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1972 KVICHAK RIVER SOCKEYE SALMON SMOLT STUDIES 

Kenneth P. Parker  
Alaska Department of F ish  and Game 

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

INTRODUCTION 

The Kvichak River sockeye salmon smolt  s tudy  was o r i g i n a t e d  i n  1955 by t h e  
F i s h e r i e s  Research I n s t i t u t e ,  Univers i ty  of Washington. I n  1961 t h e  program 
became t h e  r e s p o n s i b i l i t y  of t h e  Alaska S t a t e  Department of F ish  and Game, 
Div is ion  of Commercial F i s h e r i e s  Research s t a f f  . Since t h e  programs incept ion ,  
e ighteen  yea r s  ago, annual i nd ices  have been obta ined  of t h e  s p r i n g  emigrat ion 
of sockeye salmon smolt (Oncorhynchus nerka)  from t h e  Lake Clark - Lake I l iamna 
nursery  grounds. 

Information obta ined  from t h i s  program is d i r e c t e d  toward f o r e c a s t i n g  age 
composition and magnitude of a d u l t  r e t u r n s  t o  t h e  Lake Clark - Lake I l iamna 
system from an eva lua t ion  of smolt product ion a t  var ious  l e v e l s  of  a d u l t  escape- 
men t . 

Ind ices  c o l l e c t e d  over the p a s t  yea r s  have provided much information on 
popula t ion  dynamics of t h e  Lake Clark - Lake I l iamna sockeye salmon popula t ions .  
Unfortunately,  the  ind ices  have proven t o  be  of v a r i a b l e  r e l i a b i l i t y  a s  a 
f o r e c a s t  t o o l  due i n  p a r t  t o  i nhe ren t  i n e f f i c i e n c i e s  o f  fyke n e t  sampling. 

I n  1965 a f e d e r a l l y  funded program using funds from Commercial F i s h e r i e s  
Research and Development Act (P.L. 88-309), was i n i t i a t e d  t o  improve t h e  index 
o r  ob ta in  an outmigrat ion e s t ima te  s u i t a b l e  f o r  f o r e c a s t  app l i ca t ion .  Beginning 
the  f i s c a l  year  1969-70 t h e  program funding was switched t o  t h e  Anadromous 
Fish  Act (P .L. 89-304) . 

Under t h e  f e d e r a l l y  funded program, research  was d i r e c t e d  toward t h e  
development of hardware and techniques t o  e s t ima te  t he  t o t a l  outmigrat ion.  I n  
1970 experiments were conducted t e s t i n g  t h e  f e a s i b i l i t y  of u t i l i z i n g  underwater 
sonar  counting eqcipment i n  t h e  Kvichak River.  I n i t i a l  f i e l d  experimentat ion 
wi th  t h e  sonar  counting equipment v e r i f i e d  the  f e a s i b i l i t y  of sonar  a p p l i c a t i o n  
t o  smolt  enumeration (Paulus and McCurdy, 1972).  Sonar counting systems were 
u t i l i z e d  f o r  smolt enumeration i n  1971 and 1972. Information concerning t h e  
c h a r a c t e r i s t i c s ,  cons t ruc t ion ,  and ope ra t ion  of t h e  sonar  equipment i n  1971 has 
prev ious ly  been publ ished with t h e  1971 index da t a  (Russe l l ,  1972).  However, 
t h i s  r e p o r t  conta ins  t h e  f i r s t  ana lys i s  of t h e  sonar  counts  c o l l e c t e d  f o r  t h e  
1971 and 1972 seasons along wi th  t o t a l  outmigrat ion e s t ima te s  f o r  bo th  years .  



The i n d e x  program was m a i n t a i n e d  i n  1972 as i n  t h e  p a s t  i n  t h e  hope t h a t  
i t  w i l l  e v e n t u a l l y  p rove  t o  b e  p r o p o r t i o n a l  t o  o u t m i g r a t i o n  e s t i m a t e s  i n  o r d e r  
t o  u t i l i z e  h i s t o r i c a l  d a t a .  Such a r e l a t i o n s h i p  would p e r m i t  t h e  e s t i m a t i o n  
of t o t a l  o u t m i g r a t i o n s  from p a s t  s e a s o n  f y k e  n e t  i n d i c e s .  



1971 OUTMIGRATION PROGRAM 

Mate r i a l s  and Methods 

Sonar Counting Systems. Two sonar  counting systems were u t i l i z e d  f o r  
smolt enumeration i n  1971. In a d d i t i o n  t o  t he  e x i s t i n g  1970 model, a new 
sonar  system composed of two 12' a r r a y s  was b u i l t  by the  Bendix Corporation 
(Russe l l ,  19 72) . 

S i t e  Se l ec t ion .  The 1971 sonar  s i t e  was loca t ed  fou r  miles  downstream 
from t h e  ADF&G f i e l d  s t a t i o n  (F igure  1 ) .  A t  t h i s  l o c a t i o n  t h e  Kvichak River 
is con£ ined  t o  a s i n g l e  main channel wi th  a r e l a t i v e l y  smal l  secondary channel 
pass ing  o f f  t o  t h e  west  s i d e .  The main channel,  640' wide, possesses  a 
r e l a t i v e l y  smooth even bottom averaging 4-112 f e e t  deep. 

Sonar u n i t s  were pos i t i oned  i n  t h e  main channel u s ing  the  sonar  anchoring 
procedure a s  i n  1970, (Paulus and McCurdy, 1972).  The 1971 sonar  system was 
opera ted  o f f  t h e  e a s t  bank and the  1970 system o f f  t h e  west bank, (F igure  2 ) .  
Tents were placed on both s i d e s  of t h e  r i v e r  t o  provide s h e l t e r  f o r  t h e  e l e c t r o n i c  
packages and crews. 

Sonar Ca l ib ra t ion .  Sonar system c a l i b r a t i o n s  i n  1971 were conducted us ing  
s tandard  6 '  x 4 '  fyke n e t s  wi th  wings pos i t i oned  10 f e e t  behind t h e  sonar  a r r ays .  
Ca l ib ra t ions  were f i r s t  made f o r  t he  1971 sonar  gear  and l a t e r  i n  t he  season 
f o r  t h e  1970 gear .  Ca l ib ra t ion  cons i s t ed  of determining t h e  number of smolt 
captured p e r  sona r  count.  This  was done by f i r s t  a s se s s ing  t h e  number of smolt 
i n  a fyke n e t  ca tch .  Due t o  t he  l a r g e  numbers c h a r a c t e r i s t i c  of ca tches ,  a 
one pound subsample would be  e x t r a c t e d  and counted. The r e s u l t i n g  smolt pe r  
pound would then  be  m u l t i p l i e d  by t h e  ca tch  weight producing an e s t ima te  of t h e  
number i n  t h e  ca t ch ,  Next, t h i s  c a l c u l a t e d  number of  smolt i n  t he  ca tch  would 
be d iv ided  by the  corresponding sonar  counts accumulated during t h e  c a l i b r a t i o n  
period.  The c a l i b r a t i o n  per iods  va r i ed  depending upon t h e  smolt passage r a t e s  
encountered. High passage r a t e s  would l i m i t  c a l i b r a t i o n  per iods  t o  a few minutes 
t o  minimize ca tches .  

To determine which c a l i b r a t i o n s  would be  considered v a l i d ,  t h e  design 
s p e c i f i c a t i o n s  of t h e  sonar  counters  were considered. These included: (1) a t  
opt imal  adjustment t h e  sonar  would r e g i s t e r  one count f o r  10 smolt of a s p e c i f i c  
biomass, (2) i t  was mechanically impossible  t h a t  l e s s  than  5 f i s h  could t r i g g e r  
a count,  and ( 3 )  no more than 20 smolt could c ros s  t h e  u n i t  wi th  only a s i n g l e  
count r e g i s t e r e d .  From t h e s e  s p e c i f i c a t i o n s  i t  was e s t a b l i s h e d  t h a t  c a l i b r a t i o n s  
of under 5 f i s h  per  count o r  over  20 f i s h  per  count could be discounted a s  
mechanically i n v a l i d .  The reasonableness  of t h e s e  l i m i t s  can be  r e a l i z e d  when 
t h e  placement of t h e  n e t  10 f e e t  behind t h e  sonar  a r r a y  i s  considered. I n  
t h a t  d i s t a n c e  schools  angl ing  l a t e r a l l y  can m i s s  t h e  sonar  and be caught i n  t h e  
n e t  o r  counted and n o t  caught.  Consequently, t h e  5 t o  20 f i s h  p e r  count range 
w a s  adopted a s  t h e  accep tab le  l i m i t s  f o r  v a l i d  c a l i b r a t i o n s .  
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The average smolt pe r  count f o r  each sona r  system was c a l c u l a t e d  by 
compiling a summary of a l l  v a l i d  consecut ive c a l i b r a t i o n s .  The ca l cu la t ed  
smolt  per  count f o r  each group was then averaged and expanded by 1219 t o  
compensate f o r  d i f f e r ences  between t h e  l eng th  of t h e  sonar  a r r ays  and the  
width of t h e  opening of t h e  c a l i b r a t i n g  fyke n e t .  This process  was repea ted  
f o r  bo th  sona r  systems. A c a l c u l a t i o n  was a l s o  made f o r  under counting o r  
over counting from the  d i f f e r ences  between t h e  measured v e l o c i t y  of each a r r a y  
and the  v e l o c i t y  s e t  on the  e l e c t r o n i c s ;  t h e  counts were app ropr i a t e ly  ad jus t ed .  
Addi t iona l  ref inement  was planned f o r  sonar  c a l i b r a t i o n s .  

Af t e r  t he  season,  evidence of opt imal  sampling condi t ions  w a s  sought from 
an a n a l y s i s  of day-night and high-law passage r a t e  c a l i b r a t i o n  da ta .  

Sonar Operat ions.  To i n s u r e  proper  recording and l a b e l i n g  of v a l i d  sona r  
counts  , instruments  were con t inua l ly  monitored. It was noted t h a t  winds over  
40 m.p:h. and heavy p r e c i p i t a t i o n  would en t r ap  a i r  i n t o  t h e  r i v e r  and cause f a l s e  
counts.  Such counts were s u b t r a c t e d  from t h e  v a l i d  sonar  counts. Likewise, 
i c e  a c t s  as a s t r o n g  t a r g e t  and wi thout  s e t t i n g  t h e  range below the  depth of 
t he  i c e ,  t h e  i c e  would produce i n v a l i d  counts. A l l  i n v a l i d  counts were sub t r ac t ed  
from t h e  recorded sona r  counts p r i o r  t o  expansion procedures.  

As i n  index ope ra t ions ,  sona r  sampling "days" were on a noon t o  noon b a s i s .  
To f a c i l i t a t e  t h i s ,  t h e  d i g i t a l  counter  t o t a l s  were logged, c l ea red  and s e t  t o  
1 1  11 0 a t  s i x  hour i n t e r v a l s  beginning a t  12  noon. This prevented e r r o r  bu i ldup  
i n  the  t imers  t h a t  t r i g g e r  i n t e r v a l  p r i n t i n g .  

