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ABSTRACT 

Sockeye salmon (Oncorhynchus nerka) smol t  p r o j e c t s  were conducted on seven 
B r i s t o l  Bay r i v e r s  i n  1982. Est imates o f  o u t m i g r a t i n g  sockeye salmon smolts 
were 204.0, 129.3, 60.4, and 37.0 m i l l i o n  f o r  t h e  Kvichak, Naknek, Egegik, 
and Wood R ivers ,  r e s p e c t i v e l y .  There were no s i m i l a r  es t imates  f o r  t h e  
Ugashik, Nushagak, and Nuyakuk R ivers .  Ou tmig ra t ing  smo l t  age composi t ion 
were 60% Age I and 40% Age 11; 91% Age I and 9% Age 11; 83% Age I ,  17% Age 
11, and 1  ess than  1% Age 111; 87% Age I and 13% Age 11; 99% Age I and 1% 
Age 11; and 100% Age I f o r  t h e  Kvichak, Naknek, Egegik, Ugashik, Wood, Nuyakuk, 
and Nushagak R ivers ,  r e s p e c t i v e l y .  Methods o f  smo l t  enumeration and sampling 
i nc l uded  sonar, f y k e  nets ,  i n c l i n e d  p lane  t r aps ,  and a  beach seine. 

KEY WORDS: sockeye salmon, smol t  ou tm ig ra t i on ,  sonar enumeration, age 
compos i ti on 



INTRODUCTION 

Th is  Technica l  Data Report  represents  a c o n t i n u a t i o n  i n  the  documentation o f  
sockeye salmon (Oncorhynchus  n e r k a )  smol t data c o l  1 ected from var ious  B r i  s t01 
Bay r i v e r  systems. I n  1982 smol t  p r o j e c t s  were conducted on f o u r  systems, 
Kvichak, Naknek, Egegi k, and Wood. Sonar biomass counters  were used t o  e s t i -  
mate smol t  abundance on the Kvichak, Egegik, and Wood R ivers  w h i l e  an i n c l i n e d  
p lane t r ap ,  a f y k e  ne t ,  and a beach se ine  were used on the Nushagak, Nuyakuk, 
and Ugashik Rivers ,  r e s p e c t i v e l y .  Length and weight  data were c o l l e c t e d  from 
each age c l ass  o f  smol t  on each of the r i v e r s  sampled. I n f e c t i o n  r a t e  by the  
cestode p a r a s i t e  ( T r i a e n o p h o r u s  c r a s s u s )  was documented f o r  m o l t  em ig ra t i ng  
down the  Wood R iver .  C1 ima to log i ca l  data a r e  presented f o r  each smol t s i t e .  
Smolt da ta  i s  used t o  f o r e c a s t  r e t u r n s  o f  a d u l t s  and t o  a s s i s t  i n  e s t a b l i s h i n g  
optimum escapement 1 eve1 s. 

As used i n  t h i s  r epo r t ,  Age I smol t  a r e  those smol t  which have formed one sca le  
annulus o r  "check", and a r e  i n  t h e i r  second year  o f  f reshwater  res idency  a t  t he  
t ime  o f  ou tmig ra t ion .  Age I 1  o r  two-check smol t  a r e  those i n  t h e i r  t h i r d  yea r  
o f  f reshwater  res idency  possessing two sca le  a n n u l i .  



1982 KVICHAK R I V E R  SOCKEYE SALMON SMOLT STUDIES 

Donald B i l l  

Alaska Department o f  F i s h  and Game 
D i v i  s i  on o f  Commercial F i  sher i  es 

King Salmon, Alaska 

INTRODUCTION 

To ta l  ou tm ig ra t i on  est imates o f  sockeye salmon smol t  from t h e  Kvichak R iver ,  
i n  a d d i t i o n ,  t o  s i z e  and age composit ion, a r e  used i n  f o r e c a s t i n g  f u t u r e  runs 
t o  t h e  system and t o  he lp  i n  e v a l u a t i n g  escapement l e v e l s  and smol t produc t ion .  
Est imates us ing  sonar began i n  1971 and rep laced  t h e  outdated f y k e  n e t  catches 
and ou tm ig ra t i on  i n d i c e s  which had begun i n  1955 (Russel 1  1972; Paulus and 
McCurdy 1972; Parker 1974a and 1974b). The sonar program cont inued i n  1982 
and prov ided ou tm ig ra t i on  est imates,  age c l ass  composit ion, and s i z e  i n fo rma t i on .  

METHODS AND MATERIALS 

Sonar Arrays 

The sonar coun t ing  system cons i s ted  o f  t h r e e  3.2 m p l a s t i c  l adde r  ar rays,  each 
h o l d i n g  14 sonar t ransducers.  The t ransducers were then connected t o  a  s i n g l e  
c o n t r o l  u n i t  by coax ia l  cab le.  I n s t a l l a t i o n  and opera t ion  o f  t h e  sonar gear 
were s i m i l a r ,  w i t h  minor  except ions,  t o  t h a t  o f  1976 (Randal l  1977). 

Two a r rays  were p laced i n  ope ra t i on  on 17 May. The t h i r d  a r ray  was he ld  i n  
reserve  because o f  i c e  cond i t i ons  i n  I l i amna Lake. Wind cond i t i ons  were such 
t h a t  s h i f t i n g  o f  the  i c e  d i d  n o t  take p l ace  and most ended up m e l t i n q  i n  p lace.  
The t h i r d  a r r a y  was p laced i n  ope ra t i on  on 25 May once i t  became apparent t h e r e  
would be no severe i c e  problems. Counts f o r  t he  t h i r d  a r r a y  p r i o r  t o  i t s  be ing  
o p e r a t i  ona1 were i n t e r p o l a t e d  f rom t h e  p r o p o r t i o n  o f  t h e  f i r s t  two a r rays  d u r i n g  
t he  remainder o f  t h e  season. 

Adjustment o f  Sonar Counts 

The system was ope ra t i ona l  a t  a1 1  t imes and counts were e l e c t r o n i c a l l y  t o t a l e d  
every  15 minutes f o r  each a r r a y  and recorded on paper tape. I n  o rder  t o  conve r t  
sonar counts i n t o  numbers of smol t  i t  was necessary t o  s u b t r a c t  f a l s e  counts, 
i n t e r p o l a t e  f o r  missed t ime, a d j u s t  f o r  r i v e r  v e l o c i t y ,  expand counts f o r  r i v e r  
w id th ,  and m u l t i p l y  by 10. 

The normal procedure t o  e l i m i n a t e  f a l s e  counts ( i c e ,  boats, deb r i s ,  e t c . )  was 
t o  d i s a b l e  the  e n t i r e  system. The c o n t r o l  u n i t  p r i n t e d  the  number o f  seconds 
t he  system was d isabled.  I f  t h i s  procedure wasn ' t  used, known f a l s e  counts were 
sub t rac ted  from t h e  counts p r i n t e d  on t h e  paper tape. Counts d u r i n g  missed t ime  
were est imated by l i n e a r  i n t e r p o l a t i o n .  



The count ing r a t e  o f  t h e  c o n t r o l  u n i t  was dependent on water  v e l o c i t y .  Actua l  
water  v e l o c i t i e s  were measured w i t h  a  Gur ley meter t w i c e  du r i ng  the  p r o j e c t .  
V e l o c i t i e s  on 17 May were 4.26 f e e t  pe r  second ( f p s )  a t  bo th  t h e  inshore  and 
o f f s h o r e  a r rays  and 4.63 f p s  a t  the  cen te r  a r ray .  Measurements taken on 7  June 
gave est imates o f  4.40 f ps  a t  t h e  inshore  a r ray ,  4.95 f p s  a t  t he  cen te r  a r ray ,  
and 4.74 f p s  a t  the  o f f s h o r e  a r ray .  The c o n t r o l  u n i t  was s e t  and r e s e t  a t  
these v e l o c i t i e s .  These v e l o c i t i e s  were used t o  make l i n e a r  adjustments i n  the  
sonar counts . 
The sonar s i g n a l  f rom each a r r a y  was approx imate ly  3.7 m wide. The counts f rom 
each a r r a y  were expanded t o  es t imate  the  number o f  smol t m i g r a t i n g  i n  sec t ions  
o f  t h e  r i v e r  n o t  covered by a r rays .  D a i l y  counts were then expanded t o  es t imate  
t he  t o t a l  d a i l y  ou tm ig ra t i on  based on t he  d a i l y  l a t e r a l  d i s t r i b u t i o n  o f  sonar 
counts over  t h e  t h ree  a r rays .  

The sonar system func t i oned  as a  biomass counter  and was designed t o  r e g i s t e r  
one count f o r  t h e  biomass equ i va len t  t o  10 smol t  pass ing over  t he  sonar equipped 
a r rays  (Krasnowski 1975). The f i n a l  ad justment  f o r  es t ima t i ng  t he  t o t a l  ou t -  
m i g r a t i o n  o f  smolt ,  the re fo re ,  was t o  mu1 ti p l y  the  d a i l y  counts by 10. 

~ g ' e - ~ e i  g h t - ~ e n g t h  Sampl i ng 

Catches from f y k e  n e t  and d i p  n e t  catches were used t o  determine mean leng ths  
and weights  and t h e  age composi t ion o f  t he  smol t  ou tmig ra t ion .  A s tandard 1.5 
x  1.5 m f y k e  n e t  was f i s h e d  i n  about 1.2 m o f  water  i n  approx imate ly  t he  same 
l o c a t i o n  as t h e  index s i t e  o f  prev ious years.  Dipnet  catches were made a t  t h i s  
same s i t e  du r i ng  per iods  o f  peak ou tmig ra t ions .  E f f o r t s  were made t o  c o l l e c t  
30 smol t  f o r  age, leng th ,  and we igh t  da ta  a t  0600, 1200, 1800, and 2400 hours 
d a i l y .  Samples were a l s o  taken du r i ng  t he  midd le  o f  t he  above t ime per iods  f o r  
age d i s t r i b u t i o n  (us ing  l e n g t h  f requenc ies )  on ly .  

Est imated age composi t ion o f  t h e  t o t a l  ou tm iq ra t i ons  was weighted by t h e  es t imate  
f o r  each o f  t h e  sample per iods .  Dur ing t he  s t rong  ou tm ig ra t i on  o f  28 May, f i f t e e n  
e x t r a  samples o f  30-40 smol t  each were c o l l e c t e d  by d i p  n e t  t o  t ry  and determine 
i f  t h e  r e g u l a r  s h o r t  sampling per iods  du r i ng  t h i s  peak p e r i o d  would b i a s  age 
apportionments. 

RESULTS 

C l ima to log i ca l  and Hydro log ica l  Observat ions 

Weather and r i v e r  cond i t i ons  were moni tored a t  the  sonar s i t e  f rom 14 May through 
15 June (Table 1 ) .  I c e  f lowed i n t e r m i t t e n t l y  u n t i l  about 22 May. The mean a i r  
and water  temperatures over  t h e  d u r a t i o n  o f  t h e  p r o j e c t  were 8.3" C and 4.9" C, 
r e s p e c t i v e l y .  Water temperatures d u r i  ng smol t s tud ies  i n  the  pas t  20 years have 
averaged 5.3" C (Appendix Table 1 ) .  Dur ing the  peak o f  t h e  smol t ou tm ig ra t i on  
t h e  mean water  temperature was 4.3" C. 



Table 1 .  C l imato log ica l  and s t ream o b s e r v a t i o n s ,  Kvichak River ,  14 May t o  
15 June 1982. 

SKY wIND(m&) MEAN MEAN 
AIR WATER 

IXTE 0800 2000 0800 2000 'IEW (c) !l?EW (c) TURBIDITY 

Mean 



Outmigra t ion  Est imate 

A t o t a l  o f  4,572,376 sonar counts was recorded du r i ng  t he  1982 sonar enumeration 
p r o j e c t  (Table 2 ) .  The t o t a l  est imated smol t  ou tm ig ra t i on  from these counts was 
204.0 m i l l  i o n  (Table 3 ) .  The peak ou tm ig ra t i on  occurred on 31 May and 1  June and 
represented 41% o f  t h e  t o t a l  ou tm ig ra t i on .  A sma l le r  peak on 26 May represented 
18% o f  t he  t o t a l  es t imate .  

