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ABSTRACT 

Sockeye salmon (Oncorhynchus nerka) smo l t  s t u d i e s  were conducted on t h e  
Kv ichak,  Naknek, Egegik, Ugashik, Wood, and Nuyakuk R i v e r s  w i t h i n  B r i s t o l  
Bay, Alaska, d u r i n g  1983. Es t imates  o f  numbers o f  smol t  m i g r a t i n g  t o  sea, 
based upon d a t a  ob ta i ned  f rom sonar equipment, were 82,794,000 f rom Kvichak;  
53,319,000 f rom Naknek; 18,767,000 f rom Egegik; 44,034,000 f rom Ugashi k ;  
23,728,000 f r om Wood; and 30,134,000 f r om Nuyakuk. Fyke n e t  samples i n d i c a t e d  
t h a t  age I smol t ,  f r om  1981 brood y e a r  spawning escapements, were t h e  
dominant age c l a s s  i n  f o u r  o u t  o f  t h e  s i x  r i v e r  systems (pe rcen t  o f  age I 
smo l t :  69, Naknek; 71, Ugashik; 83, Wood; 96, Nuyakuk). Age I 1  smo l t ,  f rom 
1980 escapements, were t h e  dominant age c l a s s  i n  t h e  r ema in i ng  two systems 
(pe rcen t  o f  age I 1  smol t :  92, Kvichak; 88, Egegik) .  

KEY WORDS : j u v e n i  1 e sockeye salmon, Oncorhynchus nerka,  j u v e n i  1 e 
m i g r a t i o n ,  sonar, B r i  s t 01  Bay, Kv ichak  R i ve r ,  Naknek R i ve r ,  
Egegi k R i ve r ,  Ugashi k R i ve r ,  Wood R i ve r ,  Nuyakuk R i v e r .  



FOREWORD 

T h i s  r e p o r t  i s  a  c o n t i n u a t i o n  o f  a  s e r i e s  o f  A laska  Department o f  F i s h  and 
Game Techn ica l  Data Repor ts  documenting methods and r e s u l t s  o f  p r o j e c t s  
conducted t o  e s t i m a t e  numbers and age compos i t i on  o f  sockeye salmon 
(Oncorhynchus nerka) smol t  m i g r a t i n g  f r om  B r i s t o l  Bay r i v e r  and l a k e  systems. 
Smolt  d a t a  a re  used bo th  t o  f o r e c a s t  a d u l t  r e t u r n s  and t o  de te rmine  optimum 
spawning escapement f o r  B r i s t o l  Bay f r esh  wate r  systems. I n  1983, sonar 
equipment was used t o  es t ima te  t h e  number o f  smol t  m i g r a t i n g  f rom t h e  
Kvichak, Naknek, Egegik,  Ugashik,  Wood, and Nuyakuk R i v e r  systems. Fyke n e t s  
were used t o  cap tu re  samples o f  smo l t  t o  o b t a i n  age, l eng th ,  and we igh t  da ta .  
Smolt  which have remained w i t h i n  f r e s h  wa te r  f o r  one w i n t e r  a f t e r  h a t c h i n g  
w i l l  have formed one annu la r  mark on t h e i r  s ca les  and a re  r e f e r r e d  t o  as age 
I smo l t .  Smolt which have spent two w i n t e r s  w i t h i n  f r e s h  wate r  a f t e r  h a t c h i n g  
w i l l  have formed two annual marks and a re  r e f e r r e d  t o  as age I1  smo l t .  
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INTRODUCTION 

Es t imates  o f  numbers o f  seaward m i g r a t i n g  sockeye salmon (Oncorhynchus nerka) 
smol t  have been made f o r  t h e  Kvichak River  system s i n c e  1971 us ing  s o n a r  g e a r  
developed by Bendix C o r p o r a t i o n .  P r i o r  t o  t h a t  t ime  fyke  n e t s  were used t o  
c a l  cu l  a t e d  abundance i n d i c e s  (Kerns 1961 ; Russel 1  1972 ; Paul us and McCurdy 
1972; P a r k e r  1974a and 1974b) .  Abundance and age composi t ion d a t a  have been 
used t o  f o r e c a s t  a d u l t  r e t u r n s  and t o  e v a l u a t e  .spawning escapement l e v e l s  
needed f o r  optimum p r o d u c t i o n .  

S p e c i f i c  o b j e c t i v e s  o f  1983 s t u d i e s  were t o  e s t i m a t e  t h e  number o f  sockeye 
salmon smol t  m i g r a t i n g  t o  s e a ,  t o  d e t e r m i n e  t h e  age composi t ion o f  t h e  smol t  
p o p u l a t i o n ,  t o  c o l l e c t  l e n g t h  and weight  d a t a  f o r  s m o l t ,  and t o  r e c o r d  
c l  i m a t o l o g i c a l  and hydro log ica l  d a t a  which cou ld  i n f l u e n c e  smol t m i g r a t o r y  
p a t t e r n s .  

MATERIALS AND METHODS 

The s o n a r  sys tem c o n s i s t e d  o f  a  s i n g l e  c o n t r o l  u n i t  and t h r e e  3.3-m ( 1 1 - f t )  
1  ong p l a s t i c  1  adder-shaped a r r a y s ,  each housing 14 t r a n s d u c e r s .  The combined 
s o n a r  beam produced by each a r r a y  was 3 . 7  m (12.2  f t )  wide.  Ar rays  were 
anchored on t h e  r i v e r  bed, and t h e i r  t r a n s d u c e r s  were connected t o  t h e  
c o n t r o l  u n i t  w i th  c o a x i a l  c a b l e s .  I n s t a l l a t i o n  and o p e r a t i o n  o f  t h e  g e a r  
fo l lowed  procedures  s i m i l a r  t o  t h o s e  d e s c r i b e d  by Randall (1977) .  The t o t a l  
number o f  s o n a r  c o u n t s  recorded  by each a r r a y  was p r i n t e d  by t h e  c o n t r o l  u n i t  
e v e r y  1 5  minu tes .  Sonar c o u n t s  were conver ted  t o  e s t i m a t e s  o f  smol t  numbers 
by s u b t r a c t i n g  f a l s e  c o u n t s ,  i n t e r p o l a t i n g  c o u n t s  d u r i n g  missed t i m e  p e r i o d s ,  
a d j u s t i n g  c o u n t s  f o r  d i f f e r e n c e s  i n  r i v e r  v e l o c i t y  among a r r a y s ,  expanding 
c o u n t s  t o  e s t i m a t e  numbers o f  smol t  p a s s i n g  t h e  t r a n s e c t  s i t e  i n  a r e a s  no t  
covered by s o n a r  beams, and m u l t i p l y i n g  c o u n t s  by t h e  a c t u a l  number o f  smol t  
which g e n e r a t e d  a  s i n g l e  s o n a r  coun t .  



A d i s a b l i n g  switch was used t o  turn o f f  t h e  sonar  counting u n i t  dur ing  t imes 
when i c e ,  d e b r i s ,  boat t r a f f i c ,  e t c .  generated f a l s e  counts .  The t ime,  i n  
seconds, t h a t  t h e  u n i t  was d i sab led  was au toma t i ca l ly  p r in t ed  a t  t h e  end of 
each s p e c i f i e d  counting i n t e r v a l .  Est imates  of v a l i d  (smolt)  sonar  counts  
during per iods  when t h e  u n i t  was d i sab led  were c a l c u l a t e d  by l i n e a r  
i n t e r p o l a t i o n .  Any f a l s e  counts  noted dur ing  t imes when t h e  u n i t  was not  
d i  sabl  ed were sub t r ac t ed  from period t o t a l  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 so t h a t  sonar  pulse  r a t e  could be ad jus t ed .  This  minimized over -  
and under-counting e r r o r s ,  s i n c e  res idence  time of smolt wi th in  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 ima te  numbers of smolt migrat ing 
in  s e c t i o n s  of t h e  r i v e r  not  covered by t h e  a r r a y s .  Expansion of 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  of smolt ac ros s  t h e  counting s i t e  t r a n s e c t ,  
which was es t imated  v i s u a l l y  and from information gathered from a s i d e  
scanning sonar  u n i t .  

The sonar  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  t h e  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  of  10 smolt weighing a  t o t a l  of 83 g (based upon t h e  weighted mean 
of 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 pas t  s t u d i e s ,  
ad jus ted  sonar  counts  were mul t ip l i ed  by 10 t o  ob ta in  f i n a l  e s t ima te 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 ima te s  of smolt numbers should be 
obta ined  using ac tua 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 (8.3 / W), where 

W = d a i l y  mean weight of smolt from fyke ne t  samples. Correct ion f a c t o r s  were 
a l s o  c a l c u l a t e d  and appl ied  t o  pas t  e s t ima te s  (1972-1982) (Appendix A) so 
t h a t  product ion of  smolt and a d u l t s  from p a s t  escapements could be 
r e c a l c u l a t e d  f o r  t h e  present  s tudy .  

A 1.5-m t o  1.5-m ( 5 - f t  by 5 - f t )  fyke n e t  was f i shed  downstream of t h e  c e n t e r  
and o f f sho re  sonar  a r r a y s .  Captured smol t were i d e n t i  f  i  ed according t o  
s p e c i e s ,  weighed ( g ) ,  measured ( f o r k  l eng th ,  m m ) ,  and aged from s c a l e  
samples. This  d a t a  was used t o  apport ion sonar  counts  according t o  age c l a s s  
and salmonid spec i e s .  

Samples of a t  l e a s t  400 sockeye salmon smolt were used t o  e s t ima te  age c l a s s  
composition f o r  each 24-hour sampling period when a v a i l a b l e .  I f  t h i s  number 
of smol t was not captured during a  24-hour per iod ,  samples from subsequent 
per iods  were combined u n t i l  a  t o t a l  of a t  l e a s t  400 smolt was obta ined .  
Samples of 400 smolt produced e s t ima te s  of t h e  propor t ion  of  age I  o r  age I1  
smolt which were wi th in  5% of t h e  ac tua l  proport 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  propor t ions  ranging from 0.95 t o  0.05 (Cochran 
1963).  

To ob ta in  d a i l y  age d a t a  f o r  400 sockeye salmon smolt ,  i t  was necessary t o  
decrease  sampl ing time. Therefore,  s c a l e  samples, weights and 1 engths were 



obtained only from about 150 smolt each day. An add i t i ona l  250 smolt were 
measured f o r  l eng th  d a t a  but  were not weighed o r  used f o r  s c a l e  samples. 
Af t e r  t h e  f i e l d  season,  smolt f o r  which only length  measurements had been 
obtained 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 length  d a t a .  

RESULTS AND DISCUSSION 

A t o t a l  of 1,790,787 sonar  counts  were recorded during t h e  season (Table 1 ) .  
Estimated t o t a l  number of smol t was 82,793,899 (Table 2 ) .  Peak migrat ion pas t  
t h e  counting s i t e  occurred during 24-25 May, when 29% of t h e  t o t a l  smolt 
populat ion migrated seaward. Numbers of smolt per  sonar  count tended t o  
i nc rease  a s  t h e  season progressed ( range ,  9 .3  t o  12.7 smol t per  count )  (Table 
3 ) .  This  was caused by t h e  tendency of o l d e r ,  l a r g e r  smolt t o  migrate  t o  s eas  
e a r l i e r  in  t h e  season than younger, sma l l e r  smolt (Table 4 ) .  

A t o t a l  of 7,640 smolt were sampled t o  obta in  d a t a  on age, l ength  and weight 
(Table 4 ) .  Age-class composition of t h e  t o t a l  smol t populat ion was es t imated  
t o  be 7.9% age 1 (1981 brood yea r )  and 92.1% age I I (1980 brood y e a r ) .  Mean 
l eng ths  of age I and I 1  smolt were 80 mm and 98 m m ,  r e s p e c t i v e l y .  Mean 
weights of age I and I1  smolt were 4.9 g and 8 . 5  g ,  r e s p e c t i v e l y .  Mean 
l eng ths  and weights  of both age c l a s s e s  were lower than t h e  ove ra l l  means f o r  
1955-1982 (Tabl e 5 ) .  