T o t a l  Outmigration Est imate.  The procedure f o r  c a l c u l a t i n g  t o t a l  out-  
migrat ion,  inc luding  expansion f o r  missed a r e a  between sonar  a r r ays ,  i s  a s  follows: 

I. The season t o t a l  sonar  count f o r  each a r r a y  i s  determined. 

2.  Sonar counts a r e  t ransposed i n t o  numbers o f  smolt by applying t h e  
app ropr i a t e  c a l i b r a t i o n  and cu r ren t  v e l o c i t y  c o r r e c t i o n  f a c t o r s .  

3. The number of smolt  per  f o o t  of a r r ay  is computed f o r  each sonar  
a r r a y  f i shed .  

T o t a l  smolt over  a r r a y  
Array l e n g t h  12 '  

4 .  The d i s t ances  between a r r ay  cen te r s  and inshore  a r r ays  and r i v e r  banks 
are assessed .  

5. The number o f  smolt  p e r ' f o o t  of sonar  a r r a y  i s  m u l t i p l i e d  by one-half 
t h e  d i s t ances  t o  ad jacent  a r r a y  cen te r s .  

6.  The number of smolt between an inshore  a r r a y  and i t s  ad jacen t  r i v e r  
bank is c a l c u l a t e d  by mul t ip ly ing  the  number of smolt per  f o o t  of t h e  
inshore  a r r a y  by h a l f  t h e  d i s t a n c e  t o  i t s  bank, 



7. The t o t a l  outmigrat ion e s t ima te  is  der ived  by summing t h e  ca l cu la t ed  
number between a r r a y  c e n t e r s  p lus  t he  ca l cu la t ed  number of smolt 
between in shore  a r r a y  cen te r s  and t h e  ad jacent  r i v e r  banks. 

RESULTS 

Sonar Sampling. Twenty-four hour sonar  sampling began on t h e  e a s t  bank 
May 24 and terminated June 18.  West bank ope ra t ions  began June 2 and terminated 
June 18.  Lost  f i s h i n g  time was minimal due t o  sona r ' s  a b i l i t y  t o  func t ion  under 
most adverse condi t ions .  

I n i t i a l  sona r  counts recorded from e a s t  bank a r r a y s  from May 24-29 were 
d is regarded  due t o  f a l s e  counts  from heavy i c e ,  wind, and r a in .  (Appendix 
Table A-10). 

Ca l ib ra t ion .  Resul t s  from sonar  c a l i b r a t i o n s  conducted dur ing  1971 i n d i c a t e  
t h a t  t h e  1970 sonar  equipment was counting a t  247.9 smolt pe r  sonar  count 
(Table 1 ) .  The observed low counting e f f i c i e n c y  was a t t r i b u t e d  t o  obvious 
sh ipping  damage t h a t  occurred whi le  t h e  gear  was i n  t r a n s i t  from Los Angeles t o  
Alaska i n  t h e  s p r i n g  of 1971. The 1971 sonar  equipment exh ib i t ed  c a l i b r a t i o n s  
c l o s e  t o  designed e l e c t r o n i c  c a p a b i l i t i e s  wi th  an observed 9.96 smolt pe r  sonar  
count (Table 2 ) .  

From a t o t a l  of 62 c a l i b r a t i o n s ,  52% were wi th in  t h e  e s t a b l i s h e d  acceptab le  
l i m i t s  a s  s t a t e d  i n  t he  Mate r i a l s  and Methods sec t ion .  Pos t  season a n a l y s i s  
of c a l i b r a t i o n s  v e r i f i e d  t h e  r e l a t i o n s h i p  between high passage r a t e s  and ca l ib ra -  
t i o n s  accuracy a s  70% of c a l i b r a t i o n s  recorded above 50 f i sh /minute  were v a l i d  
while  below the  50 f i sh /minute  passage r a t e  only 39% of  t h e  recorded c a l i b r a t i o n s  
were v a l i d  (Appendix Table A-13). 

Day and n i g h t  sonar  c a l i b r a t i o n  showed no s i g n i f i c a n t  d i f f e r e n c e  i n  smolt  
per  count,  i n d i c a t i n g  s i m i l a r  day and n i g h t  avoidance of t h e  c a l i b r a t i n g  fyke 
n e t  (Table 3 ) .  Consecutive c a l i b r a t i o n s  were grouped i n t o  r a t h e r  a r b i t r a r y  
45 t o  130 minute groups eo do away wi th  va r i ance  r e s u l t i n g  from p u l l i n g  t h e  n e t  
too soon, be fo re  a l l  counted f i s h  have en te red ,  o r  too  l a t e  i n  which case  
uncounted sub-threshold s t r a g g l e r s  may b e  added t o  counted smolt.  Sub-threshold 
r e f e r s  t o  any smolt group of  less than  countable  biomass. Grouping is most 
e s s e n t i a l  t o  very s h o r t  c a l i b r a t i o n s  of a few minutes dura t ion .  

Outmigration Est imate.  Daily sonar  counts a f t e r  expansion by c a l i b r a t i o n  
and water  v e l o c i t y  f a c t o r s  (Table 4) a r e  represented  a s  d a i l y  sockeye salmon 
smolt numbers over a r r a y s  i n  Table 5. The season t o t a l  ad jus t ed  number of smolt 
over  a r r a y s  was 9,513,996 wi th  west bank sonar  con t r ibu t ing  92.10% and e a s t  
bank sonar  7.90%. 

Following expansion procedures a t o t a l  season outmigra t ion  of 91,682,813 
sockeye salmon smolt  w a s  apport ioned by day (Table 6)  and compared t o  index 
r e s u l t s  i n  Figure 3.  



T a b l e  1. C a l i b r a t i o n  suxnary f o r  1970 s o n a r  equipment,  w e s t  bank i n s h o r e  & o f f s h o r e  
s i tes,  1971. 

T o t a l  t i m e  T o t a l  s o n a r  T o t a l  
minutes  c o u n t s  c a t c h  

Average f i s h /  
c o u n t l p e r i o d  

TOTALS 906 6 31 80277.0 2796.0 

- 
- x f i s h , / c c ~ ~ ~ t  = 2796 = 185*4 x 1:. L/ = 247 .9  

1 5 ';I 

1: a d j u s t ~ L ~ n t  t3 compensate f o r  1 2  f o o t  a r r a y .  - 



T z b l e  2 .  C a l i b r a t i o n  summary f o r  1971  s o n a r  equipment. 

Total time, Totai s o n a r  T o t a l  
m-iilutes c o u n t s  c a t c h  

Average f i s h /  
c ~ u n t / ~ e r i o d  

TOTAL 94 2 8052 59980 112.0 

I/ ddjes:-.e:?C t o  co;?.pensate for 12 foot array, 
- 



rT1 1 3 .  Day and n i g h t  s o n a r  c a l i b r a t i o n s ,  E a s t  bank, 1971. 

F i s h i n g  Time Sonar ~ v e r i ~ c  
Date  S e t  P u l l e d  Min . Counts Catch C a l i b r a t i o n  

TOTALS 4 24 5 ,547  41,676 7 . 4 4  





1 -  5. !tvi ;ii,i!c Itiver tlai l y  sockeye salrrion smol t  coun ts  by a r r a y ,  1971.  Counts i n c l u d e  c o r r e c t i o n s  f o r  
w d c e r  v e l o c i t y  d i f f e r e n c e s  between a r r a y s .  

!)ate ---- West Bank E a s t  Bank 
(iloon t:o noonj  1 n s h a r e  Of Eshore O f f s h o r e  Insho  re T o t a l  1/ Inde-L 

- - --_ _-ll_-l~____I_---l-- ̂___--- --- - 

J / h i 1  y  24-hour I n d c x  c a t c h e s  recorded  f o r  1971. -- - 



' 6 .  ;:vi i.t~;-!l: i::i-ver soclceye salmo:~ srnoLt outmj.gration by day and age group, 1971. 

13.1 t e D a i l y  t o t a l  Da i ly  ou t -  
:oon-no~~n s x o l t  c o u n t s  m i g r a t i o n  Age I Smolt A l  I1 Smol t - --- 

n un;b e r percent number p e r c e n t  numb e r p e r c e n t  

7 - j Season w e i g h t e d  age class p e r c e n t  composi t ion as c a l c u l a t e d  f o r  Index ,  1 9 7 1 .  





Smolt l e n g t h  f requency d a t a  c o l l e c t e d  f o r  b o t h  east and west  bank s o n a r  
u n i t s ,  show s i g n i f i c a n t  s i m i l a r i t i e s  ( F i g u r e  4 and 5) w i t h  b o t h  s t a t i o n s  
r e c o r d i n g  87mm a v e r a g e  p e r  Age I smol t  w i t h  a  mean weigh t  o f  5 .8 grams. Age I1 
smol t  had a  mean l e n g t h  o f  l l lmm and a  we igh t  o f  11.1 grams. Age c l a s s  composit ion 
o f  t h e  o u t m i g r a t i o n  was c a l c u l a t e d  as planned from index  d a t a  t o  p r e v e n t  d u p l i c i t y  
o f  e f f o r t ,  however, observed d i f f e r e n c e s  between s o n a r  s p o t  samples and index  
samples i n d i c a t e  s o n a r  w i l l  have t o  b e  sampled s e p a r a t e l y  i n  t h e  f u t u r e .  
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1972 INDEX PROGRAM 

M a t e r i a l s  and Methods 

M a t e r i a l s  and methods used f o r  t h e  1972 .index program remained unchanged 
from t h o s e  d e s c r i b e d  f o r  p rev ious  y e a r s  (Pau lus  and McCurdy, 1969; McCurdy and 
P a u l u s  , 19 72 ; Paulus  and McCurdy , 19 72; R u s s e l l ,  1972) . The i n d e x  f i s h i n g  
s i t e  l i k e w i s e  remained unchanged ( F i g u r e  1 ) .  

R e s u l t s  and  Discuss  i o n  

Fyke n e t  f i s h i n g  a t  t h e  index  s i t e  i n  1972 began May 27 and t e r m i n a t e d  
June 17.  Loss o f  f i s h i n g  t ime  due t o  heavy i c e  and g a l e  winds (Tab le  7) r e s u l t e d  
i n  t h e  least number o f  s u c c e s s f u l  f i s h i n g  days e v e r  recorded  f o r  t h e  index  
program. A t o t a l  o f  1 4  days  o f  f i s h i n g  was a t t empted  a f t e r  June  4 when t h e  
f i r s t  c a t c h  adequa te  f o r  a s t a n d a r d  one pound sample was o b t a i n e d .  During t h i s  
p e r i o d  139 h o u r s  o f  s u c c e s s f u l  f i s h i n g  was accomplished averag ing  9.9 h o u r s  
p e r  day (Tab le  8) . The s e a s o n  c a t c h  t o t a l e d  61,736 smol t  b u t  proved t o o  e r r a t i c  
t o  p e r m i t  an estimate of o u t m i g r a t i o n  index.  An e s t i m a t e  of 1,421,104 s m o l t  
f o r  t h e  o u t m i g r a t i o n  i n d e x  was c a l c u l a t e d  from t h e  s o n a r  t o t a l  o u t m i g r a t i o n  d a t a  
by u s e  o f  t h e  1971 sonar- index r e l a t i o n s h i p  (Tables  5 and 1 4 ) .  