The age c l ass  composi t ion o f  t h e  ou tm ig ra t i on  cons is ted  o f  122.9 m i l l i o n  Age I 
smol t  f rom t h e  1980 escapement o f  22.5 m i l l i o n  and 81.1 m i l l i o n  Age I 1  smol t  
f rom the  1979 escapement o f  11.2 m i l l i o n  (Table 4 ) .  The 81.1 m i l l i o n  Age I 1  
smol t  i n  a d d i t i o n  t o  t h e  163.0 m i l l i o n  Age I smol t  f rom 1981 ou tm ig ra t i on  i n d i -  
ca ted  a  t o t a l  p roduc t i on  o f  21.5 smol t  p e r  spawner from the  1979 brood year .  
Average mar ine s u r v i v a l  f o r  Age I smol t, from brood year  1968 through brood year  
1977, was 9.8%, w h i l e  t h a t  f o r  Age I 1  smolt  was 13.3% (Appendix Table 2 ) .  

Age-Weight-Length 

A t o t a l  o f  1,338 smol t was sampled t o  determine mean weight,  l eng th ,  and age. 
D a i l y  mean weights  and leng ths  a re  presented i n  Table 5. Mean leng ths  were 
84.3 mm f o r  Age I srnolt and 102.7 f o r  Age I 1  smolt .  Mean weights  f o r  Age I and 
Age I 1  smolts were 5.1 g  and 9.1 g, r espec t i ve l y .  H i s t o r i c a l  da ta  on age com- 
p o s i t i o n ,  mean weights ,  and mean leng ths  i s  p rov ided  i n  Table 6. The es t imated  
age composit ion o f  the  t o t a l  ou tm ig ra t i on  was 60% Age 1 and 40% Age 11. Addi- 
t i o n a l  samples taken on 28 May us ing  a  d i p  n e t  r e s u l t e d  i n  i n d i v i d u a l  samples 
va ry i ng  from 3.4% t o  100% Age I smolt .  The t o t a l  composi t ion o f  a l l  t h e  spec ia l  
15 samples combined was 70% Age I and 30% Age 11. Age I smol t  l e n g t h  was t he  
second lowes t  s i nce  1964 w h i l e  Age I 1  smol t  l e n g t h  was t h e  t h i r d  lowes t .  



Table 2.  Kvichak River sockeye salmon smolt counts by array, less  fa l se  
counts, plus interpolation for  missed time, 1982. 

DATE INSHORE CENTER OFFSHORE '1DTAL 

'IDTAL 532,527 1,581,786 2,458,063 4,572,376 
% OF TOTAL 11.65 34.59 53.76 ................................................................ 



Table 3 .  Daily srnolt outmigration es t imate  by age c l a s s  with percent  age composition and accumulated t o t a l s ,  
Kvichak River,  1982. 

...................................................................................................... 
DATE X E  I % ACCUM AGE I1 % TOTAL ACUJM ACCUM 



Table 4. Comparative Kvichak R i v e r  sockeye salmon escapement, smo l t  p roduc t ion ,  age c l a s s  composit ion, and 
smol t per  spawner data, 1956-1 980. 

............................................................................................................ 
EROOD ESTIWTED SmLT PROWCTION X E  PROPORTION SFKILT PER 
YEAR E S W E M N T  ?GE I AGE I1 AGE I11 TOTAL X I AGE I1 AGE I11 SPAWNER ............................................................................................................ 
1956 9,443,318 3,267,274 2 ,777,960 0 6,045,234 .54 .46 0.00 .640 
1957 2,842,810 85,916 552,603 0 638,519 .13 .87 0.00 .225 
1958 534,785 61 ,400 10,126 0 71,526 .86 .14 0.00 .134 
1959 680,000 26,038 72,180 0 98,218 .27 .73 0.00 .144 
1960 14,630,000 1,130 ,820 4,116,093 0 5,246,913 .22 .78 0 .OO .3 59 
1961 3,705,849 113 ,338 1,603,464 0 1,716,802 .07 .93 0.00 .463 
1962 2,580,884 458,122 1,748,178 0 2,206,300 .21 -79 0.00 .855 
1963 338,760 64,377 23,377 0 87,754 .73 .27 0.00 .259 
1964 957,120 252,384 222,528 0 474,912 .53 -47 0.00 .496 
1965 24,325,926 2,866,214 5,475,362 0 8,341,576 -3 4 -66 0.00 .343 
1966 3 ,775 ,184 648,321 541,017 0 1 ,189 ,338 .55 045 0.00 .315 

I 1967 3 ,216 , 208 594,327 298,282 0 892 ,609 .67 .33 0.00 .278 
4* 1968 2 557 , 440 185,356 5 ,959 ,383 0 6,144,739 .03 -97 0.00 2.403 2 

1969 8,394,204 85,723,430 67,004,325 0 152,727,755 .56 .44 0.00 18.194 
1970 13,935,306 570,758 189,138,158 4,925,610 194,634,518 .OO 997 .03 13.967 
1971 2,387,392 4,987 ,961 33,767,464 0 38,755,425 .13 -87 0.00 16.233 
1972 1,009,962 4 fO2l ,849 5,784,036 0 9,805,885 .41 .59 0.00 9.709 
1973 226,554 9,848,495 2,927,804 0 12,776,299 -77 .23 0.00 56.394 
1974 4,433,844 99,890,123 132,920,297 0 232 ,810 ,420 043 -57 0.00 52.508 
1975 13 ,140 ,450 82,097,299 238,523,253 0 320,620,552 .26 .74 0.00 24.400 
1976 1,9651282 31r305,140 25,993,357 0 57,298,497 .55 .45 0.00 29.155 
1977 1,341,144 26,623,136 10,109,539 0 36,732,675 -7 2 -28 0.00 27.389 
1978 4,149,288 162,563,957 20,653,073 0 183,217,030 .89 -11 0.00 44.156 
1979 11,218,434 162,958,121 81,112,932 0 243 ,976 ,889 -67 -33 0.00 21.479 
1980 22 ,505,268 122,928,085 0 0 122,928,085 1 .OO 0.00 0 .OO 5.462 ............................................................................................................ 
I Begin use o f  sonar.  

2 Based on Age I counts est imated w i t h  f y k e  ne t s  and Age I1  counts es t imated  w i t h  sonar. 



Table 5. Mean length ( m m ) ,  mean weight ( g ) ,  standard error ,  and sample s ize ( n )  for  sockeye salmon smol t 
by age class and sample date, Kvichak River, 1982. 

X E  I AGE I1 AGE I11 
---------L--------------,-------------------------------------------------------------------------------- 

MEAN MEAN MEAN MEAN MEAN MEAN 
B T E  LENGIH S.E. WEIGHT S.E. N LENGTH S.E. WEIGHT S.E. N LENGTH S.E. WEIGHT S.E. N 

SEASONAL 
MEAN 84.27 5.06 



Table 6. Comparative age, l e n g t h ,  we igh t ,  and o u t m i g r a t i o n  e s t i m a t e  o f  sockeye 
salmon smol t f rom t h e  Kvichak R i v e r  ,1955-1 982. 

YEAR OF AGE I AGE I1 AGE I11 OUT 
SEAWARD L K ? H  WT LENG'M WT LENG'M WT MIGRATION 
MIGRATION % (m) ( g )  % (mn) (9) % (mn) (9) ESTIMATE 

Begin  o u t m i g r a t i o n  e s t i m a t e  w i t h  sonar.  
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Appendix Table 1 .  Water temperature ( O C )  during smolt studies, Kvichak River, 
1963 t o  1982. 

- - -- -- - - - 

Year Start  End Minimum Maximum Mean ........................................................................ 
1963 5/16 6/14 2.22 8.89 5.5 
1964 5/18 6/14 0 .OO 5.6 2.6 
196 5 5/ 17 6/ 11 0 .OO 8.9 4.4 
1966 5/ 16 6/ 26 0 .OO 11.1 4.7 
1967 5/17 6/ 20 1.1 9.4 6.9 
1968 5/12 6/12 3.3 8.3 5.4 
1969 5/ 16 6/18 0.3 7.8 3.9 
1970 5/13 6/ 07 2.8 11.1 6.8 
197 1 5/17 6/ 20 1.1 3.3 2.4 
1972 5/18 6/18 0.6 5.0 2.9 
1973 5/15 6/14 2.9 8.9 4.9 
197 4 5 / u  6/09 3 .O 8 .O 6.2 
1975 5/ 17 6/15 2 -0 8 .O 3.8 
1976 5/18 6/19 2 .O 9.5 3.9 
1977 5/ 17 6/ 14 3 .O 9.5 6 -4 
1978 5/19 6/09 5 .O 11 .O 7.6 
1979 6/ 01 6/10 8 .O 10 .O 8.6 
1980 5/ 16 6/18 1.5 9 .O 5.5 
1981 5/15 6/09 7 .O 10 .O 8.2 
1982 5/14 6/15 2.5 8.5 4.9 

Mean 5.3 ......................................................................... 



Appendix Table 2.  Kvichak River sockeye salmon escapement, smolt e s t ima te ,  a d u l t  r e t u r n s ,  and smolt surv iva l  
by brood y e a r ,  1968-1980. 

AGE I PGE I1 ................................ .................................. 
BROOD lDTAL EST ADULT ADULT/ EST ADULT ADULT/ 
YEAR ESCAPEMENT SMILT RETURN SmLT SmLT RETURN SKILT 

I Excludes 1983 r e t u r n s  of Age 5, a d u l t s .  
* Excludes 1983 r e t u r n s  of Age 6, a d u l t s .  

Brood years  1969 through 1977 only. 

Brood years  1968 through 1976 only.  



1982 NAKNEK R I V E R  SOCKEYE SALMON SMOLT STUDIES 

Danie l  C.  Huttunen 
Alaska Department o f  F i s h  and Game 

D i v i s i o n  o f  Commercial F i s h e r i e s  
Anchorage, Alaska 

INTRODUCTION 

The Naknek R i v e r  sockeye salmon smol t  p r o j e c t  was r e i n s t i t u t e d  i n  1982 t o  
c o l  l e c t  i n f o r m a t i o n  on t he  t im ing ,  magnitude, age composi t ion,  and average 
body s i z e  o f  t h e  ou tm ig ra t i on .  Th i s  i n f o r m a t i o n  w i l l  be used t o  mon i t o r  
Naknek system sockeye p roduc t i on  and t o  f o r e c a s t  f u t u r e  r e t u r n s  t o  t h a t  system. 
Sonar biomass coun te rs  were used t o  generate  a  t o t a l  ou tm ig ra t i on  es t imate  f o r  
1982, rep1 ac i ng  t he  f y k e  n e t  index program conducted from 1956-1977. 

METHODS AND MATERIALS 

Sonar Ar rays  

The sonar coun t i ng  system cons i s t ed  o f  t h r e e  3.05 m l o n g  a r rays  connected t o  a  
s i n g l e  shorebound c o n t r o l  u n i t  capable o f  process ing s i g n a l s  f rom a l l  t h r e e  
a r rays  s imu l taneous ly  . Each a r r a y  was i ndependent ly anchored, housed 10 upward- 
fac ing  t ransducers ,  and s o n i f i e d  r ough l y  3.35 meters o f  r i v e r  w id th .  I n s t a l  l a -  
t i o n  o f  t h e  sonar a r rays  c l o s e l y  f o l l o w e d  t he  procedure descr ibed  by  Randal l  
(1977) except  t h r e e  300 t o  500 pound "permanent" anchors were p laced i n  t he  
r i v e r  t o  h o l d  t h e  a r rays  a t  13.7 my 35.0 m, and 57.9 m f rom t h e  e a s t  bank, r es -  
p e c t i v e l y .  

The a r rays  were f i r s t  p laced  i n  t h e  Naknek R i ve r  on 23 May and data c o l l e c t i o n  
began on 24 May. A l l  t h r e e  a r rays  s t a r t e d  coun t i ng  a t  t he  t ime and operated 
norma l l y  throughout  t h e  d u r a t i o n  o f  t h e  p r o j e c t  which ended on 10 J u l y .  

