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ABSTRACT 

Sockeye salmon (Oncorhynchus nerka) smol t s tud ies  were conducted on the  
Kvichak, Naknek, Egegi k, Ugashi k, Wood, and Nuyakuk R ive r  systems w i t h i n  
B r i s t o l  Bay, Alaska, du r ing  1985. Est imates o f  numbers o f  smol t  m i g r a t i n g  t o  
sea, based upon data  obta ined from sonar equipment, were 25,527,851 from 
Kvichak; 19,697,687 from Naknek; 66,073,528 from Egegi k; 34,101,390 from 
Ugashi k; 36,640,969 f rom Wood; and 23,366,044 from Nuyakuk. Fyke n e t  samples 
i n d i c a t e d  t h a t  age I smolt, f rom 1983 brood year  spawning escapements, were 
t h e  dominant age c lass  i n  f o u r  ou t  o f  t he  s i x  r i v e r  systems (percent  o f  age 
I smolt: 92%, Kvichak; 83%, Egegik; 87%, Wood; 97%, Nuyakuk). Age I1  smolt, 
f rom 1982 escapements, were t h e  dominant age c l a s s  i n  t h e  remain ing two 
systems (percent  o f  age I1 smolt: 68%, Naknek; 63%, Ugashik). 

KEY WORDS: j u v e n i l e  sockeye salmon, Oncorhynchus nerka, j u v e n i l e  migra t ion ,  
sonar, B r i  s t01 Bay, Kvichak River ,  Naknek River,  Egegi k R iver ,  
Ugashi k River ,  Wood River,  Nuyakuk R iver .  



INTRODUCTION 

This repor t  i s  a continuation of a s e r i e s  of Alaska Department of Fish and 
Game Technical Data Reports documenting methods and r e s u l t s  of projects  
conducted t o  est imate numbers and age composition of sockeye salmon 
(Oncsrhynchus nerka) smolt migrating from Bristol  Bay r i v e r  and lake 
systems. Smol t data  a re  used both t o  forecast  adult  re turns  and t o  est imate 
optimum spawning escapement f o r  Bristol  Bay freshwater systems. In 1985, 
sonar equipment was used t o  est imate t he  number of smolt migrating from the  
Kvichak, Naknek, Egegik, Ugashik, Wood, and Nuyakuk River systems. Fyke nets 
were used t o  capture samples of smolt t o  obtain age, length,  and weight 
data .  Smolt which have remained within freshwater f o r  one winter a f t e r  
hatching will  have formed one annular mark on t h e i r  scales  and a r e  referred 
t o  as  age I smolt. Smolt which have spent two winters within freshwater 
a f t e r  hatching will  have formed two annual marks and a re  referred t o  as  age 
I1 smolt. 



1985 KVICHAK RIVER SOCKEYE SALMON SMOLT STUDIES 

Donald Bill 
A1 aska Department of Fish and Game 

Division of Commerci a1 Fisheries 
King Salmon, A1 aska 

INTRODUCTION 

The number of seaward migrating sockeye salmon (Oncorhynchus nerka) smol t 
have been estimated by sonar for  the Kvichak River system since 1971. Prior 
t o  1971, fyke nets were used to  calculate abundance indices (Kerns 1961; 
Russell 1972; Paulus and McCurdy 1972; Parker 1974a and 1974b). Abundance 
estimates and age composition data have been used t o  forecast adult returns 
and t o  estimate spawning escapement 1 eve1 s needed for  optimum production. 

Specific objectives of the 1985 smolt studies were: 1) t o  estimate the 
number of sockeye smolt migrating to  sea, 2 )  t o  determine the age 
composition of the smolts, 3) t o  col lect  length and weight data for  smolt, 
and 4) t o  record climatological and hydrological data which may influence 
smolt migratory patterns. 

MATERIALS AND METHODS 

In 1985 a sonar system developed by the Bendix Corporation was used t o  
estimate the number of juvenile salmon migrating past the study s i t e .  The 
system consisted of a single control unit and three 3.3 m (11 f t )  long 
pl a s t  i c 1 adder-shaped arrays, each housing 14 transducers. The combined 
sonar beam produced by each array was 3.7 m (12.2 f t )  wide. Arrays were 
anchored on the r iver  bed, and the i r  transducers were connected to  the 
control unit  with coaxial cables. The control unit was housed in a canvas 
wall ten t  on the r iver  bank. The total  number of sonar counts recorded by 
each array were printed by the control unit every 15 minutes. Sonar counts 
were converted to  estimates of smolt numbers by: 1) subtracting fa l se  
counts, 2 )  interpolating counts during missed time periods, 3) adjusting 
counts for  differences in r iver  velocity among arrays, 4) expanding counts 
to  estimate numbers of smolt passing the transect s i t e  in areas not covered 
by the sonar beams, and 5) multiplying counts by the estimated number of 
smolt needed t o  generate a single sonar count. 

A disabling switch was used t o  turn off the counting unit during times when 
ice,  debris,  boat t r a f f i c ,  etc.  generated fa l se  counts. The time, in 

- seconds, tha t  the unit was disabled was automatically printed a t  the end of 
each counting interval . Estimates of val id (smol t )  sonar counts during 
periods when the unit was disabled were calculated by 1 inear interpol ation. 
Any fa lse  counts noted during times when the unit was not disabled were 
subtracted from period total  s .  



Water c u r r e n t  v e l o c i t i e s  were measured behind each a r r a y  t h r e e  t imes  dur ing  
t h e  season s o  t h a t  sonar  pu l se  r a t e  could be ad jus t ed .  Th i s  minimized over  
and under count ing  e r r o r s ,  s i n c e  r e s idence  time of  smolt  w i t h i n  t h e  sonar  
beam decreased  a s  water  c u r r e n t  speed increased .  

Counts from each a r r a y  were expanded t o  e s t i m a t e  numbers of  smolt  migra t ing  
i n  s e c t i o n s  o f  t h e  r i v e r  no t  covered by t h e  a r r a y s .  Expansion o f  counts  was 
based on t h e  l a t e r a l  d i s t r i b u t i o n  o f  smolt  a c r o s s  t h e  count ing  s i t e  
t r a n s e c t ,  which was e s t ima ted  v i s u a l l y  and from information ga the red  from a 
s i d e  scanning sona r  u n i t .  

The sona r  system was designed t o  count  biomass r a t h e r  than ind iv idua l  smolt ,  
and was c a l i b r a t e d  a t  the f a c t o r y  t o  r e g i s t e r  one count  f o r  t h e  biomass 
equ iva l en t  o f  10 smolt weighing a t o t a l  of  83 g (based on t h e  weighted mean 
o f  a l l  Kvichak smolt  weight  d a t a  a v a i l a b l e  p r i o r  t o  1971). In p a s t  s t u d i e s ,  
ad jus t ed  sona r  counts  were m u l t i p l i e d  by 10 t o  ob t a in  f i n a l  e s t i m a t e s  of 
smolt  numbers. However, s i n c e  mean smolt weight va r i ed  dur ing  t h e  season a s  
well a s  among y e a r s ,  more accu ra t e  f i n a l  e s t i m a t e s  of  smol t numbers should 
be ob ta ined  us ing  a c t u a l  mean smolt weight d a t a  from d a i l y  fyke  n e t  ca t ches .  
Therefore ,  d a i l y  ad jus t ed  smol t counts  were mu1 t i p 1  ied  by a c o r r e c t i o n  
f a c t o r  (F) :  

F = 10 x (8.3 / W ) ,  where 

W = d a i l y  mean weight of  smol t from fyke net samples.  

A 1 . 5  m by 1 .5  m ( 5  f t  by 5 f t )  fyke  n e t  was f i s h e d  downstream of  t h e  c e n t e r  
and o f f s h o r e  sonar  a r r a y s .  Captured smol t were i d e n t i f i e d  according t o  
s p e c i e s ,  weighed ( g ) ,  measured ( f o r k  l eng th ,  mm), and aged from s c a l e  
samples. Th i s  d a t a  was used t o  appor t ion  sonar  counts  according t o  age c l a s s  
and salmonid s p e c i e s  . 
Samples o f  a t  l e a s t  400 sockeye salmon smolt were used t o  e s t i m a t e  age c l a s s  
composition f o r  each 24-hour sampling per iod .  I f  t h i s  number sf smol t was 
no t  cap tured  du r ing  a 24-hour per iod ,  samples from subsequent  per iod  were 
combined u n t i l  a t o t a l  o f  a t  l e a s t  400 smolt  was ob ta ined .  Samples of  400 
smolt produced e s t i m a t e s  sf t h e  ac tua l  p ropor t ion  o f  age I  o r  age I 1  smolt  
which were w i th in  0.05 of  t h e  es t imated  propor t ion  ( a t  t h e  0.05 s i g n i f i c a n c e  
l e v e l )  f o r  ac tua l  age c l a s s  p ropor t i ons  ranging from 0.95 t o  0.05 ( B i l l  e t  
a1 ., i n  p r e s s ) .  Samples of  t h i s  s i z e  a l s o  produced e s t i m a t e s  of  t h e  ac tua l  
number o f  e i t h e r  age I o r  I 1  smolt  which were wi th in  50% of  t h e  es t imated  
number ( a t  t h e  0 ,05  s i g n i f i c a n c e  l e v e l )  f o r  ac tua l  age c l a s s  p ropor t i ons  
ranging from 0.05 t o  0.20, and which were wi th in  15% o f  the e s t ima ted  number 
( a t  t h e  0.05 s i g n i f i c a n c e  l e v e l )  f o r  ac tua l  age c l a s s  p ropor t i ons  ranging 
from 0.30 t o  0.95. 

To o b t a i n  d a i l y  age d a t a  f o r  400 sockeye salmon srnolt, i t  was necessary  t o  
dec rease  t h e  t ime needed f o r  sampl ing each smol t .  Therefore ,  s c a l e  samples,  
weights ,  and l e n g t h s  wer obtained from about 150 smolt each day. An 
a d d i t i o n a l  250 smolt were measured f o r  l eng th  d a t a  only.  A f t e r  t h e  f i e l d  
season,  smolt  f o r  which only  l eng th  measurements had been obta ined  were 
assigned a weight and an age based upon a n a l y s i s  of  a v a i l a b l e  age,  weight ,  
and 1 ength d a t a  (Bi 11 e t  a1 . , in  p r e s s ) .  



RESULTS AND DISCUSSION 

A t o t a l  of  413,810 sonar  counts  were recorded dur ing  t h e  season (Table 1 ) .  
Seventy- f ive  pe rcen t  o f  t h e  counts  were recorded over  t h e  c e n t e r  a r r a y .  
Estimated t o t a l  number of  smol t was 25,527,851 (Table  2 ) .  There were 
i n t e r m i t t e n t  i c e  problems from t h e  beginning o f  t h e  program u n t i l  7 June. No 
counts  were made f o r  t h r e e  days (3  June through 5 June)  due t o  cont inuous 
i c e  f l o e s .  L inear  i n t e r p o l a t i o n s  were made f o r  these days using counts  from 
2 and 6 June. Peak days o f  migra t ion  was 9 June when over  6,000,000 smol t 
migrated seaward (24% o f  t h e  t o t a l  r un ) .  Age c l a s s  composition of  t h e  t o t a l  
smolt  popula t ion  was es t imated  t o  be 92% age I (1983 brood y e a r )  and 8% age 
11 (1982 brood y e a r ) .  

A t o t a l  o f  4,158 smolt were sampled t o  o b t a i n  d a t a  on age,  l e n g t h ,  and 
weight (Table  3 ) .  Mean l e n g t h s  o f  age I and age I1  smol t were 85 mm and 102 
mm, r e s p e c t i v e l y .  Mean weights  o f  age I and age I1  smolt  were 5.3 g and 9 .2  
g ,  r e s p e c t i v e l y .  Both age I and age I1  smolt  were s l i g h t l y  sma l l e r  than t h e  
long term averages  of  88  mm and 109 mm, r e s p e c t i v e l y  (Table  4 ) .  Average 
weights  were a l s o  s l i g h t l y  sma l l e r  than  t h e  long term averages of  5.7 g and 
10.8 g ,  r e s p e c t i v e l y .  These d i f f e r e n c e s  were r e f l e c t e d  i n  t h e  high number of  
smolt  p e r  count  observed throughout  t h e  season (seasonal  average of  15.5 
smolt  p e r  count )  (Table  5) .  

