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The Technical Fishery Report Series was established i n  1987, 
replacing the  Technical Data Report Series. The scope o f  t h i s  new A 

series has been broadened t o  include reports t h a t  may contain data 
analysis, a1 though data oriented reports 1 acking substantial 
analysis w i l l  continue t o  be included. The new series maintains an - A I 

emphasis on t ime ly  repor t ing of recent ly gathered information, and 
t h i s  may solaetilaes requ i re  use o f  data subject t o  minor fu tu re  
adjustments. Reports publ i shed i n  t h i s  ser ies are general 1 y 
interim, annual, o r  i t e r a t i v e  rather  than f i n a l  reports sumar i z i  ng - A 

a completed study o r  pro ject .  They are techn ica l l y  or iented and 
intended f o r  use p r imar i l y  by f i shery  professional s and techn ica l l y  
or iented f i s h i n g  industry  representatives. Pub1 icat ions i n  t h i s  J 

series have recr ived several e d i t o r i a l  reviews and a t  l e a s t  one 
b7ind peer review refereed by the d iv is ion 's  e d i t o r  and have been 
determined t o  be consistent w i th  the d i v i  sf on's publ i c a t i o n  
pol i c i e s  and standards. 
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ABSTRACT 

Sockeye salmon (Oncorhynchus nerka) smolt studies were conducted on the 
Kvichak, Naknek, Egegik, Ugashik, Wood, and Nuyakuk River systems within 
Bristol Bay, Alaska, during 1986. Estimates of numbers of smolt migrating 
to sea based upon data obtained from sonar equipment, were 136,733,218 from 
Kvichak; 41,329,355 from Naknek; 44,197,865 from Egegik; 53,076,253 from 
Ugashik; 28,064,408 from Wood; and 11,236,164 from Nuyakuk. Fyke net 
samples indicated that age-I smolt, from the 1984 brood year spawning 
escapements, were the dominant age class in five out of the six river 
systems (percent age-I smolt: 61.1% Kvichak; 53.6% Naknek; 71.4% Ugashik; 
97.9% Wood; and 98.5% Nuyakuk). Age-I1 smolt, from the 1983 escapements, 
were the dominant age class in the Egegik system (68.1%). 

KEY WORDS: juvenile sockeye salmon, Oncorhynchus nerka, juvenile 
migration, sonar, Bristol Bay, Kvichak River, Naknek River, 
Egegik River, Ugashik River, Wood River, Nuyakuk River 



INTRODUCTION 

Programs to sample and enumerate seaward migrating sockeye salmon smolt 
(Oncorhynchus nerka) provide data which are used to forecast adult returns 
and estimate optimal spawning escapement levels. Smolt sampling programs 
have been conducted on several of the rivers of Bristol Bay since the early 
1950's. Initial studies used fyke nets to estimate smolt numbers [Kvichak 
River (1956-1974), Naknek River (1956-1977), Ugashik River (1955-1965, 
1967-1970, and 1972-1975), and Wood River (1951-1966)](Kerns 1961; Rietze 
and Spangler 1958; Jaenicke 1968; Pella and Jaenicke 1978; Burgner 1962; 
Burgner and Koo 1954). Although these programs furnished information on 
smolt age, size, and relative abundance, the data did not provide accurate 
estimates of smolt numbers. The feasibility of counting smolt using 
hydroacoustics was first examined in 1969, on the Kvichak River, by the 
Alaska Department of Fish and Game (ADF&G) through a contract with the 
Bendix Corporation (McCurdy and Paulus 1972; Paulus and Parker 1974). The 
first experimental smolt counter underwent several modifications over the 
years until two different models were built for use on the Wood (Krasnowski 
1976) and Kvichak Rivers (Randall 1977) in 1975 and 1976, respectively. 
These programs were successful and have served as templates for further 
smolt enumeration studies on other Bristol Bay systems. 

Smolt sonar was also tested on the Ugashik River from 1973-1975 using an 
early Kvichak experimental counter (Schroeder 1974b and 1975; and Sanders 
1976) but was discontinued due to budgetary constraints. Consequently, 
smolt studies on the Naknek, Egegik, Ugashik, and Nuyakuk Rivers were 
limited to occasional fyke net sampling for age and size data from 1975 to 
1982 (Huttunen 1980; Eggers 1984; Minard 1984). An experimental, two-array 
Kvichak system was tested on the Egegik River during the spring of 1981 
(Bue 1982). 

Smolt counters with additional modifications were purchased and deployed on 
the Naknek and Egegik Rivers in 1982 (Huttunen 1984; Bue 1984), and the 
Ugashik and Nuyakuk Rivers in 1983 (Fried, Yuen, and Bue 1987; Minard and 
Frederickson 1987). 

Objectives of the 1986 Bristol Bay sockeye salmon smolt studies were: 1) to 
estimate the number of seaward migrating sockeye salmon smolt, 2) to 
describe smolt migration patterns, 3) to collect age, weight, and length 
data for smolts, and 4) to record climatological and hydrological 
parameters which may affect migratory behavior. 

MATERIALS AND METHODS 

Project Locations 

The Kvichak River sonar site was located approximately 5 km (3 miles) below 
the outlet of Lake Iliamna. Three transducer arrays, the inshore, center, 
and offshore, were anchored at 22.9, 43.9, and 62.2 m (75, 144, 204 ft), 
respectively, from the east bank. The Naknek River site was located 13 km 
(7.8 miles) below the outlet of Naknek Lake. The inshore, center, and 



offshore arrays were anchored at 14, 28, and 51 m (46, 92, and 167 ft) , 
respectively, from the east bank of the river. A three-array system was also 
used at the Egegik River site located 4 km (2.4 miles) below the outlet of 
Becharof Lake. Inshore, center, and offshore arrays were located 40, 55, and 
67 m (130, 180, and 220 ft), respectively, from the south bank. Two arrays 
were used in the Ugashik River approximately 50 m (164 ft) from the outlet of 
Lower Ugashik Lake. The inshore and offshore arrays were placed at 16.5 and 
24.5 m (54 and 80 ft) from the north bank. The Wood River site was located 
at the outlet of Lake Aleknagik. Four arrays (I, 11, 111, and IV) were 
located at 21, 30, 42, and 54 m (69, 99, 137, and 177 ft), respectively, from 
the north bank of the river. A three-array system was also used on the 
Nuyakuk River, located approximately 3.5 km (2.2 mi) from the outlet of 
Tikchik Lake. Inshore, center, and offshore arrays were placed 27, 41, and 
68 m (88.6, 134.5, and 223.1 ft) from the south bank, respectively. 

Hydroacoustic Equipment 

All hydroacoustic systems used to estimate smolt numbers were built by the 
Bendix Corporation. Each system was comprised of 3.03 m (10 ft) long 
transducer arrays, set on the river bottom, which were connected by coaxial 
cable to a control unit housed on shore in a canvas wall tent. All 
transducer arrays used on the Naknek, Egegik, Ugashik, Wood, and Nuyakuk 
Rivers housed 10 upward-facing transducers. The arrays used on the Kvichak 
River held seven upward-facing transducers and seven downstream-facing 
transducers. All arrays were retrieved at the end of the season, but 
attempts were made to place the arrays in the same locations each year. 

Each system was factory calibrated to record one count for a specified amount 
of fish biomass (Kvichak River, 83.0 g; all other projects 41.5 g) passing 
through each transducer beam during a given time period. The system was 
designed so the arrays could be ranged independently of each other. This 
allowed the operator to set the counting range as near the surface as 
possible. A disable switch on each control unit allowed the person 
monitoring the equipment to manually stop tabulation of known false counts 
(i. e. , counts due to floating debris, ice, entrained air from high winds or 
rain, etc.). The duration of disable time was automatically recorded and 
stored by the control unit. Manual settings on the control unit allowed the 
operator to adjust printing times for accumulated counts (7.5, 15, 30, or 60 
minute intervals), transducer pulse rate, and the portion of the water column 
monitored. The unit also had ports for connecting an oscilloscope so that 
transducer signals could be visually observed. All smolt counters, with the 
exception of the Wood River counter, were designed to monitor three arrays of 
transducers. The Wood River unit was designed to handle two arrays. An 
additional switching box was added to the Wood River system to allow for 
manual multiplexing of four arrays. 

Estimating smolt numbers 

Estimation of smolt numbers was divided into three major steps: (1) 
hydroacoustic estimation of total fish biomass migrating down stream past the 
study site, (2) sampling of the fish population to estimate parameters such 
as species composition, age proportions, weight, and length; and (3) 
apportionment of fish biomass into numbers of smolt by age and species based 
on the estimated fish population parameters. 



Biomass estimate 

Hydroacoustic equipment at all sonar sites were monitored continuously. Each 
array was ranged as near the rivers surface as possible (usually within 1-2 
cm ( . 4 -  .8 inches)) in order to detect all smolt in the water column. The 
river was continuously monitored for sources of false counts such as boats, 
wind, rain, debris, etc. and the sonar unit was disabled whenever false 
counts or false count conditions were detected. Known false counts were 
subtracted from the hourly totals and linear interpolation was used to 
estimate counts missed while the sonar was disabled. 

Since smolt were assumed to migrate passively with the river current, signal 
pulse rate of the smolt counter was set to correspond with the river velocity 
measured over one of the arrays (referred to as the index array). A velocity 
correction factor was then calculated for each of the remaining arrays: 

vi 
vcf, = 9 

Vindex 

vcf, is the velocity correction factor for array i; v, the velocity over 
array i; and vindex the velocity over the index array. 

Using these correction factors, adjustments for differences in river velocity 
were made to daily counts for each array: 

ac,,, are the adjusted counts for array i on day z; and c,,, the counts for 
array i on day z. 

Counts for each array were actual total counts for all systems but Wood. 
Four arrays were used at the Wood River site, although the counter was 
designed to monitor only two. Array I was considered the index array and was 
continuously monitored. The other three arrays were systematically monitored 
for 15-min periods. Consequently, the counts for array I were known, while 
counts for arrays 11, 111, and IV were estimated: 

A 

h ~ , , ~ , ~  are estimated counts for array i, day z, and hour k; pc ,,,, k,l the 
period sonar count for array i, day z, hour k, and counting period 1; and p 
the number of 15 minute periods that array i was monitored during hour k and 
day z. If an array was not monitored within the hour, the count was linearly 
interpolated using the estimated count from the previous hour before and the 
following hour. 



Estimated ci,, for Wood River is then substituted into equation 2. 
The width of river monitored by each array depended on array length (3.03 m), 
water depth over the array, and transducer signal beam width: 

bw 
I,,, = 3.03 + 2 ( di,, tan 1 ; 

I,,, is the width of river monitored by array i on day z; dip, the water 
depth over array i on day z; and bw the transducer beam width, in degrees (18 
degrees for Kvichak transducers; 9 degrees for transducers at all other 
rivers). 