Adjustment o f  Sonar Counts 

The sonar system was mon i to red  con t i nuous l y  th roughou t  t h e  p r o j e c t .  A l l  r e t u r n e d  
echoes were a u t o m a t i c a l l y  t a l l i e d  and p r i n t e d  every  7-1/2 t o  15 minutes.  The 
t a l l i e d  raw counts were summed t o  generate  h o u r l y  counts, and any known f a l s e  
counts caused by boa t  t r a f f i c ,  i c e ,  heavy r a i n ,  wind, e t c .  were sub t rac ted .  Raw 
counts were then expanded f o r  t h e  amount o f  t ime  t h e  system was d isab led ,  gener- 
a t i n g  t he  ad jus ted  counts o f  smol t  biomass pass ing  d i r e c t l y  over  each o f  the 
a r rays .  

The coun t ing  r a t e  o f  t h e  sonar c o n t r o l  u n i t  i s  a  f u n c t i o n  o f  t h e  speed a t  which 
t he  smol t t r a v e l  over  the  a r rays .  That speed i n  t u r n  depends l a r g e l y  upon water  
v e l o c i t y .  Water v e l o c i t i e s  were taken d i r e c t l y  over  Ar rays  I, 11, and I 1 1  a t  



t h e  onset  o f  count ing,  and found t o  be 0.914, 1.042, and 0.905 meters pe r  second, 
r e s p e c t i v e l y .  Because t h e  Naknek R i v e r  i s  t i d a l l y  in f luenced a t  the  sonar s i t e ,  
a  Gur ley- type f lowmeter was "permanently" i n s t a l l e d  i n  t he  r i v e r  d i r e c t l y  behind 
Ar ray  I, o r  the  inshore  a r ray .  Th is  a l lowed cont inuous water  v e l o c i t y  readings, 
and t h e  coun t ing  u n i t  was r e s e t  immediately a f t e r  each p r i n t i n g  i n t e r v a l .  La te r ,  
d a i l y  counts f rom Arrays I 1  and I 1 1  were ad jus ted  f o r  d i f f e r e n c e s  between t he  
r e l a t i v e  wate r  v e l o c i t i e s  over each o f  them and t h a t  over  Ar ray  I .  Fac to rs  of 
1.14 and 0.99 were used t o  a d j u s t  t h e  counts from Arrays I 1  and 111, r e s p e c t i v e l y .  

A f t e r  t h e  counts from each a r r a y  had been c o r r e c t l y  ad jus ted  i t  was necessary t o  
est imate the amount of  smol t  ou tm ig ra t i ng  i n  t he  area o f  t he  r i v e r  n o t  sampled 
by the  counter .  Th is  was accomplished by d i v i d i n g  the counts by the  est imated 
p r o p o r t i o n  o f  t h e  smol t 1  a t e r a l  d i s t r i b u t i o n  sampled by the  p a r t i c u l a r  a r ray .  
The pe r i phe ry  of smol t  d i s t r i b u t i o n  a long  each bank was determined v i s u a l l y  s i nce  
t h e  s i d e  scanning sonar norma l l y  used f o r  the  task  was complete ly  i nope ra t i ve .  
A l l  counts a p p r o p r i a t e l y  ad jus ted  were summed i n t o  hou r l y ,  and these i n  t u r n  
were summed i n t o  d a i l y  counts. 

Once d a i l y  counts of smol t  biomass were est imated, f i n a l  adjustments were requ i red  
t o  es t imate  t h e  a c t u a l  numbers of  ou tm ig ra t i ng  smolt .  The Naknek R i v e r  sonar sys- 
tem was designed t o  r e g i s t e r  one count f o r  t h e  biomass equ i va len t  o f  f i v e  smolt. 
A manufactur ing d e f e c t  caused t h e  system t o  be e x a c t l y  tw i ce  as s e n s i t i v e  as 
planned, however, r e g i s t e r i n g  one count f o r  the  biomass equ i va len t  o f  2.5 smolt .  
A d d i t i o n a l l y ,  smol t  ou tm ig ra t i ng  i n  1982 were s i g n i f i c a n t l y  l a r g e r  than a n t i c i -  
pa ted  i n  t h e  system des ign c r i t e r i a .  The c o r r e c t i o n  f a c t o r  f o r  Naknek R i v e r  mean 
smo l t  s i z e  i n  1982 was g iven  by t he  manufacturer  as 0.645. Adjusted d a i l y  counts 
were, there fo re ,  d i v i d e d  by 2.0 and then  mu1 t i p l i e d  by 0.645 t o  generate f i n a l  
d a i l y  ou tm ig ra t i on  est imates.  

Age-Weight-Length Sampl i ng 

Sockeye smol t  were c o l l e c t e d  i n  f yke  ne t s  f o u r  t imes d a i l y  t o  determine the  mean 
leng th ,  weight ,  and age composi t ion o f  t h e  Naknek R i v e r  ou tmig ra t ion .  Catches 
were made a t  0600, 1200, 1800, and 2400 hours whenever poss ib l e  f rom which t h i r t y  
smol t each were randomly sampled. Sample age composit ions, mean leng ths ,  and 
mean weights  were a p p r o p r i a t e l y  weighted by t h e  corresponding ou tm ig ra t i on  e s t i -  
mates t o  y i e l d  d a i l y  va lues.  Seasonal means were generated by we igh t i ng  d a i l y  
means by corresponding da i  l y  ou tm ig ra t i on  es t imates .  

Sonar Count Comparisons 

The sonar system used du r i ng  t h e  1982 Naknek R i ve r  smolt  i n v e s t i g a t i o n s  was new 
and i d e n t i c a l  t o  one developed f o r  the  Egegi k  R i ve r  smol t p r o j e c t  t h i s  year .  
D i f fe rences  i n  ou tm ig ra t i on  t i m i n g  between t he  two r i v e r s  a l lowed bo th  systems 
t o  be used s imul taneously  i n  t he  Naknek R i ve r  f o r  coun t ing  comparison. One 
Egegik R i v e r  sonar a r r a y  was pos i t i oned  7 m d i r e c t l y  behind t h e  cen te r  Naknek 
a r ray ,  and was connected t o  t h e  Egegik smol t  counter .  Both systems operated 
s imul taneously  f o r  10 days. Only data from the  l a s t  6 days were evaluated 
because t h e  t r a i l i n g  Egegik a r r a y  d i d  no t  appear t o  be r e s t i n g  s o l i d l y  on t h e  
bottom f o r  t h e  f i r s t  4  days. 



RESULTS 

Cl imatological and Hydro1 ogical Observations 

Daily weather and hydrologic observations were taken from 21 May through 10 July 
and a r e  presented in Table 1. Maximum, minimum, and mean seasonal water temper- 
a tures  were 14.4, 5.0, and 8.g°C, respectively.  The 1982 mean water temperature 
was somewhat colder than the 10.6OC average of a l l  water temperatures reported 
from previous Naknek River smolt investigations (Appendix Table 1 ) .  River temp- 
era tures  averaged 9.0°C during peak outmigrations on 11 June. 

Outmigration Estimate 

The Naknek River sonar counter t a l l i e d  some 11,163,683 raw counts of smolt biomass 
from 24 May through 10 July 1982 (Table 2 ) .  Roughly 10% of the counts were reg- 
i s tered over Array I ,  52% over Array 11, and 38% over Array 111. The raw counts 
led t o  an estimated 129,316,110 smol t having outmigrated during the course of the  
project;  the expanded dai ly  outmigration estimate by day i s  presented in Table 3 
and i l l u s t r a t e d  in Figure 1 .  Of these smolt, some 115.6 mill ion were Age 1 ' s  
from the 1980 escapement of 2.64 mill ion and the remaining 12.9 mill ion Age 1 1 ' s  
were from the 1979 escapement of 925 thousand (Table 4 ) .  

Age-Weight-Length 

In a l l ,  some 3,222 smolt were sampled f o r  length, weight, and age. Daily mean 
lengths, weights, and sample s i z e  by age c lass  a re  presented in Table 5. The 
estimated seasonal mean lengths of Age I and Age I1 smolt were 93.9 and 100.1 mm, 
respectively,  and average weights were 8.2 and 14.7 g, respectively.  Seasonal 
age composition i n  1982 was 90.6% Age I and 9.4% Age 11. Appendix Table 2 l i s t s  
a l l  avai lable  length and weight data collected on Naknek River sockeye smolt 
since 1955 f o r  comparison. 

Sonar Count Com~ari sons 

Counts t a l l i e d  by the Na 
the Egegi k counter (Tab1 
each machine was l i nea r ,  
of Naknek counts in the 

knek counter were always higher than those registered on 
e 6 ) .  The re la t ionship  between the counts registered on 
and counts registered on the Egegi k counter as a function 

same area of r i ve r  on the Naknek un i t  were: 

where: x = Naknek counts 

Y = Egegi k counts 

r *  = 0.99 



Tab le  1. C l i m a t o l o g i c a l  and s t ream o b s e r v a t i o n s ,  Naknek R i v e r ,  21 May t o  
9  J u l y  1982. 

SKY wIND(mFh) MEAN MEAN - AIR WATER 
DATE 0800 2000 0800 2000 = (c) 'rEc@ (c) T U R B I D I T Y  

-- --- --- - - - - - - - - 

5/21 - - - - - 6 .O 1 
5/22 5 2 0 10W 6.5 7 .O 1 
5/23 3 3 5 W  10W 8 .O 6 .O 1 
5/24 4 4 l O S W  low 1.3 - 1 
5/25 1 4 5SE 5SE 4 .O 5.0 1 
5/26 2 - 15SW - 11 ,O 5.5 1 
5/27 4 4 20SW 259W - 7.3 5 
5/28 3 3 l O S W  15SW 8.5 7 .O 5 
5/29 4 - 59W - - - 2 
5/30 3 4 0 5SW 15 .O 8.1 2 
5/31 0 2 - 3SW 10.5 9.4 2 
6/01 4 - 0 0 - 6.3 1 
6/02 4 4 15SW 15SW 9 .O 7.8 1 
6/03 4 4 0 5SW 13.5 6.3 1 
6/04 1 1 0 12SW 16.5 7 .O 1 
6/05 4 4 15SW 20SW 9 .O 7.2 2 
6/06 3 4 12SW 5SW 9 .O 8.5 4 
6/07 4 3 3SW 5SW 8 .O 7.8 1 
6/08 4 1 3SW 0 16.5 8.3 1 
6/09 4 - 0 0 8 .O 9.4 1 
6/10 4 - 3NE 0 9 .O 9.4 1 
6 /U 4 - - 15E 9 .O 9.4 1 
6/12 2 4 7 E - 10.5 7.6 1 
6/U 3 3 2E 0 10.3 10 .O 1 
6/14 3 3 0 5W 14 .O 10 .O 1 
6/15 3 - 0 0 10 .O 10 .O 1 
6/16 3 - 0 0 - 7.7 1 
6/17 2 - 0 0 14 .O 7.8 1 
6/18 1 - - - 11.5 12.2 1 
6/19 - 2 0 0 11 .O 14.4 1 
6/20 2 3 - - 8.3 - 1 
6/21 3 4 - 15SW 8.8 13.3 1 
6/22 2 2 0 0 9.0 12.2 2 
6/23 - 2 5E 0 12.0 12 .0 1 
6/24 4 4 - - 15.0 11.2 1 
6/25 2 - 0 0 12.0 - 1 
6/26 - - - - - - - 
6/27 2 - 0 0 - - 1 
6/28 4 - 0 0 9.0 - 2 
6/29 4 - 0 0 6 .O - 2 
6/30 4 4 - 0 8 .O - 5 
7/01 - - - - - - - 
7/02 3 - 7SE - - - 5 
7/03 4 4 2 2 s  15SE 11.2 - 5 
7/04 4 3 lOSE 0 8.5 - 5 
7/05 4 4 - 15W 8 .O - 5 
7/06 1 - 0 - - - 5 
7/07 1 1 17SE 5SW 13.2 - 5 
7/08 3 3 5NE 7NE 10 .O - 5 

7/09 4 1 0 13.3 - - 5 

7/10 4 - 0 - - - 5 
- -- -I----- - ------ --^-------------- 

MEAN 10.2 8.9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  



Table 2. Naknek River sockeye salmon smolt counts by a r r ay ,  l e s s  f a l s e  
counts ,  plus in t e rpo la t ion  f o r  missed time, 1982. 