Tota l  smol t product ion from t h e  1982 brood y e a r  spawning escapement of 
1,134,840 sockeye salmon was 68.223 smolt pe r  spawner (51,893,988 age I 
smolt  migrated t o  s e a  i n  1984; 25,527,851 age I 1  smolt  migrated t o  s e a  i n  
1985) (Table  6 ) .  Th i s  i s  t h e  l a r g e s t  smolt  pe r  spawner r e l a t i o n s h i p  
recorded.  Average marine su rv iva l  f o r  smolt  produced by t h e  1968-1980 brood 
y e a r s  has been about 8.8% f o r  age I smol t and about 12.8% f o r  age I I smol t 
(Tab1 e 7 ) .  

River  and weather cond i t i ons  were recorded a t  t h e  sonar  s i t e  f r ~ m  23 May 
through 20 June  (Table  8 ) .  I c e  was a major problem i n  1985. Mean water  
t empera ture  dur ing  t h e  p r o j e c t  was 4.6OC (range 1.0-7. O°C). During t h e  . t ime  
of  peak seaward migra t ion  ( 8  June - 11 June)  t h e  water  t empera ture  ranged 
from 4.3-6.0°C. This  was t h e  c o l d e s t  mean water  temperature  s i n c e  1976 and 
n e a r l y  one degree  below t h e  long term mean of  5 .5  degrees  (Table  9 ) .  



Table 1. Sonar counts recorded from three 14 transducer arrays 
at the sockeye salmon smolt counting site on the 
Kvichak River, Bristol Bay, Alaska, 1985. False 
counts were deleted, and interpolations were made for 
time missed when sonar not operated. 

Sonar Counts 

Transducer Array 
- - 

Date a/ Inshore Center Off shore Total 

Total 

Percent 6.10 

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

- 4- 



Table 2. Daily number of sockeye salmon smolt migrating seaward, estimated with a sonar 
unit, Kvichak River, Bristol Bay, Alaska, 1985. 

Age I Age I1 All Ages 

Cumulative Cumulative Daily Cumulative 
Date a/ Number Percent Total Number Percent Total Total Total 



Table 2. Daily number of sockeye salmon s m ~ B t  migrating seaward, estimated with a sonar 
unit, Kvichak River, Bristol Bay, Alaska, 1985(contlnuedb 

Age I Age I1 All Ages 

Cumulative Cumulative Daily Cumulative 
Date a/ Number Percent Total Numhes Percent Total Total Total 

I 

? Total 23,590,443 92.41 

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



Table 3 .  Mean fork length (mm) and weight (g) of sockeye salmon smolt 
captured in fyke nets, ~vichak River, Bristol Bay, Alaska, 1985. 
A dash (-) indicates data not available. 

Age I Age I1 

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

Date a/ (mm) Error (g) Error Size (mm) Error (g) Error size 

Totals 3,812 3 4 6  

Means 85 5.3 102 9.2 

a/ Sample day began at 1200 hrs and ended at 1159 hrs the next calendar day. 
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Table 5. Adjustment factors used to expand sonar 
counts into estimated numbers of sockeye 
salmon smolts, Kvichak River, Bristol Bay, 
Alaska, 1985. 

Mean Weight 
Bate a/ of Smolt (g) 

Smolt per 
Count 

Sample 
Sample 
Sample 
Sample 
Sample 
Sample 
Sample 
Sample 
Sample 
Sample 
Sample 
Sample 
Sample 
Sample 
5.3 
Sample 
5.3 
5.3 
5.6 
5.3 
6 . 9  
6.9 
5.4 
5.4 
4 .9  
4.9 
4.9 
4.9 
4.9 

a/ Sample day began at 1200 hrs and ended at 1159 hrs 
the next calendar day. 
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Table 6. 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 smelt produced per spawner for 1956-1983 brood years, 
Kvichak River, BristoP Bay, Alaska. A dash (-) indicates data not available 
( continued ) . 

Number 0% Smolt Produced 
Total 

Brood Spawning 
Year Escapement Age I Age I1 Age 111 Total Per Spawner 

Estimates of smolt numbers based upon sonar techniques 



Table 7. Sockeye salmon spawning escapements, smolt production, adult returns, and smolt 
survival (number of adults produced per smolt) for 1952-1983 brood years, 
Kvichak River, Bristol Bay, Alaska. A dash (-) indicates data not available. 

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 fyke - net catches 



Table 7. Sockeye salmon spawning escapements, smolt production, adult returns, and smolt 
survival (number of adults produced per smolt) for 1952-1983 brood years, 
Kvichak River, Bristol Bay, Alaska. A dash (-) indicates data not available 
( continued 1. 

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 SmoPt of Smolt Returns Smolt 

Estimates of smolt numbers based upon sonar techniques - 

a/ Yuen et al. (1986) 
b/ Future adult returns will increase these values. 
c/ Yuen et al. (in preparation) 



e 8. climatological and hydrological observations made at sockeye salmon 
smolt counting site, Kvichak ~iver, Bristol Bay, Alaska, 1985. 
A dash (-) indicates missing data. 

Wind Velocity Air Temp. 
Cloud Cover a/ (b/hr) (c) Mean 

Water 
Temp. Water 

Date 0800 hr 2000 hr 0800 hr 2000 hr Min Max (c) clarity 

8 SW 
8 E 
16 E 
8 SW 
8 E 
8 NE 
16 SW 
32 E 
10 E 
calm 
24 NE 
8 NE 
8 NE 
24 NE 
16 NE 
32 S 
8 E 
8 NE 
24 NE 
calm 
24 S 
8 S 
3 s 

8 NE 
24 E 
calm 
8 SW 
16 E 
8 E 
13 E 
8 E 
8 SW 
16 NE 
16 NE 
24 NE 
56 NE 
16 NE 
8 NE 
24 S 
24 E 
24 NE 
24 NE 
calm 
24 S 
8 NE 
8 S 

clear 
clear 
clear 
clear 
clear 
clear 
clear 
clear 
clear 
clear 
clear 
clear 
clear 
murky 
clear 
clear 
clear 
clear 
clear 
clear 
clear 
clear 
clear 



Table 8. ~lfmatological and hydrological observations made at sockeye salmon 
smoPt counting site, Kvichak River, Brfstol Bay, Alaska, 1985. 
A dash (-1 indf cates mi ssi ng data ( continued ) . 

Wind Velocity Air Temp. 
Cloud Cover a/ (b/hlf) Mean 

Water 
Temp. Water 

Date 0800 hr 2000 hr 0800 hr 2000 hr Min Max ( c )  Clarity 

6 15 - 4 16 S 8 S 4.4 21.7 5.8 brown 
6 16 2 2 8 NW 8 bSFd 1.7 21.1 6.3 clear 
6 17 1 3 8 SE 8 E -2.2 22.2 6.5 clear 
6 18 1 4 8 SE 8 NE 0.0 23.3 6.5 clear 
6 19 4 4 8 NE 19 NE 5.6 17.8 7.0 clear 
6 20 4 - 16 NE - - 9.4 15.6 7.0 clear 

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 



Table 9. Water temperatures at sockeye salmon smslt counting site, 
Kvichak River, Bristol Bay, Alaska, 1963-1985. 
Dash (-) indicates data not available. 

Water Temperature (C) 

Sample 
Year Period Minimum Maximum Mean 

16 May-14 June 
18 May-14 June 
17 May-11 June 
16 May-26 June 
17 May-20 June 
12 May-12 June 
16 May-18 June 
13 May- 7 June 
17 May-20 June 
18 May-18 June 
15 May-14 June 
13 May- 9 June 
17 May-15 June 
18 May-19 June 
17 May-14 June 
19 May- 9 June 
1 June-10 June 
16 May-18 June 
15 May- 9 June 
14 May-15 June 
19 May-14 June 
19 May-11 June 

Mean 2.5 

Marriott (1965) 
Pennoyer and Seibel (1965) 
Pennoyer (19 66) 
Pennoyer and Stewart (1967) 
Pennoyer and Stewart (1969) 
Paulus and McCurdy (1969) 
McCurdy and Paulus (1972) 
Paulus and McCurdy (1972) 
Russell (1972) 
Parker (1974a) 
Parker (1974b) 
Krasnowski (1975) 
Randall (1976) 
Randall (1977) 
Randall (1978) 
Yuen (1980a) 
Yuen (1980b) 
Bergstrom and Yuen (1981) 
Yuen and Wise (1982) 
Bill (1984) 
Bill et al. (in press) 
Bill (in press) 

1985 23 May-20 June 2.0 7.0 4.6 
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INTRODUCTION 

Programs t o  sample and enumerate seaward migrating sockeye salmon 
(Oncorhynchus nerka) smolt provide data  which a re  used t o  forecast  adult  
re turns  and est imate optimal spawning escapement 1 eve1 s . Smol t sampl i ng 
programs have been conducted on several of the  r i ve r s  of Bristol  Bay since 
the  mid-1950's. Early s tudies  used fyke nets  t o  est imate smolt numbers 
[Kvichak River (1956-1974), Naknek River (1956-1977), and Ugashi k River 
(1955-1965, 1967-1970, and 1972-1975)l. Fyke net  f i sh ing ,  however, proved t o  
be inadequate due t o  net avoidance and high smol t mortal i t y  resu l t ing  from 
capture and hand1 ing methods. Therefore, smol t sonar was developed and 
tes ted  by Bendix Corporation from 1970-1976 on t he  Kvichak River. This 
program was successful and has served as  a template f o r  f u r the r  smolt sonar 
enumeration s tud ies  on other Bri st01 Bay systems. 

Smolt sonar was a lso  t es ted  on the  Ugashik River from 1973-1975 but was 
discontinued due t o  budgetary constra ints ;  consequently, smolt s tud ies  on 
t h i s  and the  Naknek and Egegik Rivers were 1 imited t o  occasional fyke net 
sampling f o r  age and s i z e  data from 1975 t o  1982 (Huttunen 1980; Eggers 
1984). An experimental two-array Kvichak system was tes ted  on the  Egegik 
River during the  spring of 1981 (Bue 1982) and replaced with the  present 
counter i n  1982 (Bue 1984). Smolt sonar projects  were es tabl ished on t he  
Naknek River in 1982 (Huttunen 1984) and the  Ugashik River in 1983 (Fried 
and Yuen, in  press) .  

Objectives of the  1985 Naknek, Egegik, and Ugashik River smolt s tudies  were: 
1 )  t o  est imate the  number of seaward migrating sockeye salmon smol t ,  2)  t o  
describe smolt migration pat terns ,  3)  t o  co l l ec t  age, weight, and length 
data f o r  smol t s ,  and 4)  t o  record cl imatol ogical and hydrological parameters 
which may a f f ec t  migratory behavior. 

A post-season analysis  was conducted t o  determine i f  the  number of hours 
spent monitoring t he  Egegik smolt sonar counter could be reduced without 
losing a s i gn i f i c an t  amount of data.  I t  has been shown tha t  a l a rge  sample 
(approximately 400 smolt) from several rep l ica tes  i s  needed t o  apportion 
biomass est imates in to  numbers of sockeye salmon smolt by age c l a s s  a t  a 
predetermined level  of precision (Bi l l  e t  a l . ,  in press) .  This level of 
sampling combined with 24-hour monitoring of the  smolt counter i s  a 
considerable work load f o r  the  present number of people s ta t ioned a t  the  
project .  I t  i s  a l so  believed t ha t  the  majority of smolt migrate seaward 
during the  evening hours. Consequently, i t  may be possible t o  reduce the  



level of sonar monitoring during the mid-day hours without missing a 
s ignif icant  number of smol t .  

MATERIALS AND METHODS 

Identical sonar counting systems were used t o  estimate biomass of seaward 
migrating smolt on the Naknek, Egegik, and Ugashik Rivers. The sonar systems 
consisted of 1) a control unit located in a canvas wall ten t  on the r iver ' s  
edge, and 2) e i the r  two or three 3.05 m (10 f t )  long ladder-shaped arrays 
anchored t o  the r iver  bottom and situated perpendicular t o  the r iver  current 
a t  the counting s i t e .  Each array held 10 surface facing transducers enabl ing 
i t  t o  monitor approximately 3.35 m (11 f t )  of r iver  width. 