Sonar arrays were placed perpendicular to the river current at selected 
intervals across the river. Distances from each array to a reference 
location on one of the river banks were measured with a marked length of 
line, and the most inshore and most offshore points of smolt passage were 
determined with a separate hydroacoustics system consisting of a single side- 
facing transducer and a control unit. At sites where three arrays were used, 
distances between the following locations were calculated: (1) inshore limit 
of smolt passage to first array (Dl); (2) first to second array (D2); (3) 
second to third array (D3); (4) third array to offshore limit of smolt 
passage (D,) . 

Given these distances and measures of fish biomass at points along the river 
bottom (aciz for each array and the inshore and offshore limits of smolt 
passage), the biomass of fish passing the counting site was estimated as 
follows : 

B, is the estimated biomass on day z; Di the distance for interval i; and na 
the number of transducer arrays used. 

Smolt Sampling 

Fyke nets were fished on each river to collect age, weight in grams, and fork 
length in millimeters from smolt migrating past each counting site. Attempts 
were made to collect 400 smolt each day so that age composition could be 
estimated, based on sampling for binomial proportions, with a precision of 
0.05 and a probability of Type I error of 0.05 (Cochran 1977). If a daily 
sample of 400 smolt was not obtained, samples were combined with those from 
subsequent days until a total of 400 smolt were obtained. Since great 
differences in age composition have been found among different samples of 
smolt collected during the same day, the daily sample of 400 smolt was 
obtained from four different fyke net catches throughout each day. 



To reduce the time and cost for data collection, age, weight, and length data 
were obtained from 100 smolt each day, while age and weight were estimated 
for the remaining 300 smolt, which were measured only for length. Weight- 
length relationships were calculated for each age group using paired weight- 
length data from smolt sampled for all three parameters (Ricker 1975): 

Wj is the weight of an age j smolt; and Lj the measured fork length of an age 
j smolt. 

Smolt sampled for length only were assigned an age based on a discriminant 
function developed by D.M. Eggers (Alaska Department of Fish and Game, 
unpublished data) and a weight based on the appropriate age specific weight- 
length relationship. 

Due to the variability of age composition estimates among subsamples taken 
the same day, daily mean weight and age proportions were estimated as the 
mean of subsampled values: 

A 

W is the estimated mean weight of smolt during a sample period; m the number 
of subsamples collected during a sampling period; wk the observed weights 
from subsample k; and nk the number of observations in subsample k; and 

A 

Pj is the estimated proportion of age j during a sample period; and nj,k the 
number of observations of age j in subsample k. 

Smolt Estimate 

Numbers of smolt were estimated by combining biomass estimates with data on 
smolt population parameters. Mean weight of smolt was used to convert 
estimates of biomass per count into estimates of smolt per count: 

BPC 
A 

SPC = - 7 

A 

SPC is the estimated number of smolt per sonar count; and BPC the biomass per 
count. 

-5 - 



The estimated number of smolt was the product of smolt per count and 
estimated biomass : 

A A A 

N, - B, SPC ; 
A 

N, is the estimated number of smolt in population on day z. 

The estimated number of smolt were then apportioned by age class: 

A A 

Nj,, = N, . IPj ; (12) 
A 

Nj,, is the estimated number of smolt of age j on day z .  

Finally, daily estimates of smolt numbers were summed to provide season 
totals : 

A 

is the estimated total number of smolt which passed site during season; 
and 

A 

is the estimated number of smolt of age j which passed the sonar site 
during the season. 

Climatological Data Collection 

A small weather station was maintained at each counting site. Observations 
on sky conditions, wind direction, wind velocity, daily precipitation, air 
temperature, and water temperature were recorded at 0800 and 2000 hours 
daily. 

RESULTS AND DISCUSSION 

Kvichak River 

A total of 2,220,754 sonar counts were recorded during the season (Table 1). 
Forty-four percent of the counts were recorded over the offshore array. 
There were intermittent high wind problems from 2 June through 4 June and 
again during the last day and a half of the project. Some interpolation was 
necessary for missed fishing time. Linear interpolations were made for these 
days using counts from 1 and 5 June. Peak day of migration was 6 June when 
over 58,000,000 smolt migrated seaward (43% of the total run). No side scan 
sonar data was collected this season. Thus smolt distribution across the 
counting transect was assumed to be the same as in 1985, with the majority of 
smolt migrating between 6.4 and 73.3 m (21 and 247 ft, respectively) of the 
south bank. The velocity correction factors remained constant throughout the 



season, . 0.88, 1.00, and 1.02 for the inshore, center, and offshore arrays, 
respectively. 

Estimated total number of smolt was 136,733,218 (Table 2). Age class 
composition of the smolt population was estimated to be 61% age-I (1984 brood 
year) and 39% age-I1 (1983 brood year). The percentage of age-I1 smolt was 
highest early in the project and decreased as the migration continued. 
Consequently, the estimated smolt per count increased between the beginning 
and end of counting (Table 3). 

Total smolt production from the 1983 brood year spawning escapement of 
3,569,982 sockeye salmon was 21.5 smolt per spawner with 23,590,443 age-I 
smolt migrating to sea in 1985 and 53,260,639 age-I1 smolt migrating in 1986 
(Table 4). Average marine survival for smolt produced by the 1968-82 brood 
years has been approximately 9.8% for age-I smolt and about 13.2% for age-I1 
smolt (Table 5). 

A total of 1,983 smolt were sampled to obtain data on age, length, and weight 
(Table 6) . Mean lengths of age-I and age-I1 smolt were 88 mm (3.5 in) and 
107 mm (4.2 in) respectively. Mean weights of age-I and age-I1 smolt were 
5.5 g (0.19 oz) and 10.4 g (0.37 oz) respectively. An additional 3,892 smolt 
were sampled for length only (Table 7). Average lengths for both age-I and 
age-I1 smolt were slightly less (nonstatistical comparison = NSC) than the 
long term averages of 88 mm (3.5 in) and 109 mm (4.3 in) respectively (Table 
8). Average weights were also slightly smaller than the long term averages 
of 5.9 g (0.21 oz) and 10.7 g (0.38 oz) respectively. 

River and weather conditions were recorded at the sonar site from 18 May 
through 12 June (Table 9). Ice was not a problem in 1986 although several 
days of high winds and entrained air precluded counting on several occasions. 
Mean water temperature during the project was 6.9 O C  (range 3.5-8.8 degrees 
centigrade. The water temperature during the peak of the outmigration from 5 
June to 7 June was 7.0-7.3 O C .  These figures are compared in Table 10. 

Naknek River 

A total of 1,429,172 sonar counts were tabulated during the 1986 season, 23 
May through 27 June (Table 11). Twelve percent of these counts were 
registered over the inshore array, with 72 and 16% passing over the center 
and offshore arrays, respectively. Counts over the offshore array were 
adjusted to compensate for a malfunctioning transducer beginning on 25 May 
[actual offshore count was multiplied by 1.111 (10 transducers / 9 
operational transducers)]. No side scan data was collected this year. Thus 
smolt distribution across the counting transect was assumed to be the same as 
in 1985, with the majority of smolt migrating between the east bank and 80 m 
(262 ft) offshore. 

Although river velocities varied widely, velocity correction factors remained 
the same throughout the project. The velocities over each array were 
standardized to the inshore array resulting in correction factors of 1.00, 
1.44, and 0.87 for the inshore, center and offshore arrays, respectively. 



The final sockeye salmon smolt population estimate was 41,329,355 (Table 
12). Age composition was 53.6% age-I (1984 Brood year), 46.3% age-I1 (1983 
brood year), and 0.1% age-I11 (1982 brood year). Age-I1 and I11 smolt 
migrated to sea earlier in the season than age-I smolt. Consequently, 
numbers of smolt per sonar count increased as the season progressed (range, 
2.7 to 4.4 smolt per count) (Tables 12 and 13). Total smolt production 
from the 1982 brood year was 39.4 smolt per spawner. This was slightly 
less than estimated for the 1980 and 1981 brood years, 50.2 and 47.7, 
respectively (Table 14). Estimates of marine survival are still 
unavailable for the Naknek River due to the small number of years that data 
has been collected (Table 15). 

A total of 2,338 sockeye salmon smolt were sampled for age, weight, and 
length (AWL) information (Table 16). Mean weights of age-I, 11, and I11 
smolt were 9.9, 14.9, and 21.8 g respectively. Mean lengths of age-I, 11, 
and I11 smolt were 99, 116, and 134 mm, respectively. An additional 8,805 
smolt lengths were collected to supplement the age, weight and length 
sampling. Postseason, the AWL samples were grouped into three groups, 
those collected through 30 May, those collected form 1 June through 12 
June, and those collected after 12 June. An age discriminator based on 
length was estimated for age-I and I1 smolts within each group. These 
discriminators and weight-length relations were used to estimate ages and 
weights for length samples (Table 17). Average size of all three age 
classes was smaller (NSC) than historically observed (Table 18). 

Weather and river conditions were recorded at the sonar site during 23 May 
through 28 June (Table 19). Mean air and water temperature during this 
period was 10.0 OC (range -2.2 to 21.0 OC) and 10.4 OC (range 8.5 to 13.0 
OC), respectively. Mean water temperature was similar to what has been 
historically observed for the past 13 seasons (10.4 vs 10.9 OC) (Table 20). 

Egegik River 

A total of 3,605,614 sonar counts were tabulated from 18 May through 11 
June, 1986 (Table 21). The counts were distributed at 56, 27, and 17% over 
the inshore, center, and offshore arrays, respectively. No side scan sonar 
data was collected this season; consequently, lateral smolt distribution 
data collected in 1985 was used [12.2 (40 ft) and 85.3 m (278 ft) from the 
west bank at the counting site was considered the inshore and offshore 
limits, respectively]. 

River velocity was monitored continuously using a Marsh-McBirney current 
meter anchored directly behind the center array. The smolt counter was 
adjusted to account for changes in river velocity. River velocity ranged 
from 0.49 to 0.61 meters per second over the center array. Velocity 
correction factors between arrays were checked twice; 0.78, 1.00, and 0.96 
for the inshore, center, and offshore arrays, respectively, on 19 May, and 
0.86, 1.00, and 0.97 for the inshore, center, and offshore arrays, 
respectively, on 7 June. 

The final estimate of seaward migrating sockeye salmon smolt was 44,197,865 
(Table 22). Age composition was estimated at 32.0% age-I (1984 brood year), 
68.0% age-I1 (1983 brood year), and < 0.01% age-I11 (1982 brood year). The 



percentage of age-I1 smolt was highest early in the project and decreased as 
the migration continued. Consequently, the estimated smolt per count 
increased between the beginning and end of counting (Table 23). Coho salmon 
smolt were captured in fyke net samples, but no estimate of coho salmon 
numbers was made. 

Total smolt production from the 1982 brood year was 27.7 smolt per spawner 
which was less than the 62.4 and 49.7 smolt per spawner estimated for the 
1980 and 1981 brood years, respectively (Table 24). Average marine survival 
for smolt produced by the 1978-1982 brood years has been approximately 30.3% 
for age-I smolt and 33.0% for age-I1 smolt (Table 25). 