Total smolt product ion from t h e  1980 brood yea r  spawning escapement of  
17,505,268 sockeye salmon was 12.948 smolt per  spawner (150,421,026 age I 
smolt migrated t o  sea  in  1982; 76,244,773 age I 1  smolt migrated t o  sea  in  
1983) (Table 6 ) .  This  was t h e  second lowest  smol t product ion recorded s i n c e  
t h e  sonar  program began ( range ,  1968-1980 brood y e a r s ,  11.120 t o  51.753 smolt 
per  spawner).  Average marine surv iva l  f o r  smolt produced by t h e  1968-1979 
brood y e a r s  has been about 9% f o r  age I smolt ( i . .  an average of 0.094 
a d u l t s  have r e tu rned  f o r  each age I smolt produced),  and about 12% f o r  age I 1  
smol t ( i  . e .  an average of 0.121 a d u l t s  have re turned  f o r  each age I1 smol t 
produced) (Tabl e 7 ) .  

Est imates  of smolt numbers based upon sonar  equipment have been more 
reasonable than e s t ima te s  based upon fyke ne t  sampling schemes (Tables 6 and 
7 ) .  P r i o r  t o  use of sonar  equipment, e s t ima te s  of smolt produced per  spawner 
were much too  low (mean fyke ne t  e s t ima te ,  0.376; mean sonar  e s t ima te ,  
26.551) ,  s i n c e  e s t ima te s  of smolt surv iva l  ( i . e .  a d u l t s  produced per  smolt)  
were obviously too  high (mean fyke n e t  e s t ima te s ,  5.20 and 14.28 a d u l t s  
produced per  age I and 11 smolt ,  r e s p e c t i v e l y ;  mean sonar  e s t i m a t e s ,  0.094 
and 0.121 a d u l t s  per  age I and I1  smolt ,  r e s p e c t i v e l y ) .  

River and weather cond i t i ons  were recorded a t  t h e  sonar  s i t e  from 19 May 
u n t i l  14 June (Table 8 ) .  I ce  f l o a t e d  p a s t  t h e  s i t e  i n t e r m i t t e n t l y  u n t i l  2 2  
May. Mean water  temperature during t h e  p r o j e c t  was 7.g°C ( range ,  5.2 t o  
10.5OC). This  was t h e  t h i r d  h ighes t  mean water  temperature recorded s i n c e  
1963 (mean, 1963-1982, 5.3OC) (Table 9 ) .  During peak migrat ion of smolt ,  24- 
25 May, mean water  temperature a t  t h e  counting s i t e  was between 6 .5  and 7.5O 
C (Table 8 ) .  
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Table 1. Sonar counts recorded from three 14 transducer arrays 
at the sockeye salmon smolt counting site on the 
Kvichak River, Bristol Bay, Alaska, 1983. 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 261,756 

Percent 14.62 

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, Kvichak River, Bristol Bay, Alaska, 1983. 

Age I Age I1 All Ages 

Daily cumulative 
Date a/ Number Percent Number Percent Total Total 

Total 6,549,125 7.91 

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, Kvichak 
River, ,Bristol Bay, Alaska, 1983. 

Mean Weight 
Date a/ of Smolt (g) 

Smolt per 
Count 

no sample 
8.6 
8.3 
9.0 
8.8 
8.3 
8.1 
8.2 
8.4 
8.2 
8.0 
8.1 
8.2 
8.2 
7.9 
8.1 
7.8 
8.1 
8.0 
8.0 
7.3 
7.1 
6.6 

no sample 
no sample 
no sample 

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



Table 4. Mean fork length (mm) and weight (g) of sockeye salmon smolt 
captured in fyke nets, Kvichak River, Bristol Bay, Alaska, 1983. 

Age I Age I1 

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

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

Totals 
B 

Means 80 

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



Table 5. Age composition of total migration, and mean fork length (mm) and weight (g) by age 
class, for sockeye salmon smolt, ~vichak River, Bristol Bay, Alaska, 1955-1983. 
A dash (-)  indicates data not available. 

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 (mm) (9) Estimate (mm) (9) Estimate (mm) (9) Estimate 

Estimates -- of smolt numbers based upon fyke net sampling 

Estimates -- of smolt numbers based upon sonar equipment 



Table 5. Age composition of total migration, and mean fork length (mm) and weight (g) by age 
class, for sockeye salmon smolt, Kvichak River, Bristol Bay, Alaska, 1955-1983. 
A dash (-) indicates data not available (con t inued) .  

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 ~stimate (mm) (9) ~stimate (mm) (9) Estimate (mm) (9) Estimate 

Mean 

0.08 

Estimates of smolt numbers based upon sonar equipment -- 
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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 smolt produced per spawner for 1956-1981 brood years, 
Kvichak River, Bristol Bay, Alaska. A dash (-)  indicates data not available 
( c o n t i  nued) . 

Number of Smolt Produced 
Total 

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

Estimates -- of smolt numbers based upon sonar equipment (continued) 



Table 7. Sockeye salmon spawning escapements, smolt production, adult returns, and smolt 
survival (number of adults produced per smolt) for 1952-1982 brood years, 
Kvichak 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 Sm0lt 

Estimates - of smolt numbers based upon fyke net sampling 

Estimates -- of smolt numbers based upon sonar equipment 



Table 7. Sockeye salmon spawning escapements, smolt production, adult returns, and smolt 
survival (number of adults produced per smolt) for 1952-1982 brood years, 
Kvichak River, Bristol Bay, Alaska. A dash (-)  indicates data not available 
( c o n t i n u e d ) .  

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 

Estimates of smolt numbers based upon sonar equipment (continued) 

a/ Future adult returns will increase these values. 



Table 8. Climatolo(~ica1 and hydrological observations made at sockeye salmon 
molt counting site, Kvichak River, Bristol Bay, Alaska, 1983. 
A dash (-) indicates missing data. 

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

Water 
Temp. Water 

Date 0800 hr 2000 hr 0800 hr 2000 hr Min Max . (C) Clarity 

calm 
17 S 
calm 
33 NE 
17 NE 
17 S 
25 NE 
8 ME 
17 NE 
25 NE 
25 SE 
33 NE 
25 NE 
25 SW 
8 SW 
8 NE 
8 SW 
8 SW 
5 SW 
8 NE 
33 NE 

25 SW 
25 S 
calm 
5 NE 

25 NE 
8 NE 
8 SW 
33 NE 
8 NE 
17 NE 
42 NE - - 
calm 
17 NE 
25 S 
8 NE 
8 NE 

25 SW 
8 N 
8 NE 

42 NE 
17 NE 

- - 5.2 clear 
6.0 28.5 5.5 clear 
4.0 26.0 5.6 clear 
4.5 23.0 6.0 clear 
2.0 20.0 6.8 murky 
7.0 20.0 6.5 clear 
10.0 20.0 7.5 clear 
12.0 21.0 8.0 clear 
7.0 22.0 7.0 clear 
14.0 28.0 7.5 clear 
5.0 23.0 8.0 clear 
6.0 26.0 7.0 light brown - - 6.0 clear 
5.0 21.0 6.4 clear 
7.0 21.0 7.0 clear 
4.0 27.0 8.0 clear 

, 5.0 21.0 9.0 clear 
3.0 25.0 9.6 clear 
5.5 30.0 9.5 clear 
6.0 31.0 9.7 clear 
7.0 31.0 9.8 clear 
6.5 31.0 10.5 clear 



h
 

k
c
,
 

Q
) -

4
 

L
)
 L
 

W
W
W
W
 

5
z

z
z

z
 

iJ
 c, C

 
a) 

Q
) 

fd 
k
 
k
C
c
,
 

0
 O
c
,
 rn 

Q
): 

c,c, k
 
k
 

0
 0
 0
 

Q
) 

C
C
E
g
 

k
k
k
 

a
,
a
,
Q
)
h
 

E
E
 

U
 
U
 
U
c
,
 

0) 
a
a
a
d
 

g
g

g
a

 
0
0
0
8
F
 

r
l
d
r
l
0
 0
 

U
 
U
 

U
 U

W
 



Table 9. Water temperatures at sockeye salmon smolt counting site, 
Kvichak River, Bristol Bay, Alaska, 1963-1983. 

Sample 
Year Period 

Water Temperature (C) 

Minimum Maximum Mean References 

1963 16 May-14 June 
1964 18 May-14 June 
1965 17 May-11 June 
1966 16 May-26 June 
1967 17 May-20 June 
1968 12 May-12 June 
1969 16 May-18 June 
1970 13 May- 7 June 
1971 17 May-20 June 
1972 18 May-18 June 

1, 1973 15 May-14 June 
'p 1974 13May-9June 

1975 17 May-15 June 
1976 18 May-19 June 
1977 1 7  May-14 June 
1978 '19 May- 9 June 
1979 1-10 June 
1980 16 May-18 June 
1981 15 May- 9 June 
1982 14 May-15 June 

Mean 2.9 

1983 19 May-14 june 5.2 

Marriott (1965) 
Pennoyer and Seibel (1965) 
Pennoyer (1966) 
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 (1984) 
Bill (1984) 



APPENDIX A 



APPENDIX A 

Smolt abundance estimates for 1972-1982 have been recalculated 
(Appendix Tables 1-10) using adjustments for deviations of mean 
smoltweight fromthepre-1971mean of 8.3 gas follows: 

Si = 10 (8.3 g / Wi) , where 

Si = smolt per sonar count for year i, and Wi = actual mean smolt 
weight for year i. Daily adjustments for variation of mean smolt 
weight were not made prior to 1983. The following summary shows 
types and sources of data used in final calculations: 

Water Smolt Water 
Daily Daily Velocity Distr. Depth 
Age Daily Sonar Over Across Over 

Year Data Source Comp. Weight Counts Array River Array 

1972 Parker 1974a Table 6 Pg 34 a/ Table 14 Table 12 b/ C/ 

1973 Parker 1974b Table 7 Pg 5 a/ Table 6 d/ b/ C/ 

1974 Krasnowski Table 6 Pg 5 Table 5 d/ b/ C/ 
1975 

1975 No data available, sonar gear damaged by ice 

1976 Randall Table 5 Pg 3 a/ e/ Pg 4 Fig 1 C/ 
1977 f / 

1977 Randall Table 3 Pg 4 a/ Table 2 Pg 3 Fig 2 C/ 

1978 f / 

1978 Yuen 1980a Table 2 Table 4 Table 1 Pg 2 Fig 2 Table 6 

1979 Yuen 1980b Table 3 Table 5 Table 2 Pg 2 Fig 1 Table 1 

1980 Bergstrom Table 3 Table 6 Table 2 Pg 3 Fig 1 Table 1 
& Yuen 1981 

1981 Yuen & Wise Table 3 Table 6 Table 2 Pg 3 Fig 1 Table 6 
1982 

1982 Bill 1984 Table 3 Table 5 Table 2 Pg 3 9/ h/ 

a/ No daily weights by age group available, used mean weight by 
age group. 

b/ Assumed uniform smolt distribution across river. 
c/ Assumed water depth sufficient for array transducer beams to 

cover 4.72 m (12 ft). 
-21 - 



No change to original water velocity adjustments. 
Sonar counts by array not given by Randall (1977), daily 
sonar counts obtained from original data forms. 
Used age composition by sample period from Randall (1978). 

a, Distances from river bank to start of smolt distribution, 
inshore, center and offshore arrays, and to end of smolt 
distribution across river were 12.2, 28.2, 41.4, 60.0 and 77.7 m 
(40.0, 92.5, 135.8, 197.0 and 255.0 ft), respectively. 

h/ Water depth was 2.24 m (7.35 it). 