The Naknek River sonar s i t e  i s  located 13 km (7.8 mi) below the out le t  of 
Naknek Lake. Three arrays, the inshore, center,  and offshore were anchored 
a t  14, 28, and 51 m (46, 92, and 167 ft), respectively from the eas t  bank of 
the r iver .  A three-array system was also used a t  the Egegik River s i t e  
located 4 km (2.4 mi) below the out le t  of Becharof bake. Inshore, center,  
and offshore arrays were located 40, 55, and 67 m (130, 180, and 220 f t ) ,  
respectively from the west bank. Two arrays were used in the Ugashik River 
approximately 50 rn from the out le t  of Lower Ugashi k Lake. The inshore and 
offshore arrays were placed a t  16.5 and 24.5 (54 and 80 f t )  from the north 
bank. 

The sonar system was c~nt inuously monitored a t  each s i t e  by f i e l d  personnel. 
Machine adjustments were made fo r  changes i n  r iver  velocity and depth. 
Counts were automatically tabulated and printed for  each array a t  hourly 
intervals  by the sonar counter. These t o t a l s  were manually adjusted for  
fa l se  counts (counts due t o  causes other than smolt, e.g., ice,  heavy rain,  
wind, boat t r a f f i c ,  e tc . )  and l inear  interpolation was used t o  estimate 
missed counts during periods when the counter was disabled ( i  . e . ,  periods 
when the counter was manually disabled t o  avoid making fa l se  counts or when 
the counter was inoperative). Daily total  counts were estimated for  each 
array by summing the adausted hourly counts. 

Sonar signals pulse r a t e  was manually s e t  proportional t o  current speed, 
since current speed determines the time required for  smolt t o  pass over the 
sonar array and through the transducer beam. Current speed was measured 
behind each array a t  the surface, 0.61 and 1.22 m depths ( 2  and 4 f t ,  
respectively).  The average of these three measurements was used for  the 
array velocity. Velocity correction factors were derived for  each array to  
account for  the possible over and under counting due t o  l a te ra l  differences 
in r iver  velocity, since the counter could only be s e t  for  a single pulse 
ra te .  Correction factors  for  the Naknek and Ugashik s i t e s  were obtained from 
the r a t ios  of the individual array veloci t ies  to  the inshore array velocity 
while corrections were estimated a t  the Egegik s i t e  as the ra t ios  of the 
individual array veloci t ies  t o  the center array velocity. Tidal fluctuations 
have an influence on r iver  speed and were noticeable a t  both the Naknek and 
Egegi k s i t e s .  Consequently, r iver  velocity was continuously monitored using 
a current meter suspended 0.61 m ( 2  f t )  below the surface and behind the 
inshore and center arrays a t  the Naknek and Egegik s i t e s ,  respectively. The 



counter was adjusted a t  15 t o  30 minute i n t e rva l s  t o  account f o r  changes in 
r i v e r  veloci ty  a t  these  s i t e s .  River veloci ty  was nearly constant  during the  
study period a t  the  o u t l e t  of Lower Ugashik Lakes, consequently, only weekly 
examinations of r i v e r  speed were required t o  c a l i b r a t e  t he  Ugashik counter. 

Estimates of t o t a l  da i l y  smolt migration past  t he  counting s i t e s  were made 
by: 1)  multiplying the  da i l y  t o t a l  counts f o r  each array by the  
corresponding r i v e r  veloci ty  correct ion fac to r ,  2) l i nea r l y  expanding counts 
t o  compensate f o r  smolt which migrated pas t  t he  s i t e  but were not counted 
(dis tances  from the  edges of l a t e r a l  smol t d i s t r i bu t i on  and dis tances  
between arrays  were used along with da i l y  t o t a l s  adjusted f o r  r i v e r  veloci ty  
by a r ray) ,  and 3) the  expanded count est imate was modified by a smolt per 
count correct ion f a c t o r  t o  obtain estimated number of smolt. All th ree  sonar 
systems were ca l ib ra ted ,  a t  the  fac tory ,  t o  r e g i s t e r  one count f o r  the  
biomass equivalent  of 41.49875 g. Therefore, pooled mean weight of a l l  
salmonid smolts from da i l y  fyke net  samples were used t o  estimated actual 
number of smolt equivalent t o  one sonar count ( i . e . ,  number per count = 
41.4987 g / pooled mean weight).  

Fyke nets  were f ished da i l y  during periods of peak migration a t  each s i t e .  
Attempts were made t o  capture four samples of approximately 100 f i s h  during 
each day of t h e  smolt migration. Age, weight, and length data  were measured 
f o r  100 of these  f i s h  with the  remaining smolt being measured f o r  length 
only. This sampling procedure allowed f o r  a l a rge r  sample s i z e  than time 
would allow i f  age, weight, and length data  were col lec ted from each 
specimen. Age and weight was estimated f o r  the  length samples a f t e r  the  
season using age-weight and weight-1 ength re1 a t ionship  derived from samples 
where a l l  th ree  parameters were measured. 

Fyke net  catches were a l so  used t o  apportion da i l y  smolt counts according t o  
age c l a s s  and salmonid species.  Samples of approximately 400 sockeye salmon 
smolt were needed t o  produce est imates of t he  proportion (p) of e i t h e r  age I 
o r  age PI smolt w i t h  an absolute e r r o r  of 0.05 such t h a t ;  

A 
p = p + 0.05, f o r  p 2 0.05 

where p = t r u e  proportion of e i t h e r  age I or  age I1 sockeye salmon smolt. A 
sample s i z e  of 400 a l so  resul ted  in an est imate of the  l e a s t  abundant of the  
two age c lasses  with a r e l a t i v e  e r ro r  of 0.15 such t h a t ;  

p = [ (t - p) / p ] + 0.15, f o r  p 2 0.20 

A small weather s t a t i on  was maintained a t  each counting s i t e .  Observations 
on sky condit ions,  wind d i rec t ion ,  wind veloci ty ,  da i ly  p rec ip i t a t ion ,  a i r  
temperature, and water temperature were recorded a t  0800 and 2000 hours 
da i ly .  



RESULTS AND DISCUSSION 

Naknek River 

A t o t a l  of 981,268 sonar counts were tabulated during the  1985 season, 22 
May through 2 July  (Table 1 ) .  Twelve percent of these  counts were regis tered 
over the  inshore array,  with 40 and 48% passing over the  center  and offshore 
arrays ,  respectively.  Counts over the  offshore array were adjusted t o  
compensate f o r  a malfunctioning transducer beginning on 25 May (actual  
offshore count was multiplied by 1.111 (10 transducers / 9 operational 
transducers) .  The majority of smol t migration across the  counting s i t e  
t ransec t  occurred between the  ea s t  bank and a point 80 m (262 f t )  offshore.  

A1 though r i v e r  ve loc i t i e s  varied widely, veloci ty  correction fac tors  
remained t he  same throughout the  project .  The ve loc i t i es  over each array 
were standardized t o  t he  inshore array resu l t ing  in correction fac tors  of 
1.00, 1.09, and 0.89 f o r  the  inshore, center ,  and offshore arrays ,  
respect  i vel y . 
The f i na l  sockeye salmon smol t popul a t ion estimate was 19,697,687 (Tabl e 2 ) .  
Age composition was 32.0% age I (1983 brosd year) ,  6'7.9% age I1 (1982 brosd 
year ) ,  and 0.1% age I I I (1981 brood year) .  Age I I and I I I smol t migrated t o  
sea e a r l i e r  in t he  season than age I smolt. Consequently, numbers of smolt 
per sonar count increased as  the  season progressed (range, 3.2 t o  5.6 smolt 
per count) (Tables 2 and 3 ) .  Total smolt production from the  1980 and 1981 
brood years was 50.2 and 47.7 smol t per spawner, respect ively  (Tabl e 4) .  

A t o t a l  of 6,528 sockeye salmon smolt were sampled f o r  age, weight, and/or 
length information (Table 5 ) .  Mean weights of age I ,  11, and I11 smolt were 
8.7, 11.7, and 15.6 g, respectively.  Mean lengths of age I ,  11, and I11 
smolt were 97, 109, and 119 mm, respectively.  Average s i z e  of a l l  th ree  age 
c lasses  was smaller than h i s t o r i ca l l y  observed (Table 6) .  

Weather and r i v e r  conditions were recorded a t  the  sonar s i t e  during 21 May 
through 3 July  (Table 7 ) .  Mean a i r  and water temperture during t h i s  period 
was 9 7OC (range 3.0 t o  21  .O) and 10.5OC (range 6.5 t o  16.0) , respectively.  
Mean water temperature was lower than observed during the  1984 smolt season 
but was c lose  t o  t he  average temperature f o r  the  past  13 seasons (10.5 vs 
11.0) (Table 8 ) .  

Eqeqi k River 

A t o t a l  of 4,165,739 sonar counts were tabulated from 23 May through 11 June 
1985 (Table 9 ) .  The counts were d i s t r ibu ted  a t  48, 45, and 7% over the  
inshore, center ,  and offshore arrays ,  respectively.  Side scan sonar was used 
t o  make subject ive  obervations of 1 a te ra l  smol t d i s t r ibu t ion  across the  
counting t ransec t  from the  evening of 25 May through noon 1 June. During 
t h i s  period i t  was observed t h a t  the  majority of smolt schools traveled 
between 12.2 and 85.3 meters from the  west bank a t  t he  counting s i t e .  
Several l a rge  schools were observed inshore of the  inshore array and went 
undetected by the  smol t enumeration sonar. Few school s were observed outside 
of the  offshore array.  



Table 1. Sonar counts recorded from three 10 transducer arrays 
at the sockeye salmon smolt counting site on the 
Naknek ~iver, ~ristol Bay, Alaska, 1985. False counts 
were deleted, and interpolations were made for time 
missed when sonar not operated. 

-- 

Sonar Counts 

Transducer Array 

Date a/ Inshore Center Off shore Total 



Table 1. Sonar counts recorded from three 10 transducer arrays 
at the sockeye salmon smolt counting site on the 
Naknek River, Bristol Bay, Alaska, 1985. False counts 
were deleted, and interpolations were made for time 
missed when sonar not operated (continued). 

Sonar Counts 

Transducer Array 

Date a/ Inshore Center Off shore Total 

Total 116,787 396,002 468,479 981,268 

Percent 1%. 90 48.36 47.74 P00.00 

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



Table 2. Daily number of sockeye salmon smolt migrating seaward, estimated with a sonar 
unit, Naknek River, Bristol Bay, Alaska, 1985. 

Age I Age I1 Age I11 All Ages 

Daily Cumulative 
Date a/ Number Percent Number Percent Number Percent Total Total 



Table 2. Daily number of sockeye salmon sm01t migrating seaward, estimated with a sonar 
unit, Naknek River, Bristol Bay, Alaska, 1985 (continued). 

Age I Age I1 ,Age I11 All Ages 

Daily Cumulative 
Date a/ Number Percent Number Percent Number Percent Total Total 

Total 6,306,803 
- -- 

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



Table 3. Adjustment factors used to expand sonar 
counts into estimated numbers of sockeye 
salmon smolts Naknek River, Bristol Bay, 
Alaska, 1985. 

Mean Weight 
Date a/ of Smolt (g) 

Smolt per 
Count 

no sample 
13.16 
13.16 

no sample 
13.16 

no sample 
13.16 
13.16 
13.16 
13.16 
14.16 

no sample 
no sample 
no sample 

13.16 
13.16 
10.76 
10.76 

no sample 
no sample 

10.76 
9.82 
9.82 

no sample 
9.82 
9.93 
9.93 
10.04 
10.04 
8 89 
8.97 
9.92 
9.92 
9.92 
9.92 
7.36 
7.36 
7.36 
7.36 
7.36 
7.36 

no sample 

a/ Sample day began at 1200 hrs and ended at 1159 
hrs the next calendar 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 1978-1983 brood years, 
Naknek River, BristoP Bay, Alaska. A dash (-9 indicates data not available. 

Number of Smolt Produced 
Brood Total 
Brood Spawning 
Year Escapement Age I Age 11 Age I11 Total Per Spawner 



Table 5. Mean fork length (mn) and weight (g) of sockeye salmon smolt captured 
in fyke nets, Naknek River, Bristol Bay, Alaska, 1985. A dash (-) 
indicates data not available. 