Catches  were  adequa te  t o  p r o v i d e  mean length-weight-age samples w i t h  32 
l e n g t h  f requency  samples and s i x  age  s e p a r a t i o n  samples t a k e n  d u r i n g  t h e  14 
day i n d e x i n g  o p e r a t i o n  (Table  9 ) .  The age  c l a s s  s e p a r a t i o n  p o i n t  was determined 
t o  b e  between t h e  l e n g t h s  o f  87mm t o  88mm ( F i g u r e  6 ) .  Age I smol t  comprised 
.89 p e r c e n t  ( 3 3  s m o l t s )  o f  t h e  i n d i v i d u a l s  measured and Age I1 99.11 p e r c e n t  
(3,667 s m o l t ) .  

The s e a s o n s  we igh ted  mean l e n g t h  by a g e  c l a s s  was determined by app ly ing  
t h e  33 l e n g t h  f requency samples t o  t h e i r  cor responding  days  o u t m i g r a t i o n  as 
measured a t  s o n a r .  The r e s u l t i n g  d a i l y  o u t m i g r a n t s  by age  c l a s s  were  t o t a l e d  
t o  produce t h e  weighted a v e r a g e  l e n g t h s  o f  80mm f o r  Age I smol t  ,and 106mm f o r  
Age I1 s m o l t  (Tab le  1 5 ) .  

Weights and l e n g t h s  were recorded  f o r  33 s m o l t  and a l i n e a r  r e g r e s s i o n  run 
on t h e  d a t a .  The r e g r e s s i o n  o f  t h e  length-weight  (y = -13.71 + .223273x) was 
a p p l i e d  t o  t h e  s e a s o n s  we igh ted  mean l e n g t h  t o  e s t i m a t e  mean weigh t .  Th i s  
p rocedure  was fo l lowed  because  t h e  mean l e n g t h  i n  t h e  we igh t  sample d i f f e r e d  
from t h e  s e a s o n  mean l e n g t h .  The mean weigh t  f o r  Age I smol t  was 4.2 grams; 
f o r  Age I1 smol t  10.0  grams. 

P h o t o - e l e c t r i c  c a l i b r a t i o n s  were  conducted from June 6 t o  June  1 0  w i t h  a 
t o t a l  o f  1 7  c a l i b r a t i o n s  t aken  (Table  1 0 ) .  The s e a s o n a l  average  of 3 .61  smol t  
p e r  count  was c a l c u l a t e d  from t h e  d a i l y  s m o l t  p e r  count  averages .  



1 

T a b l e  7 .  Weather obse rva t ions ,  Kvichalc River ,  :lay 1 8  - J u n e  18, 1972. 

S Icy Wind A i r  1: emp . Water temp.  Water T u r b i d i t y  , " 

D i r  . - V e l  . O F  . "F gauge 
Date- 0900 2000 0900 2000 Max. Min . 0900 2000 ( i n . )  0900 

(con t inued)  





T a b l e  8. ~ v i c h a k '  PLver i n d e x  s i t e  a c t u a l  f i s h i n g  t i m e  by d a t e ,  s m o l t  c a t c h e s  and 
samples t aken ,  1972. 

F i s h i n g  p e r i o d  T o t a l  f i s h i n g  t i m e  Length Smolt Cause o f  
Date  S t a r t  S top  Hours Plinutes Samples C a l i b .  Caught I n t e r r u p t  

No smol t  
No smol t  
No smol t  
No s m o l t  
I c e  
I c e  
I c e  
Gear damage 
I c e  
I c e  
Anchors s l i d  
- 

N e t  c l e a n i n g  
- 
- 
- 

Anchors s l i d  
Anchors s l i d  
I c e  
I c e  
I c e  
I c e  
I c e  
Ice 
I c e  
I c e  



T a b l e  9 .  :<vichak sockeye salmon smol t  sample age f requency from length 
d i s t r i b u t i o n  by day a t  Index, 1972. 

Age C l a s s  
Date Time #I #I I %I 







19 72 OUTMIGRATION PROGRAM 

Mate r i a l s  and Methods 

Sonar Counting System. I n  1972 t h r e e  sonar  counting systems were u t i l i z e d  
f o r  smolt enumeration i n  t h e  Kvichak River .  I n  a d d i t i o n  t o  t h e  1970 and 1971 
models, a s l i g h t l y  modified 1972 model was operated.  The newest u n i t  was 
s i m i l a r  e l e c t r o n i c a l l y  t o  t h e  1971 model b u t  modified t o  inc lude  t h e  fol lowing 
ref inements  : 1) cab le  l eng th  between e l e c t r o n i c s  and t ransducer  a r r a y  was 
extended t o  300 f e e t ,  2) i n d i v i d u a l  t ransducer  i l l umina te  were i n s t a l l e d  which 
l i g h t  when a r e t u r n  echo is  rece ived  t o  a i d  i n  i d e n t i f i c a t i o n  of problem 
t ransducers  and i n v e s t i g a t e  school  p a t t e r n s ,  3) e x t e r n a l  t e s t  p o i n t s  were 
increased  t o  inc lude  one s e t  t o  each bank of t ransducers  and key c i r c u i t  po in t s  
i n  t h e  e l e c t r o n i c s  package, 4) an e l e c t r o n i c  alarm was incorpora ted  a s  a plug-in 
opt ion  t o  a l e r t  crew when smolt counts  a r e  occurr ing.  

Two osc i l l o scope  were used w i t h  t h e  sonar  systems i n  1972 t o  monitor school  
depth, th ickness  and o r i e n t a t i o n  w i t h i n  t h e  channel during day and n i g h t  
outmigrat ions . 

S i t e  Se l ec t ion .  The sonar  enumeration s i t e  remained unchanged from 1971. 
(Figure 1 ) .  A s  a r e s u l t  of increased  cable  length  on the  1972 sonar  a r r a y s ,  t h e  
f i s h i n g  s t a t i o n s  could b e  spaced more uniformly ac ros s  t h e  r i v e r  channel 
(F igure  2 ) .  

Water v e l o c i t y  measurements were taken p e r i o d i c a l l y  throughout t he  season 
f o r  a d j u s t i n g  t h e  v e l o c i t y  s e t t i n g  on t h e  sonar  e l e c t r o n i c s .  The v e l o c i t y  
s e t t i n g  r e g u l a t e s  t h e  r e p e t i t i o n  r a t e  of t h e  sonar  s i g n a l s  so  each group of 
f i s h  i s  "sounded" only once. 

Sonar Ca l ib ra t ions  and Operation. Sonar ca l ib ra tgon  techniques and sonar  
ope ra t ing  procedures remained i d e n t i c a l  t o  the  1971 program. With t h e  use  of  
t he  t ransducer  l i g h t s ,  however, schools  over  t h e  extreme ou t s ide  ends of t h e  
sonar  gear ,  which could m i s s  t h e  n e t  e n t i r e l y ,  were omit ted and c a l i b r a t i o n s  
gene ra l ly  f e l l  w i t h i n  t h e  l i m i t s  s e t  by the  engineer  a s  prev ious ly  discussed.  

T o t a l  Outmigration Est imate.  Expansion technijques remained unchanged from 
t h a t  descr ibed  f o r  1971, a l though d i s t ances  between a r r a y  c e n t e r s  were changed. 
Since t h e  i c e  run out  was continuous throughout t h e  du ra t ion  of t h e  smolt  
emigra t ion?  d a t a  ga ther ing  r equ i r ed  almost cons tan t  observa t ion  of t h e  r i v e r  
and i c e  cond i t i ons .  During the  day l igh t  hours t h e  smolt t r a v e l e d  below t h e  
depth t o  which t h e  i c e  reached, s o  t h e  range of t h e  sonar  was pu l l ed  i n  t o  m i s s  
the  i c e .  A t  n i g h t ,  when smolt were a t  t h e  su r f ace ,  t he  range was s e t  w i t h i n  
1/10 f o o t  of t h e  s u r f a c e ,  and became puscep t ib l e  t o  f a l s e  counts from i c e .  
Visua l  obserxzations were requi red  t o  c l e a r  i c e  "counts" from t h e  equipment. 
Observations of t h e  l i g h t  bank and osc i l l o scope  on the  19 72 equipment, provided 
information on t a r g e t  depth, s t r e n g t h ,  and s p a t i a l  d i s t r i b u t i o n  which could be  
r e l i e d  upon heav i ly  t o  s e p a r a t e  smolt  from i c e  counts during t h e  few hours  on 
unusual ly dark n i g h t s  when v i s u a l  i c e  observa t ions  were impossible.  



Data on numbers of f i s h  per  school  and schools  per  minute was gathered 
during evenings wi th  h igh  outmigra t ion  r a t e s .  I c e  th ickness  readings were 
a l s o  made so sonar  range could be  s a f e l y  s e t  during day l igh t  smolt counting. 

Resul t s  

Sonar Sampling. Twenty-four hour outmigrat ion enumeration began May 29 
on t h e  west bank and May 30 on t h e  e a s t .  F ish ing  opera t ions  were terminated 
on the  e a s t  bank June 1 8  when r i s i n g  water  and s c a r c i t y  of smolt made the  e a s t  
s i t e  unnecessary and untenable.  The 1972 sonar  equipment was t r a n s f e r r e d  t o  
t he  west bank t o  r ep l ace  t h e  1971 sonar  equipment. The t ransducer  s i g n a l  
l i g h t s  on t h e  1972 equipment f a c i l i t a t e d  d i s t i n c t i o n  between v a l i d  smolt counts 
and i c e  during da rkes t  hours .  West bank ope ra t ions  were f i n a l l y  terminated 
June 28. 

Due t o  l i m i t e d  manpower, i t  was n o t  p o s s i b l e  t o  monitor t h e  1970 sona r  
equipment on the  e a s t  bank. I t  was t h e  l e a s t  important  gear  s i n c e  t h i s  equip- 
ment was i n  an a r e a  of few smolt  and continuous deep i c e .  S ince  i t  was n o t  
monitored cons t an t ly ,  t h e  d a t a  was n o t  used f o r  outmigrat ion es t imat ion .  