Appendix A.1. Daily number of sockeye smolt migrating seaward, estimated with a sonar 
unit, Kvichak River, Bristol Bay, Alaska 1972. .- 

U'r a Age I Age I1 

All Ages 
Cumulative Cumulative 

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



" .* 
Appendix A.1. Daily number of sockeye smolt migrating seaward, estimated with a sonar 

unit, Kvichak River, Bristol Bay, Alaska 1972. (Continued) 

Age I Age I1 

All Ages 
Cumulative Cumulative 

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

a/ Sample day began at 1200 hrs and ended at 1159 hrs the next calendar day. 
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Appendix A.3. Daily number of sockeye smolt migrating seaward, estimated with a sonar unit, Kvichak 

River. Bristol Bay, Alaska 1974. 

Age I Age I1 Age I11 

All Ages 

Cumulative Cumulative Cumulative 

Daily Cumulative 

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

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



Appendix A.4. Daily number of sockeye smolt migrating seaward, estimated with a sonar 
unit, Kvichak River, Bristol Bay, Alaska 1976. 

Age I Age I1 

All Ages 
Cumulative Cumulative 

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

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



Appendix A.5. Daily number of sockeye smolt migrating seaward, estimated with a sonar 
unit, Kvichak River, Bristol Bay, Alaska 1977. 

Age I Age I1 

All Ages 
Cumulative Cumulative 

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

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



Appendix A.6. Daily number of sockeye smolt migrating seaward, estimated with a sonar 
unit, Kvichak River, Bristol Bay, Alaska 1978. 

Age I Age I1 

All Ages 
Cumulative Cumulative 

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

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



Appendix A.7. Daily number of sockeye smolt migrating seaward, estimated with a sonar 
unit, Kvichak River, Bristol Bay, Alaska 1979. 

Age I Age I1 

All Ages 
Cumulative Cumulative 

~ a i l y  cumulative 
Date a/ Number Percent Total Number Percent Total Total Total 

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



Appendix A.8. Daily number of sockeye smolt migrating seaward, estimated with a sonar 
unit, Kvichak River, Bristol Bay, Alaska 1980. 

Age I Age I1 

All Ages 
Cumulative Cumulative 

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



Appendix A.8. Daily number of sockeye smolt migrating seaward, estimated with a sonar 
unit, Kvichak River, Bristol Bay, Alaska 1980 ( c o n t i  nued) . 

Age I Age I1 

All Ages 
Cumulative Cumulative 

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

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



Appendix A.9. Daily number of sockeye smolt migrating seaward, estimated with a sonar 
unit, Kvichak River, Bristol Bay, Alaska 1981. 

Age I Age I1 

All Ages 
Cumulative Cumulative 

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

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



Appendix A.lO. Daily number of sockeye smolt migrating seaward, estimated with a sonar 
unit, Kvichak River, Bristol Bay, Alaska 1982. 

Age I Age I1 

All Ages 
Cumulative Cumulative 

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



Appendix A . l O .  Daily number of sockeye smolt migrating seaward, estimated with a sonar 
unit, Kvichak River, Bristol Bay, Alaska 1 9 8 2 .  (Continued) 

Age I Age I1 

All Aqes 
Cumulative Cumulative 

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

a/ Sample day began at 1 2 0 0  hrs and ended at 1 1 5 9  hrs the next calendar day. 



NAKNEK, EGEGIK, AND UGASHIK RIVERS SOCKEYE SALMON 

SMOLT STUDIES FOR 1983 

Stephen M .  F r ied ,  Henry J .  Yuen, and Brian G .  Bue 
A1 aska Department of Fish and Game 

Divis ion of Commercial F i s h e r i e s  
Anchorage, A1 aska 

INTRODUCTION 

Programs t o  sample and count seaward migrat ing sockeye salmon (Oncorhynchus 
nerka) smolt provide d a t a  which a r e  used t o  f o r e c a s t  a d u l t  r e t u r n s  and 
e s t ima te  optimal spawning escapement l e v e l s .  I n i t i a l  d a t a  were c o l l  ec ted  by 
t h e  United S t a t e s  Fish and Wi ld l i f e  Serv ice  (USFWS) using fyke n e t s .  Such 
s t u d i e s  were done on t h e  Ugashik River system during 1955-1962 (with 
Univers i ty  of  Washington, F i s h e r i e s  Research I n s t i t u t e ,  personnel conducting 
Ugashi k River smolt s t u d i e s  i n  1956 and 1957),  and on t h e  Naknek River system 
dur ing  1956-1965. The Alaska Department of Fish and Game (ADF&G) assumed 
responsi  b i l  i t y  f o r  Bri s t01  Bay sockeye salmon smol t s t u d i e s  dur ing  t h e  1960s 
and cont inued using fyke n e t s  on t h e  Ugashik River dur ing  1963-1965, 1967- 
1970, and 1972-1975, and on t h e  Naknek River dur ing  1966-1977. 

Fyke n e t  f i s h i n g ,  however, proved t o  be a poor method f o r  e s t ima t ing  smolt 
numbers. Net avoidance could not be q u a n t i f i e d  and l a r g e  numbers of smol t 
were k i l l e d  dur ing  cap tu re  and hand1 ing.  Therefore,  f i e l d  t e s t i n g  of sonar  
equipment, developed by Bendix Corporation under a c o n t r a c t  t o  ADF&G, t o  
count smol t was begun in  1970 on t h e  Kvichak River (McCurdy 1972; Paulus and 
McCurdy 1972; Paulus and Parker 1974).  Sonar gea r  was t e s t e d  on t h e  Ugashik 
River dur ing  1973-1975 (Schroeder 1974 and 1975; Sanders 1976).  Alth.ough 
r e s u l t s  were promising, budgetary c o n s t r a i n t s  l i m i t e d  subsequent smolt 
s t u d i e s  on t h i s  River ,  a s  well as  t h e  Naknek and Egegik Rivers ,  t o  occasional  
fyke n e t  sampling t o  ob ta in  age and s i z e  d a t a  (Ugashik River ,  1977, 1978, and 
1982; Naknek River ,  1978; Egegik River ,  1977 and 1978) (Huttunen 1980; Eggers 
1984).  An experimental ,  2 -ar ray  system was t e s t e d  on t h e  Egegik River during 
t h e  sp r ing  of  1981 (Bue 1982) and was replaced with t h e  p re sen t  counter  i n  
1982 (Bue 1984).  Smolt sonar  p r o j e c t s  were e s t a b l i s h e d  on t h e  Naknek River i n  
1982 (Huttunen 1984),  and the Ugashik River i n  1983. 

Objec t ives  of t h e  1983 Naknek, Egegik, and Ugashik River systems sockeye 
salmon smolt s t u d i e s  were: 1)  t o  e s t ima te  seaward migrat ing sockeye salmon 
smol t numbers, 2 )  t o  desc r ibe  smol t migra t ions  p a t t e r n s ,  3 )  t o  c o l l e c t  age, 
weight ,  and l eng th  d a t a  f o r  smolt ,  and 4 )  t o  record c l ima to log ica l  and 
hydrological  parameters which might a f f e c t  migratory behavior .  



MATERIALS AND METHODS 

Sonar counting equipment was used t o  count smolt migrating to  sea past f ie ld  
s i t e s  on the Naknek, Egegik, and Ugashik Rivers. The equipment used consisted 
of e i ther  two or three 3.05-m (10-f t )  ladder-shaped arrays, which were 
anchored underwater a t  the counting s i t e ,  and a control uni t ,  which was 
housed on shore in a canvas wall t en t .  Each array housed 10 upward-facing 
transducers and monitored about 3.35 m (11 f t )  of r iver  width. Three arrays 
were placed in the Naknek River, about 13 km (7.8 miles) below the out let  of 
Naknek Lake, and anchored 17, 39, and 67 m (56, 129, and 221 f t )  from the 
east  shore of the counting s i t e .  Three arrays were placed in the Egegik 
River, about 4 km (2.4 miles) below the out le t  of Becharof Lake, and anchored 
38, 53, and 64 m (125, 175, and 211 f t )  from the west shore a t  the counting 
s i t e .  Only two arrays were placed in the Ugashik River, about 2 km (1.2 
miles) below the out let  of Lower Ugashik Lake, and anchored 11 and 15 km (36 
and 50 f t )  from the south shore a t  the counting s i t e .  Instal la t ion of a l l  
sonar arrays closely fo l l  owed procedures described by Randal 1 (1977). 

The control unit automatically printed counts from a l l  arrays every hour, and 
could also be se t  to  pr int  counts a t  7 1/2-, 15-, or 30-min intervals .  A 
maximum of 19,999 counts could be accumulated by the counter before the 
specified printing interval was reached. If a greater number of counts was 
registered before t h i s ,  the internal counter was se t  t o  zero and began 
counting from one. Therefore, the sonar system was monitored continuously 
throughout the season so that  the number of times t h i s  occurred within each 
printing interval was known. Also, corrections sometimes had t o  be made for 
fa l se  counts due to  dr i f t ing  ice,  heavy rain,  wind, boat t r a f f i c ,  e t c . ,  and 
for  changes in r iver  depth or current speed. 

Sonar signal pulse ra te  was increased as r iver  current speed increased, since 
current speed determined the time required for smolt t o  pass through the 
sonar beams. Current speed measurements were obtained from a meter anchored 
d i rec t ly  behind each inshore array. Since r iver  current speed a t  the Naknek 
and Egegi k s i t e s  was affected by t ide ,  sonar pulse ra te  sometimes had t o  be 
adjusted every 15 or 30 minutes. Although pulse ra te  could n o t  be varied 
among arrays, current measurements were also made behind the other arrays t o  
calculate correlations for  current speed differences between these and the 
inshore array. Current speed was greatest  over the inshore array a t  both the 
Naknek and Ugashik s i t e s ,  b u t  was greatest  over the center array a t  the 
Egegi k s i t e  (Naknek River mean speeds: inshore, 1.24 m/s [4.08 f t / s ] ;  center,  
1.15 m/s 13.80 f t / s ] ;  offshore, 0.78 m/s E2.56 f t / s ] ;  Egegik River mean 
speeds: inshore, 0.60 m/s [1.98 f t / s ] ;  center, 0.73 m/s [2.41 f t / s ] ;  
offshore, 0.72 m/s E2.38 f t / s ] ;  Ugashi k River mean speeds: inshore, 2.31 m/s 
[7.62 f t / s ] ;  offshore, 2 . 2 2  m/s [7.31 f t / s ] .  Therefore, Naknek River center 
and offshore array counts were multiplied by 0.93 and 0.63, respectively, 
Egegi k River center and offshore counts were multiplied by 1.21 and 1.20, 
respectively, and Ugashik River offshore counts were multiplied by 0.96. 

Total hourly counts were calculated for  each array by subtracting fa l se  
counts, l inear ly interpolating counts during missed time periods ( i . e .  
periods when the counter was manually disabled t o  avoid making fa l se  counts 
or periods when the counter was inoperative) and multiplying these counts by 
a current speed correction factor.  Hourly counts were then expanded t o  



account f o r  smolt which migrated through s e c t i o n s  of t h e  r i v e r  not covered by 
t h e  a r r a y s .  The expansion f a c t o r  used was t h e  inve r se  of t h e  es t imated  
propor t ion  of t h e  t o t a l  smolt migrat ion path which was sampled by t h e  a r r a y s .  
The a rea  of  t h e  t o t a l  smolt migrat ion path was es t imated  from d a t a  on 1 )  
smolt d i s t r i b u t i o n  ac ros s  t h e  r i v e r  a t  t h e  counting s i t e ,  ob ta ined  with a 
s i d e  scanning sonar  u n i t ,  and 2) r i v e r  depths  ac ros s  t h e  counting s i t e  
t r a n s e c t .  