Age I Age I1 Age I11 

Mem Mem Mean Mean Mean Mean 

Length Std.  Weight Std. Sample L e w t h  Std.  Weight Std.  Sample Length Std.  Weight Std.  Sample 

Date a1 (mm) Error ( g )  Error Size  (mn) Error (g) Error Size  (mn) Error (g )  Error Size  



Table 5. Mean fork length (m) and weight (g) of sockeye salmon smolt captured 
i n  fyke nets, Nalaek River, Bristol Bay, Alaska, 1985. A dash (-) 
indicates data not available (continued). 

Age I Age XI Age I11 

Mean Mean Mean Mean Hean Mean 

Length Std. Weight Std. Sample Length Std. Weight Std. Sampla Length Std. Weight Std. S~mpLe 

Date a1 (mn) Error (g) Error Siza (mn) Error (g) Error Size (mn) Error (g) Error Siza 

- 

a1 Sample day began at 1200 hrs and endad at 1159 hrr the next calendar day. 



Table 6. Mean fork length (mm) and weight (g) of sockeye salmon molt  sampled 
from the Naknek River, Bristol Bay, Alaska, 1957-1985. A dash (-) 
indicates data not available. 

Age 1 Age 11 Age 111 

Year of Sample Spmple Mean Mean M e  Mean Mean Mean 

Migration Dates Siam Leqth Weight Leqth Weight L q t h  Weight References 

1957 - 
1958 - 
1959 - 
1960 - 
1961 - 
1962 - 
1963 - 
1964 - 
1965 - 
1966 31 -7-13 July 

1967 27 May- 9 July 

1968 23 May-12 August 

1969 30 May-27 Jun. 

1970 29 May- 5 July 

1971 6 June-7 July 

1972 8 Juna-6 July 

1973 28 May-26 June 

1974 22 May-27 June 

1975 28 May- 9 July 

1976 22 May-26 Juna 

1977 20 May-23 June 

1978 1 June 

1982 24 May-10 July 

1983 17 May- 5 July 

1984 22 May- 5 July 

Mean 100 8.3 112 12.6 121 16.0 

1985 23 May- 1 July 6,528 96 8.7 109 11.7 119 15.6 

USFhWS (unpublished) 
,I 

Robertson (1967) 

Van Valin (19690) 

Van Valin (1969b) 

Siedalman (1972) 

Biwer (1972) 

McCurdy (1972a) 

McCurdy (1974a) 

McCurdy (1974b) 

Bill (1975) 

Bill (1976) 

Bill (1977) 

Yuan (1978) 

Huttenun (1980) 

Ruttenun (1984) 

Fried m d  Yuan (in press) 

Fried et al. (in press) 



Table 7. Climatological and hydrological observations made at sockeye salmon smolt counting 
site, Naknek River, Bristol Bay, Alaska, 1985. 
A dash ( - )  indicates data not available. 

Wind Velocity 
Cloud Cover a/ (h/hp) 

Water 
Air Temp. Temp. Precipitation Water 

Date 0800 hr 2000 hr 0800 hr 2000 hr (c) (c) Clarity 

- 
11 NE 
calm 
calm 
calm 
6 NW 
calm 
16 S 
calm 
11 S 
calm 

5 S 
13 NE 
13 19 
19 NE 
13 WNE 
calm 
21 SSW 
calm 
calm 
calm 
calm 
16 SSW 
8 SSW 

16 SW 
1% SW 
8 5 
6 NE 
5 N 
8 E 
calm 
10 SW 
13 S 
PO SSW 
calm 

5 S 4.5-10.5 10.0-10.5 
11 WS'IW 6.0-10.0 10.0-10.0 
19 NW 7.0-10.0 10.0- - 
19 W 10.0-10.0 - -12.5 

8 NE 10.0-11.8 8.0- 9.5 
8 W 6,7-12.0 8.7-11.5 
8 WSW 4.0- 7.0 9.0- 7.5 
16 S 7.2-11.0 8.0-10.0 
16 ENE 8.3-11.0 9.0-10.0 
11 ENE 9.2-13.0 9.0-10.5 
8 NNW 6.7-14.0 10.0-11.5 
11 S 8.0- 6.0 10.0- 9.0 
5 SSW 4-2-10.0 9.0- 9.5 

murky 
clear 
clear 
clear 
clear 
clear 
clear 
clear 
clear 
clear 
clear 

clear 
murky 
murky 
murky 
murky 
murky 
murky 
murky 
murky 
murky 
murky 
murky 
murky 



Table 7. Climatological and hydrological observations made at sockeye salmon smolt counting 
site, Naknek River, Bristol Bay, Alaska, 1985. 
A dash ( - )  indicates data not available ( continued ) .  

Wind Velocity 
cloud Cover a/ (h/hr) 

Water 
Air Temp. Temp. Precipitation Water 

Date 0800 hr 2000 hr 0800 hr 2000 hr ( c )  ( c )  ( m . 1  Clarity 

calm 
calm 
calm 
16 SSW 
8 SSW 
calm 
calm 
calm - 
16 SW 
8 NE 
calm 
5 SE 
6 S 
calm 
16 NNE 
calm 
8 SW 
calm 
calm 
calm 
calm 

calm 
calm 
calm 

calm 
5 N 
5 SW 
11 S 
5 SSW 
calm 
5 N 
5 SW 
16 SW 
5 SE 
19 S 
5 SE 
13 S 
15 N 
11 NNW 
8 NW 
21 SSW 
calm 
calm 
10 NNW 
11 SW 
8 W 

11 SSW 
8 W - 

murky 
murky 
murky 
murky 
murky 
murky 
murky 
murky 
murky 
clear 
murky 
clear 
clear 
clear 
clear 
clear 
clear 
clear 
clear 
clear 
clear 
clear 

clear 
clear 
clear 

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 



Table 8. Water temperatures at sockeye salmon smelt counting site, 
Naknek River, Bristol Bay, Alaska, 1967-1985. 
A dash (-) indicates data not available. 

Water Temperature (C) 

Sample 
Year Period Minimum Maximum Mean Reference 

27 May-ll July 
21 May-14 July 
27 May-16 July 
27 May-16 June 
7 June- 7 July 
8 June- 6 July 
29 May-26 June 
21 May-27 June 
28 May- 9 July 
22 May-26 June 
21 May-10 July 
20 May- 6 July 
19 May- 6 July 

Mean 

Van Valin (1969a) 
Van Valin (1969b) 
SiedePman (1972) 
Biwer (1972) 
McCurdy (1972a) 
McCurdy (1974a) 
McCurdy (1974b) 
Bill (1975) 
Bill (1976) 
Bina (1977) 
Huttenun (1984) 
Fried and Yuen (in press) 
Fried et aP. (in press) 

1985 21 May- 3 July 6.5 16.0 10.5 



Table 9. Sonar counts recorded from three 10 transducer arrays 
at the sockeye salmon smolt counting site on the 
Egegik River, Bristol Bay, Alaska, 1985. False counts 
were deleted, and interpolations were made for time 
missed when sonar not operated. 

Sonar Counts 

Transducer Array 

Date a/ Inshore Center Off shore Total 

Total 1,992,260 

Percent 47.82 

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



Velocity correct ion f ac to r s  remained constant throughout the  season. The 
inshore, cen te r ,  and offshore ve loc i t i e s  on 19 May were 0.51, 0.59, and 0.61 
meters per second, respect ively  (1.67, 1.93, and 2 .OO f t / s ec )  . The arrays 
were corrected t o  t he  center  array,  t h u s  t h e  veloci ty  correct ion f ac to r s  
were 0.84, 1.00, and 1.04 f o r  the  inshore, center ,  and offshore ar rays .  The 
veloci ty  correct ion f ac to r s  remained t he  same u n t i l  6 June when t h e  inshore 
veloci ty  correct ion f ac to r  was adjusted t o  0.97. 

The f i na l  est imate of seaward migrating sockeye salmon smol t was 66,073,528 
(Table 10).  Estimated age composition was 82.6% age I (1983 brood yea r ) ,  
17.3% age 1 I (1982 brood year ) ,  and 0.1% age I I I (1981 brood year ) .  The 
percentage of age I11 smolt was highest during the  ea r ly  days of the  project  
and slowly decreased as  the  project  continued. The percentage of age I smolt 
showed a s l  ight  increase as the  project  progressed. Consequently, the  
estimated smolt per count increased only s l i g h t l y  between the  beginning and 
end of counting (Table 11). Total smolt production from the  1980 and 1981 
brood years  was 62.4 and 49.7 smol t per spawner, respect ively  (Tab1 e 12) .  

A t o t a l  of 5,427 sockeye salmon smol t were sampled f o r  age, weight, and/or 
length information (Table 13) .  Seasonal mean weights were 10.4, 16.8, and 
24,l g f o r  the  age I ,  age I I ,  and age I1 I groups, respect ively ,  Mean l engths 
were 106, 124, and 138 mm f o r  the  ages I ,  11, and 111, respec t ive lyo  Average 
s i z e  of Egegi k smolt was l a rge r  than historPlca99y observed f o r  a l l  age 
c lasses  (Table 14) .  No coho salmon smolts were observed in the  samples. 

Weather and r i v e r  condit ions were recorded a t  the  sonar s i t e  during 17 May 
through 12 June (Table 15). Shore i c e  was present  in t he  western shore of 
bake Becharof and i ce  fragments were f loa t ing  past  t he  sonar s i t e  when 
observations were begun on 17 May. Ice was present un t i l  22 May. Mean a i r  
and water temperature during this time was 5.g°C (range 1.0 t o  12.8) and 
4.2OC (range 2.5 t o  7.5) ,  respect ively .  

Usashik River 

A t o t a l  of 3,696,047 counts were tabulated between 22 May and 17 June a t  the  
Ugashik s i t e  (Table 16). The counts were nearly equally divided between the  
two a r rays  (43% over t he  inshore and 53% over t he  offshore) .  No s i de  scan 
sonar da ta  was co l l  ected t h i s  season, but visual observations indicated t h a t  
smol t 1 a t e r a l  di  s t r i  bution across the  sampl ing t r an sec t  had sh i f t ed  towards 
the  north bank. A d i s t i n c t  eddie was s t i l l  evident on the  south bank t h i s  
season, the  in te r face  of which was considered the  edge of smolt l a t e r a l  
d i s t r i bu t i on .  Side scan data  col lec ted during the  1983 and 1984 seasons 
indicated equal numbers of smolt passing a t  t h i s  current  in te r face  as 
migrating over the  offshore ar ray,  consequently, t he  outmigration est imate 
was modified t o  take in to  account t h i s  observation. I t  was estimated t h a t  
the  majori ty of smolt passed between 7.6 and 30.5 meters of the  north bank. 

River veloci ty  changed s l  igh t ly  during t h i s  project .  The observed ve loc i t i e s  
on 22 May were 1.25 meters per second over the  inshore array and 1.38 meters 
per second over the  offshore ar ray (4.10 and 4.53 f t / s ec ,  r espec t ive ly ) .  The 
ve loc i t i e s  were corrected.  t o  the  inshore array,  consequently, t he  ve1 oci t y  
correct ion f ac to r s  were 1.00 and 1.10 f o r  the  inshore and offshore ar rays .  
The ve loc i t i e s  recorded on 4 June were 1.50 and 1.33 meters per second (4.93 
and 4.37 f t / s ec )  f o r  the  inshore and offshore ar rays ,  respect ively .  The 



Table 10. Daily number of sockeye salmon smolt migrating seaward, estimated with 
a sonar unit, Egegik River, Bristol Bay, Alaska, 1985. 

Age I Age I1 Age I11 All Ages 

Daily Cumulative 
Date a/ Number Percent Number Percent Number Percent Total Total 

5 19 
5 20 
5 21 
5 22 
5 23 
5 24 
5 25 

, 5 26 
5 27 

' 5 28 
5 29 
5 30 
5 31 
6 1 
6 2 
6 3 
6 4 
6 5 
6 6 
6 7 
6 8 
6 9 
6 10 
6 11 

Total 

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



Table 11. Adjustment factors used to expand sonar 
counts into estimated numbers of sockeye 
salmon smolts, Egegik River, Bristol Bay, 
Alaska, 1985. 

Mean Weight 
Date a/ of Smolt (g) 

Smolt per 
Count 

No Sample 
13.3 
13.3 
11.7 
11.1 
14.1 
11.1 
11.1 
11.3 
11.6 
11.6 
12.7 
11.4 
11.4 

No Sample 
No Sample 
No Sample 
No Sample 
Ns Sample 
No Sample 

a/ Sample day began at 1266 hrs and ended at 1159 
hrs the next calendar day. 