DATE INSHORE CENlER OFFSEIORE 'IDTAL 







Table 4. Naknek R i v e r  sockeye salmon escapement and smol t  p roduc t i on  by brood year ,  1956-1982. 

................................................................................................. 
BR[X>D ESTIlvIATED SmLT E R O W ~ I O N  PGE PROFORTION SMlLT/ 
YEAR ESCWEN3NT X E  I AGE I1 AGE I11 WTAL PGE I AGE I1 AGE I11 SPAWNER 

1 Begin sonar est imates.  



Table  5. Mean l e n g t h  (mm), mean weight ( g ) ,  s t a n d a r d  e r r o r ,  and sample s i z e  ( n )  f o r  
sockeye salmon by age  c l a s s  and sample d a t a ,  Naknek River ,  1982. .................................................................................. 

AGE I AGE I1 
-- 

MEAN MEAN MEAN MEAN 
DATE LENGTH S.E. WEIGHT S.E. N LENG'IH S.E. WEIGHT S.E. N ................................................................................. 
5/24 96.000 1.191 8.370 0.283 27 110.330 1.853 11.830 1.657 3 
5/25 102.000 2.001 8.950 0.247 2 0. 0. 0. 0. 0 
5/26 89.425 0.782 6.758 0.216 10 115.389 1.865 13.685 0.827 8 
5/27 91.191 1.017 7.574 0.225 26 117,593 1.751 15.036 0.410 6 
5/28 89.234 0.737 6.629 0.170 93 106.764 0.853 10.716 0.300 27 
5/29 95.806 0.604 8.572 0.175 74 112.465 1.792 12.509 0.464 16 
5/30 99.323 2.095 9.220 0.595 11 108.061 1.269 11.555 0.389 28 
5/31 94.674 0.671 7.122 0.574 38 110.530 1.242 11.111 4.894 22 
6/1 95.222 0.694 8.500 0.162 73 113.521 1.225 13.834 0.380 17 
6/2 91.829 0.520 7.181 0.130 82 105.165 3.387 10.679 1.029 8 
6/3 98.290 0.736 9.122 0.169 46 109.200 1.756 12,400 0.532 14 
6/4 93.440 0.551 7.241 0.133 113 111.025 2.457 11,066 0.772 7 
6/5 93.884 0.625 8.360 0.151 112 113.217 1.897 14,415 0.837 8 
6/6 91.756 0.806 7.297 0.166 62 114.500 6.498 12.250 0.453 2 
6/7 96.253 0.469 7.560 0.109 118 111.003 0. 11.396 0. 2 
6/8 90.506 0.815 6.806 0.200 48 115.108 4.670 14.155 1.478 8 
6/9 98.948 0.634 8.909 0.169 7 1  115.323 2.147 14.051 0.756 21 
6/10 94.760 0.430 8.077 0.106 105 107.728 2.198 11.259 0.700 1 5  
6/11 94.303 0.534 8.432 0.142 100 116.604 1.458 48.633 0.534 19 
6/12 90.522 0.624 7.889 0.157 106 122.054 2.007 15.353 0.773 14 
6/13 94.293 0.499 8.470 0.119 107 117.625 2.050 16.131 0.827 13 
6/14 93.817 0.658 6.471 0.534 45 107.670 0.460 7.510 7.000 4 
6/15 92.403 0.479 7.941 0.121 115 107.775 2.964 11.449 0.684 5 
6/16 90.333 0.492 7.220 0.349 110 104.158 0.588 10.799 0.288 7 
6/17 90.373 0.573 6.722 0.120 102 113.549 1.946 12.379 0.676 18 
6/18 95.497 0.687 8.019 0.150 83 119.190 3.154 13.095 0.697 6 
6/19 94.309 0.650 7.746 0.145 83 114.283 2.712 14,259 0.923 7 
6/20 91.994 0.870 7.576 0.203 51 108.259 4.411 12.269 1.329 9 
6/21 95.211 0.867 9.400 0.518 75 95.771 2.971 8.417 0.766 12 
6/22 90.284 0.706 7.064 0.129 45 110.067 1.390 10.223 0.100 4 
6/23 94.500 0.836 7.440 0.199 29 92.000 0. 7.200 0. 1 
6/24 93.008 0.552 7.618 0.147 64 111.000 0. 12.400 0 1 
6/25 95.070 1.366 8.200 0.373 27 106.670 4.486 11,530 1.120 3 
6/26 93.379 0.717 8.586 0.189 43 112.500 0.502 14,100 0.297 2 
6/28 95.354 0.702 8.209 0.171 64 114.279 4.002 12.563 2.032 3 
6/29 94.502 0.542 7.794 0.133 88 105.000 11.0003 10.600 2.199 2 
6/30 94.094 0.924 7.595 0.201 44 0. 0. 0. 0. 0 
7/1 95.876 0.740 8.753 0.160 57 108.700 3.481 12.930 0.837 3 
7/2 94.071 0.849 7.628 0.181 33 5.600 0. 7.000 0. 1 
7/3 91.021 0.590 7.164 0.128 67 90.000 0. 7.700 0. 1 
7/4 92.861 0.638 7.429 0.158 68 113.475 0. 14.221 0. 2 
7/5 95.951 1.013 8.816 0.249 43 117.635 5.064 14.237 1.344 5 
7/6 96.042 0.533 8.459 0.130 62 96.000 0. 9.200 0. 1 
7/7 95.440 1.012 9.100 0.252 27 0. 0. 0. 0. 0 
7/8 96.000 7 .OOO 8.800 1.902 2 0. 0. 0. 0. 0 
7/9 99.710 1.754 8.970 0.317 7 0. 0. 0. 0. 0 
7/10 96.670 0.833 8.100 0.217 9 0. 0. 0. 0. 0 .................................................................................... 
KEAN 93.940 7.954 100.063 14.678 .................................................................................... 

- 
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Table 6. Comparative counts f rom Naknek and Egegik R i v e r  sonar 
smol t  coun t ing  systems i n  t h e  Naknek R i ve r ,  1982. 

NO. OF 
DATE NAKNEK M;M;IK NAK : EGE HOURS ........................................................... 
6/30 32,361 28,192 1.15 24 
7/ U 1  95,394 68,492 1.39 -- 16 
7/02 NO DATA -- 
7/03 196 r37 5 136,112 1.44 22 
7/04 71,517 59,896 1.19 20 
7/05 -- NO DATA -- 
7/06 162,489 113,811 1.43 24 
7/0 / 23,627 11,230 2.10 13 ............................................................ 
mrAL 581,763 417,733 1.39 11 9 

Naknek counts expressed as a linear function of Egegik counts: 

where : a = 3146.31 
b = 0.69 

2 
r =  0.99 



DISCUSSION 

Outmigration Estimation 

Sockeye salmon smolt studies have been conducted on the Naknek River in various 
forms for many years. This was the f i r s t  attempt a t  enumerating outmigrant 
smolt with sonar equipment designed specifically for  the Naknek River, there- 
fore,  no attempt to compare outmigration estimates from past years should be 
made. Age, length, and weight data however, were collected in the same manner 
as in previous studies and those comparisons are possible, Appendix Table 2 
clearly shows that  b o t h  Age I and Age I1 smolt were relatively small in the 
1982 outmigration. This would be expected i f  the seemingly very large outmigra- 
tion estimate i s  in fac t  accurate (Mathisen 1969). 

Sonar Count Comparisons 

The resul ts  of the sonar counting ab i l i t y  investigations, while cursory, are 
worthy of further consideration. There are  no f inal explanations of how two 
theoretically identical counting systems could have performed so differently 
i n  situ. However, two possible causes have been suggested. The f i r s t  i s  that 
migrating smolt were somehow able t o  more successfully avoid the downstream 
(Egegi k )  array, a1 t h o u g h  t h i s  seems unlikely. Perhaps more ~ l a u s i b l e  i s  the 
possibil i ty that  the downstream array may not have been resting in a perfectly 
f l a t  plane with respect t o  the surface of the water. Echoes from the downstream 
array may therefore have been part ia l ly  received by transducers in the upstream 
array. No formal i n  situ calibration t e s t s  were conducted upon ei ther  system 
though, so th is  question remai ns 1 argely unanswered. 
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Appendix Table 1. Naknek R i ve r  water  temperatures ( C )  du r i ng  smol t 
s t u d i  es , 1967- 1982. 

.................................................... 
YEAR STAKi' END MINIMUM MAXIWM MEAN 

1982 6.0 11.2 5 .O 14.4 8.9 .................................................... 
Mean 8.2 15.3 6.8 11 .O 10.6 
...................................................... 



Appendix Table 2. Annual percent ,  mean l eng th ,  and mean weight of Naknek 
River sockeye salmon smolt by age group, 1957-1982. 

-------------------------------------------------------------------------.-------.--- 
YEAR X E  I AGE I1 AGE I11 
OF ------------------ .................... ------------------- 

EMIGRA- L5bG'm WT. LENGTH WT. LENGHT WT. 
TION % (mm) (9) % (mm) (9) % (mm) (9) ..................................................................................... 
1957 57.9 111.0 13.1 42.1 112.0 13.1 0 .O 0 .O 0 .O 
1958 96.4 91 .O 6.9 3.6 114.0 11.3 0.0 0 .O 0 .O 
1959 80.5 97 .O 8.2 19.5 106.0 10.1 0.0 0 .O 0 .O 
1960 53.1 99 .O 8.8 46.6 109.0 11.9 0 .O 0 .O 0 .O 
1961 77.8 103 .O 10.8 22.2 113.0 13.8 0 .O 0 .O 0 .O 
1962 48.6 105.0 10.4 51.4 112.0 12.5 0 .O 0 .O 0 .O 
1963 40.6 98 .O 8.1 58.5 114.0 12.8 0 .O 0 .O 0 .O 
1964 31.1 97 .O 7.7 68.8 110.0 11.0 0 .O 0 .O 0 .O 
1965 59.6 99 .O 8.4 40.0 114.0 13 .O 0 .O 0 .O 0 .O 
1966 33.8 106.0 10.6 66.2 118.0 14.2 0 .O 0 .O 0 .O 
1967 43.5 113.0 13.1 56.2 119.0 14.7 0 .O 0 .O 0 .O 
1968 41.2 99 .O 8.4 56.7 108.0 11.1 0 .O 0 .O 0 .O 
1969 59.8 100.0 7.5 40.2 112.0 12.1 0 .O 0 .O 0 .O 
1970 55.3 99 .6 9 .O 44.7 113.7 12.1 0 .O 0 .O 0 .O 
1971 74.0 102.0 8.8 26.0 120.0 13.5 0.0 0 .O 0 .O 
1972 6 .5 98 .O 9 .1 93.5 110.0 11.9 0 .O 0 .O 0 .O 
1973 26.8 106 .4 10.7 72.2 114.3 12.9 1.0 121.9 15.2 
1974 18.9 104.0 10.3 81.0 118.0 14.5 0 .O 0 .O 0 .O 
1975 48.0 97 .5 8.3 51.9 110.7 12.1 0.1 108.5 11.5 
1976 38.8 91.3 7 .2 60.3 107.1 13.4 0.9 131.0 22.2 
1977 11.1 91.6 7.2 88.9 112.9 11.9 0 .O 0 .O 0 .O 
1978 46.9 95.7 8.3 53.1 105.0 11.0 0 .O 0 .O 0 .O 
1979 -- -- -- -- -- -- -- -- -- 
1980 -- -- -- -- -- --- -- -- -- 
1981 -- -- -- -- -- -- -- -- -- 
1982 90.6 93 .9 8.2 9.4 100.1 14.7 0 .O 0 .O 0 .O ................................................................................ 
I.lEAN 47.4 99.9 9 .1 50.1 111.9 12.6 0.1 120.5 16.3 .................................................................................... 