Est imates  of t o t a l  d a i l y  smolt migrat ion pas t  count ing s i t e s  were made by 
summing ad jus t ed  t o t a l  hourly counts  and mul t ip ly ing  r e s u l t s  by t h e  ac tua l  
number of  smol t requi red  t o  gene ra t e  a s i n g l e  sonar  count.  All sonar  systems 
were c a l i b r a t e d ,  a t  t h e  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  of 41.49875 g.  Therefore,  pooled mean weight of a l l  salmonid smolt 
from d a i l y  fyke n e t  samples was used t o  e s t ima te  ac tua l  number of smolt 
equ iva l en t  t o  one sonar  count ( i . e .  number per  count = 41.49875 g / pooled 
mean weight ) .  

Fyke n e t  ca t ches  were a l s o  used t o  apport ion d a i l y  smolt counts  according t o  
age c l a s s  and salmonid spec i e s .  Samples of  a t  l e a s t  400 sockeye salmon smolt 
were used t o  e s t ima te  age c l a s s  composition f o r  each 24 hour sampling per iod .  
I f  t h i s  number of smolt was not  captured during a 24 hour pe r iod ,  samples 
from subsequent per iods  were combined u n t i l  a t o t a l  of a t  l e a s t  400 smolt was 
obta ined .  Samples of 400 smolt produced e s t ima te s  of t h e  ac tua l  propor t ion  of 
age I o r  age I 1  smolt which were wi th in  5% of  t h e  ac tua l  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  propor t ions  ranging from 0.95 
t o  0.05 (Cochran 1963).  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 of 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  
propor t ions  ranging from 0.05 t o  0.20, and which were wi th in  15% 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  
propor t ions  ranging from 0.30 t o  0.95. 

To ob ta in  d a i l y  age d a t a  f o r  400 sockeye salmon smolt ,  i t  was necessary t o  
decrease  t h e  t ime needed f o r  sampl ing .  Therefore,  s c a l e  samples, weights  and 
f o r k  l eng ths  were obtained only from about 150 smolt each day. An  add i t i ona l  
250 smolt were measured f o r  length  d a t a ,  b u t  were not weighed o r  used f o r  
s c a l e  samples. Af t e r  t h e  f i e l d  season,  smolt f o r  which only length  
measurements had been obtained 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 length  d a t a .  

A 1.2-m x 1.8-m ( 4 - f t  x 6 - f t )  fyke ne t  was used t o  cap tu re  smolt f o r  samples. 
I n i t i a l l y ,  sampling was attempted a t  0600, 1200, 1800, and 2400 h each day. 
However, few smolt were caught between 0600 and 2400 h, and a l l  sampli'ng 
e f f o r t  was s h i f t e d  t o  t h e  period between 2400 and 0500 h. 

RESULTS AND DISCUSSION 

Naknek River 

A t o t a l  of 2,227,250 sonar  counts  were recorded during t h e  1983 season,  19 
May through 5 J u l y  (Table 1 ) .  About 23% of t h e s e  counts  were r e g i s t e r e d  over 
t h e  inshore  a r r a y ,  42% over t h e  c e n t e r  a r r a y ,  and 35% over  t h e  o f f sho re  



a r r a y .  Most smolt migrat ion across  t h e  counting s i t e  t r a n s e c t  occurred from 
t h e  e a s t  bank of t h e  r i v e r  t o  a po in t  73 m (240 f t )  o f f sho re .  

The f i n a l  sockeye salmon smol t populat ion s i z e  e s t ima te  was 53,318,822 (Tabl e 
2 ) .  Age composition of t h e  t o t a l  populat ion was 69% age I (1981 brood y e a r ) ,  
31% age I 1  (1980 brood y e a r ) ,  and l e s s  than 0.1% age I11 (1979 brood y e a r ) .  
Since age I1  and I11 smol t were usua l ly  l a r g e r  and tended t o  migrate  t o  sea  
e a r l i e r  i n  t h e  season than age I smolt ,  numbers of smolt per  sonar  count 
increased  a s  t h e  season progressed (range,  2.8 t o  5.7 smolt per  count)  (Table 
3 ) .  

A t o t a l  of 9,480 sockeye salmon smolt were sampled f o r  age, weight ,  and 
length  information (Table 4 ) .  Mean weights of age I ,  11, and I11 smolt were 
8 .0 ,  12.2, and 19.1 g ,  r e s p e c t i v e l y .  Mean l eng ths  of age I ,  11, and I11 smolt 
were 94, 110, and 133 mm, r e s p e c t i v e l y .  Mean s i z e s  of age I and I 1  smolt were 
l e s s  than  t h e  grand mean f o r  p a s t  yea r s  (1957-1982: age I smol t l eng th  and 
weight,  100 mm and 9.1 g ,  r e s p e c t i v e l y ;  age I1 smolt l ength  and weight ,  112 
mm and 12.6 g ,  r e s p e c t i v e l y )  (Tab1 e 5)  . 
Weather and r i v e r  cond i t i ons  were recorded a t  t h e  sonar  s i t e  dur ing  20 May 
through 6 J u l y  (Table 6 ) .  Mean a i r  and water temperatures  dur ing  t h i s  per iod 
were 10.7OC ( range ,  0.0-23 .O°C) and 12.8OC (range,  8.0-16. O°C), r e s p e c t i v e l y .  
Mean water  temperature dur ing  p a s t  seasons was g e n e r a l l y  lower than t h a t  
recorded dur ing  1983 (1967-1982: mean, 10.6OC; range,  6.8-11 .O°C) (Tabl e 7 ) .  

Eseqik River 

A t o t a l  of 1,557,847 sonar  counts  were recorded dur ing  t h e  1983 season,  17 
May through 10 June (Table 8 ) .  About 12% of t h e s e  counts  were r e g i s t e r e d  over 
t h e  inshore  a r r a y ,  72% over t h e  c e n t e r  a r r a y ,  and 16% over  t h e  o f f sho re  
a r r a y .  Most smolt migrat ion ac ros s  t h e  counting s i t e  t r a n s e c t  occurred wi th in  
t h e  a r ea  3 m t o  88 m o f f sho re  of t h e  west bank. 

The f i n a l  sockeye salmon smol t populat ion s i z e  e s t ima te  was 18,766,889 (Tabl e 
9 ) .  Age composition of t h e  t o t a l  populat ion was 12% age I (1981 brood y e a r )  
and 88% age I 1  (1980 brood y e a r ) .  No age I11 smolt were captured during fyke 
ne t  f i s h i n g .  Since l a r g e r ,  and gene ra l ly  o lde r ,  smolt tended t o  migrate  t o  
sea  e a r l i e r  i n  t h e  season  than smal le r  smolt ,  numbers of smol t per  sonar  
count increased  a s  t h e  season progressed (range,  2.67 t o  3.96 smol t per  
count)  (Table 10) .  

A t o t a l  of 2,631 sockeye salmon smolt were sampled f o r  age, weight,  and 
length  information (Table 11 ) .  Mean weights of age I and 11 smolt were 9 . 5  
and 13.7 g ,  r e s p e c t i v e l y .  Mean l eng ths  of age I and age I1  smolt were 101.5 
and 116.7 m m ,  r e s p e c t i v e l y .  Mean s i z e s  of age I and I 1  smolt were l e s s  than 
t h e  grand mean f o r  pas t  yea r s  (1969-1982: age I smolt l ength  and weight,  
103.0 mm and 9.9 g ,  r e s p e c t i v e l y ;  age I1  smolt l ength  and weight ,  118.0 mm 
and 15.6 g ,  r e s p e c t i v e l y )  (Table 1 2 ) .  

Weather and r i v e r  cond i t i ons  were recorded a t  t h e  sonar  s i t e  i n t e r m i t t e n t l y  
during 18 May through 10 June (Table 1 3 ) .  Mean a i r  and water  temperatures  
during t h i s  per iod were 10.6OC (range,  3.5-27.0°C) and 7.0°C ( range ,  5 .0-  
9.5OC), r e s p e c t i v e l y .  During peak smol t migra t ion ,  21-31 May, water 
temperature was 6.6OC. Water temperature during t h e  1983 season was warmer 



than t h a t  recorded during 1982 (1982: mean, 2.g°C; peak smolt migrat ion 
per iod ,  28 May t o  2 June,  3.5OC). This  may have caused smolt t o  migrate  
seaward about one week e a r l i e r  i n  1983 than was observed in 1982. 

Uqas hi k  River 

A t o t a l  of 5,500,388 sonar  counts  were recorded dur ing  t h e  1983 season,  21 
May through 16 June (Table 14 ) .  About 82% of t h e s e  counts  were r e g i s t e r e d  
over t h e  inshore  a r r a y  and 18% over t h e  o f f sho re  a r r ay .  Most smolt migrat ion 
ac ros s  t h e  counting s i t e  t r a n s e c t  occurred from t h e  south bank of t h e  r i v e r  
t o  a  po in t  90 m (297 f t )  o f f sho re .  

The f i n a l  sockeye salmon smolt populat ion s i z e  e s t ima te  was 44,033,811 (Table 
1 5 ) .  Age composition of t h e  t o t a l  populat ion was 71% age I  (1981 brood y e a r )  
and 29% age I 1  (1980 brood y e a r ) .  No age I11 smol t were captured dur ing  fyke 
n e t  f i s h i n g .  Add i t iona l ly ,  a  t o t a l  o f  2,354,233 coho salmon smolt migrated 
seaward dur ing  counting ope ra t ions .  A1 though age I ,  11, and I11 coho salmon 
smol t were p re sen t  i n  fyke ne t  ca tches ,  only age I1  smol t were abundant 
enough t o  be considered in  expansion and a l l o c a t i o n  of sonar  counts .  (Age 
composition of t o t a l  coho salmon smolt fyke n e t  ca tch :  3% age I ,  81% age 11, 
and 15% age 111).  Since l a r g e r ,  and g e n e r a l l y  o l d e r ,  smolt tended t o  migrate  
t o  s ea  e a r l  i e r  i n  t h e  season than smal le r  smolt ,  number of smol t per  sonar  
count tended t o  i nc rease  a s  t h e  season progressed ( range ,  3.22 t o  6.57 smolt 
per  count )  (Table 1 6 ) .  An except ion of t h i s  general  t r end  was t h e  occurrence 
of t h e  g r e a t e s t  es t imated  number of smolt pe r  count on only t h e  second day of 
sampling, 22 May. This  was caused by t h e  low number of age I1  sockeye salmon 
smolt p re sen t  i n  t h e  fyke n e t  ca tch  (Table 17 ) .  

A t o t a l  of 9,502 sockeye and 155 coho salmon smolt were sampled f o r  age,  
weight ,  and l eng th  information (Tables  17 and 18 ) .  Mean weights of age I and 
age I1  sockeye salmon smolt were 7.6 and 13.3 g ,  r e s p e c t i v e l y .  Mean l eng ths  
of age I  and I 1  sockeye salmon smolt were 88.8 and 110.8 mm,  r e s p e c t i v e l y .  
Mean weight and length  of age I1 coho salmon smolt were 24.4 g and 131.5 m m ,  
r e s p e c t i v e l y .  Mean weights of age I  and I 1  sockeye salmon smol t were g r e a t e r  
than t h e  grand means f o r  pas t  y e a r s ,  but  mean l eng ths  were l e s s  than t h e  
grand means (1958-1982: age I  smolt weight and l eng th ,  6 .6  g and 91 m m ,  
r e s p e c t i v e l y ;  age I1 smolt weight and l eng th ,  12.4 g and 114 m m ,  
r e s p e c t i v e l y )  (Tab1 e  19)  . 
Weather and r i v e r  cond i t i ons  were. recorded a t  t h e  sonar  s i t e  intermi t t e n t l y  
during 23 May through 11 June (Table 20).  Mean a i r  and water  temperatures  
dur ing  t h i s  per iod were 11.6OC (range,  8.0-19.0°C) and 7.3OC ( range ,  6 .0-  
8.5OC), r e s p e c t i v e l y  . 
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Table 1. Sonar counts recorded from three 10 transducer arrays 
at the sockeye salmon smolt counting site on the 
Naknek River, Bristol Bay, Alaska, 1983. 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, 1983. False counts 
were deleted, and'interpolations were made for time 
missed when sonar not operated ( con t i nued ) .  