Table 12. 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 1978-1983 brood years, 
Egegik River, Bristol Bay, Alaska. A dash (-) indicates data not available. 

Number of Smolt Produced 
Total 

Brood Spawning 
Year ~scapement Age I Age I1 Age I11 Total Per Spawner 



Table 13. Mean fork length  (mm) and weight ( g )  of sockeye salmon smolt captured i n  f y k e  nets ,  Egegik R iver ,  
B r i s t o l  Bay, Alaska, 1985. 

Age I Age II Age I11 

Mean Mean Mean Mean Mean Mean 

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

DateaI (am) Error (01 Error Siae (am) Error (8) Ebror Siea (am) Error (8) Error Size 

Totals 4262 1163 

Means 106 10.4 124 16.8 138 24.1 

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



Table 14. Mean fork length  (mm) and weight ( g )  of sockeye salmon smolt sampled from the Egegik R iver ,  B r i S t o l  
Bay, Alaska, 1939-1985. A dash ( - )  ind icates  data not  a v a i l a b l e .  

Age I Age I1 Age I11 

Year of Sample Sample Mean Mean Mean Mean Mean Mean 

Migration Dater Size Length Weight Length Waight Length Weight Rafarances 

- 
27-29 May 

19-22 May 

15 May- 6 June 

27 May-15 June 

17 May- 9 June 

10 May-10 June 

Mean 103 9.9 

1985 24 May- 5 June 5,427 106 10.4 

USFOWS (unpublished) 
I 

I# 

I# 

I 

Paulus (1972) 

ADFCG (unpublishad) 

Euttunen (1980) 

Bue (1982) 

Bue (1984) 

Fried and Yuen (in press) 

Friad et al. (in press) 



Table 15. Climatological and hydrological observations made at sockeye salmon smolt 
counting site, Egegik River, Bristo% Bay, Alaska, 1985. 
A dash ( -1 indicates missing data. 

Wind Velocity 
Cloud Cover a/ (h/hlf) Mean 

Water 
Air Temp. Temp. Precipitation Water 

Date 0800 hr 2000 hr 0800 hr 2000 hr ( @ I  (el (em) Clarity 

72 S 
24 WNW 
40 NW 
16 S 
8 S 
8 S 
8 S 
8 S 
11 S 
calm 
56 S 
32 SE 
calm 
32 SE 
16 SE 
calm 
calm 

8 NE 
calm 
8 SE 
8 SE 
8 SW 

16-24 E 

72 S 
32 WNW 
16 NW - 

- 
- 

16 S 
16 S 
8 E 
24 SE 
56 S 
32 SE - 
16 SE 
8 SE 
32 E 
calm 
24 SE 
16 SE 
24 E 
8 NW 
8 SW 

16-24 SE 

- 
trace 

0 
0 
0 
0 
0 

trace 
-13 
0 
.15 
0 
0 
.33 
.33 
0 
0 
.42 
.06 
.09 
0 39 

trace 
trace 

clear 
murky 
murky 
clear 
clear 
clear 
clear 
clear 
clear 
clear 
clear 
clear 
clear 
clear 
clear 
clear 
clear 
clear 
clear 
clear 
clear 
clear 
clear 



Table 15. ~limatological and hydrological observations made at sockeye salmon smolt 
counting site, Egegik River, Bristol Bay, Alaska, 1985. 
A dash (-) indicates missing data (continuedj. 

Wind Velocity 
Cloud Cover a/ (h/hr) Mean 

Water 
Air Temp. Temp. Precipitation Water 

Date 0800 hr 2000 hr 0800 hr 2000 hr (c) (c) (cm) Clarity 

6 9 2 - 24-32 E - 4 4.5 0 clear 
6 10 2 3 16 NE 16-24 NE 9 4.5 0 clear 
6 11 4 4 calm 16 NW 10 4.5 0 clear 
6 12 4 - 24-32 S - 4 5.0 trace clear 

Ch 
1 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 



Table 16. Sonar counts recorded from two 10 
transducer arrays at the sockeye salmon 
smolt counting site on the Ugashik River, 
Bristol Bay, Alaska, 1985. False counts 
were deleted, and interpolations were made 
for time missed when sonar not operated. 

Sonar Counts 

Transducer Array 

Date a/ Inshore Center Total 

Total 1,605,758 

Percent 43.45 

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



c o r r e c t i o n  f a c t o r s  o f  1.00, and 0.89 were used f o r  t h e  remainder of t h e  
season.  

The f i n a l  e s t i m a t e  o f  seaward migra t ing  sockeye salmon smolt was 34,101,390 
(Table 17) .  Estimated age composition was 37.2% age I (1983 brood y e a r )  and 
62.8% age I I (1982 brood y e a r ) .  No age I 1  I smol t were observed t h i s  season.  
The percentage  of  age I smol t decl ined wi th  t ime whi le  t h e  pe rcen t  o f  age I1  
increased  a s  t h e  season progressed.  This  was t h e  oppos i t e  o f  what was 
observed on t h e  o t h e r  two systems. The e s t ima ted  number o f  smol t p e r  sonar  
count  i s  summarized i n  Table  18. Total  smolt  product ion from t h e  1981 brood 
y e a r  was 85.9 smol t pe r  spawner (Tab1 e 19 ) .  

A t o t a l  aof  3,473 sockeye salmon smolt were sampled f o r  age,  weight ,  and/or 
l eng th  in format ion  (Table 20) .  The mean weight of  age I and age I 1  smol t s  
was e s t ima ted  a t  8 . 3  and 11.8 g,  r e s p e c t i v e l y .  Mean l eng th  was e s t ima ted  a t  
94 and 107 mm f o r  t h e  age I and age I 1  smol t s ,  r e s p e c t i v e l y .  Age I smolt  
were l a r g e r  than  h i s t o r i c a l l y  observed whi le  age I 1  smol t were sma l l e r  
(Table 21) .  No coho salmon were observed i n  t h e  samples.  

C1 imato logica l  and hydrological  obse rva t ions  were made a t  t h e  sona r  s i t e  
from 17 May through 9 June (Table  22).  More than ha1 f o f  Lower Ugashi k Lake 
was covered with i c e  when obse rva t ions  began. I c e  cont inued t o  f low p a s t  t h e  
sonar  s i t e  through 21 May. Average a i r  temperature  f o r  t h e  t ime per iod  was 
5.0°C ( range  - 1.0  t o  8 .5)  with an average water  t empera ture  o f  4.3OC (range 
- 1.0  t o  7 .0) .  

Post-season Anal vs i  s 

The 1982, 1984, and 1985 ad jus t ed  sonar  counts  by hour from t h e  Egegik River 
were used i n  t h e  s tudy  (1983 counts  were found i n  t h e  d a t a  l i b r a r y  a t  t h e  
t ime o f  t h e  a n a l y s i s ) .  The d a t a  were examined a s  counts  (biomass) and 
s t anda rd i zed  t o  pe rcen t  o f  t o t a l  counts  f o r  t h e  t ime  per iod  examained i n  
o r d e r  t o  simp1 i f y  the a n a l y s i s .  All o f  t h e  accompanying f i g u r e s  were 
c o n s i s t e n t l y  designed;  1 )  the t o p  p l o t  i s  a t ime s e r i e s  o f  d a t a  from a l l  
t h r e e  y e a r s ,  wh i l e  2)  t h e  bottom p l o t  i s  an empir ical  curve ,  f i t  t o  t h e  
average o f  the t h r e e  y e a r s .  

I n i t i a l l y ,  counts  were summed by hour f o r  t h e  t ime per iod  10 May through 15 
June (F igure  1 ) .  These r e s u l t s  i nd i ca t ed  t h a t  counts  were g r e a t e s t  between 
2000 hours and 0700 hours although never low enough dur ing  the midday hours 
t o  j u s t i f y  no t  count ing .  The d a t a  were next  examined f o r  temporal changes a s  
seaward migra t ion  progressed.  The hourly counts  were grouped by f i  ve-day 
per iods  and aga in  p l o t t e d  (10-14, 15-19, 20-24, 25-29 May, 30 May - 3 June,  
4-8, and 9-13 June ) .  Figures  2 ,  3 ,  4,  and 7 show a d iu rna l  p a t t e r n  with peak 
migra t ion  occu r r ing  between 2000 and 0600 hours and pe r iods  o f  low passage 
dur ing  t h e  midday hours.  Figures  5 and 6 show an unpred i c t ab l e  seaward 
migra t ion  p a t t e r n .  

Fur ther  i n s i g h t  was gained by examining t o t a l  d a i l y  coun t s  through time 
(F igure  8) and comparing t h i s  run t iming t o  t h e  d a i l y  t iming o f  F igures  2-7. 
The d iu rna l  migra t ion  p a t t e r n  was most apparent  dur ing  pe r iods  when d a i l y  
migra t ion  was 1 ow, whi 1 e t h e  unp red i c t ab l e  p a t t e r n s  occur  when seaward 
migra t ion  was g r e a t e s t .  
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.e 17. Daily number of sockeye salmon smolt migrating seaward, 
estimated with a sonar unit, Ugashik River, ~ristol Bay, 
Alaska, 1985 ( continued ) . 

Age I Age I1 All Ages 

Daily Cumulative 
Date a/ Number Percent Number Percent Total Total 

Total 12,693,628 37.22 21,407,762 62.78 34,101,390 

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



Table 18. Adjustment factors used to expand sonar 
counts into estimated numbers of sockeye 
salmon smolt, Ugashik River, Bristol Bay, 
Alaska, 1985. 

Mean Weight 
Data a/ of Smolt (a) 

Smolt per 
Count 

No Sample 
9.0 
9.0 
9.0 
9.0 

No Sample 
10.0 
10.0 
10.0 
%8,2 
10.2 
% $ , 5  

No Sample 
11.5 
10.5 
9,0 
$00 

No Sample 
9.0 

No Sample 
9.8 

No Sample 
No Sample 
No Sample 
Ns Sanple 

9.0 
No Sample 

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



Table 19. 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 1979-1983 brood years, 
Ugashik River, Bristol Bay, Alaska. A dash (-) indicates data not available. 

Number of Smolt Produced 
Total 

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



Table 20. Mean fork length (nun) and weight (g) of sockeye salmon smolt captured in 
fyke nets, Ugashfk River, Bristol Bay, Alaska, 1985. 

Date 

Age I Age I1 

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

a/ (mm) Error (9) Error Sf ze (m) Error (gm) Error Size 

Totals 

Means 94 8 . 3  1 0 7  

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



Table 21. Mean f o r k  length  (mm) and weight ( g )  of sockeye salmon smol t sampled from the  Ugashi k River ,  
B r i s t o l  Bay, Alaska, 1958-1985. A dash ( - )  ind icates  data not  a v a i l a b l e .  

Age I Age 11 Age I11 

Year of Sample Sample Mean Mean Mean Mean Mean Mean 

Migration 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 

Mean 

1985 22 May-17 June 3,473 

USFCWS (unpublished) 
n 

1 

1 

Jaenicke (1963) 

Nelson and Jaenicke (1965) 

Nelson (1965) 

Nelson (1966) 

Nelson (1969) 

Siedelman (1969) 

Schroeder (1972.) 

Schroeder (1972b) 

Schroeder (19740) 

Schroeder (1974b) 

Schroeder (1975) 

Sanders (1976) 

Egaers (1984) 

Fried and Yuen (in press) 

Fried et al. (in press) 



Table 22. ~limatological and hydrological observations made at sockeye salmon 
smolt counting site, Ugashik River, Bristol Bay, Alaska, 1985. 
A dash (-1 indicates missing data. 