1982 EGEGIK RIVER SOCKEYE SALMON SMOLT STUDIES 

Brian G .  Bue 
Alaska Department of Fish and Game 

Divi sion of Commercial Fisheries 
Anchorage, A1 aska 

INTRODUCTION 

The Egegik River sockeye salmon smolt project  was a cooperative venture between 
the United S ta tes  Fish and Wildlife Service and the Alaska Department of Fish 
and Game in 1982. The Egegik River - Becharof Lake system i s  a major sockeye 
salmon producing system f o r  which very l i t t l e  h i s t o r i c  smol t data ex i s t s .  This 
data i s  necessary t o  more accurately forecas t  returns of adul ts  and t o  a s s i s t  
in establ ishing optimum escapement 1 evels. 

Specific objectives of the 1982 project  were t o  make an outmigration estimate 
of sockeye salmon smolt along with r u n  timing, physical a t t r i bu t e s  of smolt, 
and climatological and hydrological fea tures .  

METHODS AND MATERIALS 

The arrays were located approximately 4 km below the ou t l e t  of Becharof Lake 
(Figure 1 ) .  The sonar counting system consisted of three  3.05 m long arrays  
placed a t  40, 55, and 70 m from the west shore (Figure 2 ) .  Each array was 
independently anchored and housed 10 upward - facing transducers, and sonified 
roughly 3.35 m of r i v e r  width. Ins ta l l a t ion  of the sonar arrays closely fo l -  
lowed the procedure described by Randall (1 977). 

River Velocity Adjustment 

The Egegik River i s  subject  t o  t ida l  influences and, therefore,  r i ve r  velocity 
f luc tua tes  according t o  the t i da l  cycle. The counting r a t e  of the smol t counter 
depends on the  assumed residence time of smolt i n  the transducer beam which in  
turn depends on r i ve r  velocity.  The counter was adjusted continuously f o r  change 
in r i ve r  velocity as  determined by a flow meter positioned 0.61 m below the sur- 
face and d i r ec t l y  behind the inshore array.  

River veloci ty  a t  the center and offshore arrays averaged 1.48 and 1.68 times 
t ha t  of the inshore a r ray ,  respectively.  The counts from the  center  and off-  
shore ar ray were corrected fo r  differences in r i ve r  velocity by multiplying raw 
counts by 1.48 and 1.68, respectively.  

The smolt biomass counter was monitored by technicians 24 hours a day. The 
counter was adjusted fo r  r i ve r  veloci ty  and depth immediately every half hour. 
Total hourly counts were derived fo r  each array by subtracting f a l s e  counts 



F i g u r e  1.  Egegik s m o l t  sonar  and fyke n e t  s i t e s ,  1982. 
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and linearly interpolating for  missed time. Hourly counts were then totaled 
for each array a t  the end of  the smolting day and multiplied by a velocity 
correction factor.  The counts for  each array were then expanded to re f lec t  
the estimated number of smol t migrating in sections of the r iver  n o t  covered 
by arrays. Lateral smolt distribution was determined by side scan sonar, 
although counting conditions were poor because of low smolt densit ies.  

The majority of the r u n  was determined to have occurred between 25 m and 90 m 
from the standardized point (Figure 2 ) .  Daily counts were then expanded based 
on the inverse of the estimated proportion of the river width sampled where 
smol t s  occurred ( i  .e. , river between 25 and  90 m of the reference point).  
These expansion factors were 5.28, 5.25, and 4.91 for  the inshore, center, and 
offshore arrays, respectively. 

The smolt counter functioned as a biomass counter and was designed to count once 
for the biomass equivalent of five smolt passing over the arrays. Therefore the 
daily counts were multiplied by 5 as the final adjustment in estimating the 
numbers of outmigrating smolt. 

Age-Weight-Length Sampling 

Samples from fyke net catches were used to  apportion sonar counts for age class 
and species. A standard 1 . 2  x 2.1 m fyke net was fished in 1 m of water approxi- 
mately 3 km upstream from the sonar s i t e .  An e f for t  was made to col lect  30 smolt 
twice daily a t  1200 and 2300 hours daily. 

All smolt captured were identified according to species. Salmon smoltwere 
sampled for age, weight, and length. All sockeye samples for the day were placed 
in a single group t o  derive the estimated age composition for  the days outmigra- 
tion. 

Climatological and Hydrological Observations 

Basic weather and river conditions were recorded a t  the sonar s i t e .  Subjective 
observations were made of sky conditions, wind velocity, and river turbidity 
while a i r  and water temperature along with precipitation were measured daily a t  
0800 hours and 2000 hours. A Ryan thermograph was placed near the inshore array 
and was used for water temperature measurements. 

RESULTS 

C l  imatological and Hydrological Observations 

Weather and river conditions were recorded a t  the sonar s i t e  from 15 May through 
16 June (Table 1 ) .  Shore ice was present on Lake Becharof and in the Egegik 
River upon arrival a t  the s i t e  and continued t o  flow down the river until 23 May. 
The ice hampered counting b u t  posed no real threat to the sonar gear. The mean 
a i r  and water temperatures during the period 15 May to 16 June were 10.3"C and 
2.g°C, respectively. The mean water temperature during the peak outmigration 
period (28 May to 2 June) was 3.5"C. 



Table  1. C l i m a t o l o g i c a l  and stream observat ions ,  Egegi k  R ive r ,  15 May - 16 June, 1982. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Wind 

sl<y (MEN) Direct ion Air TePnp C Water 'I'emp C Prec ip i ta t ion  -------- -------- pa---- -------- (m) Turbidity 
Date 0800 2000 0800 2000 Max. Min. 0800 2000 24 Hours 0800 

c a l m  
5 SE 

10 SE 
c a l m  
c a l m  

5 SE 
25 SE 
15  SE 
calm 
c a l m  

calm 
calm 
calm 
calm 

5 SE 

1 5  SE 
calm 
20 SE 
1 5  SE 
calm 

30 SE 
35 SE 
5 E\kJ 

calm 
5 SE 

6/14 3 
6/15 4 
6/16 3 
Seasonal Mean 

5 SE 
c a l m  

calm 
calm 
calm 

Sky Codes: 1  - C lea r  sky, c l oud  c o v e r i n g  n o t  more than 1/10 of sky. 
2 - Cloud cove r ing  n o t  more than  112 o f  sky.  
3 - Cloud cove r ing  more than  1 /2  o f  sky. 
4 - Complete ly  ove rcas t .  
5 - Fog. 

T u r b i d i t y  Codes: 1  - C lea r  
2 - L i g h t  t u r b i d i t y  



Outmi g r a t i o n  Es t imate  

Some d i f f i c u l t i e s  were encountered w i t h  t h e  new smol t  sonar biomass coun te r .  
These problems were due t o  t he  un tes ted  na tu re  o f  the  counter  and were cor -  
r e c t e d  bo th  i n  t he  equipment and da ta  post-season. The counter  was operated 
con t i nuous l y  f rom noon, 15 May u n t i l  noon 16 June. There was no evidence o f  
smol t o u t m i g r a t i o n  u n t i l  27 May when sockeye salmon smol t were p resen t  (F i gu re  
3 ) .  Coho salmon (Oncorhynchus kisutch) smol t  began t o  appear i n  t h e  f y k e  n e t  
samples on 7  June a t  which t ime species were appor t ioned  by percentage and t h e  
d a i l y  coho percentage was sub t rac ted  from t h e  d a i l y  o u t m i g r a t i o n  es t imate .  

A  t o t a l  o f  5,683,515 sonar counts was t a l l i e d  d u r i n g  t he  1982 season  a able 2 ) .  
Th i s  was an overcount  o f  2.0 t imes because o f  a  w i r i n g  e r r o r  i n  t h e  biomass 
counter .  There was a l so  a  s u b s t a n t i a l  overcount  because o f  t h e  increased s i z e  
o f  Egegik system smol t  i n  r e l a t i o n  t o  Kvichak system smol t ,  t h e  s tandard w i t h  
which t he  t ransducers  were c a l i b r a t e d .  To compensate f o r  t h i s  s i z e  d i f f e r e n c e ,  
t h e  d a i l y  sonar counts were a l s o  mu1 t i p l i e d  by 0.613. Th is  f a c t o r  was supp l i ed  
by  Bendix and was t h e  r e s u l t  o f  a  comparison between h i s t o r i c a l  Kvichak sockeye 
salmon smol t  s i z e  and h i s t o r i c a l  Egegik sockeye salmon smol t s i z e .  

The in-season ou tm ig ra t i on  es t imate  was achieved by  app l y i ng  v e l o c i t y  c o r r e c t i o n  
f ac to r s ,  expanding by t h e  i nve rse  o f  t h e  p r o p o r t i o n  o f  t h e  smol t l a t e r a l  d i s t r i -  
b u t i o n  sampled, mu1 t i p l y i n g  by a  5 smol t / coun t  f ac to r ,  and f i n a l l y  s u b t r a c t i n g  
a  percentage f o r  coho salmon smol t .  Post-season t h i s  es t imate  was then  d i v i d e d  
by 2.0 and m u l t i p l i e d  by 0.613 t o  compensate f o r  t h e  w i r i n g  e r r o r  and d i f f e r e n c e  
i n  smol t  s i ze .  The f i n a l  o u t m i g r a t i o n  es t imate  was 60,429,515 sockeye salmon 
smo l t  (Table  3 ) .  

Age-Weight-Length 

Problems arose w i t h  t h e  f y k e  n e t  sampl ing scheme s h o r t l y  a f t e r  t h e  onse t  o f  t h e  
smol t ou tm ig ra t i on .  Samples were v e r y  d i f f i c u l t  t o  o b t a i n  d u r i n g  t h e  1200 hour 
sample p e r i o d  a l though  smo l t  appeared t o  be p resen t  i n  l a r g e  enough numbers. To 
make b e t t e r  use o f  sampl ing e f f o r t ,  t h e  1200 hour  sample was d i scon t i nued  on 3  
June and an a d d i t i o n a l  30 smol t were taken d u r i n g  t h e  2400 hour sample. 

A l l  samples were p laced  i n  a  s i n g l e  group and a l l  t h e  d a i l y  p o p u l a t i o n  parameters 
were de r i ved  f rom t h a t  group. A t o t a l  o f  881 sockeye salmon smol t  was sampled 
f o r  age, weight,  and l eng th .  D a i l y  mean weights  and l eng ths  by age c l a s s  a re  
presented i n  Table  4. The es t imated  age composi t ion o f  t h e  t o t a l  sockeye ou t -  
m i g r a t i o n  was 82.7% Age I, 17.1% Age 11, and 0.2% Age 111. The es t imated  mean 
l e n g t h  were 104.1 mm Age I, 130.1 mm Age 11, 145.0 mm Age 111. Est imated mean 
weights  were 9.23 g  Age I, 17.05 g  Age 11, and 23.47 g  Age 111. Appendix Table  
1  p rov ides  t he  h i s t o r i c  smol t  age composi t ion,  weight ,  and l e n g t h  da ta  a v a i l a b l e  
s i n c e  1939. 

Coho smol t  began t o  appear i n  t h e  samples on 7  June. These were sampled ( n  = 
53) and found t o  be 17% Age I, 62% Age 11, and 21% Age 111. Est imated mean 
leng ths  were 120.6 mm Age I, 138.9 mm Age 11, and 158.5 mm Age 111. Mean we igh ts  
were 17.1 g  Age I, 25.6 g  Age 11, and 35.1 g  Age 111. Appendix Table  2  p rov ides  
a  summary o f  t h e  coho salmon smol t  data  f o r  t h e  p a s t  2  years.  





Table 2 .  Egegi k River sockeye salmon counts by a r r a y ,  1982. 