Sonar Counts 

Transducer Array 

Date a/ Inshore Center Off shore Total 

Total 508,972 

Percent 22.85 

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



Table 2. Daily number of sockeye salmon smolt migrating seaward, estimated with a sonar 
unit, Naknek River, Bristol Bay, Alaska, 1983. 

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 smolt migrating seaward, estimated with a sonar 
unit, Naknek River, Bristol Bay, Alaska, 1983 , (cont inued) .  

Age I Age I1 Age I11 All Ages 

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

Total 36,798,239 69.02 16,497,326 30.94 

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, 1983. 

Mean Weight 
Date a/ of Smolt (g) 

Smolt per 
Count 

14.4 
no sample 
no sample 
no sample 

14.8 
no sample 

14.4 
14.2 

no sample 
9.6 
10.7 
9.6 
10.5 
12.1 
9.9 
9.0 
8.5 
10.7 
8.9 
8.9 
8.9 
8.4 
8.7 

no sample 
no sample 
no sample 

7.8 
7.3 
7.2 
8.2 
7.9 
7.3 
7.4 
7.3 
7.4 
7.5 
7.5 
7.6 
7.4 

no sample 
no sample 
8.0 



Table 3. Adjustment fac tors  used to  expand sonar counts in to  estimated 
numbers of sockeye salmon smolts, Naknek River, Bristol  Bay, 
Alaska, 1983 (continued). 

Mean Weight 
Date a/ of Smolt (g) 

Smolt per 
Count 

8.0 
7.3 

no sample 
no sample 

8.2 
8.7 
8.0 

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



Table 4. Mean f o r k  l e n g t h  (mm) and we igh t  ( g )  o f  sockeye salmon smo l t  cap- 
t u r e d  i n  fyke nets ,  Naknek R i ve r ,  B r i s t o l  Bay, Alaska, 1983. A 
dash ( - )  i n d i c a t e s  m i s s i n g  data.  

Age 1 A ~ C  11 A ~ C  111 

Mean Me an Mean Mean Mean Mean 

Length Std. Weight Std. Sample Length Std. Weight Std. Sample Length Std. Weight Std. S q l e  

Date a1 (mn) E r r o r  (g )  E r r o r  Size (ma) E r r o r  (g) E r r o r  Size (nm) E r r o r  (g)  E r r o r  Size 



Table 4. Mean f o r k  l e n g t h  (mm) and we igh t  ( g )  of sockeye salmon smol t cap- 
t u r e d  i n  f y k e  ne t s ,  Naknek R i ve r ,  B r i s t o l  Bay, Alaska, 1983. A 
dash ( - )  i n d i c a t e s  m i s s i n g  da ta  (con t inued) .  

Age 1 Age I1 Age I11 

Mean Mean Mean Mean Me an Mean 

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

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

Totals 

Means 94 8.0 110 12.2 133 19.1 

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



Table 5. Mean f o r k  l e n g t h  (m)  and weigh t  ( g )  of sockeye salmon smol t  
sampl ed from t h e  Naknek River ,  B r i s t o l  Bay, A1 a s k a ,  1957-1 983. 
A dash ( - )  i n d i c a t e s  d a t a  n o t  a v a i l a b l e .  

A 

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 Reference 

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 

- 
- 
- 
- 
- 
- 
- 
- 
- 
933 

855 

1,380 

1,079 

932 

- 
689 

745 

827 

1,037 

833 

1,178 

239 

3,222 

Mean 

USFSUS (unpublished) 

1 

" 
1 

" 
" 
" 
n 

" 
Van Valin (1969a) 

Van Valin (1969b) 

Siedelman (1972) 

Biver (1972) 

McCurdy (19720) 

McCurdy (1974a) 

McCurdy (1974b) 

Bill (1975) 

Bill (1976) 

Bill (1977) 

Yuen (1978) 

Huttenun (1980) 

Huttenun (1984) 

1983 17 May- 5 July 2,480 94 8.0 110 12.2 133 19.1 



Table 6. Climatological and hydrological observations made at sockeye salmon smolt counting 
site, Naknek River, Bristol Bay, Alaska, 1983. A dash (-)  indicates data not 
available. 

Wind Velocity 
Cloud Cover a/ (km/hr) 

Water 
Air Temp. Temp. precipitation Water 

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

calm 
3 SSE 
3 SSW 

25 SSW 
calm 
calm 
17 SW 
25 SW 
8 SW 
calm 
42 S 
calm 
calm 
calm 
calm 
8 S 
calm 
calm 
8 W 
calm 

25-42 N 
8-17 N 

calm 
8-17 SW 

calm 

42 SSW 
3 SSW 
calm 
calm 
calm 
calm 

13-20 E 
calm 
calm 
17 SE 
calm 

10-17 SE 
calm 
calm 
calm 
calm 
calm 
calm 
calm 

12-15 N 
8 N 
calm 
25 SE 
calm 
calm 

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



Table 6. Climatological and hydrological observations made at sockeye salmon smolt counting 
site, Naknek River, Bristol Bay, Alaska, 1983. A dash (-) indicates data not 
available (cont inued)  . 

Wind Velocity 
Cloud Cover a/ (km/hr) 

Water 
Air Temp. Temp. precipitation Water 

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

calm 
10 NE 
8 SE 
13 SE 
7 NE 
calm 

13-17 SE 
calm 
- NE 

10-17 NE 
8-15 NE 

calm 
17-42 SE 
8-33 N 

calm 
8 NE 
calm 
calm - - 

10-15 SW 
8-15 SW 

calm 
17-33 SW 

calm 
calm 
calm 
calm 

10-15 S 
calm 
calm 
calm 
10 SE 

10-20 E 
calm 
8 SE 

17-30 E 
calm 

10-15 NE 
10-17 NE 

calm 
8-13 S 
7-10 SE 
7-10 SW 

calm 
10-17 SW - - 

murky 
murky 
murky 
murky 
clear 
murky 
murky 
murky 
clear 
murky 
murky 
murky 
murky 
mu'r ky 
murky 
murky 
murky 
murky 
murky 
murky 
murky 
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 7. Water temperatures at sockeye salmon smolt counting 
site, Naknek River, Bri'stol Bay, Alaska, 1967-1983. 

Water Temperature (C) 

Sample 
Year Period Minimum Maximum Mean 

27 May-11 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 

Mean 

20 May- 6 July 

Van Valin (1969a) 
Van Valin (1969b) 
Siedelman (1972) 
Biwer (1972) 
McCurdy (1972a) 
McCurdy (1974a) 
McCurdy (1974b) 
Bill (1975) 
Bill (1976) 
Bill (1977) 
Huttenun (1984) 



Table 8. Sonar counts recorded from three 10 transducer arrays 
at the sockeye salmon smolt counting site on the 
Egegik River, Bristol Bay, Alaska, 1983. 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 188,244 

Percent 12.08 

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



Table 9. Daily number of sockeye salmon smolt migrating seaward, estimated 
with a sonar unit, Egegik River, Bristol Bay, Alaska, 1983. 

Age I Age I1 All Ages 

Date a/ Number Percent Number Percent 
Daily Cumulative 
Total Total 

Total 2,242,326 11.95 16,524,563 88.05 18,766,889 

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



Table 10. Adjustment factors used to expand sonar 
counts into estimated numbers of sockeye 
salmon smolts, Egegik River, Bristol Bay, 
Alaska, 1983. 

Mean Weight 
Date a/ of Smolt (g) 

Smolt per 
Count 

14.4 
14.6 
12.4 
15.6 
14.1 
14.5 
12.7 
13.7 
13.5 
13.5 

no sample 
14.6 
13.2 
11.7 
12.0 
11.7 
11.7 
11.3 
11.7 
11.8 
10.5 

no sample 
10.5 
12.1 

no sample 

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



Table 11. Mean fork length (mrn) and weight (g) of sockeye salmon smolt captured in 
fyke nets, Egegik River, Bristol Bay, Alaska, 1983. 

Age I Age I1 

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

Date a/ (mm) Error (9) Error Size (mm) Error (gm) Error Size 

Totals 

Means 102 

a/ Sample day began at 1200 hrs and ended at 1159 hrs the next calendar day. 
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Table 13. Climatological and hydrological observations made at sockeye salmon smolt counting 
site, Egegik River, Bristol Bay, Alaska, 1983. A dash (-) indicates missing data. 

Wind Velocity 
Cloud Cover a/ (km/hr) Mean . . 

Water 
Air Temp. Temp. Water 

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

8 E - - 
- - 
- - 
- - 
- - 
- - 
- - 
- - 
- - 
- - 
- - 
- - 

0-8 ENE 
8-17 E 

- SE 
0-8 E 
0-3 ENE 
calm 
calm - - 
0-8 E 

17-50 WNW - - 

- - 
8-17 WNW 

42 ENE 
calm - - 
8 ENE 

8-17 W - - 
8-17 ENE 

17 WNW 
- ENE 
- ENE - - 
- - 

0-8 ENE 
0-8 W 
0-8 ESE - - 
0-8 W 
0-8 NW 
0-8 E - - 

8-17 W - - 

trace 
0 
0 
0 
0 
0 
0 
0 
0 

trace 
0 

trace 
0 
0 

trace 
trace 

0 
0 
0 
0 
0 
0 
0 
0 

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 1/2 
3 = cloud cover more than 1/2 
4 = completely overcast 
5 = fog 



Table 14. Sonar counts recorded from two 10 
transducer arrays at the sockeye salmon 
smolt counting site on the Ugashik River, 
Bristol Bay, Alaska, 1983. 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 4,500,878 

Percent 81.83 

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

-63- 



Table 15. Daily number of sockeye and coho salmon smolt migrating seaward, estimated 
with a sonar unit, Ugashik River, Bristol Bay, Alaska, 1983. 

Sockeye Salmon 
Coho Salmon 

Age I Age I1 All Ages 
Age I1 

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



Table 15. Daily number of sockeye and coho salmon smolt migrating seaward, estimated 
with a sonar unit, Ugashik River, Bristol Bay, Alaska, 1983 (continued).  

Sockeye Salmon 
Coho Salmon 

Age I Age I1 All Ages 
Age I1 

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

cn 
Ln 
I Total 31,297,432 71.08 12,736,379 28.92 44,033,811 

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



Table 16. Adjustment factors used to expand sonar 
counts into estimated numbers of sockeye 
and coho salmon smolt, Ugashik River, 
Bristol Bay, Alaska, 1983. 

Mean Weight 
Date a/ of Smolt (g) 

Smolt per 
Count 

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



Table 17. Mean fork length (mm) and weight (g) of sockeye salmon smolt captured in 
fyke nets, Ugashik River, Bristol Bay, Alaska, 1983. 

Age I Age I1 

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

Date a/ (mm) Error (9) Error Size (mm) Error (gm) Error Size 
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Table 18. Mean fork length (mm) and weight (g) of coho salmon smolt captured in fyke nets, 
Ugashik River, Bristol Bay, Alaska, 1983. 