Table 26 presents data from 1,120 sockeye salmon smolt sampled for age, 
weight, and length. Seasonal mean weights were 9.0 g (0.32 oz), 15.7 g (0.55 
oz), and 22.6 g (0.80 oz) for the age-I, 11, and I11 groups, respectively. 
Mean lengths were 101 mm (4.0 in), 122 mrn (4.8 in), and 140 mm (5.5 in) for 
ages-I, 11, and 111, respectively. An additional 3,892 smolt lengths were 
collected to supplement the age, weight and length sampling. Postseason, 
the AWL samples were grouped into two groups, those collected through 1 June 
and those collected after 1 June. An age discriminator based on length was 
estimated for age-I and I1 smolts within each group. These discriminators 
and length-weight relations were used to estimate ages and weights for the 
length samples (Table 27). Age-I sockeye salmon smolt were smaller (NSC) 
than the historical average, while both ages I1 and I11 were larger (NSC) 
(Table 28). The coho salmon smolt sampled were predominantly age-I1 (Table 
29). 

Weather and river conditions were recorded at the sonar site during 19 May 
through 12 June (Table 30). Shore ice was present near the western shore of 
Lake Becharof and ice fragments were floating past the sonar site when 
observations were begun on 19 May. Ice was present until 25 May, although no 
difficulty in sampling or sonar operations was attributed to ice. Mean air 
and water temperature during the project was 7.2 OC (range 0 to 12 OC) and 
4.5 OC (range 2.2 to 7.5 OC), respectively. Mean water temperature was 
higher than the 1981-1985 average (Table 31). 

Ugashik River 

A total of 4,829,091 sonar counts were tabulated between 21 May and 13 June 
at the Ugashik site (Table 32). Forty and 60% of the counts were recorded 
over the inshore and offshore arrays, respectively. Side scan sonar data 
indicated that the majority of smolt passed between 7.0 and 26.2 meters of 
the north bank. 

River velocity changed slightly during the project. The observed velocities 
on 22 May were 1.25 m/sec over the inshore array and 1.38 m/sec over the 
offshore array (4.10 and 4.53 ft/sec, respectively). The velocities were 
corrected to the inshore array; consequently, the velocity correction factors 
were 1.00 and 1.10 for the inshore and offshore arrays. The velocities 
recorded on 4 June were 1.50 and 1.33 m/sec (4.93 and 4.37 ft/sec) for the 
inshore and offshore arrays, respectively. The correction factors of 1.00, 
and 0.89 were used for the remainder of the season. 



The final estimate of seaward migrating sockeye salmon smolt was 53,076,253 
(Table 33). Estimated age composition was 71.4 % age-I (1984 brood year) and 
28.6% age-I1 (1983 brood year). No age-I11 smolt were observed this season. 
Age-I smolt were the predominate age group throughout the project. Age-I1 
smolt were in greatest abundance during the middle of the season. The 
estimated number of smolt per sonar count is summarized in Table 34. Total 
smolt production from the 1982 brood year was 83.7 smolt per spawner (Table 
35). This is similar to the production (85.9) calculated for the 1981 brood 
year. Average marine survival was not calculated due to the small number of 
years from which data has been collected (Table 36). 

A total of 1,555 sockeye salmon smolt were sampled for age, weight, and 
length information (Table 37). The mean weight of age-I and age-I1 smolts 
was 5.8 g (0.20 oz) and 10.9 g (0.38 oz) , respectively. Mean length was 87 
mm (3.4 in) and 114 mm (4.0 in) for the age-I and age-I1 smolts, 
respectively. An additional 4,257 smolt were sampled for length to 
supplement the age, weight, and length sampling. Postseason, all AWLS were 
pooled into a single group to estimate weight-length relationships for both 
age groups and to estimate the age discriminator based on length (Table 38). 
Age-I smolt were smaller (NSC) than historically observed while age-I1 smolt 
were slightly larger (NSC) (Table 39). No age-I11 or coho salmon smolt were 
observed in the samples. 

Climatological and hydrological observations were made at the sonar site from 
20 May through 14 June (Table 40). Average air temperature for the time 
period was 7.1 OC (range 0 to 16 OC) with an average water temperature of 5.6 
OC (range 2 to 7 OC). Average water temperature was slightly lower than 
observed for 1983-1985 (6.0 OC) (Table 41). 

Wood River  

A total of 961,541 sonar counts were tabulated during the 1986 season, 27 May 
through 15 July (Table 42). Twenty-six percent of these counts were 
registered over the inshore array, with 36, 21, and 17% passing over the 
center and offshore arrays, respectively. This pattern was similar to that 
recorded in past years (Table 43). 

No side scan data was collected this year. However lateral smolt 
distribution across the counting transect was assumed to be a function of 
river width (and depth) which was measured and recorded every 5 days, at a 
time when the river was not influenced by tide. Based on the average of 
these measurements, smolt distribution was assumed to have inshore and 
offshore limits of 1.5 and 95 m (4.9 and 311.6 ft, respectively) from the 
north bank, respectively. 

The river velocity was monitored continuously using a Marsh-McBirney current 
meter anchored directly behind the inshore array. Velocity setting on the 
smolt counter was adjusted at 15-minute intervals to reflect that measured by 
the current meter. River velocity ranged from 1.10 to 1.58 m/sec over the 
inshore array. The velocity correction factors used for the remaining three 
arrays are presented in Table 44. 



The final sockeye salmon smolt estimate was 28,064,408 (Table 45). Age 
composition was 97.9% age-I (1984 brood year) and 2.1% age-I1 (1983 brood 
year). The estimated number of smolt per sonar count is summarized in 
Table 46. Total smolt production from the 1983 brood year was 23.9 smolt 
per spawner. This was slightly less (NSC) than that estimated for the 1982 
brood year (27.6) but higher than the 17.1 estimated in 1981 (Table 47). 
Smolt survival has been calculated completely for the 1973-80 brood years, 
and partially for the 1981 and 1982 brood years. Comparisons of adult 
returns per smolt (survival) by brood year indicates an increase in returns 
from the 1981 brood year for both age-I and age-I1 smolts with future 
adults returns expected to boost these estimates even higher (Table 48). 

A total of 5,003 sockeye salmon smolt were sampled for age, weight, and 
length information (Table 49). Mean weights of age-I and I1 smolt were 5.9 
g (0.21 oz) and 9.2 g (0.32 oz) , respectively. Mean lengths of age-I and 
I1 smolt were 87 mm (3.4 in) and 101 mm (4.0 in), respectively. Mean 
length and weight of age-I smolt was greater (NSC) than the (1951-85) mean 
[84 mm (3.3 in) and 6.0 g (0.21 oz)]. However, mean length and weight of 
age-I1 smolt was less than the long-term mean 1100 mm (3.9 in) and 8.5 g 
(0.30 oz)] (Table 50). Infection by Triaenophorus crassus was greater for 
age-I1 smolt (45.6%) than for age-I smolt (40.8%) (NSC) (Table 51). The 
incidence of T. crassus has greatly increased since 1983 (NSC) (Table 52). 

Weather and river conditions were recorded at the sonar site during 24 May 
through 15 July (Table 53). The mean water temperature during this period 
was 6.1 OC (range 3.0 to 10.5 OC) . Although this was 2.3 OC colder than 
the historic (1975-85) mean (8.4 OC), it should be noted that the project 
normally is operated until the first week in August. The shorter season in 
1986 may account for the cooler (mean) water temperature since higher 
temperatures are usually recorded in the latter part of the season (Table 
54). 

Nuyakuk River 

A total of 164,940 sonar counts were tabulated from 25 May through 27 June, 
1986 (Table 55). The counts were distributed at 30, 38, and 32% over the 
inshore, center, and offshore arrays, respectively. Side scan sonar data 
indicated that the majority of smolt passed within 12.2 and 92.7 m (40.0 
and 304 ft) from the south bank. 

River velocity over the inshore array was measured daily at 1200 hours. 
The smolt counter was adjusted to account for changes in river velocity 
over the inshore array. River velocity ranged from 0.34 to 1.31 m/sec 
(1.12 to 4.30 ft/sec) over the inshore array. Velocity correction factors 
between arrays were checked weekly. 

The final estimate of seaward migrating sockeye salmon smolt was 11,236,164 
(Table 56). Age composition was estimated at 98.5% age-I (1984 brood year) 
and 1.5% age-I1 (1983 brood year). The estimated number of smolt per count 
remained relatively constant throughout the season (Table 57). Chinook 
salmon smolt were collected in fyke net samples but no estimate of chinook 
numbers was made. 



Total smolt production from the 1983 brood year (71.4 smolt per spawner) 
was more than twice that previously observed (34.7 smolt per spawner from 
the 1981 brood year) (Table 58). Marine survival was not calculated due to 
the small number of years from which data is available (Table 59). 

Table 60 presents data from 1,840 sockeye salmon smolt sampled for age, 
weight, and length (Table 60). Seasonal mean weights were 4.7 g (0.17 oz), 
and 6.3 g (0.22 oz) for age-I and I1 smolt, respectively. Mean lengths 
were 81 rnm (3.2 in) for age-I and 91 mrn (3.6 in) for age-I1 smolt. An 
additional 1,922 smolt lengths were collected to supplement the age, weight 
and length sampling. Postseason, the AWL samples were grouped into one 
group. An age discriminator based on length and weight-length 
relationships were estimated for age-I and I1 smolts. This discriminator 
and weight-length relationships were used to estimate ages and weights for 
the length samples (Table 61). Age-I sockeye salmon smolt were larger then 
the historical average (NSC) , while age-I1 were similar (Table 62). The 
chinook salmon smolt sampled were predominantly age-I (Table 63). 

Weather and river conditions were recorded at the sonar site during 25 May 
through 27 June (Table 64). Nuyakuk Lake was covered with ice when the 
sonar project began, but melted in place during the first two weeks of 
operations. Mean air and water temperature during the project was 10.9 OC 
(range 5 to 31 OC) and 6.8 OC (range 4.5 to 12.0 OC) , respectively. 
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TABLES 



Table 1.  Sonar counts  recorded from t h r e e  14 t ransducer  a r r a y s  
a t  t h e  sockeye salmon srnolt counting s i t e  on t h e  
Kvichak River,  Br i s to l  Bay, Alaska, 1986. 

Sonar Counts 

Transducer Array 

Date a Inshore Center Offshore Total 

Total 464,833 

Percent 20.93 

a Sample day began a t  1200 hrs  and ended a t  1159 hrs  t h e  next  
ca l  endar day. 

In t e rpo la t ed  d a t a .  



Table 2.  D a i l y  number o f  sockeye salmon smol t  m i g r a t i n g  seaward i n  t h e  
Kv ichak  R i ve r ,  B r i s t o l  Bay, Alaska, 1986, as es t imated  w i t h  a  
sonar u n i t .  