................................................. 
DATE INSHORE QENTER OFFSHORE TDTAt ................................................ 
5 27 1,191 5,845 18,225 25,261 
5 28 39,681 89,985 68,438 198,104 
5 29 36,547 537,665 625,386 1,199,598 
5 30 2,236 24,342 156,295 182,873 
5 3 1  2,829 14,175 47,799 64,803 
6 1 380,538 225,396 791,652 1,397,586 
6 2 21,884 21,377 134,628 177,889 
6 3 12,875 8,484 13,999 35,358 
6 4 30,643 108,999 203 I 111 342,753 
6 5 2,482 37,767 516,623 556,872 
6 6 53,561 23 I 551 17,368 94,480 
6 7 17,773 45,627 82,074 145,474 
6 8 14,797 16 349 46,646 77,792 
6 9 78,728 64,643 335,559 478,930 
6 10 56,605 37,629 45,451 139,685 
6 11 83,807 112,813 37,532 234,152 
6 12  40,689 60,418 49 845 150,952 
6 13 6,944 20 300 80,330 107,574 
6 14 4,706 14,322 36 , 277 55,305 
6 15 6,989 6,954 4,131 18 074 

TOTAL 895,505 1,476,641 3 311,369 5,683,515 
% OF WTAL 15.76 25.98 58.26 



Tab le  3. D a i l y  s m o l t  o u t m i g r a t i o n  e s t i m a t e  b y  age c l a s s  and s p e c i e s  w i t h  sockeye salmon s m o l t  accumula ted 
t o t a l ,  Egeg ik  R i v e r ,  1982. 

........................................................................................................................ 
DATE AGE I % AGE I1 % AGE I11 % COHO % SOQ(EYE SOCKEYE 

TOTAL ACCUM 



Table 4, Mean l e n g t h  (mm), mean we igh t  ( g ) ,  s tandard d e v i a t i o n  ( s ) ,  and sample s i z e  ( n )  o f  sockeye salmon 
smo l t  by age c l a s s  and sample date,  Egegik R ive r ,  1982. 

7-. ---------- ---------------I_-------------- 

S E  I AGE XI AGE I11 
- ------ --------- _ ---- ---- --------- 

MEAN MEAN MEAN MEAN MEAN MEAN 
DATE LENG?H s WEIGHT s n LENGTH s WEIGHT s n LENG?H s WEIGHT s n 

--- ----- v - .  ---------------------- 
5/27 107.65 5.48 9.82 1.48 26 135.72 7.24 18.60 2.93 32 0. 0. 0. 0 0 
5/28 103.49 3.73 9.16 1.05 49 136.00 9.17 19.98 4.23 8 146.00 0. 25.00 0. 1 
5/29 106.37 4.84 9.69 1.08 27 128.00 7.62 16.55 3.01 6 0. 0. 0. 0. 0 
5/30 105.73 4.36 9.39 1.32 56 129.75 5.38 16.58 2.63 4 0. 0. 0. 0. 0 
5/31 104.36 3.99 10.70 1.10 22 123.29 9.55 16.46 3.29 7 0. 0. 0. 0. 0 
6/1 101.96 2.66 8.62 0.79 26 131.50 0.71 17.45 1.48 2 0. 0. 0. 0. 0 
6/ 2 105.96 6.29 9.90 1.75 24 131.33 5.72 17.75 1.58 6 0. 0. 0. 0. 0 
6/3 103.68 4.16 8.97 1.15 28 127.33 4.0415.77 0.80 3 0. 0. 0. 0. 0 

I 
W 

6/ 5 105.16 4.42 9.82 1.48 50 128.13 9.05 16 -76 3.30 8 0. 0. 0. 0. 0 
U 
I 6/6 102.78 2.67 8.84 0.74 27 127.50 6.07 16.36 2.32 16 0. 0. 0. 0. 0 

6/ 7 103.70 3.98 8.81 1.19 30 134.18 7.93 18.55 3.21 28 147.00 0. 22.80 0. 1 
6/8 104.57 6.26 9.06 1.72 44 131.73 6.5318.07 2.66 15 0. 0. 0. 0. 0 
6/9 105.17 6.06 9.29 1.57 54 128.50 9.81 16.40 3.43 4 0. 0. 0. 0. 0 
6/10 103.30 4.97 8.96 1.35 47 129.42 6.16 17.23 2.94 12 0. 0. 0. 0. 0 
6/11 103.83 4.45 8.43 1.76 6 129.00 4.60 15.37 1.75 6 0. 0. 0. 0. 0 
6/12 103.72 3.93 8.66 1.04 43 131.78 8.48 17.31 3.00 9 143.50 2.12 22.85 3.18 2 
6/13 100.65 5.12 8.19 1.19 49 139.50 4.72 19.90 2.01 6 0. 0. 0. 0. 0 
6/14 101.94 5.12 8.61 1.41 50 130.75 7.68 18.18 3.59 4 0. 0. 0. 0. 0 
6/15 103.22 5.00 9.14 1.47 36 127.14 5.40 15.90 2.83 7 0. 0. 0. 0. 0 

-C--------~---1-1----------1_1---1_~_1--~---___-~--------1-------I 

SE?SONAL 
blEAN 104 .lo 9.13 130 .lo 17.05 145 .OO 23.47 
................................................................................................................. 
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Appendix Table 1. Comparative age, l e n g t h  (mm), and we igh t  ( g )  o f  sockeye salmon smol t  from t h e  Egegik 
R iver .  

- - - - ---- -- - - - -- - - -- - - - - - 

Age I Age I1 Age I11 ............................................................................................ 
Year of 
Seaward Sample Mean Mean Mean k a n  Mean Mean 
Migration Dates n Length Weight n Length Weight n Length Weight 

19772 27-29 May 11 110.0 11.31 288 115.5 13.25 - - - 

19783 19-22 May 42 103.6 10.10 264 122.0 15.40 13 130.1 18.60 

1981 15 May - 203 104.5 9.13 343 121.5 14.64 3 128.3 19.10 
6 June 

1982 27 May - 694 104.1 9.23 183 130.1 17.05 4 145.0 23.47 
15 June ............................................................................................... 

I Paulus, 1972. 
2 From i n t e r o f f i c e  memo dated 2 May 1978 from John H. C la rk ,  Alaska Department o f  F i s h  and Game, Commercial 

F i s h e r i e s  , Anchorage, A1 as ka . 
Huttunen, 1980. 





1982 UGASHIK R I V E R  SOCKEYE SALMON SMOLT STUDIES 

Douglas M. Eggers 
Alaska Department of F i sh  and Game 

D i v i s i o n  o f  Commercial F i she r i es  
Anchorage, A1 as ka 

INTRODUCTION 

An abbrev ia ted  sampl ing program was conducted 6-8 June 1982, t o  c o l l e c t  a sample 
o f  sockeye salmon smolts ou tm ig ra t i ng  f rom the  Ugashik Lake system f o r  age, 
weight ,  and l e n g t h  (AWL). The purpose o f  t h e  s tudy was t o  c o l l e c t  r ep resen ta t i ve  
s i z e  data on Age I smol t progeny from t h e  reco rd  escapement of 3.3 m i l  1 i o n  sock- 
eye t o  t he  Ugashik system i n  1980. 

METHODS 

A f i n e  meshed ( l e s s  than  6.35 mm mesh i n  the  bag) beach se ine  approx imate ly  138 
m i n  l e n g t h  was used t o  c o l l e c t  sockeye smolts.  The n e t  was s e t  from the  l a k e  
beach j u s t  n o r t h  o f  t he  o u t l e t  of  Lower Ugashik Lake. The sampling s i t e  was as 
c l ose  t o  t h e  c u r r e n t  as p o s s i b l e  t o  i nsu re  t h a t  the  n e t  cou ld  be s e t  and r e t r i e v e d  
before be ing  swept downstream i n t o  t h e  Ugashik R i v e r  and subsequent ly l o s t .  The 
n e t  was s e t  from the south go ing t o  t h e  n o r t h  ( i  .e., up lake f rom t h e  o u t l e t ) .  
The f o l l o w i n g  s e t t i n g  procedure was f o l l owed  t o  i n s u r e  a c o n s i s t e n t  amount o f  
sampling e f f o r t :  An i n d i v i d u a l  h e l d  the  b r i d a l  (approx imate ly  30 m) on one end 
o f  the n e t  f rom t h e  shore. The second i n d i v i d u a l  would pay t h e  n e t  o u t  f rom 
shore o f f  t h e  bow o f  the  s k i f f .  The n e t  would be h e l d  open approx imate ly  5 min- 
u tes  i n  a s t r a i g h t  l i n e  approx imate ly  45" f rom the  shore l i n e ,  then c losed  and 
r e t r i e v e d  as q u i c k l y  as poss ib l e .  I f  the  ca tch  was l a rge ,  a subsample was taken 
and subsequent ly processed f o r  AWL. I n  some cases t h e  catch was small so t h a t  
t h e  catches f rom two n e t  hauls  were pooled, and subsequent ly processed f o r  AWL. 
Catches were s tandard ized p e r  u n i t  sampling e f f o r t  d e t a i l e d  above by  e i t h e r  
d i v i d i n g  by t he  subsample p r o p o r t i o n  o r  by t he  number o f  hauls  i n  t he  case where 
catches f rom more than one haul  were pooled f o r  t he  AWL sample. 

RESULTS 

E f f e c t i v e  sampling was l i m i t e d  t o  hours o f  darkness. Several se t s  were made 
du r i ng  d i u r n a l  per iods  w i t h  no f i s h  be ing  caught. On one occasion t h e  se ine was 
s e t  around sockeye smolts detected by f i s h  d imp l i ng  the sur face.  No f i s h  were 
caught and i t  was concluded t h a t  f i s h  were ab le  t o  d e t e c t  and avo id  t h e  n e t  dur-  
i n g  d i u r n a l  per iods.  The n e t  was very  e f f e c t i v e  i n  cap tu r i ng  smolts du r i ng  noc- 
t u r n a l  per iods  (Table 1 ) .  Catch pe r  e f f o r t  and age composit ion a re  presented i n  





(Table 1 ) .  Mean length and weight by age a re  presented in Table 2 .  The his-  
to r ica l  record of smol t s ize  given in Parker (1 974) was updated t o  include 
r e su l t s  from the 1975 smolt study (Krasnowski 1976) and r e su l t s  frov the pre- 
sent  study (Table 3 ) .  
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Table  3. Average l e n g t h  and weight  of Ugashik River sockeye salmon smol t s  
by f r e s h w a t e r  age  group,  1958-1 982'. 

Year of Age I Age I1 
Seaward --------------------- ---------- -- -.---- ---- 
Figration Length Weight Length Weight ------------------------------------------------------------------ 
1958 93 .O 6.4 112.0 11.7 

1 1958-1968 weighted by index c a t c h ;  1969-1982 weighted by random 
c a t c h .  

2 Age I11 smol t averaged 129.0 mm and 1 4 . 3  grams. 
3 Age I I I smol t averaged 131.5 mm and 20.1 grams. 

Age I11 smol t  averaged 125.0  mm and 16.7 grams. 
5 Age I11 smol t  averaged 138.0 mm and 22.5 grams. 
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1982 WOOD R I V E R  SOCKEYE SALMON SMOLT STUDIES 

Wesley A .  Bucher 
Alaska Department of Fish and Game 

Division of Commercial Fisheries 
Dillingham, Alaska 

INTRODUCTION 

Annual sockeye salmon smolt migrations o u t  of the Wood River Lakes system range 
between 20 and  100 million f ish over about a 90-day period (approximately 1 June 
- 30 August) each summer. Reliable estimates of the number of smolts leaving 
the system are required for forecasting future adult returns and studying optimum 
escapement to  the spawning grounds. 

A program t o  enumerate smolt by sonar was in i t ia ted  in 1975 because various 
index programs operated prior t o  that time proved to be of limited value in 
forecasting future runs. The sonar project has continued through 1982 with 
the major objectives being: (1 ) estimating numbers of outmi grating smol t ,  and 
( 2 )  determining the qualitative aspects of the smolt run (age composition, mean 
length, weight , and incidence of the parasite (Triaenophorus crassus) . 

METHODS AND MATERIALS 

Sonar Arrays 

The same four transducer arrays and electronic control unit used since 1976 
(Krasnowski 1976; 1977) were used again in 1982. The system consists of 40 
transducers mounted in four ladder-like arrays,  each monitored separately on 
the river bottom. The 10 transducer cables from each array are  taped together 
and the ent i re  bundle i s  secured to the river bank with a safety l ine .  The 
four cable bundles are  connected to  the electronic counting unit which i s  powered 
by a 12-volt battery. The counter i s  kept in a wall tent  where technicians con- 
trol  and monitor the system. Placement of the gear has been in the same location 
in the r iver  each year since 1975. 