Age I Age I1 Age I11 

Mean Mean Mean Mean Mean Mean 
Date Length Std. Weight Std. Sample Length Std. Weight Std. Sample Length Std. Weight Std. Sample 
a/ (mm) Error (g) Error Size (mm) Error (g) Error Size (mm) Error (g) Error Size 

Totals 5 126 2 4  

Means 120 17.8 132 2 4 . 4  14 4  31.2 

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



Table 19. Mean fork length (mm) and weight (g) of sockeye salmon smolt sampled from the Ugashik River 
Bristol Bay, Alaska, 1958-1983. A dash (-) indicates data not available. 

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 

- 
- - - 

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 

- 
- 
- - 

1,070 
921 

4,042 
3,296 
966 

6,727 
567 
907 
615 

1,189 
355. - 
512 

Mean 

9,502 

USF&WS (unpublished) 
11 

II 

II 

Jaenicke (1963) 
Nelson and Jaenicke (1965) 
Nelson (1965) 
Nelson (1966) 
Nelson (1969) 
Siedelman (1969) 
Schroeaer (1972a) 
Schroeder (1972b) 
Schroeder (1974a) 
Schroeder (1974b) 
Schroeder (1975) 
Sanders (1976) 
Eggers (1984) 



Table 20. Climatological and hydrological observations made at sockeye salmon smolt counting 
site, Ugashik River, Bristol Bay, Alaska, 1983. A dash (-)  indicates missing data. 

Wind Velocity 
Cloud Cover a/ (km/hr) 

Water 
Air Temp. Temp. Water 

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

calm 
calm 
33 W - - 

clear 
clear 
clear - 

- 
0 

trace - 
calm 
- SE - 

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 



WOOD RIVER SOCKEYE SALMON SMOLT STUDIES FOR 1983 

Wesley Bucher 
Alaska Department of 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 ea  from t h e  Wood River 
system have ranged from about 30 m i l l i o n  t o  100 m i l l i o n  smolt s i n c e  t h e  sonar  
program began in  1975 (Krasnowski 1976). Most smol t migra t ion  has occurred 
dur ing  t h e  90-day period between 1 June and 30 August. Est imates  of smolt 
numbers a r e  requi red  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 determining 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 of  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, l eng th ,  and weight 
composition of t h e  smolt popula t ion ,  4 )  t o  record t h e  incidence of t h e  
ce s tode  p a r a s i t e  Triaenophorus c r a s s u s ,  and 5) t o  record c l  imatol ogi ca l  and 
hydrological  parameters which might a f f e c t  migratory behavior.  

MATERIALS AND METHODS 

Sonar equipment used has been descr ibed  by Krasnowski (1976 and 1977).  The 
system cons i s t ed  of f o u r  l a d d e r - l i k e  a r r a y s ,  each conta in ing  10 upward f ac ing  
t r ansduce r s ,  which were anchored on t h e  r i v e r  bottom. The 10 t r ansduce r  
cab le s  from each a r r a y  were taped toge the r  and secured t o  t h e  r i v e r  bank with 
a s a f e t y  1 i ne .  All t r ansduce r  cab le s  were connected t o  t h e  same e l e c t r o n i c  
counting u n i t ,  which was powered by a  12 v o l t  b a t t e r y .  The counting u n i t  was 
kept in  a  canvas wall t e n t  and cont inuously monitored by t h e  f i e l d  crew. 

I n s t a l l a t i o n  and opera t ion  of t h e  sonar  gea 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 Arrays I ,  11, 111, and IV i n  1983 were 25.6, 37.5,  
50.6, and 64.6 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  1900 hours on 28 May and cont inued through 1100 
hours on 26 J u l y .  Data c o l l e c t i o n  procedures were t h e  same a s  t hose  used in  
pas t  y e a r s  (Bucher 1980).  Smolt counting was conducted 24 hours per  day a s  
was done in  1982 (Bucher 1984). Array I  was des igna ted  a s  t h e  index a r r a y  and 
operated cont inuous ly  throughout t he  season.  The o t h e r  t h r e e  a r r a y s  were 
operated in  random sequence o f .  15 minute i n t e r v a l s  each hour. Hourly counts  
f o r  Arrays 11, 111, and IV were est imated by expanding 15 minute counts  
ob ta ined  f o r  each a r r ay .  



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 o r  Wood River ,  f l u c t u a t e d  con t inua l ly  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 using information obtained from a  remote d i g i t a l  i n d i c a t o r  connected-  
t o  a  c u r r e n t  meter i n s t a l l e d  in  t h e  r i v e r  channel behind Array I .  To 
determine whether d i f f e r e n t  water v e l o c i t y  c o r r e c t i o n s  were needed f o r  t h e  
o t h e r  a r r a y s ,  flow measurements were made behind each of t h e  o t h e r  a r r a y s ,  
when t i d a l  i n f luence  was minimal, once dur ing  each f i v e  day sampling per iod .  
The r a t i o  of water  v e l o c i t y  over each of t h e s e  a r r a y s  t o  t h a t  over  Array I 
was used t o  a d j u s t  counts  obtained from Arrays 11, 111, and IV. 

Sonar counts  were a l s o  ad jus ted  t o  account f o r  smolt migra t ing  through 
s e c t i o n s  of t h e  counting s i t e  t r a n s e c t  no t  covered by sonar .  Expansion 
f a c t o r s  used f o r  1983 d a t a  a n a l y s i s  were 5.35, 3.74, 4.05, and 8.12 f o r  
Arrays I ,  11, 111, and IV, r e spec t ive ly .  Af t e r  t h e s e  c o r r e c t i o n s  were made, 
counts  from each a r r a y  were summed t o  y i e l d  a  t o t a l  d a i l y  count .  

F i n a l l y ,  t h e  t o t a l  d a i l y  count was mul t ip l i ed  by t h e  es t imated  number of 
smol t r equ i r ed  t o  produce each sonar  count ,  s i n c e  t h e  sonar  system was 
designed t o  count biomass r a t h e r  than ind iv idua l  smolt .  In p a s t  s t u d i e s ,  
ad jus ted  sonar  counts  were mul t ip l i ed  by a  f a c t o r  of f i v e  t o  ob ta in  f i n a l  
e s t i m a t e s  of smolt numbers because t h e  sonar  system was s e t  a t  t h e  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  equiva len t  of f i v e  smolt ,  each weighing 8.29975 g. 
However, because mean smolt weight var ied  during 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 ima te s  of smol t numbers were obtained in  1983 
by using ac tua l  mean smolt weight d a t a  from d a i l y  fyke n e t  ca t ches  t o  expand 
counts .  S ince  t h e  h i s t o r i c a l  mean weight f o r  Wood River smolt (5.37 g )  was 
2.93 g  l e s s  than t h a t  used f o r  t h e  f a c t o r y  s e t t i n g ,  smolt abundance e s t ima te s  
had been underestimated by about 35% p r i o r  t o  1983. Correc t ions  f o r  ac tua l  
mean smol t weight w i l l  be made in  subsequent r e p o r t s  f o r  a l l  ava i l  ab l e  yea r s  
of d a t a .  

Smolt samples were obtained by f i s h i n g  with a  fyke n e t .  About 60 smolt per  
sampling day were wet weighed in g ,  measured f o r  f o r k  length  in  mm,  and aged 
from s c a l e  samples. Daily d a t a  were combined t o  obta in  samples of about 400 
smo,.t ( u s u a l l y  obtained in  seven sampling days)  f o r  e s t ima t ing  age c l a s s  
composition. This  sample s i z e  was l a r g e  enough t o  produce e s t ima te s  of t h e  
propor t ion  of age I  o r  age I1  smolt which were wi th in  5% of  t h e  ac tua l  
propor t ion  ( a t  t h e  0.05 s i g n i f i c a n c e  1  eve1 f o r  age c l a s s  propor t ions  ranging.  
from 0.05 t o  0,95) (Cochran 1963).  

Smol t from d a i l y  samples were a l s o  examined e x t e r n a l l y  f o r  t h e  presence of T .  
crassus. Percent i n f e c t i o n  of  age I  and age I1 smolt by t h i s  p a r a s i t e  was 
c a l c u l a t e d  by f ive -day  per iods .  Smol t population e s t ima te s  f o r  each f ive -day  
were used a s  weighting f a c t o r s  f o r  c a l c u l a t i n g  percent  i n f e c t i o n .  

RESULTS AND DISCUSSION 

A t o t a l  of 857,724 sonar  counts  were recorded dur ing  t h e  season (Table 1 ) .  
Counts g e n e r a l l y  decreased from t h e  north bank t o  t h e  south bank of t h e  
t r a n s e c t  with most counts  recorded over Array I  (about  32% of season t o t a l )  



and fewest  counts  recorded over Array IV (about 15% of season t o t a l ) .  This  
p a t t e r n  was s i m i l a r  t o  t h a t  recorded f o r  p a s t  yea r s  (Table 2 ) .  

Estimated t o t a l  numbers of smolt migrat ing seaward was 23,728,252 (cTable 3 ) .  
The migrat ion began on 18 May, soon a f t e r  i c e  went ou t  of Lake Aleknagik, and 
about 50% of t h e  t o t a l  smolt populat ion had migrated pas t  t h e  sonar  s i t e  by 
28 June. 

A t o t a l  of 3,488 smolt were sampled t o  ob ta in  d a t a  on age, l e n g t h ,  and weight 
(Table 4 ) .  Age c l a s s  composition of t h e  t o t a l  smol t populat ion was es t imated  
t o  be 82.6% age I (1981 brood yea r )  and 17.4% age I1  (1980 brood y e a r ) .  Mean 
l eng ths  of age I and I 1  smolt were 86 mm and 97 mm, r e s p e c t i v e l y .  Mean 
weights of age I and I 1  smolt were 6.5 g and 9.2 g ,  r e s p e c t i v e l y .  Mean 
l eng ths  and weights of both age c l a s s e s  were g r e a t e r  than t h e  grand means f o r  
1975-1982 (Table 5 ) .  In c o n t r a s t  t o  e a s t  s i d e  Br i s to l  Bay systems, mean smolt 
weight tended t o  i nc rease  a s  t h e  season progressed,  r e s u l t i n g  in  decreased 
numbers of smolt per  sonar  count l a t e r  in  t h e  season (Table 6 ) .  

I n f e c t i o n  by T .  crassus was g r e a t e r  i n  n o n s t a t i s t i c a l  comparisons (NSC) f o r  
age I1  (73.6%) t h a n  f o r  age I (43.1%) smolt (Table 7 ) .  The incidence of 
i n f e c t i o n  wi th in  i n d i v i d u a l s  of both age c l a s s e s  decreased (NSC) a s  t h e  
season progressed .  Mean percent  i n f e c t i o n  f o r  both age c l a s s e s  was g r e a t e r  
(NSC) than t h a t  observed in  p a s t  yea r s  (Table 8 ) .  

Smolt numbers i n  1983 were t h e  lowest recorded s i n c e  t h e  sonar  p r o j e c t  began 
(range,  1975-1982, 33,850,000 t o  106,200,000) (Table 5 ) .  A1 though smol t 
abundance and t iming e a r l y  i n  t h e  season appeared t o  be about average,  
abundance d i d  not  i nc rease  a s  t h e  season progressed,  and by 1 J u l y  i t  was 
ev ident  t h a t  t o t a l  numbers of smolt would be very low (Table 3 ) .  Since 
abundance of age I smolt was low i n  1982, i t  was hoped t h a t  most of t h e  
progeny from t h e  1980 brood yea r  spawning escapement had remained wi th in  t h e  
system f o r  a second growing season and would migrate  t o  s ea  in .1983 a s  age I1 
smolt (Bucher 1984).  The 1980 spawning escapement of 2.97 mi l l i on  was t h e  
l a r g e s t  ever  recorded f o r  Wood River system, but only produced 12.28 smolt 
per  spawner (32,350,000 age I smolt migrated t o  sea  in  1982; 4,130,000 
migrated t o  sea  in  1983) (Table 9 ) .  This  was t h e  lowest smol t production 
recorded s i n c e  t h e  sonar  program began ( range ,  1972-1979 brood y e a r s ,  35.02 
t o  112.19 smol t per  spawner). Average marine surv iva l  f o r  smol t produced by 
t h e  1972-1979 brood yea r s  has been about 6% f o r  both aqe I and aae I1  smolt 
( i  . e .  an average of 0.06 a d u l t s  have re turned  f o r  each -age I s m o l i  produced) 
(Table 10 ) .  