Ca l ib ra t ion .  Ca l ib ra t ion  was l i m i t e d  t o  a s se s s ing  v a r i a b i l i t y  of t h e  1972 
sonar  e l e c t r o n i c s .  Resul t s  i nd ica t ed  the  u n i t  was func t ioning  a t  designed 
c a p a b i l i t y  wi th  an observed 11.81 smolt pe r  sonar  count (Table 11) .  Ca l ib ra t ions  
were added toge the r  i n  t h e  same manner a s  i n  1971. F ish  per  count r a t i o  f o r  
t he  1971 sonar  equipment was app l i ed  t o  t he  1972 counts f o r  t h i s  system s i n c e  
no f i e l d  c a l i b r a t i o n s  were made i n  19 72, (Table 12) . 

A t o t a l  of 24 c a l i b r a t i o n s  were recorded f o r  t h e  1972 sonar  e l e c t r o n i c s  
w i th  67% w i t h i n  acceptab le  l i m i t s .  Analysis  of t h e  1972 c a l i b r a t i o n  i n  r e l a t i o n  
t o  passage r a t e s  shows s i m i l a r i t y  t o  t h e  1971 r e s u l t s  a s  83% of c a l i b r a t i o n s  
recorded above 50 f i sh lminu te  were v a l i d  whi le  below the  50 f i sh lminu te  passage 
r a t e  45% of t h e  recorded c a l i b r a t i o n s  were v a l i d  (Appendix Table A-14). 

Day-night s e p a r a t i o n  of v a l i d  c a l i b r a t i o n s  show a  s i g n i f i c a n t  i n c r e a s e  i n  
smolt per  count during n i g h t  c a l i b r a t i o n s  (Table 13 ) .  Resul t s  sugges t  t h a t  
t h e  c a l i b r a t i n g  n e t  is more e f f i c i e n t  a t  n i g h t  and probably produces smolt  
avoidance dur ing  t h e  day. High winds produce t u r b i d i t y  which w i l l  i n f luence  
n e t  e f f i c i e n c y ,  a s  w i l l  l i g h t  i n t e n s i t y .  Fac tors  i n  1971 and 1972 were no t  
n e c e s s a r i l y  s i m i l a r  during c a l i b r a t i o n s ,  and could exp la in  t h e  f a c t  t h a t  no 
d i f f e r e n c e  i n  day-night c a l i b r a t i o n s  was observed i n  19 71. 

Outmigration Est imate.  A t o t a l  of 6,649,760 smolt were counted i n  1972 
wi th  80.71% enumerated over the west bank a r r a y s  and 19.29% over t h e  e a s t  bank 
a r r a y s  (Table 1 4 ) .  Expansion of t h e  enumerated smolt gave a  t o t a l  season out- 
migra t ion  e s t ima te  of 67,575,075 smolt w i t h  570,750 Age I and 67,004,325 Age I1 
smolt (Table 15) .  The bulk  of t h e  1972 smolt ou tmigra t ion  occurred from June 6  
t o  June 1 8  wi th  t h e  peak dn June 10 (F igure  7).  The l i m i t e d  l eng th  frequency 
information c o l l e c t e d  a t  sonar  (Figure 8) shows s i m i l a r i t y  t o  t h e  more complete 



T a b l e  11. C a l F b r a t i o n  s u m a r y  f o r  1372 s o n a r  equipment e a s t  bank i n s h o r e  & 
o f f s h o r e  s i t e s ,  1972. 

T o t a l  t i n e  T o t a l  s o n a r  T o t a l  
minu tes  coun ts  c a t c h  

Average f i s h /  
c o u n t / p e r i o d  

- 61 44 7  3180.5 7 . 1  

TOTAL 457 35  80 32220 .1  71.0 

1/ adjustment t o  compensate f o r  12 f o o t  a r r a y .  - 





1 1  L 3 .  Day ‘inti n i g l ~ t  sonar c a l i b r a t i o n s ,  e a s t  hank, 1972 .  

F i sh ing  T i m e  
Set Pulled Min . 

Sonar . 
Counts C a t c h  

Average  
Calibration 



t 1 1 ,  i t 1 4 .  i v i  c h a k  Rivt-'r soclceye sairnon s m o l t  coul l t s  by day and a r r a y ,  1.972 Counts  i n c l u d e  c o r r e c t i o n s  f o r  
c u r r e n t  v e l o c i t y  differences. 

West Bank - - --- East Bank -- 

Lrrshore Off s h o r e  O f f s h o r e  I n s h o r e  T o t a l  I n d e x  

-- - - -- ,---. -- 
11 E s t .  Iron1 ratio o f  1 9 7 1  I n d e x  t o  1 9 7 1  t o t a l  o u t m i g r a t i o n  e s r i m a t e .  



1 :  1 i<vic:!!,ik Kivzr sociceye salmon smolr  o u t m i g r a t i o i ~  by day and age group,  1972. 

-- -- - .-. -- ---- - - ---- - - ----- ---- - -- 
~;.LL~ '  D n i l  t o t a l  I Ia i ly  ou t -  
~ U O I I  -1io(.111 -- smolt --- coun t s  m i g r a t i o n  Age I Smolt Age 11 Smolt -- -- 

:I unlb e r p e r c e n t  number p e r c e n t  number p e r c e n t  

-- --- ----. ---- ---- 
TOTAL 6 ,649 ,760  t. 0 0 . 0% 67,575,075 570,750 0.84 67,004,325 99.16 

11 -- L'crcentages t a k e n  from l e n g t h  f requency  d a t a  c o l l e c t e d  a t  Index  s i t e .  







index length  frequency da t a  w i t h  an average length  of 107mm f o r  Age I1 smolt .  
Since t h e  index d a t a  was intended a s  t h e  s tandard  f o r  d a i l y  age apportionment,  
i t  was app l i ed  t o  t h e  t o t a l  season sonar  e s t ima te  of outmigrat ion.  

19 72 Outmigration 
Mean l eng th  
Mean weight (grams) 

Age I Age I1 
570,750 (0.84%) 67,004,325 (99.16%) 
80mm 10 6mm 
4 .2  grams 10.0 grams 

Age c l a s s  composition of t he  outmigrat ion was ca l cu la t ed  from index d a i l y  
age c l a s s  percentages (Table 9 ) .  Expansion of t h i s  d a t a  t o  compensate f o r  
missed days was accomplished by averaging previous and fol lowing age c l a s s  
percentages.  

V e r t i c a l  Diurnal  Migration. V e r t i c a l  d i u r n a l  migra t ion  of emigrat ing 
sockeye salmon smolt has  been descr ibed  p ~ e v i o u s l y  from v i s u a l  observa t ions  
(Russe l l ,  1972).  To v e r i f y  t h i s  hypothes is  an a n a l y s i s  of  hour ly  upper and 
lower sonar  counts was conducted on the  1971 sonar  equipment over  a  7  day period.  
This was f a c i l i t a t e d  by s e p a r a t i o n  of counts recorded by v e r t i c a l l y  aimed 
t ransducers  which sampled mid-water t o  t h e  s u r f a c e  and h o r i z o n t a l l y  aimed 
t ransducers  which sampled mid-water t o  t h e  bottom. Counts were a l s o  sepa ra t ed  
by a r r a y  wi th  hour ly  t o t a l s  converted t o  percent  upper counts. The r e s u l t i n g  
d a i l y  p l o t s  o f  t h e  hourly percentages show s i g n i f i c a n t  concent ra t ion  of smoZt 
i n  t he  s u r f a c e  waters  dur ing  t h e  hours  2200 t o  0200 and an inc rease  i n  smolt  
occurrence i n  t h e  bottom waters  i n  t he  evening hours  1400 t o  1800 and e a r l y  
morning hours  0200 t o  0400 (Figures  9 and 10) .  

Negative photo tax is  may b e  one of  t h e  major behaviora l  f a c t o r s  c o n t r o l l i n g  
v e r t i c a l  migra t ion  a s  shal lowing of t h e  smolt d i s t r i b u t i o n  p a t t e r n  was apparent  
dur ing  days wi th  completely cloudy s k i e s  and t u r b i d  water  (F igures  9 and 10 ,  
June 9 ,  10,  and 11) .  Such condi t ions  produced s i g n i f i c a n t l y  lower l e v e l s  66 
i n c i d e n t  l i g h t  i n  t h e  a q u a t i c  h a b i t a t .  Conversely, c l e a r  s k i e s  and water  were 
observed June 7, 8, 12, and 13  when v e r t i c a l  migra t ion  was pronounced and h igh  
i n c i d e n t  l i g h t  l e v e l s  e x i s t s .  
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1972 NAKNEK RIVER SOCKEYE SALMON SMOLT STUDIES 

Michael L .  McCurdy 
Alaska Department of F i s h  and G a m e  

D i v i s i o n  of Commercial F i s h e r i e s  
King Salmon, Alaska 99613 

INTRODUCTION 

T h i s  was t h e  s e v e n t e e n t h  y e a r  t h a t  t h e  Naknek River  sockeye salmon 
(Oncorhynchus n e r k a )  smol t  s t u d y  h a s  been conducted.  

The o b j e c t i v e  of t h e  Naknek River  smol t  program i s  t o  o b t a i n  an 
o u t m i g r a t i o n  e s t i m a t e  on ,  and t h e  age  composi t ion o f  sockeye salmon smol t .  

MATERIALS AND METHODS 

The methods f o r  d a t a  g a t h e r i n g  and a n a l y s i s  of age  composi t ion,  average  
l e n g t h s  and w e i g h t s ,  and g e n e r a l  env i ronmenta l  d a t a  were t h e  same as i n  
p r e v i o u s  y e a r s  (McCurdy, 1972) .  

RESULTS 

Table  1 c o n t a i n s  mean w a t e r  and a i r  t empera tu re  d a t a  g a t h e r e d  d u r i n g  t h e  
o u t m i g r a t i o n  p e r i o d .  

The random s c h e d u l e  was i n i t i a t e d  on June  9  and t e r m i n a t e d  on J u l y  6. The 
t o t a l  random c a t c h  was 125,921 (Table  2 ) .  Sixty-one p e r c e n t  of t h e  c a t c h  
o c c u r r e d  from June  9  t o  June  13. A minor peak a l s o  o c c u r r e d  on June  17-18. A 
t o t a l  of 134,499 smol t  were  caught  d u r i n g  t h e  i n d e x  p o r t i o n  of t h e  program 
(Table  3 ) .  During t h e  random sampling h o u r s ,  2100-0600, t h e  i n d e x  n e t  caught  
71.29 p e r c e n t  of t h e  t o t a l  24-hour c a t c h .  

The o u t m i g r a t i o n  e s t i m a t e  f o r  1972 was 10,990,739. The e s t i m a t e  w a s  
o b t a i n e d  as f o l l o w s :  



TABLE 1. Mean water and air temperatures by day, Naknek River, 1972 11 

Date 

- . 

Mean water temperature OF Mean air temperature OF 

June 8-9 
9-10 
11-12 
12-13 
14-15 
15-16 
17-18 
18-19 
20-21 
21-22 
23-24 
24-25 
26-27 
27-28 
29-30 
30-July 1 
2-3 
3-4 
5-6 

1/ Both water and air temperatures were recorded six times daily. - 

* No temperatures recorded. 