Installation and operation of the gear was similar t o  methods used in 1979 and 
1980 (Bucher 1980; 1981). The arrays were positioned in the r iver  so that  dis- 
tances from the north bank of Arrays I ,  11, 111, and IV were: 24.7, 44.5, 59.6, 
and 68.7 m y  respectively. 

Array I11 was placed in the river on 3 June, b u t  the other arrays were not 
deployed until 6 June so as not to risk damage by lake ice.  Due t o  high water 
and velocities exceeding 7.0 fee t  per second, the equipment was d i f f i cu l t  to 
deploy and resulted in Arrays I11 and IV being s l ight ly closer to  the north bank 
by 4-5 m than past years. 



Full-time counting began on 6 June and continued through 9 August. The sonar 
data col lec t ion procedures were consis tent  with those used in past  years 
(Bucher 1980), but the sampling design was changed t o  a f u l l  24-hour operation 
instead of 75 hours per 5-day period as was the previous schedule. Array I 
was designated as the index array and operated continuously throughout the 
season. The other three arrays were operated in a random sequence of 15-minute 
in te rva l s  within each hour, and these 15-minute counts were expanded t o  y ie ld  
hourly counts f o r  each array.  

Ad.iustment of Sonar Counts 

Wood River i s  affected by t ida l  f luctuat ions  throughout i t s  en t i r e  length. As 
a r e s u l t ,  the r i ve r  velocity f luc tua tes  continually with the flood and ebb of 
the t ide .  Because counts registered on the sonar a r e  a function of r i ve r  vel- 
oc i ty ,  compensation must be made f o r  the t ida l  f luctuat ions .  To compensate f o r  
changes in r i ve r  velocity,  a technique was developed in 1981 in which a flow- 
meter was permanently ins ta l l ed  in the r i ve r  channel behind Array I .  The flow- 
meter, equipped with a remote d ig i t a l  readout, allowed technicians t o  simultan- 
eously monitor r i ve r  velocity while operating the sonar counter. As changes in 
r ive r  veloci ty  occurred, the technician changed the velocity se t t ing  on the 
counter. This technique has eliminated the need to  estimate ve loc i t i e s  and 
correct  the  sonar counts a f t e r  the season and was used again t h i s  year t o  adjus t  
f o r  changes in r i ve r  velocity.  

I t  was s t i l l  necessary t o  determine the r a t i o  of the r ive r  velocity behind each 
array to  the velocity behind Array I .  This array r a t i o  fac to r  ( A R F )  was derived 
by measuring r i ve r  velocity behind Array 11, 111, and IV a t  a time not influenced 
by t i de s  on o r  near the t h i rd  day of each sample period. The actual A R F ,  com- 
puted once each sampling period, was the r a t i o  of ve loc i t i e s  behind a given array 
to  the average velocity behind Array I ,  which was continuously measured by the  
flowmeter. Sonar counts f o r  Arrays 11, 111, and IV were adjusted by the A R F  t o  
account f o r  differences in  velocity across the r ive r .  

D u r i n g  periods when the flowmeter was not properly functioning, the sonar counter 
was operated a t  one veloci ty  se t t ing .  Periods off  t ida l  influences were taken in to  
account by applying velocity fac to rs  t o  the  raw sonar counts t o  yield corrected 
counts (Bucher 1980). Appendix Tab1 e 1 provides a summary of the r ive r  velocity 
data used t o  adjus t  counts throughout the season. 

After the sonar counts were adjusted fo r  the actual r ive r  veloci ty ,  they were 
expanded f o r  those sections of r i ve r  not covered by sonar. The individual expan- 
sion f ac to r s ,  which were a function of distance between the individual ar rays ,  
were a s  follows: Array I - 6.386, Array I1 - 5.206, Array I11 - 3.615, and 
Array IV - 7.705. 

After expansion, the counts were summed t o  yie ld  a da i ly  to ta l  expanded count. 
Since the  sonar system i s  a biomass counter designed t o  reg i s te r  one count f o r  
the biomass equivalent of f i ve  smolt, the dai ly  t o t a l  expanded count was multi- 
plied by f i ve  t o  estimate the actual dai ly  smolt count. 



Age-Weight-Length Sampling 

Sin01 t sampl es were c o l  l e c t e d  f o r  age-weight - length a n a l y s i s  d u r i n g  each 5-day 
sampling pe r i od .  Samples were ob ta ined  by fyke net ,  which i s  t he  p r e f e r r e d  
method f o r  c o l l e c t i n g  samples i n  t h e  Wood R i ve r  (Bucher 1980). Sampling goa ls  
were s e t  a t  300 smol t per  5-day p e r i o d  o r  60 f i s h  per  day. Fork l e n g t h  mea- 
surements, weights,  and s c a l e  samples were taken from the  samples and a l l  smol t  
were e x t e r n a l l y  examined f o r  presence of t h e  p a r a s i t e  Triaenophorus crassus. 

RESULTS 

C l  i m a t o l o g i c a l  and Hyd ro l og i ca l  Observat ions 

D a i l y  water  temperatures and l a k e  l e v e l  measurements recorded a t  t h e  sonar s i t e  
d u r i n g  t h e  smo l t  ou tm ig ra t i on  a r e  presented i n  Table  1. Maximum and minimum sea- 
sonal wa te r  temperatures were 12.0°C ( 7  August) and 2.Z°C (27 May), r e s p e c t i v e l y .  
Mean l a k e  depth recorded a t  t h e  ADF&G camp was 1.17 m. A comparison o f  wa te r  
temperatures and mean l a k e  depth measurements f o r  t h e  years  1975-1982 i s  p re -  
sented i n  Appendix Table  2. 

Ou tmia ra t ion  Est imates 

The sonar counter  was operated f o r  12 f ive-day pe r i ods  f o r  a  t o t a l  o f  60 days. 
The d a i l y  raw and expanded sonar counts f o r  1982 can be found i n  Appendix Table  
3. A  t o t a l  o f  1,284,997 raw counts was enumerated. O f  t h i s  t o t a l ,  38% were 
recorded by A r ray  I, 31% by Ar ray  11, 16% by  Ar ray  111, and 15% by Ar ray  I V .  
Th i s  seasonal d i s t r i b u t i o n  o f  smol t  across t h e  r i v e r  i s  shown r e l a t i v e  t o  t he  
pas t  8  years  i n  Appendix Table  4. Expansion of t h e  raw counts y i e l d e d  an e s t i -  
mated t o t a l  o u t m i g r a t i o n  of 37,061,837 smol t .  Table  2  1  i s t s  t h e  es t imated  smol t 
o u t m i g r a t i o n  by  age c l ass  and sample pe r i od .  The es t imated  d a i l y  t o t a l  outmigra-  
t i o n  i s  i l l u s t r a t e d  i n  F i gu re  1 .  

Age-Wei ght-Length 

A t o t a l  o f  3,451 smol t  was measured t o  determine mean l e n g t h  and age. Age compo- 
s i t i o n  es t imates  and mean l eng ths  by sample p e r i o d  de r i ved  f rom f y k e  n e t  sampling 
a r e  g i ven  i n  Table 3. Seasonal mean l eng ths  of Age I and Age I 1  smo l t  were 78.8 
mm and 98.1 mm, r e s p e c t i v e l y .  Age I smol t  comprised 87.3% o f  t h e  ou tm ig ra t i on ;  
Age I1  smol t  comprised 12.7%, t h e  m a j o r i t y  of which emigrated d u r i n g  l a t e  June. 
A comparison o f  t h e  mean l e n g t h  o f  smo l t  by yea r  and age c l a s s  f o r  t h e  years  1951- 
1982 i s  presented i n  Table 4. Mean we igh ts  f o r  t h e  1982 season a re  a l s o  g i ven  by 
sample pe r i od  i n  Table 3. Mean we igh t  o f  Age I smol t  was 4.7 g  w h i l e  t h a t  o f  Age 
I 1  smol t  was 8.4 g. Mean we igh t  data by  age c l a s s  a r e  a v a i l a b l e  s i nce  1977 and 
a r e  presented i n  Appendix Table 5. Age composi t ion and mean l e n g t h  and weight  o f  
t h e  t o t a l  o u t m i g r a t i o n  was weighted by t h e  o u t m i g r a t i o n  es t imate  f o r  each sample 
pe r i od .  

Table 5 l i s t s  t h e  es t imated  percentage o f  sockeye smol t  i n f e c t e d  by  t h e  cestode 
Triaenophorus crassus. Overa l l  , 10.0% of t h e  Age I smol t and 21 .2% o f  t h e  Age 
I 1  smo l t  were es t imated  t o  be i n f e c t e d  by t he  p a r a s i t e .  



Tab le  1.  Water tempera tu res  and l a k e  depths  reco rded  a t  ADF&G c a b i n ,  Wood 
R i v e r ,  1982. 

Water Lake Water Lake 
Date Temp. ( " C )  Depth (m) Date Temp. ("C) Depth (m) 

Mean 6.4 1.17 

- 50- 



T a b l e  2. Es t ima ted  s m o l t  o u t m i g r a t i o n ,  b y  age c l a s s  and sample p e r i o d ,  
Wood R i v e r ,  1982. 

Sampl e  
P e r i o d  

Age I Age I 1  
n  No. % n No. % T o t a l  

8 /  5-81 9  228 2,146,923 97.0 7  66,400 3.0 2,213,323 

T o t a l  3,057 32,354,984 87.3 394 4,706,853 12.7 37,061,837 

Age c o m p o s i t i o n  o f  t h e  t o t a l  o u t m i g r a t i o n  we igh ted  by  o u t m i g r a t i o n  
e s t i m a t e  f o r  each sample p e r i o d .  



June July August 

Figure 1 .  Estimated dai ly  to ta l  outmigration of sockeye salmon smolt, Wood River, 1982. 



Table 3. Mean length (mm), mean weight ( g ) ,  variance (s'), and sample s ize ( n )  fo r  sockeye salmon smolt 
by age class and sample period, Wood River, 1982. 

AGE I AGE I1  

Sampl e Mean Mean Mean Mean 
Period Length S' Weight s2 n Length s2 Weight s2 n 

1 Seasonal means were derived by weighting the mean fo r  each sample period by the total  outmigration 
estimate for  that  period (Table 2 ) .  



Table 4. Mean l e n g t h  o f  sockeye salmon smo l t  by yea r  and age c lass ,  Wood R iver ,  
1951-198Z1. 

Year o f  
Seward 

Age I Age I1  
Flean Lenath Mean Lenath " 

M i g r a t i o n  Percent  (mm) Percent (mm> " 

1951 -82 Mean 
1951 -66 Mean 
1975-82 Mean 

1951 -1974 Data Source: ADF&G B r i s t o l  Bay Annual Management Report ,  1974. 
Age and l e n g t h  weighted by  es t imated  o u t m i g r a t i o n  f o r  a  g i ven  sample 
p e r i o d  based on a  f y k e  n e t  index  program. 

2 Program n o t  i n  ope ra t i on  o r  incomplete  data.  

Percentage n o t  wei ghted by  es t imated  o u t m i g r a t i o n  by pe r i od .  



Table 5. Est imated i n f e c t i o n  by  the  cestode Triaenophorus crassus o f  Age I 
and Age I 1  sockeye salmon smol t by sample per iod ,  Wood R iver ,  1982. 

Age I 
Sample Per iod  n  % T.C.  

Age I1  
n % T.C. 

The o v e r a l l  percentage o f  smo l t  i n f e c t e d  by t h e  p a r a s i t e  
T. crassus was de r i ved  by we igh t i ng  the  percentage o f  
i n f e c t i o n  i n  each sample p e r i o d  by the  t o t a l  ou tm ig ra t i on  
es t imate  f o r  t h a t  pe r i od  (Tab le  2 ) .  I n f e c t i o n  was o n l y  
determined by  gross e x t e r n a l  observa t ions .  