Age I Age I 1  Age I11 All Ages 

Cumulat ive Cumulative Cumulative Daily Cumulative 

Date a Number Percent Total Number Percent Total Number Percent Total Total Total 

Total 83,470,460 61.05 

a Sample day began at 1200 hrs and ended at 1159 hrs the next calendar day. 



Table 3. Adjustment f a c t o r s  used t o  expand sonar  
counts  i n t o  est imated numbers of sockeye 
salmon smol t s ,  Kvichak River,  Br i s to l  Bay, 
Alaska, 1986. 

Mean Weight Smolt per  
Date a of Smolt (g) Count 

a Sample day began a t  1200 h r s  and ended a t  
1159 hrs t h e  next ca lendar  day. 



Table 4. Sockeye salmon spawning escapement, total number of smolt produced by age class 
(percent of total smolt production comprised by each age class indicated within 
parentheses), and number of smolt produced per spawner for 1956-1984 brood years, 
Kvichak River, Bri st01 Bay, A1 aska. 

Number of Smolt Produced 
Tot a1 

Brood Spawning 
Year Escapement Age I Age I1 Age I11 Total Per Spawner 

Estimates of smolt numbers based upon fvke net catches 

Estimates of smolt numbers based upon sonar techniques 

5,959,383 0 - 
85,723,430 (61) 54,159,340 (39) 0 139,882,770 

464,219 (tl) 191,842,930 (98) 2,918,768 (1) 195,225,917 
5,123,400 (19) 21,423,246 (81) 0 26,546,646 
2,740,610 - - - 

- 3,031,287 0 - 
108,356,892 (49) 114,269,848 (51) 0 222,626,740 



Table 4. (Page 2 of 2) 

Number of Smol t Produced 
Total 

Brood Spawning 
Year Escapement Age I Age I 1  Age I11 Total Per Spawner 

Estimates of smolt numbers based upon sonar techniques 

a Preliminary total 
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Table 5. (Page 2 of 2) 

Age I Age I1 

Adult Adult 
Total a Returns Returns 

Brood Spawning Number Adult a per Number Adult a per 
Year Escapement of Smolt Returns Smolt of Smolt Returns Smolt 

Estimates of smolt numbers based upon sonar techniaues 

2,557,440 - 5,959,383 209,105 0.04 
8,394,204 85,723,430 449,876 0.01 54,159,340 4,823,046 0.09 

13,935,306 464,219 56,805 0.12 191,842,930 15,350,282 0.08 
2,387,392 5,123,400 337,402 0.07 21,423,246 2,490,225 0.12 
1,009,962 2,740,610 436,664 0.16 - 1,504,342 - 

226,554 - 1,607,253 - 3,031,287 818,392 0.27 
4,433,844 108,356,892 8,353,688 0.08 114,269,848 17,797,272 0.16 

13,140,450 78,308,251 6,919,726 0.09 213,364,470 31,164,419 0.15 
1,965,282 32,226,544 6,132,602 0.19 26,423,348 4,431,287 0.17 
1,341,144 28,758,191 2,910,136 0.10 10,410,467 307,905 0.03 
4,149,288 182,442,540 2,989,871 0.02 32,294,536 2,169,833 0.07 

11,218,434 219,928,232 20,631,921 0.09 89,300,703 21,194,617 0.24 
22,505,268 150,421,026 4,536,972 0.03 76,244,773 8,527,417 0.11 

1,754,358 6,549,125 1,034,266 0.16 37,595,987 1,143,597 0.03 
1,134,840 51,893,988 936,358 0.02 1,937,408 556,002 0.29 
3,569,982 23,590,443 951 O . O O b  53,260,693 

10,490,670 83,470,460 

a Includes interception estimates, Yuen and Nelson (1987) 
Future adult returns will increase these values. 



Table 6. Mean f o r k  l e n g t h  and weight  o f  sockeye salmon smol t  cap tu red  
i n  f y k e  nets ,  Kv ichak River ,  B r i s t o l  Bay, Alaska, 1986. 

Age I Age I 1  Age I11 

Mean Mean Mean Mean Mean Mean 
Length Std. Weight Std. Sample Length Std. Weight Std. Sample Length Std. Weight Std. Sample 

Date a (m) Er ro r  (g) E r ro r  Size (mn) Er ro r  (g) E r ro r  Size (m) Er ro r  (g) E r ro r  Size 

Totals 1,128 

Means 88 5.5 107 

a Sample day began a t  1200 hrs  and ended a t  1159 h rs  the  next calendar day. 



Table 7. Mean f o r k  l e n g t h  and es t imated  weight,  by es t imated  
age o f  sockeye salmon smol t  l e n g t h  f requencies,  
Kv ichak R iver ,  B r i s t o l  Bay, Alaska, 1986. 

Est imated Age I Est imated Age I 1  

Est imated Est imated 
Mean Mean Mean Mean 

Length Std. Weight Sample Length Std.  Weight Sample 
Date a (mm) E r r o r  (g) S ize  (mm) E r r o r  (g) S ize  

- 

T o t a l  s  

Means 100 



Table 7. (Page 2 of 2) 

a Sample day began at 1200 hrs and ended at 1159 hrs the next 
cal endar day. 

Length-weight parameters by age group and discriminating 
length used to separate ages for 21 May through 30 May were; 
age I a= - 9.42 b= 2.50 r2= .69 n= 273 
age I1  a= -10.13 b= 2.66 r2= .83 n= 521 
discriminating length = 93.5 

Length-weight parameters by age group and discriminating 
length used to separate ages for 31 May through 12 June were; 
age I a= -10.92 b= 2.83 r2= .77 n= 882 
age I1 a= -10.44 b= 2.73 r2= .85 n= 334 
discriminating length = 92.5 
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Table 8. (Page 2 of 2) 

Age I Age I1 Age I11 

Percent Mean Mean Percent Mean Mean Percent Mean Mean 
Year of of Total Length Weight of Total Length Weight of Total Length Weight Total 
Migration Estimate (mn) (g) Estimate (mn) (g) Estimate (mn) (g )  Estimate References 

Mean 88 5.9 

0 - - 55,181,540 Yuen (1980b) 

0 - - 192,853,007 Yuen and Wise (1982) 
0 - - 252,222,769 Bergstrom and Yuen (1981) 

0 - - 239,721,729 Bill (1984) 

0 - 82,793,899 Bill et al. (1987) 
0 - 89,489,975 Bill (1986) 
0 - - 25,527,851 Bill (1986) 

a Estimate of smolt numbers based on fyke net catches 
Estimate of smolt numbers based on sonar techniques 



Tab1 e  9. C l  ima to l  og i  c a l  and hydro1 o g i c a l  observa t ions  made a t  sockeye 
salmon smol t  coun t i ng  s i t e ,  Kvichak R iver ,  B r i s t o l  Bay, Alaska, 
1986. 

Wind V e l o c i t y  A i r  Temp. 
Cloud Cover a ( km/h ( "c )  Mean 

Water 
Temp. Water 

Date 0800 h r  2000 h r  0800 h r  2000 h r  Min Max (OC) C l a r i t y  

5  N 
10 SW 
5  S 

calm 
calm 
15 NE 

5  SE 
calm 
calm 
calm 

5  NE 
calm 
10 NE 
10 NE 
5  NE 
5  NE 

30 NE 
15 E 

5  SW 
25 NW 
15 NE 

5  NE 
5  NE 
5  SW 

10 E 

5  N  2.2 - 5.0 c l  ear  
15 SW -0.6 - 3.5 c l  ear  
c a l  m 1.7 - 4.0 c l e a r  
calm - - 4.5 c l e a r  
25 NE 1.1 10.0 5.8 c l  ear  
10 E 3.3 13.3 6.3 c l  ear  
calm 1.1 18.9 6.5 c l e a r  
10 E 3.3 12.8 6.8 c l  ear  
10 NW 3.3 16.7 7.3 c l e a r  
7  N  3.3 16.7 7.3 c l e a r  
5  N 5.0 20.0 7.8 c l  ear  

15 W - 13.3 7.9 c l  ear  
10 NE 8.9 9.4 8.0 c l e a r  
5  S  5.6 10.0 7.8 t u r b i d  
5  E  6.1 8.9 7.5 c l e a r  

35 E  5.0 8.3 7.0 c l e a r  
35 E  5.6 - 7.0 t u r b i d  
calm - - 6.7 t u r b i d  
calm 7.8 - 7.3 t u r b i d  
10 NE 7.8 8.9 7.0 t u r b i d  
5  NE 8.3 12.2 7.0 1 t . b r n .  

15 NE 6.7 - 7.5 1 t . b r n .  
10 NE - 11.1 8.0 t u r b i d  
10 N 3.3 12.8 8.5 1 t . b r n .  

7.8 12.2 8.8 1 t . b r n .  
6.7 - 8.0 t u r b i d  

a 1  = c l oud  cover n o t  more than 1/10 
2  = c l oud  cover n o t  more than 1/2 
3  = c l oud  cover more than  1/2 
4  = comple te ly  overcas t  
5  = f o g  



Table 10. Water temperatures a t  sockeye salmon smol t  coun t i ng  s i t e ,  
Kv ichak R iver ,  B r i s t o l  Bay, Alaska, 1963-1986. 

Water Temperature (OC) 

Sampl e 
Year Pe r i od  Minimum Maximum Mean 

16 May-14 June 2.2 
18 May-14 June 0.0 
17 May-11 June 0.0 
16 May-26 June 0.0 
17 May-20 June 1.1 
12 May-12 June 3.3 
16 May-18 June 0.3 
13 May- 7 June 2.8 
17 May-20 June 1.1 
18 May-18 June 0.6 
15 May-14 June 2.9 
13 May- 9 June 3.0 
17 May-15 June 2.0 
18 May-19 June 2.0 
17 May-14 June 3.0 
19 May- 9 June 5.0 
1 June-10 June 8.0 
16 May-18 June 1.5 
15 May- 9 June 7.0 
14 May-15 June 2.5 
19 May-14 June 5.2 
19 May-11 June 5.5 
23 May-20 June 2.0 

- 

Mean 2.7 

M a r r i o t t  (1965) 
Pennoyer and Sei be1 (1965) 
Pennoyer (1966) 
Pennoyer and S tewar t  (1967) 
Pennoyer and Stewar t  (1969) 
Paulus and McCurdy (1969) 
McCurdy and Paulus (1972) 
Paulus and McCurdy (1972) 
Russel 1 (1972) 
Parker (1974a) 
Parker (1974b) 
Krasnowski (1975) 
Randal 1 (1976) 
Randal 1 (1977) 
Randal 1 (1978) 
Yuen (1980a) 
Yuen (1980b) 
Bergstrom and Yuen (1981) 
Yuen and Wise (1982) 
B i l l  (1984) 
B i l l  e t  a1 . (1987) 
B i l l  (1986) 
B i l l  (1986) 

18 May-12 June 1 .O 



Tab le  11. Sonar coun ts  recorded  f rom t h r e e  10 t r a n s d u c e r  a r r a y s  
a t  t h e  sockeye salmon smo l t  c o u n t i n g  s i t e  on t h e  
Naknek R i v e r ,  B r i s t o l  Bay, Alaska, 1986. 

