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ENLNERATION OF R E D  SALMON SMOLT MIGRATION 

Final Report 

INTRODUCTION 

The Kvichak system i s  the l a rge s t  producer of red salmon in the Bristol  Bay 
area of Alaska and has been under study by the  Fisheries Research I n s t i t u t e  
since 1955. Until 1960 smolt s tudies  have been conducted by the I n s t i t u t e  
under Sal tonsta l  1-Kennedy funds administered by the Bureau of Commercial 
Fisheries (Kerns, 1961 )I. 

Abundance, s i z e ,  age, and condition of red salmon smolts, determined over a 
period of years ,  provide one basis  f o r  predict ing re turn  runs on which regula- 
t ions  can be made. The magnitude of smolt migrations provides est imates of 
the highly var iable  freshwater survival ,  a necessary element in determining 
optimum escapement. 

In  1961 the  Alaska Department of Fish and Game conducted Kvichak smolt s tud ies  
resul t ing i n  an unpublished report  from which the authors have taken f r ee ly  and 
without reference. In 1962 the Fisheries Research I n s t i t u t e  conducted the 
smolt s tud ies  under contract  t o  Alaska Department of F i s h  and Game. This repor t  
summarizes r e su l t s  of the 1962 s tudies  and provides some recommendations f o r  the 
future .  

The basic objectives of the 1962 s tud ies  have been: (1 )  t o  determine the index 
of abundance and (2 )  t o  determine age, s i z e ,  and condition of the f i sh .  

SMOLT ABUNDANCE 

Methods and Equipment 

The smolt index has been based on catches of a s ing le  fyke net f ished during 
the  hours 2200 t o  0100, a t  a f ixed s i t e  i n  the r i ve r  and a t  the same water 
depth and veloci ty  each year. The index fyke net  s i t e  i s  located i n  the 
Kvichak River four  miles downstream from the  o u t l e t  of Iliamna Lake. 

Kerns, O . E . ,  J r .  Abundance and age of Kvichak River red salmon smolts. 
Fish. Bull. 189. Vol. 61. U.S. Fish and Wildlife Service, Bur .  of Comm. 
Fish. 



I n  1962 pho to -e lec t r i c  counters 2 ~ 3  were used f o r  two reasons: ( 1 )  l a r g e  num- 
bers o f  f i s h  cou ld  be enumerated w i t h  the  minimum of handl ing and i n j u r y  t o  the  
f i s h ,  and ( 2 )  the m ig ra t i on  cou ld  be monitored 24-hours a day w i t h  no increase 
i n  number o f  crew members. 

Counting equipment inc luded a sheet metal  tunnel t ape r ing  from 18 inches i n  
diameter (at tached t o  the body o f  the  fyke ne t )  t o  4 by 18 i n c h  rec tangu lar  
aper tu re  (F igure  1 )  adapted f o r  attachment o f  a cod-end (F igure  2).  Two photo- 
heads (Veeder-Root model PCW) were mounted i n  t h e  count ing aper ture.  Each 
photohead, w i t h  i t s  own ad jus tab le  l i g h t  source, was connected t o  a separate 
Veeder-Root e l e c t r o n i c  counter ( s e r i e s  A180707, model N) .  L i g h t  adjustment was 
accomplished by a rheos ta t  i n s t a l  l e d  by I n s t i t u t e  personnel j u s t  p r i o r  t o  the  
f i s h i n g  season. Both counters were operated from a s i n g l e  150 amp-hour 12 -vo l t  
b a t t e r y  and a s i n g l e  model MP-10 Heathk i t  power conver ter  (12-vo l t  DC t o  110-vol t  
AC) . 
The pho to -e lec t r i c  counters t a l l y  o n l y  a f r a c t i o n  o f  the t o t a l  number o f  f i s h  
passing through the net .  Therefore, counter t a l l y s  must be m u l t i p l i e d  w i t h  a 
f a c t o r  t o  g i ve  ac tua l  numbers o f  f i s h  passing. Determinat ion o f  the  conversion 
f a c t o r  was c a r r i e d  on du r ing  th ree  one-hour per iods o f  the day s t a r t i n g  a t  0900, 
1700, and 2300 hours. A t  t h i s  t ime the  s e n s i t i v i t y  o f  the  photoheads was stan- 
dard ized by increas ing  the  br igh tness  o f  the l i g h t  source u n t i l  a  t e s t i n g  r o d  
(1/4 i nch  t h i c k  covered w i t h  a s i n g l e  l a y e r  o f  aluminum f o i l )  would a c t i v a t e  
the  counters. Then the  cod-end was at tached t o  the  aper ture and the  u n i t  lowered 
i n t o  the  water. A f t e r  th ree  seconds, bo th  counters were r e s e t  t o  zero and a 
stopwatch s ta r ted .  The delay be fore  zero ing  counters was necessary t o  e l i m i n a t e  
counts t h a t  occurred as photoheads broke the  wa te r ' s  surface. When combined 
counter t a l l y  reached 200, the  t imer  was stopped and the  count ing aper tu re  
p u l l e d  above the  water l e v e l  w h i l e  the  cod-end was removed. The open tunnel  
was emerged again and the  counters r e s e t  t o  zero. Thus, the  n e t  remained f i sh-  
i n g  wh i l e  the  prev ious catch was weighed and released, and the  number o f  smolts 
i n  a one-pound sample was determined g i v i n g  the f a c t o r  conver t ing  t o t a l  weight  
o f  catch i n t o  numbers o f  smolts. During the  peak o f  migra t ion ,  up t o  e i g h t  c a l -  
i b r a t i o n  checks per  hour were made. When counters were operated on a 24-hour 
basis,  counter t a l l i e s  ou ts ide  the  c a l i b r a t i o n  hours were recorded every two 
hours on the odd-numbered hour. 