TABLE 2. Naknek R i v e r  random s a m p l i n g  c a t c h e s  of  s o c k e y e  sa lmon m o l t  by f i s h i n g  s i t e ,  1972 

S i t e s  
P e r c e n t a g e  of  

Date 1 2 3 4 5 6 T o t a l  t o t a l  c a t c h  

J u n e  8-9 0 0 645 4 ,935 482 
9-10 721  11 1 , 7 8 3  11 8,016 Ll 5 ,288  11 4 ,838  
11-12 1 , 9 1 8  1 , 9 1 7  24 ,796 6 ,130  3 ,399  
12-13 337 2 ,853  3 ,482  4 ,653  5 , 0 0 8  
14-15 1 4 1  388 1 , 1 8 4  2 ,029 2 ,204 
15-16 2 1 4  1 , 2 9 9  1 , 5 7 3  1 ,196  3 ,064  
17-18 365 682 3 ,542  1 , 7 2 2  4 ,066 
18-19 128 855 299 1 , 1 7 0  1 , 0 2 5  
20-21 1 17 152 300 9 
21-22 44 223 419 6 80 643 
23-24 1 8 1  9 18 5 1 , 1 8 0  

I 
3 7 

F. 
24-25 2 9 315 2 ,134 302 987 

o 26-27 2 4 2 7 2 7 1 1 , 0 3 4  3 8 
I 27-28 8 3  3 0 3 5 342 211  

29-30 29 0 152 1 4  3 1 1  
30-July  1 1 4  3 7 1 3 8  2 0 
2-3 0 0 2 9 5 62 
3-4 0 22 0 3 6 3 
5-6 0 1 6  5 25 7 9 

T o t a l  4 ,229  10 ,473  47,057 31 ,043  26 ,466 6 .653 1 2 5 , 9 2 1  100 .00  

P e r c e n t  3 .36  8 .32  37.37 24.65 21 .02  5 . 2 8  100 .00  

11 I n t e r p o l a t e d  d a t a .  D a i l y  c a t c h  t a k e n  as a l i n e - p o i n t  estimate between t h e  p r e v i o u s  and f o l l o w i n g  d a y s .  - 
S i t e  c a t c h e s  b a s e d  on p e r c e n t  of  t o t a l  s e a s o n ' s  c a t c h .  



TABLE 3 .  Naknek River  index  n e t  c a t c h e s  of sockeye salmon m o l t  by 90 minu te  
p e r i o d s ,  June  9-July 6 ,  1972. 

June  June  J u n e  June  June  
9-10 11 12-13 15-16 18-19 21-22 

2100-2230 2,212 1 ,006 1 ,412 1 ,170  805 

T o t a l s  44,411 34,427 22,000 3' 9,119 4,435 

11 I n t e r p o l a t e d  d a t a .  Index  c a t c h  based on r a t i o  of random c a t c h e s  o f  June  - 
9-10 and June  12-13. 21,253 = 1.29.  (1.29) (34,427) = 44,411. 

16,446 

21 I n t e r p o l a t e d  d a t a .  T o t a l  c a t c h  i s  a  l i n e  p o i n t  e s t i m a t e  between t h e  - 
p r e v i o u s  and f o l l o w i n g  i n d e x  c a t c h e s .  

31 I n t e r p o l a t e d  d a t a .  Catches  from 0600 June  1 5  t o  2100 June  1 6  based on - 
t h e  d i f f e r e n c e  between t o t a l  e s t i m a t e d  c a t c h  and a c t u a l  c a t c h e s .  
22,000-11,721 = 10,279. - 41 - 



TABLE 3.  ( con t inued)  

June  June  June  30 J u l y  P e r c e n t  of 
24-25 27-28 J u l y  1 3-4 T o t a l  t o t a l  c a t c h  

T o t a l s  12,850 3,369 740 148 134,499 100.00 



1. C a l c u l a t e  t h e  s e a s o n a l  average  random c a t c h  p e r  90 minute  set: 

T o t a l  s e a s o n  c a t c h  = 125,921 
No. of s i t e s  f i s h e d  = 6  

No. o f  sampl ing days  f i s h e d  d u r i n g  t h e  season  = 19 

There fore ,  t h e  s e a s o n a l  average  c a t c h  p e r  90-minute s e t  i s  
d e r i v e d  by: 125,921 l ( 6 )  (19) = 1,105 

2 .  E s t i m a t e  t h e  average  m i g r a t i o n  p a s t  t h e  sampled s e c t i o n  of t h e  r i v e r  
d u r i n g  a  90-minute p e r i o d  w i t h i n  a sampling per iod :  

Average c a t c h  p e r  90-minute p e r i o d  = 1,105 
No. o f  s i t e s  f i s h e d  = 6  
No. o f  s u b s i t e s  f o r  which t h e  m i g r a t i o n  i s  e s t i m a t e d  

from t h e  c a t c h  a t  each f i s h i n g  s i t e  = 6  

There fore ,  t h e  e s t i m a t e d  average  m i g r a t i o n  p a s t  t h e  sampled 
s e c t i o n  of t h e  r i v e r  d u r i n g  a 90-minute p e r i o d  w i t h i n  a 
sampling p e r i o d  is  d e r i v e d  by (1,105) [ (6 )  ( 6 ) ]  = 39,780 

3 .  E s t i m a t e  t h e  average  m i g r a t i o n  p a s t  t h e  sampled s e c t i o n  of t h e  r iver  
p e r  sampl ing p e r i o d :  

No. o f  90-minute p e r i o d s  w i t h i n  a sampling p e r i o d  = 6  

T h e r e f o r e ,  t h e  e s t i m a t e d  a v e r a g e  m i g r a t i o n  p a s t  t h e  sampled 
s e c t i o n  o f  t h e  r i v e r  p e r  sampl ing p e r i o d  is d e r i v e d  by: 

4.  E s t i m a t e  t h e  average  m i g r a t i o n  p a s t  t h e  e n t i r e  w i d t h  o f  t h e  r i v e r  a t  
t h e  sampl ing l o c a t i o n  p e r  sampl ing per iod :  

E s t i m a t e d  p r o p o r t i o n  of m i g r a t i o n  o c c u r r i n g  w i t h i n  t h e  s e c t i o n  of t h e  
r i v e r  p r e s e n t l y  sampled = 88.34% 

T h e r e f o r e ,  t h e  e s t i m a t e d  average  m i g r a t i o n  p a s t  t h e  e n t i r e  w i d t h  o f  
t h e  river a t  t h e  sampl ing l o c a t i o n  p e r  sampl ing p e r i o d  is d e r i v e d  
by: 

5 .  E s t i m a t e  t h e  average  d a i l y  m i g r a t i o n  p a s t  t h e  sampl ing l o c a t i o n .  

E s t i m a t e d  p r o p o r t i o n  of d a i l y  m i g r a t i o n  o c c u r r i n g  d u r i n g  t h e  sampl ing 
p e r i o d  d e r i v e d  by add ing  t h e  p e r c e n t a g e s  of t h e  t o t a l  s e a s o n ' s  
i n d e x  n e t  c a t c h  f o r  t h e  h o u r s  2100-0600 = 71.29% 

T h e r e f o r e ,  t h e  e s t i m a t e d  average  d a i l y  m i g r a t i o n  p a s t  t h e  sampl ing 
l o c a t i o n  i s  d e r i v e d  by: 



6 .  E s t i m a t e  t h e  t o t a l  s e a s o n a l  m i g r a t i o n  p a s t  t h e  sampling l o c a t i o n :  

No. of days f i s h e d  = 29 

T h e r e f o r e ,  t h e  e s t i m a t e d  t o t a l  s e a s o n a l  m i g r a t i o n  p a s t  t h e  
sampl ing l o c a t i o n  i s  d e r i v e d  by: 

The age  composi t ion o f  t h e  o u t m i g r a t i o n  estimate was 6.52 p e r c e n t  Age 1's 
(716,596) and 93.48 p e r c e n t  Age 11's (10,274,143).  This  i s  t h e  l o w e s t  e s t i m a t e  
f o r  Age I f i s h  s i n c e  t h e  i n i t i a t i o n  of t h e  program w h i l e  t h e  numbers o f  Age I1 
f i s h  i s  t h e  second h i g h e s t  e s t i m a t e  s i n c e  t h e  program's i n i t i a t i o n .  Tab le  4 
g i v e s  t h e  a g e  composi t ion by d a t e .  

A t o t a l  o f  689 s m o l t  were  sampled t o  de te rmine  average  l e n g t h s  and weigh t s  
by age  c l a s s  (Tables  5 and 6 ) .  Age I s m o l t  averaged 98 m i l l i m e t e r s  i n  l e n g t h  
and 9 . 1  grams i n  we igh t .  Age I1 smol t  average  110 m i l l i m e t e r s  and 11.9 grams. 
T h i s  sample  was a l s o  used t o  de te rmine  age  composit ion.  

H i s t o r i c a l  d a t a  i s  p r e s e n t e d  i n  Appendix T a b l e s  B-1 through B-3. 



TABLE 4 .  Age c o m p o s i t i o n  o f  t h e  random s a m p l i n g  c a t c h e s  o f  s o c k e y e  salmon 
s m o l t ,  by d a t e ,  Naknek R i v e r ,  1972.  

Random P e r c e n t  Number 
C a t c h  Age I Age I1 Age I Age I1 

J u n e  8-9 

9- 10  

11-12 

12-13 

14-15 

15-16 

17-18 

18-19 

20-21 

21-22 

23-24 

24-25 

26-27 

T o t a l  1 2 5 , 9 2 1  8 ,204  117 ,717  

P e r c e n t  6.52 93 .48  
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TABLE 5.  Naknek R i v e r  s o c k e y e  sa lmon s m o l t  mean w e i g h t  i n  grams,  1972.  

Age I Age I1 
P e r c e n t  of  t o t a l  P e r c e n t  of  t o t a l  

Date s e a s o n ' s  c a t c h  Mean w e i g h t  s e a s o n ' s  c a t c h  Mean w e i g h t  

J u n e  8-9 
9-10 
11-12 
12-13 
14-15 
15-16 
17-18 
18-19 

I 20-21 
C- 21-22 
0-l 23-24 

I 24-25 
26-27 
27-28 
29-30 
30-July  1 
2-3 
3-4 
5-6 

Age I mean w e i g h t  = 9 . 1  Age I1 mean w e i g h t  = 1 1 . 9  



TABLE 6 .  Naknek River  sockeye salinon smol t  mean l e n g t h  i n  m i l l i m e t e r s ,  1972 

Age I Age I1 
P e r c e n t  of t o t a l  P e r c e n t  of t o t a l  

Date  s e a s o n ' s  c a t c h  Mean l e n g t h  s e a s o n ' s  c a t c h  Mean l e n g t h  

June  8-9 
9-10 
11-12 
12-13 
14-15 
15-16 
17-18 
18-19 
20-21 
21-22 
23-24 
24-25 
26-27 
27-28 
29-30 

30-July 1 
2-3 
3-4 
5-6 

Age I mean l e n g t h  = 98 Age I1 mean l e n g t h  = 110 



LITERATURE CITED 

McCurdy, Michael L.  1972. 1971  Naknek R i v e r  Sockeye Salmon Smolt  S t u d i e s .  
I n  1 9 7 1  B r i s t o l  Bay Sockeye Salmon Smolt S t u d i e s  (Ed. P h i l i p  R u s s e l l  - 
and Michael McCurdy). Alaska Department o f  F i s h  and Game T e c h n i c a l  
Data  Report  No. 2,  pp. 29-34. 