Water temperature and l a k e  depth measurements were recorded d a i l y  a t  Lake 
Aleknagik o u t l e t  from 28 May u n t i l  20 J u l y  (Table 1 1 ) .  Minimum and maximum 
d a i l y  water  temperatures  were recorded on 31 May (4.4OC) and 4 J u l y  (12.8OC), 
r e s p e c t i v e l y .  Minimum and maximum lake  depths were recorded on 20 J u l y  (0.46 
m) and 4-8 June (1.19 m), r e s p e c t i v e l y .  Mean water  temperature and l ake  depth 
f o r  t h e  season were 8.7OC and 0.90 m ,  r e s p e c t i v e l y ,  which were s i m i l a r  t o  t he  
grand means 1975-1982 (Table 1 2 ) .  
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Table 1. Sonar counts recorded from four 10 transducer arrays 
at the sockeye salmon smolt counting site on the 
Wood River, Bristol Bay, Alaska, 1983. False counts 
were deleted, and inte~olations 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, 1983. False counts 
were deleted, and interpolations were made for time 
missed when sonar not operated ( c o n t i  nued) . 

Sonar Counts 

Transducer Array 

Date a/ I I1 I11 IV Total 

Total 270,747 

Percent 31.57 

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, 1975-1983. False counts were deleted, 
and interpolations were made for time missed when sonar not operated. 

Percentage of Sonar Counts 

Transducer Array 

Year I I1 I11 IV References 

Mean b/ 34.6 29.0 21.8 14.7 

Krasnowski (1976) 
Krasnowski (1977) 
Newcome (1978) 
Clark and Robertson (1980) 
Bucher (1980) 
Bucher (1981) 
Bucher (1982) 
Bucher (1984) 

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, 1983. 

Age I Age I1 All Ages 

Daily Cumulative 
Date a/ Number Percent Number Percent Total Total 



Table 3. Daily number of sockeye salmon smolt migrating seaward, 
estimated with a sonar unit, Wood River, Bristol Bay, 
Alaska, 1983 (cont inued).  

Age I Age I1 All Ages 

Daily Cumulative 
Date a/ Number Percent Number Percent Total Total 



Table 3. Daily number of sockeye salmon smolt migrating seaward, 
estimated with a sonar unit, Wood River, Bristol Bay, 
Alaska, 1983 ( c o n t i  n u ~ d ) .  

Age I Age I1 All Ages 

Daily Cumulative 
Date a/ Number Percent Number Percent Total Total 

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



Table 4. Mean fork length (mm) and weight (g) of sockeye salmon smolt captured 
in fyke nets, Wood River, Bristol Bay, Alaska, 1983. 

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 



Table 4. Mean fork length (mm) and weight (g) of sockeye salmon smolt captured 
in fyke nets, Wood River, Bristol Bay, Alaska, 1983 (cont inued) .  

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 





Table 5. Age composition of total migration, and mean fork length (mm) and weight (g) 
by age class, for sockeye salmon smolt, Wood River, Bristol Bay, Alaska, 1951-1983. 
A dash (-) indicates data not available. 

Age I Age I1 

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

Univ. Washington (unpub) 
II 

I1 

I1 

I1 

11 

II 

II 

II 

II 

Church (1963) 
Church and Nelson (1963) 
Nelson (1964) 
Nelson (1965) 
Nelson (1966) 
Siedelman (1967) 
Krasnowski (1976) 
Krasnowski (1977) 
Newcome (1978) 
Clark and Robertson (1980) 
Bucher (1980) 
Bucher (1981) 



Table 5. Age composition of total migration, and mean fork length (mm) and weight (g) 
by age class, for sockeye salmon smolt, Wood River. Bristol Bay, Alaska, 1951-1983. 
A dash (-) indicates data not available (cont inued).  

Age I Age I1 

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

1981 66.1 88 6.3 33.9 96 8.4 97,530,000 Bucher (1982) 
1982 87.3 79 4.7 12.7 98 8.4 37,060,000 Bucher (1984) 

Mean 80 5.2 96 8.6 

Co 

I 

a/ Fyke net catches used to index abundance of smolt, 1951-1966. 
b/ Sonar equipment used to estimate numbers of smolt, age composition was estimated by weighting 

sample period age composition estimates by estimated smolt numbers for the same period. Sonar 
counts were not adjusted for smolt size. 

c/ Sonar equipment used to estimate numbers of smolt, age composition was estimated by weighting 
sample period age composition estimates by estimated smolt numbers for the same period. Sonar 
counts were adjusted for smolt size. 



Table 6. Adjustment factors used to expand sonar counts into 
estimated numbers of sockeye salmon smolts, Wood River, 
Bristol Bay, Alaska, 1983. 

Date a/ 
Mean Weight Smolt per 
of smolt Count 

5.8 
6.5 
6.8 
8.0 
7.2 
6.5 
6.2 
5.1 
5.5 
5.5 
5.3 
4.3 
5.6 
5.4 
5.8 
5.0 
6.7 
6.8 
5.7 
6.0 
5.6 
5.3 
8.6 
8.6 
6.2 
5.6 
4.9 
5.7 

no sample 
6.8 
8.8 
6.3 

no sample 
5.4 
5.9 
7.6 
8.1 
7.8 
6.7 
7.5 
6.4 
6.4 
6.7 



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

~ristol Bay, Alaska, 1983 (continued).  

Date a/ 
Mean Weight 
of smolt 

Smolt per 
Count 

6.8 
no sample 

8.2 
8.3 
8.3 

no sample 
8.7 
9.6 

no sample 
no sample 

9.0 
9.2 
9.0 
10.4 
9.0 

no sample 

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



.e 7. Infection of sockeye salmon smolts by the cestode 
Triaenophorus crassus, Wood River, Bristol Bay, 
Alaska, 1983. Infection determined by gross external 
examination. 

Age I Age I1 

Number Percent Number Percent 
Sample Period Examined Infected Examined Infected 

28 May- 1 June 
2- 6 June 
7-11 June 
12-16 June 
17-21 June 
22-27 June 
28 June- 3 July 
4- 8 July 
9-14 July 
15-21 July 
22-25 July 

Means 



Table 8. Infection of sockeye salmon smolt by the cestode 
Trianophorus crassus, Wood River, Bristol Bay, 
Alaska, 1978-1983. 

Percent Infected 

Year Age I Age I1 References 

40.5 Clark and Robertson (1980) 
30.8 Bucher (1980) 
17.3 Bucher (1981) 
35.6 Bucher (1982) 
21.2 Bucher (1984) 

Mean 



Table 9. Sockeye salmon spawning escapements, 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 1972-1981 brood years, Wood River, Bristol Bay, Alaska. 
A dash (-) indicates data not available. 

Number of Smolt Produced 
Total 

Brood Spawning 
Year Escapement Age I Age I1 Total Per Spawner 



Table 10. Sockeye salmon spawning escapements, smolt production, adult returns, 
and smolt survival (number of adults produced per smolt) for 1972-1981 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. 



Tab le 11. Water temperatures and depthstat field 
camp site, head of Wood River (outlet 
of Lake Aleknagik) , Bristol Bay, 
Alaska, 1983. 

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



Table 11. Water temperatures and depthsfat field 
camp site, head of Wood River (outlet 
of Lake Aleknagik) , Bristol Bay, 
Alaska, 1983 ( con t i nued ) .  

t 

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

7 8 
7 9 
7 10 
7 11 
7 12 
7 13 
7 14 
7 15 
7 16 
7 17 
7 18 
7 19 
7 20 

Mean 



Table 12. Water temperatures and depths at field camp site, head of Wood River 
(outlet of Lake Aleknagik), Bristol Bay, Alaska, 1975-1983. 
A dash (-)  indicates missing data. 

Water Temperature (C) Water Depth (m) 

Sample 
Year Period Minimum Maximum Mean Minimum Maximum Mean References 

29 May-19 July 
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 

w 
cn Mean 3.8 14.8 8.4 0.22 1.22 0.88 

Krasnowski (1976) 
Krasnowski (1977) 
Newcome (1978) 
Clark and Robertson (1980) 
Bucher (1980) 
Bucher (1981) 
Bucher (1982) 
Bucher (1984 ) 

1983 28 May-26 July 4.4 12.8 8.7 0.46 1.19 0.90 



N U Y A K U K  RIVER SOCKEYE SALMON SMOLT STUDIES FOR 1983 

R .  Er ic  Minard and Mark Frederickson 
Alaska Department of Fish and Game 

Divis ion of Commercial F i she r i e s  
Dillingham, Alaska 

a "  INTRODUCTION 

The Nuyakuk River i s  a major t r i b u t a r y  of t h e  Nushagak River and t y p i c a l l y  
accounts f o r  83% of t h e  sockeye salmon production from t h e  Nushagak system. 
This  was t h e  f i r s t  yea r  a sonar  counter  was used on t h e  Nuyakuk River t o  
e s t ima te  numbers of smolt .  In 1982, fyke n e t s  were f i s h e d  t o  c o l l e c t  age, 
weight ,  and length  d a t a  f o r  smol t produced from t h e  h ighes t  recorded spawning 
escapement 07 3.0 mi l l  ion sockeye salmon i n  1980 (Minard 1984).  

Major o b j e c t i v e s  of  t h e  Nuyakuk River smolt p r o j e c t  were 1) t o  e s t ima te  
numbers of seaward migrat ing sockeye salmon smol t ,  2) t o  desc r ibe  smol t 
migrat ion p a t t e r n s ,  3 )  t o  determine t h e  age, l eng th ,  and weight composition 
of t h e  smol t popula t ion ,  and 4 )  t o  record c l  imatological  and hydrological  
parameters which might a f f e c t  migratory behavior.  This  d a t a  w i l l  be used t o  
f o r e c a s t  f u t u r e  r e t u r n s  of a d u l t  sockeye salmon t o  t h e  Nuyakuk system and t o  
a id  i n  eval ua t  i  ng spawning escapement goal s. 

MATERIALS AND METHODS 

Based upon r e s u l t s  of t h e  1982 s i t e  s e l e c t i o n  s tudy (Minard 1984),  sonar  
equipment was placed about 3 .5  km downriver from t h e  o u t l e t  o f  Ti kchi k Lake. 
The r i v e r  a t  t h i s  s i t e  was about 150 m wide and had a maximum depth of 5 .0 m .  
Water v e l o c i t y  during t h e  1983 smolt migrat ion ranged between 0.70 and 1.15 
m/sec. 

The sonar  system was designed and b u i l t  by Bendix Corporation in  1982. 
Equipment cons i s t ed  of t h r e e  3.05 m long ladder-shaped a r r a y s ,  each housing 
10 upward-facing t r ansduce r s ,  connected t o  a s i n g l e  con t ro l  u n i t .  The 
o f f sho re  a r r a y  was anchored in  t h e  Nuyakuk River on 26 May, while  t h e  c e n t e r  
and inshore  a r r a y s  were anchored in  t h e  r i v e r  t h e  fol lowing day. Inshore,  
c e n t e r ,  and o f f sho re  a r r a y s  were s i t u a t e d  21, 48, and 70 m ,  r e s p e c t i v e l y  from 
t h e  south bank of t h e  r i v e r s  a t  t h e  counting s i t e  where t h e  cont ro l  u n i t  was 
housed in  a canvas wall t e n t .  