Sonar Counts 

Transducer A r r a y  

Date a I n s h o r e  Center  O f f s h o r e  T o t a l  

- Cont inued - 



Table 11. (Page 2 of 2) 

Sonar Counts 

Transducer Array 

Date a Inshore Center Offshore Total 

6 24 16,467 24,951 1,224 42,642 
6 25 15,209 1,809 453 17,471 
6 26 680 1,590 160 2,430 
6 27 333 4,456 362 5,151 

Total 175,452 1,029,708 224,012 1,429,172 

Percent 12.28 72.05 15.67 1 .OO 

a Sample day began a t  1200 hrs and ended a t  1159 hrs  t h e  next 
ca l  endar day. 



Table 12. D a i l y  number o f  sockeye salmon smolt  m i g r a t i n g  seaward i n  t h e  Naknek R i ve r ,  
B r i s t o l  Bay, Alaska, 1986, as es t imated  w i t h  a sonar u n i t .  

Age I Age I 1  Age I 1 1  A l l  Ages 

D a i l y  Cumul a t i v e  
Date a Number Percent Number Percent Number Percent To ta l  To t  a1 



Table 12. (Page 2 of 2) 

Age I Age I1  Age I11 All Ages 

Daily Cumul a t i v e  
Date a Number Percent Number Percent Number Percent Total Total 

Total 22,143,831 53.58 

a Sample day began a t  1200 h r s  and ended a t  1159 hrs t h e  next calendar  day. 



Table 13. Adjustment f a c t o r s  used t o  expand sonar  
counts  i n t o  est imated numbers of sockeye 
salmon smolts Naknek River,  Br i s to l  Bay, 
Alaska, 1986. 

Mean Weight Smol t per  
Date a of Smolt (g)  Count 

15.4 
15.4 
15.4 
15.4 
15.4 
15.4 
15.4 
15.4 
14.0 
14.0 
12.9 
12.0 
10.3 
11.4 
11.5 
10.6 
10.2 
11.2 
13.2 
11.3 

no sample 
11.3 
9.4 

11.6 
11.6 
10.9 
10.8 
10.2 
10.2 

no sample 
10.0 
10.0 
10.5 

no sample 
no sample 
no sample 

a Sample day began a t  1200 hrs and ended a t  
1159 hrs  t h e  next ca lendar  day. 

-41- 



Table 14. Sockeye salmon spawning escapement, t o t a l  number of smolt produced by age c l a s s  
(percent  of t o t a l  smolt production comprised by each age c l a s s  ind ica ted  wi th in  
parentheses) ,  and number o f  smolt produced per  spawner f o r  1978-1984 brood y e a r s ,  
Naknek River ,  Br i s to l  Bay, Alaska. 

Number of  Smolt Produced 
Total 

Brood Spawni ng 
Year Escapement Age I Age I1  Age I11 Total Per Spawner 
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Tab le  16. Mean fo rk  l e n g t h  and weight  o f  sockeye salmon smolt captured 
i n  f y k e  n e t s ,  Naknek R i v e r ,  B r i s t o l  Bay, Alaska,  1986. 

Age I Age I1 Age 111 

Mean Mean Mean Mean Mean Mean 
Length Std.  Weight Std.  Sample Length Std .  Weight Std .  Sample Length Std.  Weight Std. Sample 

Date a (mn) Error (g)  Error Size (nm) Error (g)  Error Size  (mn) Error ( g )  Error Size 

Tota ls  1,250 1,079 9 

Means 99 9.9 116 14.9 134 21.8 

a Sample day began a t  1200 hrs  and ended a t  1159 hrs  t he  next calendar day. 



Table 17. Mean f o r k  l e n g t h  and es t imated  weight ,  by es t ima ted  
age o f  sockeye salmon smo l t  l e n g t h  f requenc ies ,  
Naknek R iver ,  B r i s t o l  Bay, Alaska, 1986. 

Est imated Age I Est imated Age I 1  

Est imated Est imated 
Mean Mean Mean Mean 

Length Std.  Weight Sample Length Std.  Weight Sample 
Date a (mm) E r r o r  ( g )  S i ze  (mm) E r r o r  (g)  S i ze  

T o t a l  s  
Means 



Table 17. (Page 2 of 2) 

a Sample day began at 1200 hrs and ended at 1159 hrs the next 
cal endar day. 

Length-weight parameters by age group and discriminating 
length used to separate ages for 25 May through 1 June were; 
age I a= - 9.08 b= 2.46 r2= .92 n= 13 
age11 a = - 8 . 9 6  b=2.45 r2=.76 n=377 
discriminating length = 109.3 

Length-weight parameters by age group and discriminating 
length used to separate ages for 2 June through 10 June were; 
age I a= - 9.89 b= 2.65 r2= .78 n= 683 
age I1 a= - 9.77 b= 2.62 r2= .66 n= 388 
discriminating length = 106.9 

Length-weight parameters by age group and discriminating 
length used to separate ages for 13 June through 24 June were; 
age I a= - 7.89 b= 2.21 r2= .58 n= 552 
age I 1  a= - 9.49 b= 2.55 r2= .77 n= 289 
discriminating length = 105.7 



Table 18. Mean f o r k  l e n g t h  and weight  o f  sockeye salmon smol t  sampled 
f rom t h e  Naknek R iver ,  B r i s t o l  Bay, Alaska, 1957-1986. 

Age I Age I1  Age I11 

Year of Sample Sample Mean Mean Mean Mean Mean Mean 

Migration Dates Size Length Weight Length Weight Length Weight References 

1957 - 
1958 - 
1959 - 
1960 - 
1961 - 
1962 - 
1963 - 
1964 - 
1965 - 
1966 31 May-13 July 
1967 27 May- 9 July 
1968 23 May-12 August 
1969 30 May-27 June 
1970 29 May- 5 July 
1971 6 June-7 July 
1972 8 June-6 July 
1973 28 May-26 June 
1974 22 May-27 June 
1975 28 May- 9 July 
1976 22 May-26 June 
1977 20 May-23 June 

1978 1 June 
1982 24 May-10 July 
1983 17 May- 5 July 
1984 22 May- 5 July 
1985 23 May- 1 July 

USF&WS (unpubl i shed) 

Robertson (1967) 
Van Valin (1969a) 
Van Valin (1969b) 
Siedelman (1972) 
Biwer (1972) 
McCurdy (1972a) 
McCurdy (1974a) 
McCurdy (1974b) 
Bil l  (1975) 

Bi l l  (1976) 
Bi 11 (1977) 
Yuen (1978) 

Huttenun (1980) 
Huttenun (1984) 
Fried e t  a l .  (1987) 
Fried e t  a l .  (1986) 
Bue (1986) 

Mean 

1986 23 May-27 June 2,329 



Tab1 e  19. C l  ima to l  o g i c a l  and hydro1 o g i c a l  observa t ions  made a t  sockeye salmon smol t coun t i ng  
s i t e ,  Naknek R iver ,  B r i s t o l  Bay, Alaska, 1986. 

Wind V e l o c i t y  
Cloud Cover a ( km/h C> 

Water 
A i r  Temp. Temp. P r e c i p i t a t i o n  Water 

Date 0800 h r  2000 h r  0800 h r  2000 h r  (O cC> (O cC> (mm> C l  a r i  t y  

- 
- SW 
- SW 
4  N  
3 N  
7 SW 
5  NE 

3.5 SE 
0  SE 
0  

3.5 SE 
8  SE 
0  NE 
0  SE 
7 SE 

9.5 NE 
9.5 NE 

calm 
0  NE 
calm 

40 NE 
- NE 

- 
- W 
- SW 
8  N 
3 NW 
3 S  

15 S  
8W 

9-10 SE 
8  S  

10 NE 
8  SE 
9  SE 

5-10 SE 
7 NE 
3  S 
3  S 
c a l  m 
5  SE 

40 NE 
40 NE 

calm 

- 
t u r b i d  
c l  ear  
t u r b i d  
t u r b i d  
t u r b i d  
t u r b i d  
t u r b i d  
t u r b i d  
t u r b i d  
t u r b i d  
t u r b i d  
t u r b i d  
t u r b i d  
t u r b i d  
t u r b i d  
t u r b i d  
t u r b i d  
t u r b i d  
t u r b i d  
t u r b i d  
t u r b i d  



Table 19. (Page 2  o f  2) 

Wind V e l o c i t y  
Cloud Cover a ( km/h ) 

Water 
A i r  Temp. Temp. P r e c i p i t a t i o n  Water 

Date 0800 h r  2000 h r  0800 h r  2000 h r  ("I ( " c>  (mm) C l  a r i  t y  

calm 
calm 
4 S 
6  S  
- S  
calm 

6-7 NE 
calm 
calm 

3-5  SE 
3-5  SE 
3-5 SE 

calm 
calm 
calm 

ca lm 
5  S 

3-5 SW 
5  SW 
calm 

5-10 NE 
10-20 NE 

0-5 NE 
15 W 
15 NE 
5  SE 

10-15 SE 
3-5  SE 
3-5  NE 

- - 

0.1 
0.0 
0.0 
0.0 
0.0 
0.0 
tr. 
tr. 
0.02 
0.0 
0.0 
0.0 
0.0 
tr. 
0.0 

t u r b i d  
c l e a r  
t u r b i d  
t u r b i d  
t u r b i d  
t u r b i d  
t u r b i d  
t u r b i d  
t u r b i d  
t u r b i d  
t u r b i d  
t u r b i d  
t u r b i d  
t u r b i d  

a 1 = c loud  cover  n o t  more than 1/10 
2  = c loud  cover  n o t  more than 1/2 
3 = c loud  cover  more than 1/2 
4 = comple te ly  overcas t  
5  = f o g  



Table 20. Water temperatures a t  sockeye salmon smol t  coun t i ng  s i t e ,  
Naknek R iver ,  B r i s t o l  Bay, Alaska, 1967-1986. 

Water Temperature ( O C )  

Year per; od Minimum Maximum Mean Reference 

1967 27 May-11 J u l y  10.6 15.0 13.0 
1968 21 May-14 J u l y  7.2 16.7 12.9 
1969 27 May-16 J u l y  6.7 13.9 11.0 
1970 2 7 M a y - 1 6 J u n e  11.1 14.4 12.1 
1971 7 June- 7 J u l y  4.4 10.0 7.2 
1972 8 June- 6 J u l y  6.7 14.4 10.1 
1973 29 May-26 June 6.9 15.9 11.1 
1974 21 May-27 June 8 .1  14.3 12.1 
1975 28 May- 9 J u l y  3.5 13.2 9.0 
1976 22 May-26 June 4.6 12.8 9.5 
1982 21 May-10 J u l y  5.0 14.4 8.9 
1983 20 May- 6 J u l y  8.0 16.0 12.8 
1984 19 May- 6 J u l y  7.5 16.0 13.0 
1985 21 May- 3 J u l y  6.5 16.0 10.5 

- - 

Mean 6.9 14.5 10.9 

Van Val i n  (1969a) 
Van Val i n  (1969b) 
Siedelman (1972) 
B i  wer (1972) 
McCurdy (1972a) 
McCurdy (1974a) 
McCurdy (1974b) 
B i l l  (1975) 
B i l l  (1976) 
B i l l  (1977) 
Huttenun (1984) 
F r i e d  e t  a1 . (1987) 
F r i e d  e t  a1 . (1986) 
Bue (1986) 

1986 23 May-28 June 8.5 13.0 10.4 



Table 21. Sonar counts  recorded from t h r e e  10 t ransducer  a r r a y s  
a t  t h e  sockeye salmon smolt counting s i t e  on t h e  
Egegik River ,  Br i s to l  Bay, Alaska, 1986. 