Van V a l i n ,  Glen R. 1969. 1968 Naknek R i v e r  Sockeye Salmon Smolt Study. I n  - 
1968 B r i s t o l  Bay Sockeye Salmon Smolt  S t u d i e s  (Ed. Michael  McCurdy). 
Alaska  Department o f  F i s h  and G a m e  I n f o r m a t i o n a l  L e a f l e t  #138, pp. 62-77. 



1972 UGASHIK RIVER SOCKEYE SALMON SMOLT STUDIES 

Thomas R. Schroeder 
Alaska Department of F ish  and Game 

Divis ion of Commercial F i she r i e s  
Dillingham, Alaska 99576 

INTRODUCTION 

The Ugashik River sockeye salmon smolt enumeration and sampling program 
was i n i t i a t e d  i n  1956 and has been opera ted  every yea r  s i n c e  then wi th  t h e  
except ion of 1966 and 1971. Data obta ined  from t h i s  program i s  used t o  e s t ima te  
r e l a t i v e  abundance, age composition and average l eng ths  and weights  by age c l a s s  
of  sockeye salmon smolt migra t ing  t o  s ea .  These d a t a  a r e  used t o  e s t ima te  
optimum escapement ranges and t o  f o r e c a s t  r e t u r n i n g  a d u l t s  by age composition. 

MATERIALS AND METHODS 

Standard winged fyke n e t s  were used t o  catch red  salmon smolt  during t h e i r  
seaward migra t ion  (Schroeder,  1972). Catches from a random sampling scheme 
a r e  used t o  e s t ima te  t he  t o t a l  red salmon smolt outmigrat ion.  This method 
developed i n  1958, c o n s i s t s  of f i s h i n g  f i v e  s i t e s  pos i t i oned  along a cable  
extended ac ros s  t he  r i v e r  bottom (Nelson, 1965). The f i v e  s i t e s  a r e  f i s h e d  on 
a random b a s i s  between 9 p.m. and 2 a.m. The index s i t e  #4 i s  f i s h e d  every 
t h i r d  day f o r  24 hours  t o  determine the  percentage of f i s h  migra t ing  t o  s e a  
ou t s ide  t h e  random f i s h i n g  hours .  

Fyke n e t  opera t ions  were conducted between May 28 and June 20. The smolt  
f i s h i n g  season was shor tened  by a l a t e  i c e  breakup which occurred between 
May 15-27. Age, weight ,  and length  samples were taken a s  descr ibed  i n  Schroeder, 
1972. The deep channel i n  t he  r i v e r ,  s t i l l  p re sen t  from a seve re  storm i n  
1969, caused t h e  n e t s  t o  f i s h  poorly and c rea t ed  problems wi th  f i s h i n g  procedures 
(F igure  1 ) .  

RESULTS 

The random sampling scheme was f i s h e d  2 1  days of  t h e  24 day season and 
caught a t o t a l  of 10,693 smolt.  Smolt ou tmigra t ion  occurred between June 6 and 
June 20 wi th  peak outmigrat ion June 10 and 17 (F igure  2) .  S i t e  f i v e  caught 
t he  ma jo r i t y  of t h e  smolt ,  46.34 percent  (Table 1 ) .  



Bet S i t e  Loca t ion  

River  w id th  i n  f e e t .  

F igu re  1. Ugashik River  bottom contour  t aken  a t  1 0  f o o t  i n t e r v a l s ,  1972. 
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F i g u r e  2.  Da i ly  random n e t  c a t c h e s  o f  sockeye salmon smol t  i n  p e r c e n t  of 
t o t a l  random n e t  c a t c h ,  Ugashik River, 1972.  

- 51 - 



TABLE 1. Ugashik River  r e d  salmon smol t  c a t c h e s  i n  t h e  random sampling scheme 
by f i s h i n g  s i t e ,  1972. 

Random Sampling S i t e  D a i l y  Accumulated 
Date  1 2 3 4 5 T o t a l  T o t a l  

May 28 1 5  102 0 0 0 117 117 
29 8 0 0 8 0 1 6  1 3  3 
3 1 2 0 8 3 5 4 0 139 27 2 

June  1 0 1 0 0 1 2 274 
3 1 2 1 19 0 2 3 297 

T o t a l  52 468 315 4 ,903 4,955 10,693 10,693 

P e r c e n t  0.49 4.38 2.94 45.85 46.34 100.00 100.00 



Twenty-four h o u r  sampl ing conducted 7  days i n  s i t e  f o u r ,  i n d i c a t e d  t h a t  
64.49 p e r c e n t  of t h e  smol t  o u t m i g r a t i o n  o c c u r r e d  d u r i n g  t h e  random f i s h i n g  
h o u r s  o f  9  p.m. and 2  a.m. y i e l d i n g  an  expansion c o e f f i c i e n t  of 1 .55 (Tab le  2 ) .  
Smolt samples were  s e p a r a t e d  i n t o  two f i s h i n g  p e r i o d s  w i t h  55.6 p e r c e n t  of 
t h e  t o t a l  c a t c h  recorded  d u r i n g  t h e  f i r s t  p e r i o d  (Tab le  3 ) .  A t o t a l  of 300 
s c a l e s  were  r e a d  d u r i n g  t h e  season  t o  de te rmine  t h e  age  c l a s s  composi t ion of 
t h e  o u t m i g r a n t s .  The t o t a l  smol t  o u t m i g r a t i o n  e s t i m a t e  f o r  1972 was 662,718 
and c o n s i s t e d  o f  93,443 Age I smol t  (14 .1  p e r c e n t ) ,  556,021 Age 11 s m o l t  
(83.9 p e r c e n t )  and 13,254 Age I11 s m o l t  (2.0 p e r c e n t ) .  

Age I s m o l t  averaged  80.8 mm i n  l e n g t h  and 5.0 grams i n  weight  and were 
t h e  s m a l l e s t  on record .  Age I1 s m o l t  averaged 111.5  mm and 11.2  grams and 
Age I11 s m o l t  a v e r a g e  129.0 mm and 1 4 . 3  grams (Tab le  4) .  

DISCUSSION 

The 1972 s m o l t  o u t m i g r a t i o n  estimate o f  662,718 i s  t h e  s m a l l e s t  on r e c o r d .  
Age I1 s m o l t  comprised 83.9 p e r c e n t  o f  t h e  o u t m i g r a t i o n  and was t h e  t h i r d  
h i g h e s t  p e r c e n t a g e  o f  Age I1 smol t  s i n c e  t h e  s ta r t  o f  t h e  program (Appendix 
Tab le  3) . 

The s e v e r e  w i n t e r s  o f  1970-71 and 1971-72 caused t h e  l a t e  i c e  b reakups ,  
and may h a v e  caused low food abundance and poor  growth of r e d  salmon smol t .  
The Age I smol t  s e t  r e c o r d  lows f o r  average  l e n g t h  and weight  of 80.8 mm and 
5.0 grams r e s p e c t i v e l y .  Th is  poor  growth p robab ly  caused a hold-over  o f  
s m o l t  f o r  an a d d i t i o n a l  y e a r  i n  f r e s h w a t e r  r e s u l t i n g  i n  t h e  r e c o r d  low out-  
m i g r a t i o n  o f  s m o l t .  

F u r t h e r  comparat ive  d a t a  a r e  c o n t a i n e d  i n  Appendix T a b l e s  1-3. 



TABLE 2. Ugashik River  r e d  salmon smol t  c a t c h  i n  index  s i t e  d u r i n g  24 hour f i s h i n g  p e r i o d s ,  1972. 

Date  
May June  June  June  June  June  June  

Time P e r i o d  29-30 1-2 4-5 10-11 13-14 16-17 19-20 T o t a l  % 

T o t a l s  4 3 1 5  6 6 3 ,788 2,378 1 ,919 670 8 ,879 100.00 



TABLE 3. Ugashik River  r e d  salmon smol t  sampling d a t a ,  1972. 

Random % of # 1 l b .  /I of # of 
Smolt Seasons Samples F i s h  S c a l e s  

P e r i o d  No. Date Catch T o t a l  Measured Measured Read 

1 May 28-June 12 5 ,950 55.6  9 394 180 

2 June  13-20 4,743 44 .4  6 221 120 

T o t a l s  10,693 100.0  1 5  615 300 

TABLE 4 .  Age, l e n g t h  and weight  of r e d  salmon smol t  by sampling p e r i o d  from 
t h e  Ugashik River  sys tem,  1972.  

Mean l e n g t h  Mean weight 
i n  mm i n  grams P e r c e n t a g e  of . 

of age  group of age  group of age group 
P e r i o d  No. Date I I1 I11 I I1 I11 I I1 I11 

2 June  13-20 80.6 112.9  128.6  4.9 11 .6  13 .7  7.7 8 9 . 1  3 . 2  

Season Weighted T o t a l s  80.8 111.5  129.0 5 .0  11 .2  1 4 . 3  1 4 . 1  83.9  2.0 
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APPENDIX 



Appendix Table  A-1. Kvichak River  24-hour sockeye salmon smol t  i n d e x  c a t c h e s ,  average  Qenghts  and w e i g h t s ,  1955-1972. 

Age I Age TI 

Average Average T o t a l  T o t a l  4-hr. 
Outmigrat ion Number p e r c e n t 2 1  l e n g t h  Weight Number p e r c e n S 1  l e n g t h  Weight number i n d e x -  13 

- 
average.  646,646 4  5  88 mm 5.9 g  1 ,074,465 55 1 1 O m m  1 0 . 8 g  1 ,721,076 51.6 
11 One i n d e x  p o i n t  = 33,340 s m o l t ,  - 
21 Numbers o f  Age I and Age I1 f i s h  d e r i v e d  from rounded-off season  p e r c e n t a g e s  excep t  i n  1963,  1964, 1965 and 1966 when - 

rounded p e r c e n t a g e s  were  d e r i v e d  from numbers o f  smol t s  o b t a i n e d  by w e i g h t i n g  l e n g t h  f requency  d i s t r i b u t i o n  by d a i l y  
c a t c h e s  . 