Wind Velocity 
cloud Cover a/ WVhr1 

Water 
Air ~emp. Temp. Water 

Date 0800 hr 2000 hr 0800 hr 2000 hr (6) (6) Clarity 

56 SE 
3 SE 

24 W 
calm 
32 SE 
32 ESE 
calm 
8 E 
8 E 
calm 
56 SE 
8 SE 
8 SE 
13 SE 
8 SE 

3 SE 
24 E 
8 N 
16 N 
16 E 
8 E 
16 E 
8 SE 
16 SE 

48 SSE 
24 WNW 
3 W 
32 SE 
32 SE 
8 E 
8 E 
16 E 
8 W 
8 SE 
56 SE 
8 S - 
26 SE 
8 SE 

24 SE 
24 E 
24 E 
16 E 
16 E 
16 NW 
8 W 
32 E 
8 SE 

clear 
clear 
clear 
clear 
clear 
clear 
clear 
clear 
clear 
clear 
clear 
clear 
clear 
clear 
clear 

clear 
clear 
clear 
clear 
clear 
clear 
clear 
clear 
clear 

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



Seasonal Average Sonar Counts by Hour 
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Figure 1. Seasonal average sonar counts by hour, ~gegik ~iver, 
1982, 1984, and 1985. 
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Egegik Smolt  May 15-1 9 

1 

Hour (MiMary) 
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Averaged Egegik Smolt May 15- 19 
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Figure 2. Smolt sonar counts by hour for 15 through 19 May, 
Egegik River, 1982, 1984, and 1985. 



Egegik Smolt May 20-24 

Averaged Egegik Smolt May 20-24 

1 200 1700 2200 300 800 

Hour (Mintory) 

Figure 3. Smelt sonar counts by hour for 20 May through 24 May, 
Egegik River, 1982, 1984, and 1985. 
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Egegik Smolt May 25-29 
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Figure 4. Smolt sonar counts by hour f o r  25 May through 29 May, 
Egegik River, 1982, 1984, and 1985. 



Egegik Smolt  May 30-June 3 
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Figure 5. Smolt sonar counts by hour f o r  30 May through 3 June, 
Egegik River, 1982, 1984, and 1985. 
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F i g u r e  6. Smolt sonar counts by hour for 4 through 8 June, 
Egegik River, 1982, 1984, and 1985. 



Egegik Smolt June 9- 13 

Averaged Egegik Smolt June 9-43 
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Figure 7. Smolt sonar counts by hour for 9 through 13 June, 
Egegik River, 1982, 1984, and 1985. 



Egegik Smolt Run Timing 
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F i g u r e  8 .  Smolt  run timing, Egegik River, 1982 ,  1984 ,  and 1985.  
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In summary, reducing the hours of sonar monitoring does not appear to be an 
appropriate way to re1 ieve work load. Smol t migration patterns were most 
unpredictable when numbers of smol t were high, indicating that continuous 
monitoring of the sonar equipment was required. Likewise, an adequate sample 
is most important when large numbers of smol t are present and reducing the 
sampling load diminishes the precision of resulting smolt estimates. 
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1985 WOOD RIVER SOCKEYE SALMON SMOLT STUDIES 

Wesley A.  Bucher 
Alaska Department o f  Fish and Game 

Divis ion of Commerci a1 F i s h e r i e s  
D i l l  ingham, Alaska 

INTRODUCTION 

Annual numbers of sockeye salmon smolt migrat ing t o  s e a  from t h e  Wood River 
Lakes system have ranged from about 30 mill ion t o  100 mill ion  smol t s i n c e  
t h e  sonar  program began in  1975 (Krasnowski 1976).  Most smolt migra t ion  has 
occurred dur ing  t h e  90-day period between 1 June and 30 August. Est imates  of 
smol t numbers a r e  r equ i r ed  f o r  f o r e c a s t i n g  a d u l t  r e t u r n s  and determi ni ng 
optimum spawning escapement l e v e l s .  

S p e c i f i c  o b j e c t i v e s  of  t h e  Wood River smolt p r o j e c t  have been: 1 )  t o  
e s t ima te  numbers s f  seaward migrat ing sockeye salmon smolt ,  2) t o  d e s c r i b e  
smolt migra t ion  p a t t e r n s ,  3)  t o  determine t h e  age, leng%h, and weight 
compos4tisn of  t h e  smolt populat ion,  4)  t o  record  t h e  inc idence  of  t h e  
ces tode  p a r a s i t e  Tra'aenophorars crassos, and 5 )  t o  record el imatol ogi ca l  and 
hydrological  parameters  which might a f f e c t  migratory behavior .  

METHODS AND MATERIALS 

The sonar  system, desc r ibed  by Krasnowski (1976 and 1977),  c o n s i s t e d  of  f o u r  
1 adder-1 i ke a r r a y s  anchored on t h e  r i v e r  bottom a t  t h e  counting s i t e  and an 
e l e c t r o n i c  counting u n i t  housed on shore  i n  a canvas wall t e n t .  Each a r r a y  
contained 10 upward f ac ing  t ransducers .  

I n s t a l l a t i o n  and ope ra t ion  of t h e  sonar  g e a r  has been descr ibed  by Bucher 
(1980 and 1981). The same counting s i t e  has been used s i n c e  1975 (Krasnowski 
1976) . Actual placement of  a r r a y s  I ,  11, I1  I ,  and IV i n  1985 were 22.6, 
36.9, 48.8, and 65.6 m from t h e  nor th  bank of t h e  r i v e r ,  r e s p e c t i v e l y .  

Sonar ope ra t ion  began a t  2100 hours on 7 June and cont inued through 1000 
hours on 7 August. Data c o l l e c t i o n  procedures were t h e  same a s  t hose  used i n  
p a s t  y e a r s  (Bucher 1980). Smolt count ing was conducted 24 hours per  day. 
Array I was des igna ted  a s  t h e  index a r r a y  and opera ted  cont inuously 
throughout  t h e  season. The o t h e r  t h r e e  a r r a y s  were opera ted  in  a random 
sequence of  15-minute i n t e r v a l s  each hour. Hourly counts  f o r  a r r a y s  11, 111, 
and IV were es t imated  by expanding 15-minute counts  ob ta ined  f o r  each a r r a y .  

Counting r a t e  of  t h e  sonar  system was a func t ion  of water  v e l o c i t y ,  which 
f l u c t u a t e d  c o n t i n u a l l y  with t h e  f lood  and ebb of t h e  t i d e .  Therefore ,  
count ing r a t e  s e t t i n g s  were ad jus ted  a s  changes in  water  v e l o c i t y  occurred.  
To monitor water  v e l o c i t y ,  a c u r r e n t  meter connected t o  a remote readout  was 



i n s t a l l ed  in t he  r i v e r  channel behind array I .  Flow measurements were a l so  
made behind each of the  other  ar rays ,  once during each five-day sampling 
period when t i d a l  influence was minimal. The r a t i o  of water veloci ty  over 
each array t o  t h a t  over array I was used t o  ad jus t  counts obtained from 
arrays 11, 111, and IV. 

Sonar counts were adjusted t o  account f o r  smolt migrating through sect ions  
of the  counting s i t e  t r ansec t  not sonif ied .  Expansion f ac to r s  used f o r  1985 
data  analys is  were 5.39, 4.10, 4.24, and 7.21 f o r  ar rays  I ,  11, 111, and IV, 
respect ively .  After  these  correct ions  were made, expanded array counts were 
summed t o  y ie ld  a t o t a l  da i l y  count. 

Finally,  the  t o t a l  da i ly  count was adjusted f o r  smolt s i z e  t o  produce an 
est imate of da i l y  smolt passage. The Wood River sonar system was cal ibra ted 
t o  r e g i s t e r  one count f o r  the  biomass equivalent of 26.85 g.  Consequently, 
the da i l y  mean weight of smolt from fyke net  catches was used t o  est imate 
t he  number of smolt equivalent t o  one sonar count. 

Smolt samples were obtained by f i sh ing  with a fyke net .  About 60 smolt per 
sampling day were weighed (wet weight, g ) ,  measured (fork length,  m m ) ,  and 
aged (from sca le  samples). Daily data  were combined t o  obtain samples of 
about 400 smolt (usually obtained i n  seven sampling days) f o r  est imating age 
c l a s s  composition. This sample s i z e  was l a rge  enough t o  produce est imates of 
the  actual propsr t i sn  of age I o r  age I1  smolt which were within 0.05 of the  
estimated proportion ( a t  the  0.05 s ignif icance level  f o r  actual age c l a s s  
proportions ranging from 0.05 t o  0.95) (Bi l l  e t  a l . ,  in p ress ) .  This number 
of samples a l so  produced est imates of t he  actual number of e i t h e r  age I o r  
I1 smolt which were within 50% of the  estimated number ( a t  the  0.05 
s ignif icance l eve l )  f o r  actual age c l a s s  proportions ranging from 0.05 t o  
0.20, and which were within 15% of the  estimated number ( a t  the  0.05 
s ignif icance l eve l )  f o r  actual age c l a s s  proportions ranging from 0.30 t o  
0.95. 

Smol t from da i l y  samples were a l so  external ly  examined f o r  the  presence of 
T .  crassus. Percent infect ion of age I and I1 smolt by t h i s  pa r a s i t e  was 
calculated by five-day periods. Smol t population est imates f o r  each five-day 
period were used as  weighting f ac to r s  f o r  cal  cul a t i  ng percent infect ion.  

RESULTS AND DISCUSSION 

A t o t a l  of 1,353,829 sonar counts were recorded during t he  season (Table 1 ) .  
Counts general ly  decreased from the  north bank t o  the  south bank of the 
t r ansec t  w i t h  most counts recorded over ar ray I1 (about 36% of season 
t o t a l  ) . T h i s  pat tern  was s imi lar  t o  t h a t  recorded f o r  past years (Tab1 e 2 ) .  

Smol t numbers in 1985 showed moderate improvement from the  pas t  two years of 
very poor abundance. Estimated t o t a l  number of smolt migrating seaward was 
36,640,959 (Table 3 ) .  Age c l a s s  composition was estimated t o  be 87% age I 
and 13% age 11. The migration began on 7 June, s l i g h t l y  l a t e r  than usual due 
t o  l a t e  i c e  breakup in Lake Aleknagik, and peaked on 29 June. The 1985 
migration was s imi la r  t o  the  1982 run, with respect  t o  t o t a l  abundance and 
age composition. 



Table 1. Sonar counts recorded from four 10 transducer arrays 
at the sockeye salmon smolt counting site on the 
Wood ~iver, ~ristol Bay, Alaska, 1985. False counts 
were deleted, and interpolations were made for time 
missed when sonar not operated. 

Sonar Counts 

Transducer Array 

Date a/ I I1 I11 IV Total 



Table 1. Sonar counts recorded from four 10 transducer arrays 
at the sockeye salmon smolt counting site on the 
Wood River, Bristol Bay, Alaska, 1985. False counts 
were deleted, and interpolations were made for time 
missed when sonar not operated (continued). 

Sonar Counts 
- - -- 

Transducer Array 

Date a/ I I1 I11 IV Total 

Total 462,695 490,702 250,924 149,508 1,353,829 

Percent 34.18 36.25 18.53 11.04 

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



Table 2. Percentage of total unexpanded sonar counts recorded over each array, 
Wood River, Bristol Bay, Alaska, 1975-1985. False counts were 
deleted, and interpolations were made for time missed when sonar not 
operated. 

Percentage of Sonar Counts 

Transducer Array 

Year I I1 111 PV References 

Mean b/ 

Ksasnowski (1976) 
Krasnowski (1977) 
Newcome (1978) 
Clark and Robertson (1980) 
Bucher (1980) 
Bucher (1981) 
Bucher (1982) 
Buches (1984) 
Bucher (in press) 
Bucher (in press) 

a/ Only two transducer arrays used. 
b/ Data for 1975 omitted. 



Table 3. Daily number of sockeye salmon smolt migrating seaward, estimated with a sonar 
unit, Wood River, Bristol Bay, Alaska, 1985. 

Age I Age I1 All Ages 

Cumulative Cumulative Daily Cumulative 
Date a/ Number Percent Total Number Percent Total Total Total 



Table 3. Daily number of sockeye salmon smelt migrating seaward, estimated with a sonar 
unit, Wood River, BristoP Bay, Alaska, 1985 ( continued ) . 

Age I Age I1 All Ages 

Cumulative Cumulative Daily Cumulative 
Date a/ Number Percent Total Number Percent Total Total Total 



Table 3. Daily number of sockeye ealmon smolt migrating seaward, estimated with a sonar 
unit, Wood River, Bristol Bay, Alaska, 1985 (continued). 

