Appcndis A.22 Eslimatcd salmon escapement adjacent to the south bank of the Crcsccnl River, 28 June through 8 August 1995. 
Spc ie s  composition of daily sonar counts based on fish wliccl catches.' 

Sockcyc Pink Churn Coho Dolly Vardcn 

Vatc Daily Cum Dail). Cuni Daily Cum Daily Curn Daily Cum 

0 

0 

0 

1 
1 
3 
4 

6 
10 
13 
20 
29 
3 6 
4 4 
53 
7 3 
9 8 

l l o  
131 
I5 l 
i 68 
177 
I88 
I Y Y  
230 
258 
265 
285 
399 
3 10 
325 
333 
348 
354 
36 1 
377 
417 
4 63 
487 
520 
5-46 
531 

"Counts in Dolly Varden column a re  combined Dolly Varden char and chinook salmon counts .  F S ~  P.TR:C XLS 



Daily Cum 

D J ~  I 2 3 4 5 6 7 8 9 10 1 1  12 13 14 15 16 17 18 19 20 21 22 23 24ToLal Total 





Appmlis :L24. Crc.ssclit River south bank soliar counu by Ilour. 28 Juw tl~rou JI 8 August 1995 

Counts by Hour 

Daily Cum 

Date 1 2 3 4  5 6 7 8 9 10 1 1  12 13 I4 I5 16 17 18 19 20 21 22 23 2 4 T o t a l  Total 

Continued. 



Cowls hy Ilour 





.Ap~"llJl> :\.zc. (p.? o f 2 )  

Com& by I lour 

Daily 
Date I 2 3 4 5 6 7 8 9 10 1 1  I2 13 14 I5 16 17 18 19 20 21 22 23 24 Tohl 

M- 9JCR lflP SLS 



-- - - - -- 

COUIU by !lour 

Daily 
D x c  I 2 3 4 5 6 7 8 9 10 1 1  12 13 14 15 16 17 18 19 20 21 22 23 24 Total 



.+pc~~dis A.26. (p.? 0f2)  

Coim~s by Hour 

Daily 
D a l e  1 2 3 4 5  6 7  8 9 10 I! 12 13 14 15 16 17 18 19 20 21 22 23 2 4 T o t a l  



Appaidis A27.  Cracsn: River nod l  b a d  sonar cowls by sector, 28 Juriz througli 8 A u y n  1995. 

Daily Cum 
Dale 1 2 3 4 5 6 7 8 9 10 I1  12 Total Told 

tX. 95CRI SC XIS 

1 0 6  



; \ppcds A.28. Crcsccnl River soi~tli bank sonar cotrnts by scaor, 2s J w c  Iluoud~ 8 August 1995. 

C o u n ~  by S m o r  

Daily Culn 
Date 1 2 3 4 5 6 7 8 9 10 I1 12 T o ~ a l  Total 





A p p z ~ d i s  A.30. Crescent River south bank sonnr counts by scclor, 28 June U U O ~ I ~ ~ I  8 A ~ g ~ r s t  1995. Counts espresscd as psrcsntage of 
daily total. 

Counts by Sector 

Daily 
Dntc 1 2 3 4 5 6 7 8 9 10 11 12 Toral 



Appendix A.3 1. Estimated salmon escapcment adjacent to the north bank of the Yentna River, 7 July tluough 
10 August 1995. Specics composition of daily sonar counts based on fish whecl catclies. 

Sockeye Pink Chum Coho Chinook 

Date Daily Cum Daily Cum Daily Cum Daily Cuni Daily Cum 



Appendis A.32. Estimated salnlon escapement adjaccnt to thc soutb bank of tllc Ycntna I b i w ,  7 July tlvougl~ 
10 August 1995. Spccics composition of daily sonar counts based on fish wllccl catcl~cs. 

Sockeye Pink Cl~ilnl Coho Chinook 

Date Daily C u ~ n  Daily Cum Daily Cum Daily Cum Daily Cum 
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Daily 
Date I 2 3 4 5 6 7 8 9 10 1 1  I2 13 14 15 16 17 18 19 20 21 22 23 24 Told 



Daily 

DJIC I 2 3 4  5 6 7 8 9 10 XI 12 13 I4 I5 16 17 18 19 20 21 22 23 2 4 T o t a l  



Counts by tlour 

Daily 

Darc 1 2 3 4 5 6 7 8 9 10 1 1  I2 13 I4 15 16 17 18 19 20 21 22 23 24 Total 

-Cootinuc& 

FN: 95YE2tIP.XLS 



Counls by Ilour 

Daily 

D ~ r e  I 2 3 4 5 6 7 8 9 10 l l  12 13 14 15 16 17 18 19 20 21 22 23 24Total  

Total 





Appcndis A.38. Ycntna River south bank sonar counts by sector, 7 July through 10 August 1995. 

Counts by Sector 

Daily Cum 
Datc 1 2 3 4 5 6 7 S 9 10 I I 12 Total Total 

0 
4 

10 
3 

18 

20 
8 
1 
7 

9 

200 
357 
500 
442 
49s 

255 
375 
497 
517 
706 

927 
SS I 
sos 
525 
220 

284 
460 
540 
323 
25 I 

242 
14s 
7 7 
5 0 
90 



Appcndis A.39. Yentna River north bank sonar counts by sector, 7 July through 10 August 1995. Counts cspressed as 
percentage of daily total. 

Counts by Sector 

Daily 
Da tc 1 2 3 4 5 6 7 S 9 10 1 1  12 Tot11 

28. 1 
25.6 
21.7 
19.7 
21.1 

17.2 
15.5 
13.6 
15.2 
10.8 

8.6 
18.7 
26.1 
19.1 
15.5 

24.3 
11.7 
I G.0 
I G .  1 
10.5 

13.7 
15.9 
2 1 .5 
28.8 
21.5 

32.9 
22.1 
22.3 
25.1 
44.5 

39.1 
47.9 
43.9 
4 I .5 
48.5 

20.3 

FN: 95YEISI'.SI.S 

1 2 2  



Appcndis A.40. Yentna River south bank sonar counts by sector, 7 July through 10 August 1995. Counts expressed as  

perccntnge of daily total. 

Counts by Sector 

Daily 

0.0 
1.1 
0.0 
0.0 
0.2 

0.0 
0.0 
1.6 
2.6 
0.0 

2.2 
0.5 
0.4 
0.2 
0.2 

O.! 
0. I 
0. I 
0.3 
0.G 

0.5 
0.3 
0.3 
0.3 
0.1 

0.2 
0.2 
0.4 
1.1 
0.6 

0.G 
0.3 
0.1 
0.1 
0.2 

0.3 

FN: 95YE?SI'.SIS 
1 2 3  