31 24-hour i n d e x  c a t c h  e s t i m a t e d  by r a t i o s  w i t h  y e a r s  o f  a c t u a l  24-hour f i s h i n g  and from v i s u a l  o b s e r v a t i o n s  o f  smol t  -- 
m i g r a t i o n  o u t s i d e  t h e  3-hour i n d e x  p e r i o d .  

41 24-hour i n d e x  c a t c h  e s t i m a t e d  from r a t i o s  w i t h  t h e  3-hour i n d e x  p e r i o d  c a t c h  o b t a i n e d  d u r i n g  o n l y  2  days o f  a c t u a l  - 
24-hour f i s h i n g .  

51  Es t imated  from r a t i o  o f  1971  i n d e x  t o  1971 t o t a l  o u t m i g r a t i o n  a p p l i e d  t o  1972 t o t a l  o u t m i g r a t i o n .  - 



Appendix Tab le  A- 2. P e r c e n t  o f  sockeye salmon s m o l t  o u t m i g r a t i o n  o c c u r r i n g  
d u r i n g  i n d e x  h o u r s  (2200-OlOO), Kvichak River ,  1955-1972. 

P e r c e n t  o u t m i g r a t i o n  
d u r i n g  i n d e x  h o u r s  

Year 0utrnigratio&/ (2200-0100) 

1955 

1956 

1957 

1958  

1959 

1960 

1961  

1962 

1963  

1964 

1965 

1966 

1967 

1968 

1969 

1 9  70 

19 71 

19 72 

Averages 

1/ The methods used t o  expand the 3-hour i n d e x  c a t c h e s  t o  24-hour c a t c h e s  f o r  t h e  - 
y e a r s  1955, 1956, 1959, 1960, and 1961  a r e  e x p l a i n e d  i n  the 1964 smol t  r e p o r t .  

2/  T h i s  f i g u r e  i s  n e a r l y  meaningless  s i n c e  i c e  f low prec luded  any e s t i m a t e  of - 
comparat ive  m i g r a t i o n  by p e r i o d .  

31 Note t h a t  t h e  average  51.3% m i g r a t i o n  d u r i n g  t h e  i n d e x  h o u r s  i s  probab ly  h i g h  - 
as t h e  p e r c e n t  f o r  three of the f o u r  y e a r s  showing 82.3% was assumed on  t h e  
b a s i s  t h a t  82.3% of  the s m o l t  i n  1957 m i g r a t e d  d u r i n g  t h e  i n d e x  h o u r s .  Sampling 
was n o t  on a  24-hour b a s i s  f o r  t h e  y e a r s ,  1955, 1956, 1959, 1960 and 1961. - 



Appendix Tab le  A-3, Kvichak River 3-hour sockeye salmon smol t  c a t c h e s ,  1955-1969, 
(3-hour i n d e x  c a t c h e s )  . 

Year o f  Age I Age I1 T o t a l  T o t a l  3-hr. 
o u t m i g r a t i o n  Number P e r c e n t  Number P e r c e n t  number inde&/ 

Seventeen-yr . 
average  256,656 

11 One i n d e x  p o i n t  = 33,340 smol t .  -- 



Appendix T a b l e  A-4. P a r e n t  escapement and cor responding  sockeye salmon smol t  p r o d u c t i o n ,  Kvichak River ,  1952-1970. 

24-hour i n d e x  smol t  p e r  

Year o f  Escapement 24-hour i n d e x  smol t  produced spawner x l o 3  
spawning i n  thousands  Age I Age 11 T o t a l  Age I Age I1 T o t a l  

19 70 13,935 
19 71 2,387 
Averages 4 ,478 



Appendix T a b l e  A-5. Dates o f  s a m p l i n g  and p e a k  p e r i o d s  o f  s o c k e y e  sa lmon  s m o l t  
o u t m i g r a t i o n ,  Kvichak R i v e r ,  1955 - 1972.  

Number Number P e r c e n t  o f  
Year Date o f  d a y s  Date o f  d a y s  t o t a l  c a t c h  

1955 5/28-6127 3 1 614-9 6 9 4% 

1956 5124-714 4 2 611-9, 14-16 1 2  8 8  

1 9 5  7 5/28-7124 5 8  5128-616 1 0  84 

1 9 5  8 5110-715 5 6 5122-613 13 80 

1959 5/23-6128 3 6 5126-612 8 9 8  

1960 5/18-6119 3 3 5128-6/4 8 80 

1 9 6 1  5/23-6120 29 5123-612 11 8 1 

1962  5127-714 39 6 /  2-15 1 4  8 8 

1 9 6 3  5116-6/16 3 2 5 /  24-29, 61  7-9 9 86 

1964  5 /  19-6/22 35 6/4-12 9 84 

1965 5/17-6114 2 8 5 / 24-30 6 9 1 

1966 5/18-6117 3 1  6/4-11 8 9 7  

1967  5117-6/17 3 1  5126-616 1 2  80 

196 8 5/ 17-6/14 2 8 5/24-27, 611-5 9 76 

1969 5/23-6118 2 6 5127-615, 6 / 1 5  1 4  9 7  

1 9  70 5/1-6115 46 5/25-29, 612-4 8 65  

1 9  7 1  5/22-6119 2 8 6/9-13, 6/14-17 9 99 

1 9  72 - - 619-18L/ 9- I/ 8 2 1  

Averages  3 5 1 0  8 6 

1/ P e r i o d  e s t i m a t e d  f rom 1972  o u t m i g r a t i o n  r e s u l t s .  - 

2 1  P e r c e n t a g e  t a k e n  f r o m  1972 o u t m i g r a t i o n  r e s u l t s .  - 



Appendix Tab le  A-6. P a r e n t  escapement and cor responding  p e r c e n t  of Age I1 
sockeye salmon smol t  produced, 1952-1969. 

P e r c e n t  Age I1 
Year Escapement smolt  produced- 11 

11 Based on 24-hour i n d e x  c a t c h e s .  - 
21 Es t imated  on b a s i s  of 2-ocean r e t u r n s  i n  1956 and 5 f i s h  i n  1957 v s .  - 

5 f i s h  in 1957 and 6 f i s h  i n  1958. 2 
3 3 
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Appendix Table A-8. Kvichak River  sockeye salmon smolt i n d i c e s  and cor res -  
ponding adu l t  r e t u r n  pe r  indexed smolt ,  1952-1965. 

Brood To ta l  Smolt 

year  11 Index - 1 / Adult r e t u r n  - Ret. /smolt  

11 I n  thousands - 





Appendix Tab le  A-10. Kvichak R i v e r  s o n a r  c o u n t s  by day and a r r a y ,  1971. 

- -.- - -. -- -- 
West bank 1 E a s t  bank 

11;. t L i n s h o r e  o f f s h o r e  i n s h o r e  
(iloon r o noon j u p p c r l '  lowcrL/ t o t a l L 1  --- t o t a l -  upper  lower  t o t a l  upper  lower t o t a l  

7- 

11 Comprises c o u n t s  from W-inshore & o f f s h o r e  deducers  combined. - 
21 Apportioned c o u n t s  based on 1972 season  t o t a l  coun ts  f o r  cor responding  a r r a y s .  - 
31 Expanded c o u n t s  t o  compensate f o r  missed f i s h i n g  t ime.  - 
4 1  Counts d i s r e g a r d e d  due t o  heavy i c e ,  wind,  and r a i n .  - 



Appendix T a b l e  A-11. Kvichak R i v e r  s o n a r  c o u n t s  by day  and a r r a y ,  1972.  

11 E s t i m a t e d  s o n a r  c o u n t s  f o r  m i s s i n g  day .  - 
2/ I n c l u d e s  e s t i m a t e d  s o n a r  c o u n t s  t o  compensa te  f o r  missed  f i s h i n g  t i m e .  - 

--------- 
\\lest bank I E a s t  bank 

! )3~ t '  i n s h o r e  o f f  s h o r e  o f f s h o r e  i n s h o r e  
jno.)n co noouj u p p e r  l o w e r  ----- t o t a l  u p p e r  l o w e r  t o t a l  u p p e r  l o w e r  t o t a l  u p p e r  l o w e r  r o r a l  -- 

1 

5: 29-  39 2  1 8  2  8  1 5  5  2  8 1 8 3  
'(J-  '31 h 6  2  6  7  2  114  1 7  1 3 1  11 4  7  5 8  3  7  2  1 5  8 
3 i - I  9  2  6 5  15 7 355 270 625 530 752 1 , 2 8 2  2 ,760 1 5 1  2 , 9 1 1  

> / J L - . ~  5 7  7  8  3  0  8  7  8  7  0  0  0  1 0  1 11 
2 -3 5  8 6  8  126 164  7  8  6  1 0  1 6  7  9 16  
3 --!, LO5 293 398 509 6  7  $1 1 1 0 0  3  1. 1 3 1  3  2  1 3  4  5  
&-5 804 222 1 , 0 2 6  635 196  8 3 1  
3 -6 6 4 4 9  2  7  3 6  942 264 1 , 2 0 6  
6 - 7  3 , 9 2 7  1 , 6 4 4  5 , 5 7 1  3 ,353  1 , 1 7 1  4 ,524  
7 -8 3 ,665  2 ,347 1 1 , 0 1 2  1 2 , 1 4 9  3 ,708  1 5 , 8 5 7  
S- 9 1.4,785 844 1 5 , 6 2 9  1 4 , 3 2 4  509 1 4 , 8 3 3  
9- 10 9 , 7 4 7  535 1 0 , 2 8 2  8 , 7 5 5  854 9,609 
13 -1 I. 2 8 , 9 1 6  1 , 4 2 2  3 0 , 3 3 8  28 ,977  1 , 2 0 3  30 ,180 

I 11- ! 3 ,206  1 , 2 4 2  4 , 4 4 8  5 , 8 4 8  4 , 7 0 5  1 0 , 5 5 3  
m s ,  co j 2 -- 1 -i 5 2 , 8 1 4  1 , 9 1 7  5 4 , 7 3 1  2 9 , 7 0 3  2 ,484  .32 ,192  , 
I 1 3--1ji 31 ,022 1 , 8 0 2  32 ,824  31 ,264 3 ,487  3 4 , 7 5 1  

1',-15 2 7 , 4 4 1  1 , 3 0 9  28 ,750 18 ,647  12 ,446  31 ,093  
15-10 - - 19 ,484L/  - - 25,1461/  
16-17 1 5 , 5 4 8  7 , 3 7 5  LO,  2182/12 ,264 5 , 9 7 3  19 ,19921  
i 7-18 2 6 , 3 1 3  828 34 ,9982 /19 ,450  837 24 ,9202/  
18-1 3 1 , 8 7 3  1 2 9  b ,4242 /  755 25 17 ,7362 /  
19-20 229 1 9  1 , 0 2 7 2 1  50  0  2052/ 

1 4 3  7  3 216 29 1 9  48 
27 7  1 8 3  460 1 3 8  1 4  152 

1 , 3 6 5  505 1 , 8 7 0  308 200 508 
1 , 9 6 9  1 , 1 7 7  3 , 1 4 6  2 , 3 6 5  1 , 3 7 7  3 ,742  
2 ,656  227 2 , 8 8 3  2 ,789  324 3 , 1 1 3  