Sonar Counts 

Transducer Array 
-- 

Date a Inshore Center Offshore Total 

Total 2,014,079 

Percent  55.86 

a Sample day began a t  1200 hours and ended a t  1159 h r s  t h e  
next  ca lendar  day. 



Table 22. D a i l y  number o f  sockeye salmon smolt m ig ra t i ng  seaward i n  t he  Egegik 
River ,  B r i s t o l  Bay, Alaska, 1986, as est imated w i t h  a sonar u n i t .  

Age I Age I 1  Age I 1 1  A l l  Ages 

D a i l y  Cumul a t  i ve 
Date a Number Percent Number Percent Number Percent Tota l  To ta l  

To ta l  14,160,585 

a Sample day began a t  1200 h rs  and ended a t  1159 h rs  the  next  calendar day. 



Table 23. Adjustment f a c t o r s  used t o  expand sonar  
counts  i n t o  est imated numbers o f  sockeye 
salmon smol t s ,  Egegi k River,  Br i s to l  Bay, 
Alaska, 1986. 

Mean Weight Smol t per  
Date a of Smolt (g)  Count 

no sample 
no sample 
no sample 
no sample 

18.2 
no sample 

18.2 
18.2 
15.7 
16.2 
16.2 
13.7 
16.8 
15.6 
10.6 

no sample 
10.6 
11.0 
11.5 
10.6 
10.6 
10.6 

no sample 
no sample 
no sample 

a Sample day began a t  1200 hrs and ended a t  1159 
hr s  t h e  next ca lendar  day. 



Table 24. Sockeye salmon spawning escapement, t o t a l  number of smolt produced by age c l a s s  
(percent  of t o t a l  smolt production comprised by each age c l a s s  ind ica ted  wi th in  
parentheses) ,  and number of smol t produced per  spawner f o r  1978-1984 brood yea r s ,  
Egegi k River,  Br i s to l  Bay, A1 aska. 

Number of  Smol t Produced 
Total 

Brood Spawn i ng 
Year Escapement Age I Age I 1  Age I11 Total Per Spawner 



Table 25. Sockeye salmon spawning escapements, smolt product ion,  a d u l t  r e t u r n s ,  and smolt 
surv iva l  (number of a d u l t s  produced per  smolt) f o r  1978-1984 brood yea r s ,  
Egegi k River ,  Bri s t01 Bay, A1 aska.  

Age I Age I 1  Age I 1 1  

Adu 1 t Adult Adu 1 t 
Total a Returns Returns Returns 

Brood Spawning Number Adulta per Number Adult a per Number Adult a per 
Year Escapement of Smolt Returns Smlt of Smolt Returns Smolt of Smolt Returns Smolt 

a Includes intercept ion estimates, Yuen and Nelson (1987) 

Future adult returns will increase these values. 
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Table 27. Mean f o r k  l e n g t h  and es t imated  weight ,  by es t imated  
age o f  sockeye salmon smol t  l e n g t h  f requenc ies ,  
Egegi k R ive r ,  B r i s t o l  Bay, Alaska, 1986. 

Est imated Age I Est imated Age I 1  

Est imated Est imated 
Mean Mean Mean Mean 

Length Std.  Weight Sample Length Std. Weight Sample 
Date a (mm) E r r o r  (g )  S i ze  (mm) E r r o r  (g)  S i ze  

T o t a l  s  1543 2349 

Means 100 8.6 120 14.7 

a Sample day began a t  1200 h r s  and ended a t  1159 h r s  t h e  n e x t  
c a l  endar day. 

Length-weight  parameters by age group and d i s c r i m i n a t i n g  
l e n g t h  used t o  separate  ages f o r  25 May th rough  1 June were; 
age I a= -10.77 b= 2.81 r2= .67 n= 103 
a g e 1 1  a = - 1 0 . 0 8  b = 2 . 6 5  r 2 = . 8 7  n = 6 1 0  
d i s c r i m i n a t i n g  l e n g t h  = 108.2 

Length-weight  parameters by age group and d i s c r i m i n a t i n g  
l e n g t h  used t o  separate  ages f o r  2  June th rough  8  June were; 
age I a = - 5 . 9 1  b = 1 . 7 4  r 2 = . 3 4  n = 2 8 2  
a g e 1 1  a = - 1 1 . 2 2  b = 2 . 9 1  r 2 = . 6 9  n= 73 
d i s c r i m i n a t i n g  l e n g t h  = 107.1 



Table 28. Mean f o r k  l e n g t h  and we igh t  o f  sockeye salmon smo l t  sampled f rom 
t h e  Egegik R ive r ,  B r i s t o l  Bay, Alaska, 1939-1986. 

Age I Age I1 Age I11 

Year o f  Sample Sample Mean Mean Mean Mean Mean Mean 

Migra t ion  Dates Size Length Weight Length Weight Length Weight References 

27-29 May 

19-22 May 

15 May- 6 June 

27 May-15 June 

17 May- 9 June 

10 May-10 June 

24 May- 5 June 

Mean 

1986 18 May-11 June 1,120 

USF&WS (unpublished) 

Paulus (1972) 

ADF&G (unpubl ished) 

Huttunen (1980) 

Bue (1982) 

Bue (1984) 

F r i e d  and Yuen ( i n  press) 

F r i ed  e t  a l .  (1986) 

Bue (1986) 

a Age, weight, and length samples pooled w i t h  est imated weight by age from length  samples. 
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Table 30. Cl imatol ogical and hydrological observations made a t  sockeye salmon smol t 
counting s i t e ,  Egegik River, Bristol  Bay, Alaska, 1986. 

Wind Velocity 
Cloud Cover a ( km/h Mean 

Air Temp. Water 
("c)  Temp. Precipi ta t ion Water 

Date 0800 hr 2000 hr 0800 hr 2000 hr 0800 2000 (OC) (cm) Cla r i ty  

5-10 W 
5 SW 

5-10 NW 
10 E 
3 SE 

calm 
5 SE 
5 E 
5 NW 
5 SW 

5-10 E 
5 E 

5-10 E 
10-15 E 
15-20 E 

40 E 
10-15 E 

5 E 
calm 
calm 

5 N 
5 SE 
5 E 

5-10 E 
5 E 

10 W 0 
10-15 NW 3 
5-10 E 2 

10-15 E 4 
5 E 5 

5-10 NW 5 
5-10 E 11 

5 W 10 
5-10 W 11 
5-10 E 5 

10-15 E 5 
calm 6 

10-20 E 5 
- 4 

30-35 E 5 
>40 E 9 

10-15 E 5 
10-15 E 6 

3 N 6 
5 N 8 

10-15 E 7 
5 WSW 6 

15-20 E 6 
5-10 E 6 

- 6 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

.05 

.01 
-36 
.06 

t r a ce  
.01 
0 

.02 

.02 

.01 

.23 
0 

.30 
0 

c l ea r  
c l e a r  
c l e a r  
c l e a r  
c l e a r  
c l e a r  
cl ear  
c l e a r  
c l e a r  
c l e a r  
c l e a r  
c l e a r  
c l e a r  
c l e a r  
c l e a r  

l i g h t  brown 
c l ea r  
cl  ea r  
c l e a r  
c l e a r  
cl ear  
cl ear  
c l e a r  
c l e a r  
c l e a r  

a 1 = cloud cover not more than 1/10 
2 = cloud cover not more than 1/2 
3 = cloud cover more than 1/2 
4 = completely overcast 
5 = fog 



Tab le  31. Water temperatures a t  sockeye salmon srnolt c o u n t i n g  s i t e ,  
Egegik R i ve r ,  B r i s t o l  Bay, Alaska, 1981-1986. 

Water Temperature (O C)  

Year per; od Minimum Maximum Mean Reference 

1981 15 May-8 June 5.0 9.0 7.3 Bue (1982) 
1982 15 May-16 June 0.0 5.0 2.9 Bue (1984) 
1983 18 May-10 June 5.0 9.5 7.0 F r i e d  e t  a l .  (1987) 
1984 17 May-11 June 5.0 10.0 7.6 F r i e d  e t  a1 . (1986) 
1985 17 May-12 June 2.5 7.5 4.2 Bue (1986) 

Mean 3.5 8.2 5.8 

1986 23 May-28 June 2.2 7.5 7.2 



Table 32. Sonar counts  recorded from two 10 
t ransducer  a r r ays  a t  t h e  sockeye salmon 
smolt counting s i t e  on t h e  Ugashik River ,  
Br i s to l  Bay, Alaska, 1986. 

Sonar Counts 

Transducer Array 

Date a Inshore Center Total 

Total 

Percent  40.03 

a Sample day began a t  1200 hours and ended a t  1159 hrs  
t h e  next  ca lendar  day. 



Table 33. D a i l y  number o f  sockeye salmon smol t  m i g r a t i n g  seaward 
i n  t h e  Ugashik R ive r ,  B r i s t o l  Bay, Alaska, 1986, as 
es t imated  w i t h  a sonar u n i t .  

Age I Age I1  A l l  Ages 

Dai 1 y Cumul a t  i ve 
Date a Number Percent Number Percent To ta l  T o t a l  

T o t a l  37,890,152 71.39 15,186,101 

a Sample day began a t  1200 h r s  and ended a t  1159 h r s  t h e  n e x t  
c a l  endar day. 



Table  34 .  Adjustment f a c t o r s  used t o  expand s o n a r  
c o u n t s  i n t o  e s t i m a t e d  numbers o f  sockeye 
salmon smol t ,  Ugashik R i v e r ,  B r i s t o l  Bay, 
A1 a s  ka,  1986. 

Mean Weight Smolt p e r  
Date a o f  Smolt (g )  Count 

6.5 
6.5 
6.5 
6.5 
6.5 
7.5 

no sample 
7.5 
6.9 
7.6 
7.9 
8 .1  

no sample 
no sample 

8.1 
7.1 
7.1 
7.1 
7.1 
5.9 
5.8 

no sample 
no sample 

6.7 

a Sample day began a t  1200 h r s  and ended a t  1159 
h r s  t h e  n e x t  c a l e n d a r  day.  