DISCUSSION 

Smol t Production 

The 1982 Wood River smolt run began in mid-June immediately a f t e r  the ice went 
out of the lake. A 1  though Array I11 was installed on  3 June prior t o  ice-out, 
no smolt were observed to  be emigrating a t  that time. Beach seining in Lake 
Aleknagi k also failed to produce smol t from 28 May - 10 June. Thus, i t  did n o t  
appear that significant numbers of smol t migrated prior to lake ice breakup or 
while ice was s t i l l  dr i f t ing down Wood River. On 14 June a large smolt catch 
was made with the beach seine which corresponded with the f i r s t  significant 
increase in the sonar counts (Figure 1 ). 

Comparison of individual smolts with past years showed th is  year 's  run to be 
just  s l ight ly  less than the long-term average length and weight. Age I smolt 
averaged 79 mm while Age I I averaged 98 mm (Table 4) .  

The rat io  of Age I t o  Age I1 smol t s  was typical in 1982 a t  87% and 132, respec- 
t ively.  By comparison the 1981 smol t run was comprised of nearly 34% Age I1 
smolt, which was considerably higher than normal. The 1982 outmigration of 
32.4 mi l l i  on Age I smol t comes from a very large escapement of 2.97 mi 11 ion 
adults in 1980. The 4.7 million Age I1 smolt that  emigrated were produced from 
another large escapement of 1.71 million adults in 1979 (Table 6 and 7 ) .  Rogers 
(1981 ) states  that  "Escapements of th is  magnitude have produced poorly in the 
past ," b u t  that  "cold weather prevailed during past years of large escapements 
and we are  presently in a warm period." He concludes that  i t  will be d i f f i cu l t  
to predict the returns from the 1979-1980 escapements. However, the minimal 
smolt outmigrations from two of the largest escapements on record (1978 and 1980) 
provide early evidence tha t ,  despite warmer temperatures, production from these 
large escapements should be limited. 

The minimal number of Age I smolt emigrating th is  year (from the large 1980 
escapement) suggests the possibil i ty of a large holdover and another large r u n  
of Age I1 smol t in 1983. I t  i s  possible that th i s  may lead to  a s h i f t  in the 
age structure of juvenile sockeye in the Wood River lakes, where Age I1 srnolts 
become the predominant age class rather than Age I.  This could come about i f  
intraspecific competition for food acts  to  retard growth of the younger cohort 
enough tha t  they do n o t  a t ta in  minimum size required for smoltification during 
their  f i r s t  year of lake residence. I f ,  however, the Age I1 component of the 
1983 run i s  only average, then there would be even stronger evidence t o  suggest 
that these large escapements will not produce large returns. 

Marine Survival 

Survival of srnolt emigrating from Wood River was calculated completely for  the 
1973-1976 brood years, and part ia l ly  for  the 1977 and 1978 brood years. Table 
8 shows the a d u l t  returns by brood year for  Age I and Age I1 smolt that emigrated 
from Wood River for the years that  the sonar project has been in operation. Com- 
parison of the percent survival of Age I1 smolt indicates a dramatic change 
between 1974 and 1975. The 6, adult return in 1981 was responsible for a large 
portion of the very high survival (12.52%) of Age I1 smol t from the 1975 brood 



Table 6. Summary o f  smolt  ou tm ig ra t i on  by  year  and age c lass ,  Wood R i ve r ,  
1975-1982, i n  m i l l i o n s  o f  smol tl. 

Year o f  
Ou tmig ra t ion  Age I Age I 1  To t a  1 

T o t a l l y  expanded sonar counts,  d e r i v e d  by expansion f a c t o r  o f  ( 5 )  smol t  
pe r  count.  



Tab le  7.  Summary o f  s m o l t  o u t m i g r a t i o n  by brood y e a r  escapements, b y  age c l a s s ,  
i n  m i l l i o n s  of  s m o l t s  and s m o l t  p r o d u c t i o n  p e r  spawner, Wood R i v e r ,  
1972- 1980. 

Brood Smol t P r o d u c t i o n  
Year Escapement Age I Age I1 T o t a l  Per Spawner 



Table 8. Wood River sockeye salmon escapement, smol t product ion and a d u l t  r e t u r n s  ( i n  mil 1 ions of f i s h )  and 
mari ne su rv iva l  by brood year .  

Brood Age I 2-freshwater  Percent  Age I1 3-freshwater  Percent  
Year Escapement Smol t Adult Return Survival  Srnol t Adult  Return Survival  

Incomplete d a t a .  
2 5, only.  

3 3,, 4,, and 5, only.  

3, and 4, only.  



year. This was a nearly three-fold increase from the 1974 survival rate of 
3.74%. Survival of Age I1  smolt from the 1976 brood year was calculated to 
be even higher a t  14.87%. 

The Age I component from the 1976 brood also experienced high survival a t  a 
rate  of 9.7%. This i s  almost twice the survival of the three preceding brood 
year escapements as being near or s l ight ly above the recent historical optimum. 
The 1977 brood year escapement was 560,000 which was s l ight ly under the optimum, 
b u t  survival of Age I smol t from th i s  escapement (with the 6, adults s t i l l  to  
return in 1983) i s  back down t o  5.15%. Furthermore, preliminary returns from 
the 1 arge 1978 escapement indicate only average survival , a t  least  for  the 3, 
and 4, age classes. Thus, i t  appears that although Wood River stocks achieved 
some extremely high marine survival of the 1975 and 1976 broods, th i s  production 
i s  n o t  being sustained. 
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Appendix Table 1 .  Standard ve loc i ty  f a c t o r s  and a r r ay  r a t i o  f a c t o r s  
by sample period and a r r a y ,  Wood ~ i v e r  sonar s i t e ,  
1982. 

Sampl e  Standard Velocity 
Period Factor (Index) Array Ratio Factor 



Appendix Tab le  2. Mean wa te r  tempera ture  and l a k e  depth ,  Wood R i v e r  sonar 
s i t e ,  1975-1982. 

Temperature ( " C )  Depth (m) 
Year P r o j e c t  Dates Minimum Maximum Mean Mean Range 



Wood R i v e r  sockeye salmon s m o l t  o u t m i g r a t i o n  e s t i m a t e ,  by day  and by  a r r a y ,  1982. Appendix  T a b l e  3 

D A I L Y  R A U  C O U N T S  D A I L Y  E X P A N I I E I I  C O U N T S  D A I L Y  E X F A N D E I I  T l J T A L  

A R R A Y  
2 3 4 

A R R A Y  
1  2 3 4 HO D A Y  (EXPANDED C O I J N T S  X 5 )  

F I V E  D A Y  T O T A L  
UP T O  D A T E  T O T A L  

6  1 6  
6 1 7  
6 1 8  
6  19 

I 6  20  
m 
P F I V E  D A Y  T O T A L  

U P  T O  D A T E  T O T A L  

F I V E  D A Y  T O T A L  
U P  T O  D A T E  T O T A L  

F I V E  D A Y  T O T A L  
UP T O  DATE T O T A L  



Appendix  T a b l e  3. Wood R i v e r  sockeye salmon s m o l t  o u t m i g r a t i o n  e s t i m a t e ,  b y  day  and b y  a r r a y ,  1982 ( c o n t i n u e d ) .  

H O  D A Y  

F I V E  D A Y  T O T A L  
UP T O  U A T E  T O T A L  

F I V E  D A Y  T O T A L  
UP T O  D A T E  T O T A L  

F I V E  D A Y  T O T A L  
LIP T O  D A T E  T O T A L  

F I V E  D A Y  T O T A L  
UF T O  D A T E  l O T A L  

A R R A Y  A h ' E A ' i  
1 2 3 4 1 2 3 4 (EXPAt l i lEL !  !IO!!H IS X 5 )  





Appendix Tab le  4. Sniolt  d i s t r i b u t i o n  fro111 raw sonar counts ,  by a r r a y  and 
y e a r ,  Wood R i  v e r y  1975-1 982. 

Year 
Percentage o f  T o t a l  Counts 

A r r a y  I A r r a y  I I A r r a y  I11 A r r a y  I V  

Only two a r r a y s  were used i n  1975. 



Appendix Tab le  5. Mean w e i q h t  and smple s i z e  o f  sockeve salmon 
srnol t  b y - y e a r  and age c l a s s ,  Wood ~ j v e r ,  1977- 
1 98Z1. 

Age I Age I 1  
Year Mean W t .  ( g )  n Mean W t .  ( g )  n 

1982 4.7 3057 8 .4  394 

Mean 5.2 8.6 

Means a r e  we igh ted  b y  t h e  t o t a l  o u t m i g r a t i o n  e s t i m a t e  
f o r  each 5-day sample p e r i o d  t h r o u g h o u t  t h e  season. 

NO d a t a .  



1982 NUSHAGAK AND N U Y A K U K  RIVER SOCKEYE SALClON SMOLT STUDIES 

R .  Eric Minard 
Alaska Department of Fish and  Game 

Division of Commerci a1 Fisheries 
Dillingham, Alaska 

INTRODUCTION 

Samples of sockeye salmon smolt were collected from the Nuyakuk River near the 
out let  of the Tikchi k Lake system. Samples were also taken incidentally in 
inclined plane traps fished near the vil lage of Portage Creek. These inclined 
plane traps were used to  collect indices of the chum fry population outmiqration. 
Sockeye salmon smol t were sampled for standard age, weight, and length ( A W L )  
data. The purpose of th is  study was to col lect  representative size and age data 
for  smolt progeny from the record 1988 escapements of 3.0 million sockeye into 
the Nuyakuk and 0.3 million into the Nushagak/Mulchatna drainages. 

METHODS 

A t  the Nuyakuk River s i t e ,  samples were collected using a collapsible 1.8 m fyke 
net anchored in the main stream with two 22.7 kg yachtsman anchors. The sample 
s i t e  was located approximately 2 km downriver from the lake out let  a t  the s i t e  
selected for  use in the proposed 1983 Nuyakuk River smol t enumeration study. 
The net was deployed during nocturnal hours and allowed to fish undisturbed 
until a suff ic ient  sarn~le was collected. 

A t  the Nushagak River s i t e ,  samples were collected using inclined plane traps 
that had been modified to capture outmigrating chum (0. k e t a )  and pink (0.  gor- 
buscha) salmon fry (Bucher 1982). Sampling took place near the vil lage of Portage 
Creek some 25 km up  the Nushagak River from the town of Dillingham. Outmigrating 
smolts captured a t  th i s  location had l e f t  the rearing areas of the Tikchik Lake 
system, the upper Nushagak, and Mulchatna River drainages. Most of the sockeye 
salmon sampled a t  Portage Creek were presumed t o  come from the Nuyakuk River 
which drains the Tikchik Lake system. 

Smolt samples were measured for  length to  the nearest millimeter and a scale smear 
collected for  aging purposes. Average weights were calculated by taking the total  
weight of a1 1 smol t in the sample and dividi ng by the number within the sample. 

RESULTS 

Two different sampling t r ip s  were made t o  the Nuyakuk River in 1982. On the 
f i r s t  t r i p  (17  June 1982) 189 smol t samples were collected. All srnol t s  taken 



were sampled f o r  l e n g t h  and weight ,  and the  sca les from 60 f i s h  were examined 
f o r  age composi t ion.  Resu l t s  a r e  presented i n  Table  1. The second t r i p  was 
conducted on 9 J u l y  1982 when 37 smo l t  were sampled. Mean l e n g t h  and weight  
increased f rom 74.85 t o  76.78 mm and f rom 3.97 t o  5.13 g, r e s p e c t i v e l y .  

Four samples o f  sockeye salmon smo l t  were taken a t  t h e  Portage Creek s i t e .  A l l  
smol t  were examined f o r  leng th ,  weight ,  and age (Table  2) .  
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Table 2. Nushagak R i v e r  sockeye salmon smol t  age, weight ,  and l e n g t h  summary, 1982. 

Sample Length (mm) Weight ( g )  Age Class Composi t ion 
No. Date ( n )  x SDV Max. - M i  n  . ( n )  x Age I Age I 1  

4 71 5 ( 10) 82.00 3.16 86 - 77 ( 10) 4.43 100% 0 % 

To ta l  (1 40) 74.53mm 95 - 53 (140) 3.98 g 100% 0 % 
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