2 5  9  20 279 2 , 4 8 8  1 0  2 , 4 9 8  
1 2 , 7 5 5  5 ,169  1 7 , 9 2 4  25 ,687  5 , 5 9 4  3 1 , 2 8 1  

- - 3 , 6 2 9 1 1  - - 6 ,1781 /  
847 2  9  876 2 ,047  0 2 , 0 4 7  

8  1 1 8 2  9  2  8  683 1 , 6 1 1  
- - 5 ,9131 /  - - 9 ,75911  
- - 3 ,489LI  - - 5,758&/ 
2  1 3 264 1 265 

5  5 8 4 38 996 705 7  3  778 

111-21 0  722 1 , 3 4 1 2 /  0  240 52.021 
2;-22 220 4 1 70921 282 167 1 , 3 6 4 2 1  
22-23 2  4 182/ 23 1 
2 13 - 2 4 166  304 61321 374 7  8  5  12x1  
24-25 2 ,124  655 2 ,779  1 , 1 9 4  

2  2  

i 
145  1 , 3 3 9  1 

3 - 2 6  34 4 4  9 69821 445 820- ,- 2 /  
2 6 - 2  7  3 2 1  1 2  333 500 6 1 5 6 1  
27-28 249 76 325 699 G 9  768 
28-39 1 7  8 1 2  190  G 7  8  4 9  727 

I 



Appendix Table A-12. Ca l ib ra t ions  recorded on t h e  west s i d e  Kvichak River  f o r  t h e  1970 sonar  e l e c t r o n i c s ,  
1971 (cont inued) .  

T i : ; l l i n ~ ~  ' T i m e  
. - - a--- -- 

Sonar Counts Cod End Catches 
2 ,L L t Ze t Pulled Min. Upper Lower F i s h  per count --- -.-* T o t a l  Wt. No. /lb. Catch ----- 



Appendix Table  A-12. C a l i b r a t i o n s  recorded  on t h e  west  s i d e  Kvichak R i v e r  f o r  t h e  1970 s o n a r  e l e c t r o n i c s ,  1971. 

----- ----- -..------ 
P l s i i inp  Tip ie  
-.-I 2.--2-- 

Sonar COU= - Cod End Catches -- 
L J ' L  L %  I. : Pul Ic>d Elin. Upper L@.w&?- T o t a l  Wt. , Mo./lb. Catch- F i s I~--p_~~r-c o un t 
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Appendix Tab le  A-13. C a l i b r a t i o n s  recorded  on t h e  east s i d e  Kvichak R i v e r  f o r  t h e  1971  s o n a r  e l e c t r o n i c s ,  
1971 (con t inued) .  

F -" i s l l ing Time Sonar Counts Cod End Catch2 
!I-. LC I; E t P u l  lei1 Nin. Upper _____--- Lower Total Wt. NO. / l b .  Catch Fish per count 
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Appendix T a b l e  B-1. Average  f o r k  l e n g t h s  and w e i g h t s ,  Naknek R i v e r  s o c k e y e  
sa lmon s m o l t s ,  1957-197211. 

Year of  Age I Age I1 
Seaward % Age Leng th  Weight  % Age Leng th  Weight  

M i g r a t i o n  c l a s s  mm . g rams class mm . g rams 

1957 57 .9  111 1 3 . 1  4 2 . 1  112 1 3 . 1  

1958 96.4 9 1 6 . 9  3 . 6  114 1 1 . 3  

1959 80 .5  9 7 8 .2  1 9 . 5  1 0  6 1 0 . 1  

1960  5 3 . 1  99 8 . 8  46 .6  10  9 1 1 . 9  

1 9 6 1  77 .8  1 0 3  1 0 . 8  22 .2  113 1 3 . 8  

1962 48 .6  1 0 5  1 0 . 4  51 .4  112 1 2 . 5  

1963  40 .6  9 8 8 . 1  5 8 . 5  114 1 2 . 8  

1964 3 1 . 1  9 7 7 .7  68 .8  1 1 0  1 1 . 0  

1965 59 .6  99 8 . 4  40 .0  114 1 3 . 0  

1966 33 .8  106  1 0 . 6  66 .2  118  1 4 . 2  

196 7 43 .5  1 1 3  1 3 . 1  56 .2  119 14 .7  

1968 41.2 99 8 . 4  56 .7  1 0 8  11.1 

1969 59 .8  100  7 . 5  40 .2  112 1 2 . 1  

1970 55 .3  1 0  0 9 . 0  44 .8  114 1 2 . 1  

T o t a l s  859.7  1 , 6 1 8  1 4 8 . 9  736.3  1 , 8 0 5  1 9 9 . 1  

Average  53 .7  1 0 1  9 . 3  46 .0  1 1 3  1 2 . 4  

1/ Age I11 s m o l t  n o t  i n c l u d e d  - 

- 74 - 



Appendix T a b l e  B-2. P r o d u c t i o n  of  sockeve  salmon s m o l t  by b rood  y e a r ,  Naknek 
R i v e r ,  1956-197011. 

Brood S m o l t s  Produced a t  Age 
Year Escapement I I1 I11 T o t a l  

1968 1 ,023 ,222  2 ,018,207 2 ,827 ,916  0  4 ,846,122 

1969 1 , 3 3 1 , 2 0 2  8 ,036 ,148  1 0 , 2 7 4 , 1 4 3  

1970 732,502 716,596 

T o t a l  1 4 , 6 0 1 , 4 6 1  91 ,214 ,323  80 ,126 ,858  666,277 153,010 , 5 7 1  

Average  973 ,431  6 ,080 ,955  5 ,723 ,347  51,252 11 ,771 ,429  

1/ P r o d u c t i o n  f rom 1954 and 1955 b rood  y e a r s  w e r e  o n l y  p a r t i a l l y  sampled  i n  1956 and 1957 - 



Appendix T a b l e  B-3. Sockeye salmon s m o l t  o u t m i g r a t i o n s ,  Naknek R i v e r ,  1956-1972. 

Year o f  
Seaward Number a t  Age 
M i g r a t i o n  I I I I11 T o t a l  

1970 2 ,018,207 1 ,634 ,657  - 3,652,864 

1 9 7 1  8 ,036 ,148  2 ,827,916 - 10 ,864 ,064  

1972 716,596 1 0 , 2 7 4 , 1 4 3  - 10 ,990 ,739  

T o t a l  98 ,068 ,724  8 2 , 7 0 5 , 0 4 1  666,277 181 ,440 ,042  

Average  5 ,768 ,749  4 ,865,002 39 ,193  10 ,672 ,944  



Appendix Table C-1. Average length and weight of Ugashik River red salmon 
smolt by freshwater age group, 1958-197211. 

Year of Seaward Age I Age I1 
Migration Length Weight Length Weight 

1958 93.0 6.4 112.0 11.7 

1959 90.0 6.1 120.0 13.5 

1960 90.0 6.6 108.0 11.0 

1961 90.0 6.7 112.0 12.2 

1962 88.0 6.1 112.0 12.3 

1963 89.8 6.1 104.3 9.6 

1964 92.2 6.9 118.3 12.7 

1965 93.7 6.9 114.1 12.5 

1967 87.5 6.0 113.1 12.2 

1968 92.8 6.5 112.6 10.7 

196921 97.4 7.5 121.2 14.5 

197G1 97.0 7.7 124.8 15.9 

2 / 197 2- 80.8 5.0 111.5 11.2 

13 year Total 1,182.2 84.5 1,483.9 160.0 

13 year Average 90.9 6.5 114.1 12.3 

11 Weighted by index catches. - 

2/ Weighted by randon catches. - 



Appendix Tab le  (2-2. Ugashik R i v e r  r e d  salmon escapements and smol t  p r o d u c t i o n ,  
1956-1970. 

Brood Ugashik River  M i l l i o n s  of Smolt Produced Smolt P e r  
Year Escapement Age I Age I1 Age I11 T o t a l  Spawner 

1956 424,295 11.4  0 .4  0 . 0 1  11 .9  28 

1957 214,802 2 .5  2.2 - 4.7 2 2 

1958 279,546 3 .3  3 . 0  - 6 . 3  2 3 

1959 219,228 0.8 3 .2  - 4.0 1 8  

1960 2,304,200 13 .5  1 8 . 1  - 31.6  1 4  

19 6 1  348,639 15 .6  2 .0  - 17 .6  50 

1962 255,426 8.0 2.6 - 1 0 . 6  4 2 

1963 388,254 1 . 0  - - 1/ - 1. dl - 

19 64 472,770 -- I/ 2.4  - 2 . d 1  - 

1965 996,612 2.7 2.9 - 5.6  6 

1966 704,436 39.3 2.0 - 41.3 5 9 

1967 238,830 3 .0  0 .8  - 3 .8  1 6  

1968 70,896 0 .6  - 1 / 0 .01  0.6 9 

1969 160,380 0 .6  - 0 . g 1  &I 11 - 

1970 735,024 0 . 1  -2 - I - 0.1- - 2 / 

11 No o u t m i g r a t i o n  e s t i m a t e  made i n  1966 o r  1971. - 

21 The Age I1 smol t  from t h e  1970 escapement w i l l  n o t  l e a v e  f r e s h w a t e r  - 
u n t i l  1973. 



Appendix Tab le  C-3. Comparative a g e ,  l e n g t h ,  index  n e t  c a t c h e s  and o u t m i g r a t i o n  
e s t i m a t e s  of r e d  salmon smol t  from t h e  Ugashik R i v e r  sys tem,  
1956-1972. 

Year of Age I Age I1 Out- 
Seaward Mean Length Mean Length Index Index Net M i g r a t i o n  

M i g r a t i o n  P e r c e n t  i n  mm. P e r c e n t  i n  mm. P o i n t s  Ca tch  E s t i m a t e s  

Note:  Age I and I1 d e n o t e s  t h e  number of w i n t e r s  s p e n t  i n  f r e s h w a t e r .  Age and 
l e n g t h  a r e  weighted by t h e  index  c a t c h e s .  

1/ 2.0 p e r c e n t  Age 111 i n  1972; 1 . 0  p e r c e n t  Age I11 i n  1960; 0 .1  Age 111 - 
i n  1963 and 1964 

2 /  Age and l e n g t h  weighted by randon c a t c h e s .  - 



T.-:a!j;o the &;ia:b c-:3?;;;:7c.t 5; Yidh &me receive 
k(113131 fufiding, a'l c i  i ls i;!ibllc proyaas and activities 
iiri! operzted free from discri;ri'::a!ion cil the basis of race, 
Cc:or, natirina! oiigiil, aye, or haxlicap. Any person who 
beiieves he cr slla has been discrimina!ed agalnst should 
write to: 

O.E.O. 
U.S. Department of the Interior 
Washington, D.C. 20240 
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