Table 35. Sockeye salmon spawning escapement, t o t a l  number o f  smolt  produced by age c l ass  
(percen t  o f  t o t a l  smol t p roduc t i on  comprised by each age c l a s s  i n d i c a t e d  w i t h i n  
parentheses),  and number o f  smol t  produced pe r  spawner f o r  1979-1984 brood years,  
Ugashik R iver ,  B r i s t o l  Bay, Alaska. 

Number o f  Smolt Produced 

To ta l  
Brood Spawn i ng Per 
Year Escapement Age I Age I 1  Age I 1 1  To ta l  Spawner 
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Table 38. Mean f o r k  l e n g t h  and es t imated  weight,  by es t imated  
age o f  sockeye salmon smol t  l e n g t h  f requencies,  
Ugashik R iver ,  B r i s t o l  Bay, Alaska, 1986. 

Est imated Age I Est imated Age I 1  

Est imated Est imated 
Mean Mean Mean Mean 

Length Std.  Weight Sample Length Std.  Weight Sample 
D a t e a  (mm) E r r o r  (g) S i ze  (mm) E r r o r  (g) S i ze  

- - - 

Tota l  s  3,187 

Means 86 5.6 

a Sample day began a t  1200 h r s  and ended a t  1159 h r s  t h e  nex t  
c a l  endar day. 

Length-weight parameters by age group and d i s c r i m i n a t i n g  
l e n g t h  used t o  separate ages f o r  23 May through 13 June were; 
age I a= -11.34 b= 2.93 r2= .81 n= 1101 
a g e 1 1  a= -10 .85  b = 2 . 8 2  r 2 = . 8 6  n= 473 
d i s c r i m i n a t i n g  l e n g t h  = 100.86 



Table 39. Mean f o r k  l e n g t h  and we igh t  o f  sockeye salmon smo l t  sampled 
f rom t h e  Ugashik R i ve r ,  B r i s t o l  Bay, Alaska, 1958-1986. 

Age I Age I1 Age I 1 1  

Year o f  Sample Sample Mean Mean Mean Mean Mean Mean 

Migra t ion  Dates Size Length Weight Length Weight Length Weight References 

- 
- 
- 
- 

12 May-28 June 

5 May-26 June 

15 May-20 June 

13 May-20 June 

15 May-12 June 

13 May-24 June 

23 May- 6 June 

15 May-10 June 

28 May-20 June 

17 May-12 June 

17 May-17 June 

3-13 June 

6- 8 June 

21 May-16 June 

23 May-16 June 

22 May-17 June 

Mean 9 1 6.8 113 12.3 125 17.1 

1986 21 May-14 June 1,555 87 5.8 114 10.9 - 

P e l l a  and Jaenicke (1978) 

Jaenicke (1963) 

Nelson and Jaenicke (1965) 

Nelson (1965) 

Nelson (1966) 

Nelson (1969) 

Siedelman (1969) 

Schroeder (1972a) 

Schroeder (1972b) 

Schroeder (1974a) 

Schroeder (1974b) 

Schroeder (1975) 

Sanders (1976) 

Eggers (1984) 

F r i e d  e t  a l .  (1987) 

F r i e d  e t  a l .  (1986) 

Bue (1986) 



Tab1 e 40. Cl imatol ogi ca l  and hydro1 ogi ca l  observa t ions  made a t  sockeye 
salmon smolt counting s i t e ,  Ugashik River,  Br i s to l  Bay, Alaska, 
1986. 

Wind Veloci ty 
Cloud Cover a ( km/h 

Water 
AirTemp. Temp. Water 

Date 0800 hr 2000 hr 0800 h r  2000 hr (" c )  (OC) C l a r i t y  

25 W 
5 SW 

25 E 
10 N E  
calm 
5 S 
2 W 

10 SW 
5 S 

15 NE 
5 E 
5 NE 
2 W 

30 E 
45 E 

5 E 
1 E 

20 N 
2 N 
1 SW 
calm 
5 NE 

15 E 
30 N E  
10 NE 
calm 

15 W 

30 N 
10 N 
10 SW 
10 E 
10 W 
20 S 
calm 

20 E 
calm 

5 S 
35 NE 
35 E 

5 E 
15 E 
2 N 
calm 

10 W 

20 N E  

15 N E  
15 NE 
5 SW 

c1 e a r  
2.0 c l e a r  

4.0-5.0 c l e a r  
4 .0-4.5 c l e a r  
5.0-6.0 c l e a r  
5.0-5.0 c l e a r  
5 .0-5.0 c l e a r  
4.5-6.5 c l e a r  
3.5-5.0 c l e a r  
6.0-7.0 c l e a r  
5.0-5.0 c l e a r  
5.5-7.0 c l e a r  
7 .0-6.0 c l e a r  
6 .0-5.0 t u r b i d  
6.0-5.0 t u r b i d  
5.0-7.0 L. Brown 
6.0-8.0 c l e a r  
7.0-6.0 L. Brown 
5.0-5.0 c l e a r  
5.5-6.0 c l e a r  
5 .5-5.5 c l e a r  
7.0-5.0 c l e a r  
7 . 0 - -  c l e a r  
6.0-6.5 L. Brown 
6.0-7.0 c l e a r  
6.0-7.0 c l e a r  

a 1 = cloud cover  not  more than 1/10 
2 = cloud cover not  more than 1/2 
3 = cloud cover more than 1/2 
4 = completely overcas t  
5 = fog 



Table 41. Water temperatures a t  sockeye salmon smol t  coun t i ng  s i t e ,  
Ugashi k River ,  B r i  s t01 Bay, A1 aska, 1983- 1986. 

Water Temperature ( O  C)  

Year per; od Minimum Maximum Mean Reference 

1983 23 May-11 June 6.0 8.5 7.3 F r i e d  e t  a l .  (1987) 
1984 20 May-17 June 4.8 8.5 6.3 F r i e d  e t  a1 . (1986) 
1985 17 May- 9 June -1.0 7.0 4.3 Bue (1986) 

- 

Mean 3.3 8.0 6.0 

1986 23 May-28 June 2.0 7.0 5.6 



Table 42. Sonar counts  recorded from fou r  10 t ransducer  a r r ays  
a t  t h e  sockeye salmon smolt counting s i t e  on t h e  
Wood River,  Br i s to l  Bay, Alaska, 1986. 

Sonar Counts 

Transducer Array 

Date a I I I I I I I V Total 



Table 42. (Page 2 o f  2) 

Sonar Counts 

Transducer A r ray  

Date a T o t a l  

To ta l  250,145 

Percent 26.02 

a Sample day began a t  1200 h r s  and ended a t  1159 h r s  t h e  nex t  
c a l  endar day. 
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Table 44. Veloci ty co r r ec t ion  f a c t o r s  used a t  
Wood River,  Br i s to l  Bay, Alaska, 1986. 

Date Array I 1  Array I11 Array IV 





Table 45. (Page 2 of 2) 

Age I Age I1  All Ages 

Cumul a t  i ve Cumul a t  i ve Daily Cumulative 
Date a Number Percent Total Number Percent Total Total Total 

Total 27,466,684 

a Sample day began a t  1200 h r s  and ended a t  1159 h r s  the  next calendar  day. 



Table 46. Adjustment f a c t o r s  used t o  expand sonar 
counts i n t o  es t imated  numbers o f  sockeye 
salmon smolts,  Wood River ,  B r i s t o l  Bay, 
Alaska, 1986. 

Mean Weight Smolt p e r  
Date a o f  Smolt (g) Count 

no sample 
no sample 

5.81 
5.81 
5.81 
5.81 

no sample 
5.81 
5.81 
5.81 
6.07 
6.07 
6.07 
6.07 
5.59 
5.59 
5.59 
5.59 
5.94 
5.94 
5.94 
5.94 
5.59 
5.59 
5.59 
5.59 
5.54 
5.54 
5.54 
5.54 
6.05 
6.05 
6.05 
6.05 
5.70 
5.70 
5.70 
5.70 
5.67 



Table 46. (Page 2 of 2)  

Mean Weight Smol t per  
Date a of Smolt (g)  Count 

5.67 
5.67 
5.67 
5.20 
5.20 
5.20 
5.20 
5.20 
5.20 
5.20 

no sample 

a Sample day began a t  1200 hrs and ended a t  
1159 hr s  t h e  next ca lendar  day. 
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Table 48. Sockeye salmon spawning escapements, smolt product ion,  a d u l t  r e t u r n s ,  and 
smolt surv iva l  (number of  a d u l t s  produced per  smolt,  f o r  1972-1984 brood 
y e a r s ,  Wood River ,  B r i s t o l  Bay, A1 aska. 

Age I Age I1 

Adult Adult 
Total Returns Returns 

Brood Spawning Number Adult Per Number Adult per  
Year Escapement of  Smolt Returns Smol t of Smolt Returns Smolt 

a Future a d u l t  r e t u r n s  w i l l  i nc rease  these  va lues .  





Table 49. (Page 2 o f  2) 

Age I Age I1  

Me an Mean Mean Mean 
Date Length Std. Weight Std.  Sample Length Std.  Weight Std.  Sample 

(mm) E r r o r  (g)  E r r o r  S ize  (mm) E r r o r  (g )  E r r o r  S ize  

T o t a l s  

Means 87 

a Sample day began a t  1200 h r s  and ended a t  1159 h r s  t h e  nex t  ca lendar  
day. 
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Tab le  50. (Page 2 o f  2) 

Age I Age I1  

Percen t  Mean Mean Percent  Mean Mean 
Year o f  o f  T o t a l  Length Weight o f  T o t a l  Length Weight T o t a l  

M i g r a t i o n  E s t i m a t e  (mm) (g)  Es t ima te  (mm) (g)  Es t ima te  References 

1983 82.6 8 6 6.5 17.4 9 8 9.2 23,728,252 Bucher (1987) 
1984 94.2 92 7.8 5.8 97 8.7 23,710,947 Bucher (1986) 
1985 87.2 92 7.2 12.8 9 1 7.1 36,640,969 Bucher (1986) 

- - - - 

I 
CO 
VI 

Mean 80 5.4 96 8.7 54,661,948 
I 

1986 97.9 92 7.2 2.1 9 1 7.1 

a Fyke n e t  ca tches  used t o  i n d e x  abundance o f  smol t, 1951-1966. 
Sonar equipment used t o  e s t i m a t e  numbers o f  smol t ,  1975-1985. 



Table 51. Est imated i n f e c t i o n  by t h e  cestode Triaenophorus 
crassus o f  Age I and Age I 1  sockeye salmon smol t  
by 5 day per iods ,  Wood R iver ,  B r i s t o l  Bay, 
Alaska, 1986. 

Age I Age I 1  

Number Percent Number Percent 
Sample p e r i o d  Examined I n f e c t e d  Examined I n f e c t e d  



Table 52. I n f e c t i o n  o f  sockeye salmon smolt by t h e  cestode 
Triaenophorus crassus, Wood River ,  B r i  st01 
Bay, Alaska, 1978-1986. 