Age I Age I1 All Ages 

Cumulative Cumulative Daily Cumulative 
Date a/ Number Percent Total Number Percent Total Total . Total 

Total 

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



A total  of 3,503 smolt were sampled to  obtain data on length, weight, and 
age. Mean lengths of age I and age I1 smolt were 92 mm and 91 mm, 
respecti.vely while mean weights of age I and I1 smolt were 7.2 g and 7.1 g, 
respectively (Table 4) .  Both mean length and weight of age I smolts exceeded 
that  of age I1 smolts. This relationship has not previously been observed 
(Table 5 ) .  Sample mean weight increased as the season progressed. This 
resulted in a decrease in estimated smolt per sonar count with time (Table 
6 ) .  Infection by T .  crassus was greater for  age I1 smol t (41 -5%) than for  
age I smolt (35.7%) (Table 7). The 1985 population showed a re la t ive ly  high 
incidence of T .  crassus compared with the seven-year (1978- 1984) mean, 
although the percentage of infected smolt was down for  the two previous 
years (Tabl e 8) .  

Smolt production per spawner increased in the 1981 and 1982 brood years 
a f t e r  the low (12.28) observed in 1980 (Table 9 ) .  Survival of smol t 
emigrating from the Wood River has been calculated completely fo r  the 1973- 
1979 brood years, and par t ia l ly  fo r  the 1980 and 1981 brood years. 
Comparison of adult returns per smolt (survival) by brood year indicates 
stab1 e prsducti on for  al 1 years except 1976, whjch showed signif icant ly 
higher survival for  both age 1 and age I1 smolts (0.10 and 0.16 adults per 
smol t , respectively) (Tabl e 10). 

Water temperature and lake depth measurements were recorded dai ly  a t  Lake 
Aleknagi k out le t  from 5 June until  6 August (Table 11). Minimum and maximum 
dai ly water temperatures were recorded on 6 June (2,2OC) and 3-6 August 
(10.6°C), respectively. Minimum and maximum water depths were recorded on 6 
August (0.43 m) and 16 June (1.48 m), respectively. Mean water temperature 
and depth fo r  the season were 6.3OC and 0.99 m, respectively. The 1985 mean 
water temperature was 2.3O colder than the grand mean (1975-1984), while the 
1985 mean water depth as 0.19 in higher than the grand mean (Table 12). 



Table 4. Mean fork length (mm) and weight (g) of sockeye salmon smolt captured 
in fyke nets, Wood River, Bristol Bay, Alaska, 1985. 

Age I Age I1 

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

Date a/ (mm) Error (g) Error Size (mm) Error (g) Error Size 
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Table 4. Mean fork length (mm) and weight (g) of sockeye salmon smolt captured 
in fyke nets, Wood ~fver, BristoP Bay, Alaska, 1985 (continued). 

Age I Age I1 

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

Date a/ (mu) Error (g) Error Size (nun) Error (g) Error Size 

Totals 

Means 
-- -- - -- -- - - 

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



l e  5. Age composition of t o t a l  migrat ion,  mean f o r k  length ( m m ) ,  and weight 
( g )  by age class,  for  sockeye salmon smolt, Wood River ,  B r i s t o l  Bay, 
Alaska, 1951-1985. A dash ( - )  ind icates  data not  ava i l ab le .  

I Age I1 

Percent Mean Mean Percent a n  Mean 

Year of of Total Eansth Weight of Total Length Weight Total 

Migration Estimate (nm) ( 8 )  Estimate (m) (g) Estimate References 

Univ. Washington (unpub.) 
n 

I 

I 

n 

w 

n 

I 

n 

w 

Church (1963) 

Church and Nelson (1963) 

Nalsen (1964) 

Nelson (1965) 

Nelson (1966) 

SiedelmPa (1967) 

Krasnowski (1976) 

Krasnovski (1977) 

levcome (1978) 

Clark and Robertson (1980) 

Buchar (1980) 

Bucher (1981) 

Buchar (1982) 

-Conti nued- 



Tab l e  5 .  Age composition o f  to ta l  migration, mean fork length ( m m ) ,  and weight 
( g )  by age c l a s s ,  for sockeye salmon smol t, Wood River, Bris to l  Bay, 
Alaska, 1951-1985. A dash (-) indicates  data not ava i lab le  (continued).  

Percent Mean Mean Percent Mean Mean 

Year of of Total Length Uaight of Total Length Weight Total 

Migration Estimate (ma) (s) Estimate (mn) (g) Estimate References 

1982 87.3 79 4.7 12.7 98 8.4 37,060,000 Bucher (1984) 

1983 82.6 86 6.5 17.4 98 9 .2  23,730,000 Bucher (in press) 

1984 94.2 92 7 . 8  5.8 97 8.7 23,710,947 Bucher (in press) 

Mean 80 5.4 96 8 .7  

a1 Fyke net catcbs used to index abundance of smolt, 1951-1966. 

b l  Soaar equipment used to estimate aumbars of smolt, 1975-1985. 



Table 6. Adjustment factors used to expand sonar 
counts into estimated numbers of sockeye 
salmon smolts, Wood River, Bristol Bay, 
Alaska, 1985. 

Mean Weight 
Date a/ of Smolt (g) 

Smolt per 
Count 

no sample 
no sample 

6.87 
6.77 
6.64 
6.47 
6.03 
6.58 
6.02 
6.69 
5.78 
5.85 
6 , O O  
L 8 6  
7.3 44 
5.92 
6,554 
6.66 
6.24 
5.89 
7.18 
6.56 
6.13 
6,50 
5.83 
6.61 
6.55 
6.03 
7.47 
5.50 
5.53 
6.33 
6.07 
6.50 
5.97 
7.20 
8.01 
7,63 
7.91 
8.66 
7.89 
7.47 



Table 6 .  Adjustment factors used to expand sonar 
counts into estimated numbers of sockeye 
salmon smolts, Wood River, Bristol Bay, 
Alaska, 1985 ( continued ) .  

Mean Weight 
Date a/ of Smolt (g) 

Smolt per 
Count 

7.80 
8.82 
9.26 
9.04 
9.27 
8.33 
8.66 
8.97 
9.69 
10.13 
9.88 
18.54 
9.86 
10.19 
10.48 
10.36 
11.37 
12.40 
11.08 

no sample 

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



Table 7. Infection of sockeye salmon smolts by the cestode 
Triaenophorus crassus, Wood River, Bristol Bay, 
Alaska, 1985. 

A I Age I1 

Number Percent Number Percent 
Sample Period Examined Infected Examined Infected 

Means 



Table 8. Infection of sockeye salmon smolt by the cestode 
Triaenophorus crassus, Wood River, Bristol 
Bay, Alaska, 1978-1985. 

Percent Infected 

Year Age I Age I1 References 

40.5 Clark and Robertson (1980) 
30.8 Bucher (198 0) 
17.3 Bucher (1981) 
35.6 Bucher (1982) 
21.2 Bucher (1984) 
73.6 Bucher (in press) 
45.7 Bucher (in press) 

Mean 19.6 

35.7 



ilia
 o

d
 

0
) I% 

0
 

w
 

m
 m

a
)
 

k
 '44 

*Pi 
k
 

Q
Q

 $4 

Plea O 
B

r9
$

 
0

7
S

 
r-4 -

d
 IE: -Pi 

a
@
 

PG 
@

 o
"6

 
0
 s
 c
a
 ti 

=
@

'a
 a O

d
 

0
 

0
s

 
- k

 
-S

 
(B

 

J "G
- -4

 
E

4
J
 

0
) m

a
 

m
 

$4 s 
I%

0
0

)
a

a
 

0
) B.G 

0
) 

a
m

a
r W

.J 
(d

 
C

 
0
 

U
d

 a)a G
 

m
a

k
e

 
a
4
J
 a

 0
 a

 
0
 a
&
@
 

rn@
 

&3 
rd 

~
c

a
 

-
r
\w

-
d

c
p

 
C
 o

c
e

o
 en 

3
 

a
rm

s
 

m
ar-rlrlar 

a
c
 3

 
l 

a
 

m
a

 
N

U
 

o
a

b
-c

l 
C
 h

a
m

a
 

0
 0

)U
d

Z
: 

I%
Q

a
 

-P
I 

ri-u
U

 
k
 

a
 

4
0

-
 

m
 m

a
w

 l 
m

L= - 
0

) a
4

 &
 

h
d

 
0
)
c
 

a
9

u
m

c
m

 
X

 
m

3
a

 
0
 
a
) a

 6
'7

5
 

0
 rn

d
 la

 
C

n
(d

U
r
n

4
 



Table 10. Sockeye salmon spawning escapements, smolt production, adult returns, and 
smolt survival (number of adults produced per smolt) for 1972-1983 brood 
years, Wood River, Bristol Bay, Alaska. A dash (-)  indicates data not 
available. 

Age I Age I1 

Adult Adult 
Total Returns Returns 

Brood Spawning Number Adult Per Number Adult Per 
Year Escapement of Smolt Returns Smolt of Smolt Returns Smolt 

- --- - - - - 

a/ Future adult returns will increase these values, 



Table 11. Water temperatures and depths, 
at field camp site, head of 
Wood River (outlet of Lake 
Aleknagik) , Bristol Bay, 
Alaska, 1985. A dash ( 0 )  

indicates missing data. 

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



Table 11. Water temperatures and depths, 
at field camp site, head of 
Wood River (outlet of Lake 
Aleknagik) , Bristol Bay, 
Alaska, 1985. A dash ( -1 
indicates missing data ( continued 1. 

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

7 15 
7 16 
7 17 
7 18 
7 19 
7 20 
7 21 
7 22 
7 23 
7 24 
7 25 
7 26 
7 27 
7 28 
7 29 
7 30 
7 31, 
8 % 
8 2 
8 3 
8 4 
8 5 
8 6 

Mean 



e 12. Water temperatures and depths at field camp s i te ,  head of Wood 
River (outlet of Lake Aleknagi k), Bristol Bay, Alaska, 1975-1 985. 
A dash ( - )  indicates missing data. 

Water T-rature (C) Water Depth (m) 

S.mple 

Year Period ~infmum b ~ n r i m m  neur ~inimum ~nrimun n e ~ n  Ref ermces 

1975 29 Hay-19 July 

1976 9 JUM- 7 Auguat 

1977 9 June- 8 Auguat 

1978 28 May- 9 August 

1979 30 May- 2 Auyst 

1980 30 May-15 Auguat 

1981 27 May-13 Auguat 

I982 27 May-PO Auguat 

I983 28 May-26 July 

1984 22 May-27 July 

I985 6 June- 8 August 

Krasnwski (1976) 

Krasnwski (1977) 

N e v c o m  (1978) 

Clark and Robertson (1980) 

Bucher (1980) 

Bucher (1981) 

Bucbr (1982) 

Bueher (1984) 

B d e r  ( in  press) 

B d r  ( in  press) 
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1985 NUYAKUK RIVER SOCKEYE SALMON SMOLT STUDIES 

R. Eric Minard and Judy Brandt 
A1 aska Department of Fish and Game 
Division of Commercial Fisheries 

Dill ingham, A1 aska 

INTRODUCTION 

The Nuyakuk River accounts for approximately 83% of the sockeye salmon 
production from the Nushagak River system. A sonar biomass counter was first 
used on the Nuyakuk River in 1983 to estimate numbers of seaward migrating 
smol t. Fyke nets were fished to collect smol t samples for determination of 
age composition, length, weight, and incidence of parasitism by 
Triaenophorus crassus. Smolt data provides the basis for forecasting future 
returns of adult sockeye salmon to the Nuyakuk system and aids in 
evaluating spawning escapement goals. 

Speciflc objectives of the 1985 Nuyakuk smolt study were: 1) to estimate the 
number of sockeye salmon smolt migrating to sea, 2) to determine the age 
composition of the smolt population, 3) to collect length and weight data 
for smolt, and 4) to record climatological and hydrological data which may 
i nfl uence smol t migratory patterns. 

METHODS AND MATERIALS 

Based on a 1982 site selection study (Minard 1984), the Nuyakuk smolt sonar 
site was selected approximately 3=.5 km downstream from the outlet of Tikchik 
Lake. The river at this site is approximately 150 m wide and reaches a 
maximum depth of 6.0 m. River velocity is relatively constant throughout the 
smol ting season, ranging between 0.45 and 1.15 m/sec. 

The Nuyakuk River smolt counter was designed and built by A1 Menin, Bendix 
Corporation, in 1982. It is composed of three, 3.05 m long ladder-type 
arrays, each housing ten upward-facing transducers. The transducers from 
each of the independently anchored arrays are connected to a single 
shorebound control unit which simultaneously processes signal s from a1 1 
thirty transducers. 