Counting ope ra t ions  began a t  1900 h r s  on 27 May and continued u n t i l  1200 h r s  . 
on 1 J u l y .  Although r e t u r n  echoes were au tomat ica l ly  p r in t ed  by t h e  cont ro l  
u n i t  every hour, t h e  sonar  system was monitored cont inuously by f i e l d  . 
personnel dur ing  t h e  e n t i r e  p r o j e c t  so  t h a t  fa1 s e  counts  (due t o  en t r a ined  
a i r  from wind, r a i n ,  i c e ,  e t c . )  could be recorded and t h e  counter  d i sab led  
when t h e  frequency of f a l s e  counts  became very high (e .g .  during periods of 



high winds o r  heavy r a i n ) .  A t  t h e  end of each day, f a l s e  counts  were 
sub t r ac t ed  from t o t a l  recorded sonar  counts ,  and counts  were es t imated  by 
i n t e r p o l a t i o n  dur ing  times when t h e  sonar  system was d i s a b l e d .  

A General Oceanics Model 2031 flow meter was suspended about 0 . 5  m below t h e  
water  s u r f a c e  d i r e c t l y  behind t h e  inshore  a r r a y .  Since counting r a t e  of t h e  
sonar  systems depended upon res idence  t ime of smolt wi th in  t r ansduce r  beams, 
which was a func t ion  of r i v e r  v e l o c i t y  a s  well a s  smolt swimming speed,  
c u r r e n t  speed d a t a  from t h e  meter was used t o  a d j u s t  t h e  c u r r e n t  speed 
s e t t i n g  on t h e  sonar  u n i t  a f t e r  each hourly p r i n t i n g  i n t e r v a l .  Counts from 
t h e  o t h e r  two a r r a y s  were f u r t h e r  ad jus ted  during f i n a l  c a l c u l a t i o n s  f o r  any 
d i f f e r e n c e s  i n  c u r r e n t  speeds ac ros s  t h e  counting t r a n s e c t .  This  was 
determined from c u r r e n t  speed measurements made behind t h e  c e n t e r  and 
o f f sho re  a r r a y s  severa l  t imes during t h e  season. Current speeds over  t h e  
c e n t e r  and o f f sho re  a r r a y s  were only 1.050 and 1.011, r e s p e c t i v e l y ,  g r e a t e r  
than those  recorded over t h e  inshore  a r r ay .  

Sonar counts  were a l s o  ad jus ted  t o  account f o r  smolt migra t ing  through 
s e c t i o n s  of t h e  r i v e r  no t  covered by t h e  t h r e e  t r ansduce r  a r r a y s .  These 
adjustments  were made using d a t a  obtained with a s ide-scanning  sonar  coun te r ,  
b u i l t  by Bendix Corporation i n  1975. These d a t a  i nd ica t ed  t h a t  t h e  inshore  
and o f f sho re  l i m i t s  of smolt d i s t r i b u t i o n  were 3.05 and 117.35 m ,  
r e s p e c t  i  vel y . 
A 1.2-m x 2.1-m fyke n e t  was f i shed  in  1.5 m of water  about 1 km upr ive r  from 
t h e  sonar  s i t e .  About 60 srnolt per  sampling day were wet weighed in  g ,  
measured f o r  f o r k  l eng th  i n  mm, and aged from s c a l e  samples. While no at tempt  
was made t o  i nc rease  d a i l y  sample s i z e s ,  a s  was done f o r  r i v e r  systems on t h e  
e a s t  s i d e  of  Br i s to l  Bay, d a i l y  d a t a  were combined t o  obta in  samples of about 
240 smolt ( i  .e. t o t a l  ca tch  f o r  a f o u r  t o  seven day pe r iod )  f o r  e s t ima t ing  
age c l a s s  composition and mean weight.  Since pas t  d a t a  i nd ica t ed  t h a t  age I 
smolt g e n e r a l l y  comprised over 80% of t h e  smolt populat ion dur ing  any 
migra t ion  y e a r  (1978, 81 .l% age I ;  1982, 99.6% age I ) ,  a sample of about 240 
smolt was l a r g e  enough t o  produce e s t ima te s  of t h e  propor t ion  of age I o r  age 
I1  smolt which were wi th in  5% of t h e  ac tua l  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  . a c t u a l  age c l a s s  propor t ions  ranging from 0.20 t o  
0.80) (Cochran 1963).  Mean weight of a t  l e a s t  240 smolt were used t o  a d j u s t  
sonar  counts  a f t e r  t h e  season, s i n c e  t h e  sonar  system was s e t  a t  t h e  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  of f i v e  smol t having a mean 
weight of 8.29975 g.  

Cl imatol og-i ca l  and hydro1 ogica l  cond i t i ons  were recorded dai  l y  a t  t h e  sonar  
s i t e .  Sub jec t ive  observa t ions  were made of  cloud cover ,  wind v e l o c i t y ,  and 
r i v e r  t u r b i d i t y ,  while  a i r  and water temperature and p r e c i p i t a t i o n  were 
measured a t  0800 and 2000 h r s .  

RESULTS AND DISCUSSION 

A t o t a l  of 402,268 sonar  counts  were recorded dur ing  27 May u n t i l  -30 June 
1983 (Table 1 ) .  About 51% of t h e s e  counts  occurred over t h e  in shore ,  29% over 
t h e  c e n t e r ,  and 20% over t h e  o f f sho re  a r r a y  (Table 1 ) .  The f i n a l  t o t a l  smolt 
migrat ion e s t ima te  was 30,134,497 (Table 2 ) .  Age c l a s s  composition was 96% 



age I (28,875,158) and 4% age I1 (1,259,339) smolt. This was the f i r s t  year 
data on smol t production was available. Production of age I smol t from the 
1981 spawning escapement was high (34.6 smolt per spawner). 

TWO separate dis t r ibut ions of smolt a'bundance were noted during the season: 
one during 27 May to  12 June (maximum abundance, 6 June) and another during 
13 t o  30 June (maximum abundance 16-18 June). Mean lengths and weights o f  
smolt migrating seaward during 27 May to  12 June were l e s s  than those of 
smolt migrating seaward during 13 June t o  30 June (Tables 3 and 4 ) .  These two 
abundance dis t r ibut ions may have represented smolt populations produced by 
two d i f fe rent  spawning stocks within the system. 

A total  of 1,829 smolt were sampled for  length, weight, and age data (Table 
4) .  Mean lengths of age I and I1 smolt were 79 and 92 mm,  respectively. Mean 
weights of age I and I1 smolt were 4.7 and 7 . 2  g ,  respectively. These mean 
lengths and weights were similar to  the grand means for  past years (Table 5 ) .  

Cl imatol ogical and hydrological observations were recorded a t  the sonar s i t e  
from 26 May until 30 June (Table 6 ) .  Ice covered Nuyakuk Lake when the sonar 
project began, b u t  melted in place during the f i r s t  week of operations. Mean 
a i r  and water temperatures for  the season were 11.7 and 5.g°C, respectively. 
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Table 1. Sonar counts recorded from three 10 transducer arrays 
at the sockeye salmon smolt counting site on the 
Nuyakuk River, Bristol Bay, Alaska, 1983. False 
counts were deleted, and interpolations were made for 
time missed when sonar not operated. 

Sonar Counts 

Transducer Array 

Date a/ Inshore Center Offshore Total 

Total 204,659 118,583 79,027 402,268 

Percent 50.88 

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

-101- 



Table 2. Daily number of sockeye salmon smolt migrating seaward, 
estimated with a sonar unit, Nuyakuk River, Bristol Bay, 
Alaska, 1983. 

Age I Age I1 All Ages 

Daily Cumulative 
Date a/ Number Percent Number Percent Total Total 



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

* v Alaska, 1983 (con t inued)  . 

Age I Age I1 All Ages 

Daily Cumulative 
Date a/ Number Percent Number Percent Total Total 

Total 28,875,158 95.82 1,259,339 4.18 30,134,497 

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



Tab le 3. Adjustment factors used to expand sonar 
counts into estimated numbers of sockeye 
salmon smolts, Nuyakuk River, Bristol 
Bay, Alaska, 1983. Only period mean 
weights used for final calculations. 

Mean Weight 
Date a/ of Smolt (g) 

Smolt per 
Count 

Period 1 Mean 3.4 

no sample 
4.3 
3.8 
5.4 
4.8 
4.0 

Period 2 Mean 4.4 

Period 3 Mean 4.3 

Period 4 Mean 5.5 7.5 



Table 3. Adjustment factors used to expand sonar 
counts into estimated numbers of sockeye 
salmon smolts, Nuyakuk River, Bristol 
Bay, Alaska, 1983. Only period mean 
weights used for final calculations 
(cont inued) . 

Mean Weight 
Date a/ of Smolt (g) 

Smolt per 
Count 

6 19 no sample 
6 20 5.4 
6 21 5.5 
6 22 4.9 
6 23 5.3 

period 5 Mean 5.2 8.0 

6 24 5.3 
6 25 5.1 
6 26 4.9 
6 27 4.7 
6 28 4.9 
6 29 no sample 
6 30 4.4 

Period 6 Mean 4.9 

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



Table 4. Mean fork length (mm) and weight (g) of sockeye salmon smolt captured in 
fyke nets, Nuyakuk River, Bristol Bay, Alaska, 1983. 

Age I Age I1 

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

Date a/ (mm) Error (9) Error Size (m) Error (gm) Error Size 



Table 4. Mean fork length (mm) and weight (g) of sockeye salmon smolt captured in 
fyke nets, Nuyakuk River, Bristol Bay, Alaska, 1983 (con t inued) .  

Age I Age I1 

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

Date a/ (mm) Error (9) Error Size (mm) Error (gm) Error size 

Totals 

Means 

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



Table 5. Age composition of total migration, and mean fork length (mm) 
and weight (g) by age class, for sockeye salmon smolt, Nuyakuk River, 
Bristol Bay, Alaska, 1978, 1982, and 1983. 

Age I Age I1 

Mean Mean Mean Mean 
Year of Sample Sample Length Weight Length Weight 
Migration Dates Size (mm) (9) (mm) (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) 

- - - - 

Mean 74 4.1 91 6.3 

I 
A 1983 27 May-30 June 1,847 75 4.3 91 6.6 
0 

9" 



Table 6. Climatological and hydrological observations made at sockeye salmon 
smolt counting site, Nuyakuk River, Bristol Bay, Alaska, 1983. 
A dash (-)  indicates missing data. 

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

Air Water 
Temp. Temp. Water 

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

8 NE - - 
8 NW 

42 E 
8 SE 

3 3  E 
8 NW 
17 E 
8 NW 
calm 
calm 
calm 
calm 

8 E - - 
calm 

8 NE 
17 N 
8 NE 
calm 
calm 
calm 
calm 
calm 
calm 

calm 
calm 
calm 
17 NE 
25 NE 
33 NE 
calm 
33 'NE 
25 NE 
17 NE 

8 NE 
calm 
calm 
calm 
calm 
calm 

clear 
clear 
clear 
clear 
clear 
clear 
murky 
murky 
murky 
murky 
murky 
brown 

light brown 
clear 

light brown 
light brown 
light brown 
light brown 
light brown 
light brown 
light brown 
light brown 
light brown 
light brown 
light brown 



Table 6. Climatological and hydrological observations made at sockeye salmon 
smolt counting site, Nuyakuk River, Bristol Bay, Alaska, 1983. 
A dash (-) indicates missing data (con t inued) .  

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

Air Water 
Temp. Temp. Water 

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

8 NE 
calm 
calm 
17 NE 
17 NE 
25 SW 
8 SW 
17 NE 
calm 
8 - 

0-8 - 

calm 
8 NE 
17 NE 
25 NE 
17 NE 
25 SW 
25 SW 
17 NE 
17 - 

17-33 - 
0-17 - 

light brown 
light brown 
light brown 
light brown 
light brown 
light brown 
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 
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