Percent I n f e c t e d  

Year Age I Age I 1  References 

Mean 24.3 

C la rk  and Robertson (1980) 
Bucher (1980) 
Bucher (1981) 
Bucher (1982) 
Bucher (1984) 
Bucher (1987) 
Bucher ( 1986) 
Bucher ( 1986) 



Table 53. Water temperatures and depths,  
a t  f i e l d  camp s i t e ,  head o f  
Wood R i v e r  ( o u t l e t  o f  Lake 
A1 eknagi k )  , B r i  s t01  Bay, 
Alaska, 1986. 

Mean Water Mean Water 
Temp. ( O C )  Depth (m) 



T a b l e  53. (Page 2 o f  2) 

Mean Water Mean Water 
Da te  Temp. ( O C )  Depth (m) 

Mean 



Table 54. Water temperatures and depths a t  f i e l d  camp s i t e ,  head o f  Wood R i ve r  ( o u t l e t  o f  Lake 
Aleknagi  k ) ,  B r i s t o l  Bay, Alaska, 1975-1986. 

Water Temperature ( O C )  Water Depth (m) 

Year per; od Minimum Maximum Mean Minimum Maximum Mean References 

29 May-19 J u l y  
9 June- 7 August 
9 June- 8 August 
28 May- 9 August 
30 May- 2 August 
30 May-15 August 
27 May-13 August 
27 May-10 August 
28 May-26 J u l y  
22 May-27 J u l y  
6 June- 8 August 

Mean 

1986 23 May-17 J u l y  

Krasnows k i  (1976) 
Krasnowski (1977) 
Newcome (1978) 
C la r k  and Robertson (1980) 
Bucher (1980) 
Bucher (1981) 
Bucher (1982) 
Bucher (1984) 
Bucher (1987) 
Bucher (1986) 
Bucher (1986) 



Table 55. Sonar counts  recorded from t h r e e  10 t ransducer  a r r a y s  
a t  t h e  sockeye salmon smolt count ing s i t e  on t h e  
Nuyakuk River,  Br i s to l  Bay, Alaska, 1986. 

Transducer Array 
-- - 

Date a Inshore Center Offshore Total 

Total 49,121 

Percent  29.78 

a Sample day began a t  1200 hrs  and ended a t  1159 hrs  t h e  next  
ca l  endar day. 

-91- 



Table  56.  D a i l y  number o f  sockeye salmon smolt m i g r a t i n g  seaward i n  t h e  Nuyakuk R i v e r ,  
B r i s t o l  Bay, Alaska,  1986, as est imated w i t h  a sonar u n i t .  

Age I Age I1  A l l  Ages 

Cumul a t  i ve Cumul a t  i ve D a i l y  Cumulative 
Date  a Number Percent  T o t a l  Number Percent T o t a l  T o t a l  T o t a l  



Table 56. (Page 2 of 2 )  

Age I Age I 1  All Ages 

Cumul a t  i ve Cumul a t  i ve Daily Cumulative 
Date a Number Percent Total Number Percent Total Total Total 

Total 11,063,753 

a Sample day began a t  1200 h r s  and ended a t  1159 hrs  t h e  next calendar  day. 



Table 57. Adjustment f a c t o r s  used t o  expand sonar  
counts  i n t o  est imated numbers of  sockeye 
salmon smol t s ,  Nuyakuk River,  Bri s t01  Bay, 
A1 a s  ka, 1986. 

Mean Weight Smolt per  
Date a of Smolt (g) Count 

no sample 
no sample 
no sample 

4.7 
no sample 

4.7 
4.7 

no sample 
no sample 

4.7 
4.7 
4.8 
4.7 
4.2 
4.6 
4.6 

no sample 
4.5 
4.8 
4.8 
4.5 
4.5 
4.5 
4.5 
4.5 
4.3 
4.2 
4.2 
4.2 
4.3 
4.3 
4.3 
4.3 

no sample 

a Sample day began a t  1200 hrs and ended a t  1159 
hrs  t h e  next  ca lendar  day. 



Table 58. Sockeye salmon spawning escapements, t o t a l  number o f  smolt  produced by 
age c l a s s  (pe rcen t  o f  t o t a l  smol t p roduc t i on  comprised by each age 
c l  ass i n d i c a t e d  w i t h i n  parentheses),  and number o f  smol t produced p e r  
spawner f o r  1980-1984 brood years,  Nuyakuk R iver ,  B r i s t o l  Bay, A1 aska. 

Number o f  Smol t Produced 
T o t a l  

Brood Spawning 
Year Escapement Age I Age I1  To ta l  Per Spawner 



Tab1 e 59. Sockeye salmon spawning escapements, smol t product ion,  adul t r e t u r n s ,  and smol t 
surv iva l  (number of a d u l t s  produced per  smolt) f o r  1979-1984 brood y e a r s ,  
Nuyakuk River,  Bri s t01  Bay, A1 aska. 

Age I Age I1  

Adult Adult 
Total a Returns Returns 

Brood Spawn i ng Number Adult a per  Number Adult a per  
Year Escapement of  Smolt Returns Smolt o fSmo1t  Returns Smolt 

a Includes in t e rcep t ion  e s t i m a t e s ,  Yuen and Nelson (1987) 
Future adu l t  r e t u r n s  w i l l  i nc rease  these  values.  



Table 60. Mean f o r k  length  and weight of sockeye salmon smolt captured 
in  fyke n e t s ,  Nuyakuk River,  Br i s to l  Bay, Alaska, 1986. 

Age I Age I1  

Mean Mean Mean Mean 
Length S td .  Weight Std.  Sample Length S td .  Weight Std Sample 

Date a (mm) Error  (g)  Error  S i ze  (mm) Error  (g)  Er ror  S i ze  

Total s 1,762 78 

Means 81 4.7 9 1 6.3 

a Sample day began a t  1200 h r s  and ended a t  1159 hrs t h e  next  ca lendar  day. 



Table 61. Mean f o r k  l e n g t h  and es t imated  weight ,  o f  sockeye 
salmon smo l t  cap tu red  i n  f y k e  nets ,  Nuyakuk 
R i ve r ,  B r i s t o l  Bay, Alaska, 1986. 

Est imated Age I Est imated Age I1  

Mean Est imated Mean Est imated 
Length Std.  Weight Sample Length Std.  Weight Sample 

Date a (mm) E r r o r  (g)  S i ze  (mm) E r r o r  (g) S i z e  

T o t a l  s  

Means 

a Sample day began a t  1200 h r s  and ended a t  1159 h r s  t h e  n e x t  
ca lendar  day. 

Length-weight  parameters by age group and d i s c r i m i n a t i n g  
l e n g t h  used t o  separate  ages f o r  4  June th rough  22 June were; 
age I a= -11.56 b = 2 . 9 7  r2= .78 n= 1435 
a g e 1 1  a = - 1 1 . 1 2  b = 2 . 8 7  r 2 = . 8 2  n= 70 
d i s c r i m i n a t i n g  l e n g t h  = 91.5 
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Table 63. Mean f o r k  l e n g t h  and we igh t  o f  
ch inook salmon smol t  cap tu red  i n  
f y k e  nets ,  Nuyakuk R i ve r ,  
B r i s t o l  Bay, Alaska, 1986. 

Age I 1  

Mean Mean 
Length Std. Weight Std.  Sample 

Date a (mm) E r r o r  (g) E r r o r  S i ze  

To ta l  s  

Means 9 1 

a Sample day began a t  1200 h r s  and ended 
a t  1159 h r s  t h e  n e x t  ca lendar  day. 



Table 64. C l i m a t o l o g i c a l  and h y d r o l o g i c a l  observa t ions  made a t  sockeye salmon smol t  coun t i ng  s i t e ,  
Nuyakuk R i ve r ,  B r i s t o l  Bay, Alaska, 1986. 

Wind V e l o c i t y  
Cloud Cover a (km/hr) A i r  Temp (OC) Water Temp (OC) 

Water 
P r e c i p i t a t i o n  Gauge 

Date 0800 h r  2000 h r  0800 h r  2000 h r  0800 h r  2000 h r  0800 h r  2000 h r  C l a r i t y  (mm) (m) 

0 -5  NW 
0-5  N  

5 N  
0 -5  N  
0 -5  M 
0-5  E 

5 E 
0 -5  E 
0 -5  NE 

5-15 E 
5-15 E 

0-5  NE 
5-10 NE 

c a l  m 
calm 
calm 
calm 
0-5 NE 
c a l  m 
0 -5  N  
calm 
calm 
c a l  rn 
0-5  NE 
0-5 E 

0 -5  NW 
0 -5  N  
0 -5  N  
0 -5  VAR 
0-5  VAR 

15-20 SE 
5-15 E 

0 - 5  VAR 
20-25 SE 
20-30 - 

0 -5  SE 
0 -5  SE 

5-10 NE 
0 - 5  N  

5-10 E 
calm 

5 NE 
10-20 E 

5-10 E 
0 - 5  E 
0 -5  N  
0 -5  N  
calm 
calm 
0 -5  E 

c l e a r  
c l  ear  
c l e a r  
c l e a r  
c l e a r  
c l  ear  
c l e a r  
c l e a r  
c l e a r  
c l e a r  

- 
- 

c l  ear  
c l  ear  
c l  ear  
t u r b i d  
t u r b i d  
t u r b i d  
t u r b i d  
t u r b i d  
t u r b i d  
t u r b i d  
c l e a r  
c l e a r  
t u r b i d  

0.00 
0.00 
0.00 
0.00 
1.27 
2.54 
2.54 
8.13 
1.27 
0.51 

12.19 
2.03 
0.00 
0.00 
0.00 
0.00 
0.00 
t r a c e  
0.64 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 



Table 64. (Page 2 of 2) 

Wind Veloci ty 
Cloud Cover a (km/hr) Air  Temp (OC) Water Temp (OC) 

Water 
P rec ip i t a t i on  Gauge 

Date 0800 hr 2000 hr 0800 hr 2000 hr 0800 hr 2000 hr 0800 hr 2000 hr C l a r i t y  (mm) (m) 

0-5 NE 
5-10 E 

10-20 S 
0-5 SE 

5-10 S 
5-10 S 
5-10 SE 

calm 
0-5 N E  

0-5 N E  
5-20 SE 
5-10 SE 

calm 
5-10 SE 
0-5  SE 
0-5 SE 
0-5 SE 

5-15 SE 

t u r b i d  
t u r b i d  
c l e a r  
c l e a r  
c l  e a r  
c l  e a r  
c l e a r  
c l  e a r  
c l e a r  

t r a c e  
0.00 
t r a c e  
7.62 
t r a c e  
5.08 
7.62 
5.08 
2.54 

a 1 = cloud cover not  more than 1/10 
2 = cloud cover not  more than 1/2 
3 = cloud cover more than 1/2 
4 = completely ove rcas t  
5  = fog 

Water Gauge = depth over inshore  a r r a y  
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write to: 
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Washington, D.C. 20240 
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