The arrays were assembled and placed in the Nuyakuk River on 24 May. 
Measurements taken later indicated that the arrays were located 20 m, 44 m, 
and 70 m from the south bank, respectively. Counting operations commenced at 
2000 hrs, 24 May, and continued without interruption until 1200 hrs, 29 
June, when the gear was pulled. 



The sonar system was monitored continuously throughout the project. All 
returned echoes were automati cal l y  tabu1 ated and printed in hourly 
intervals .  After reduction fo r  obvious f a l se  counts (wind, ra in ,  ice ,  e t c . ) ,  
raw counts were expanded for  the time disabled, generating an adjusted count 
for  each array. 

The smolt counter pulse r a t e  was s e t  proportional to  r iver  velocity over the 
inshore array. A General Oceanics Model 2031 flowmeter was suspended 
d i rec t ly  behind the inshore array, approximately 0.5 meters below the 
surface. Continuous velocity data was transmitted t o  a shore-based readout 
a1 lowing the smol t counter to  be se t  t o  the correct velocity following each 
hourly pr in t  interval . Velocity ra t ios  between arrays were measured weekly 
and counts were then expanded accordingly. River velocity a t  the center and 
offshore arrays averaged 1.171 and 1.001 times that  of the inshore array. 

Lateral expansion of adjusted counts for  areas of the r iver  not sampled by 
sonar was aided by a smolt side-scan counter bu i l t  by Bendix Corporation in 
1975. Measurements taken over the season identified the inshore and offshore 
l imit  of the smolt dis t r ibut ion t o  be 9.28 m and 126.94 m ,  respectively. 
Expansion of counts was then carried out through simple geometric analysis.  

The smol% counter functions as a bi~mass counter and was designed t o  count 
once for  the biomass equivalent of fivee,  8.29975 g smolt passing over the 
arrays (Menin 1983, personal communications), Deviation from t h i s  mean 
weight was accounted for  in the f inal  expansion. Because smol t weight 
changes over the course of the season estimates of to ta l  outmigration were 
made on the basis of 300 f i sh  samples with the calculated average weight 
appl i ed t o  expanded counts. 

Samples collected from fyke net catches were used t o  apportion smolt into 
age classes.  A standard 1,2 m by 2,1 m fyke net was fished in 1.5 m of 
water approximately 1 km upstream from the sonar s i t e .  Sixty f ish per night 
were collected fo r  sampl ing the following day. Catch per unit  e f fo r t  ( C P U E )  
data were collected t o  correlate  fyke net catches to  sonar estimates. 

A special study was designed to  determine i f  mean length of sockeye salmon 
smolt remains constant over daily intervals.  In addition to  the regular 
sampl ing schedule, additional 100 f i sh  samples were collected a t  regul ar 
intervals  during two different  sampling periods (1910 hrs 8 June through 
1930 hrs 9 June and 1700 hrs 18 June through 0500 hrs 19 June). One way 
analysis of variance was used to  detect differences in sample mean length 
both, by se t  within sampling periods, and between sampling periods. 

Basic weather and r iver  conditions were recorded a t  the sonar s i t e .  
Subjective observations were made of sky conditions, wind velocity, and 
r iver  turbidi ty  while a i r  and water temperature along w i t h  precipitation 
were measured daily a t  0800 hrs and 2000 hrs. 

RESULTS AND DISCUSSION 

The Nuyakuk River sonar counter tabulated 337,163 raw counts from 24 May 
until 28 June 1985 (Table 1 ) .  Approximately 35% of the counts occurred over 



Table 1. Sonar counts recorded from three 10 transducer arrays 
at the sockeye salmon smolt counting site on the 
Nuyakuk River, ~ristol Bay, Alaska, 1985. False 
counts were deleted, and interpolations were made for 
time missed when sonar not operated. 

Transducer Array 

Date a/ Inshore Center Off shore Total 

Total 105,872 

Percent 31.40 

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

-94- 



the  center  array and 31% and 33% over t he  inshore and offshore arrays ,  
respect ively .  The f i na l  sockeye salmon smolt population est imate was 
23,366,078 (Table 2 ) .  Age composition was 98% age I and 2% age 11. 

The 1985 smolt est imate of 23.4 mill ion was 3.7 times t h a t  estimated in 1984 
(6.4 mi l l ion) .  Peak migration from the  Nuyakuk Lake system occurred on 7 
June with a second peak of approximately the  same magnitude on 11 June. The 
sonar was in operation before the  f i r s t  1 arge push of smol t ,  but was pulled 
ear l  i e r  than desired because of f i s ca l  r e s t r a i n t s .  A1 though da i ly  est imates 
were l e s s  than 5% of the  cumulative t o t a l  a t  the  termination of counting, 
communication with local  spor t  f i sh ing  guides indicated t h a t  s ign i f ican t  
numbers of smol t migrated a f t e r  counting was terminated. 

In a l l ,  1,479 smolt were sampled f o r  standard length,  weight, and age. Daily 
mean length, weight, and sample s i z e  by age c l a s s  a re  presented in Table 3. 
The estimated seasonal mean length of age I and age I1 smolt was 85 and 94 
mm, respect ively .  Mean weights were estimated a t  5.5 g f o r  age I and 7.1 g 
f o r  age I1 smolt. Table 4 summarizes a l l  avai lable  length and weight data  by 
age c l a s s  s ince  1978. 

Incidental pink f r y  catches were recorded fo r  the  f i r s t  time in 1985. A 
t o t a l  of 7,187 f r y  were captured during 123.29 hours of f i sh ing  time. Daily 
catch per un i t  e f f o r t  data are  presented in Table 5. Several peaks in 
abundance were noted between 18 and 26 June. 

Results of the  sampling study are  presented in Tables 6 and 7. Samples were 
taken from s i x  d i f f e r en t  s e t s  each of the  two sampling periods. The analysis  
of variance r e s u l t s  indicate  s ign i f ican t  d i f ferences  in mean length between 
s e t s  f o r  each sampling period and a s ign i f ican t  d i f ference in  mean length 
between sampl i ng periods . 
These di f ferences  in mean length could possibly be explained by changes in 
age and/or stock composition between samples, consequently, r ep l i ca t e  
sampling i s  needed t o  account f o r  t h i s  va r i ab i l i t y .  

The 1982 escapement of 538,000 spawners produced an estimated 6.3 million 
age I smolt and approximately 0.8 million age I1 smolt, o r  about 13.13 smolt 
per spawner (Table 8 ) .  This was 62% lower than observed f o r  the  1981 brood 
year.  In con t ras t ,  the  1983 brood year shows a preliminary production of 
70.8 smolt per spawner. 

Weather and r i v e r  conditions were recorded a t  the  sonar s i t e  from 25 May 
through 29 June (Table 9 ) .  Ice covered much of Nuyakuk Lake when the  sonar 
was i n s t a l l ed .  In termit tent  i ce  flows occurred during the  f i r s t  two weeks of 
operations. Mean a i r  and water temperatures f o r  the  season were 9.2 and 
5.5OC, respect ively .  Seasonal r a in f a l l  to ta led  109 mm, an average of 3.11 mm 
da i ly .  



Table 2. Daily number of sockeye salmon smolt migrating seaward, estimated with a sonar 
unit, Nuyakuk River, Bristol Bay, Alaska, 1985. 

Age I Age 11 All Ages 

Cumulative Cumulative Daily Cumulative 
Date a/ Number Percent Total Number Percent Total Total Total 



Table 2. ~ a i l y  number of sockeye salmon smelt migrating seaward, estimated with a sonar 
unit, Nuyakuk River, Bristsl Bay, Alaska, 1985 (continued). 

Age I Age I1 All Ages 

Cunaulative Cumulative Daily Cumulative 
Date a/ Number Percent Total Number Percent Total Total Total 

Total 22,596,725 96.71 

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





Table 4. Age composition of total migration, and mean fork length (mm) and weight (g) 
by age class, for sockeye salmon smolt, Nuyakuk River, Brfstol Bay, Alaska, 
1978, 1982-1985. 

Age I Age I1 

Mean Mean Mean Bean 
Year of Sample Sample Length Weight Length Weight 

Migration Dates Size (m) (9) Ow (9) References 

1978 18-19 June 350 71 4.3 85 5 , 8  Huttunen (1980) 
1982 15 June- 9 July 208 76 3.9 96 6.8 Minard (1984) 
1983 27 May-30 June 1,847 75 4.3 91 6.6 Minard and Frederickson (in press) 
1984 27 May-26 June 980 81 4.9 93 7.3 Minard and Frederickson (in press) 

- - - - 

Mean 76 4.4 91 6.6 

1985 24 May-28 June 1,479 85 5.5 89 6.6 



Table 5. Catch per unit effort by day for pink salmon smolt, 
Nuyakuk River, Bristol Bay, Alaska, 1985. 

Duration 
of Fishing CPUE 

Date Time (hours) Catch (hr) 

Total 



Table 6. Mean length, variance, and sample s i z e  o f  sockeye 
salmon smolt captured during spec ia l  sampling periods, 
Nuyakuk River, 1985. 

Date Time  
Mean Length 

Variance Sample S ize  



Table 7. Analysis of variance results for average length of 
sockeye salmon smolt by set within sampling periods 
and between sampling periods, Nuyakuk River, 1985. 

8-9 June 

Source d f MSE F P 

set 5 
residual 499 

total 504 

18-19 June 

Source d f MSE F I? 

set 5 
residual 436 

total 441 

Between Sampling Periods 

Source d f MSE F P 

period 1 
residual 945 

total 946 
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Tab 9. C l  imatological and hydrological observations made a t  sockeye salmon 
smolt counting s i t e ,  Nuyakuk River, Br is to l  Bay, Alaska, 1985. A 
dash ( - )  indicates missing data. 

Wind Velocity 

Cloud C m r  a1 (blhr) Air Temp (C) Mean 

Water Water bl 

Temp. Water Precipitation Gauge 

Data 0800 hr 2000 hr 0800 hr 2000 hr 0800 hr 2000 hr (C) Clarity (nm) (m) 

- calm 

- 5 SE 

5-10 SE 0-5 SE 

calm calm 

0-5 SE calm 

calm calm 

0-5 N 20-30 SE 

calm 25-30 SE 

0-10 SE calm 

c a ~  0-10 NU 

calm calm 

0-5 SE 0-5 SE 

Q-5 SE 0-10 SE 

calm 0-2 W 

calm calm 

calm 0-5 SW 

calm calm 

ealm calm 

calm calm 

calm calm 

calm calm 

0-5 SE 0-5 SE 

- - 4 . 1  clear 

- 9 . 4  4 . 0  clear 

5 . 6  7 . 8  4 . 0  clear 

4 . 4  6 . 6  3 . 9  clear 

4 . 4  8 . 9  4 .0  clear 

4 . 4  5 . 5  4 . 9  clear 

4 . 4  6 . 6  4 . 3  clear 

clear 

clear 

clear 

clear 

clear 

clear 

clear 

l ight brown 

Light brown 

ice 

ice 

ice 

clear 

clear 

clear 

clear 

clear 

clear trace 

-Conti nued- 



Tab 1e 9. Climatological and hydrological observations made a t  sockeye salmon 
smolt counting s i t e ,  Nuyakuk River, Bristol Bay, Alaska, 1985. A 
dash ( - )  indicates missing data (continued). 

Wind Velocity 

Clod C m r  a/ (kmlhrar) Air Temp (C) Mean 

Water Water b l  
Tamp. Water Precipitation Gauge 

Date 0800 hr 2000 hr 0800 hr 2000 hr 0800 hr 2000 hr (C) Clarity (mar) (m) 

calm 

calm 

calm 

calm 

calm 

calm 

0-5 N 

0-5 N 

0-5 %JE 

0-5 NE 

calm 

0-5 SE 

0-5 SE 

calm 

calm 

calm 

calm 

e a h  

calm 

calm 

calm 
- 

clear 

clear 

clear 

clear 

clear 

clear 

clear 

cbear 

clear 

clear 

cbear 

a/ 1 = clod ewe= mat more e h m  1/10 

2 = clad cove= me more than 112 

3 = cloud cover mote than 112 

4 3 complately ovrr~cast 

5 = fog 

b l  Water Gauge - depth over inshore array 
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