Mar t in ,  J.W. and O.E. Kerns, J r .  1960. Photo-e lec t r i c  count ing o f  r e d  
salmon smolts i n  t he  Kvichak River,  Alaska. Univ. o f  Wash., Fish. Res. 
I n s t . ,  C i r c u l a r  No. 114. 

3 Kerns, O.E., J r . ,  T.S.Y. Koo, and C.O. Junge, J r .  1961. Summary r e p o r t  on 
pho to -e lec t r i c  count ing o f  red  salmon smolts, 1960. Univ. of Wash., Fish. 
Res. I ns t . ,  C i r c u l a r  No. 141. 



Fig. 1. - Photo-electric counter tunnel section. 

Fig. 2. - Photo-electric counter tunnel connected to fyke 
net and cod-end. 



Smolt Index 

The smolt enumeration crew arrived a t  the fyke net  s i t e  on May 23 but fyke- 
net t ing did not begin un t i l  May 27. During the period May 23 t o  26 much of 
the  lower half of Iliamna Lake was covered w i t h  ice .  Ice was moving contin- 
uously down the Kvichak River preventing f i sh ing ,  and the r i ve r  water temp- 
e ra tu re  was l e s s  than 33" F. Predatory t e rns  and gu l l s  were present but were 
not observed ac t ive ly  f ishing.  On May 27 most of the ice  flow ceased in the 
r i v e r ,  the water temperature increased t o  above 36" F and the predatory birds 
began fishing: The peak of smolt migration has never s t a r t ed  in  the Kvichak 
River a t  a wafer temperature l e s s  than 36" F (Table 1 ) .  This evidence indi-  
ca tes  no appreciable migration took place during i c e  breakup during 1962. 

Table 1. Dates and water temperatures of Kvichak River smolt migration peaks, 
1955- 1962. 

Beginning date of Kvichak River water 
Year migration peak temperatures, O F  

June 4 
June 1 
May 28 
May 22 
May 26 
May 26 
May 23 
June 1 

Fykenetting was s t a r t ed  on May 27 and conducted nightly un t i l  July 4 except on 
May 29 when i c e  flow again cur ta i l ed  operations. No d i s t i n c t  peak of smolt 
abundance developed, but a f luc tua t ing  higher level of migration extended from 
June 1 t o  June 16, 1962. 

The 3- hour index catch f o r  1962 amounted t o  301,413 or an index value of 15.74 
(one index point i s  equivalent t o  19,130 smolts) (Table 2 ,  Figure 3 ) .  Index 
values f o r  the  years since 1955 a r e  presented i n  Table 3. (Adjusted smolt 
index values w i  11 be discussed l a t e r  under "24-Hour Fishing". ) 

The 3-hour index catches from May 27 t o  June 3, June 11, and from June 18 t o  
July 4 were derived e n t i r e l y  from actual counts of catches o r  from weighings 
with appropriate fish-per-pound conversions. Index hour catches from June 4 
t o  June 10 and June 12 t o  17 were calculated on the basis  of counter t a l l  i e s .  

From cursory examination of simultaneous counter t a l l  i e s  and catches (Tab1 e 4 ) ,  
i t  was apparent t h a t  counter ef f ic iency changed during the season. Therefore, 
individual catch t o  count r a t i o s  were plot ted  by time t o  exemplify these changes. 
As seen i n  Figure 4,  the r a t i o s  from three  general s t r a t a  occurred during the 
season: June 4-6 w i t h  a r a t i o  of 5.93, June 7-13 with a r a t i o  of 4.72 and June 
14-16 with a r a t i o  of 8.38. Causes f o r  changing eff ic iency between the  f i r s t  
two s t r a t a  a r e  not known, however, the  a l t e red  r a t i o  in the  l a s t  s t r a t a  was 



Table 2.  Kvichak River smolt ca tches  by day and hour, 196Z1. 

2.200- 2300- 0000- Index C u n u l a t i v e  
Date 2300 2400 0100 T o t a l  P o i n t  Inc l~x  

May 27 1 3 1  1 , 7 6 0  987 - 2,878 0.15 0.15 
17 

I ;,"2 
1 1 5  1 4  1202  0 - 0 1  0.15 

1 6  2  0 ,Ol  0,1_7 
" 30 . 6 3  7  5 6  6  204 0 , O l  0.1-8 
" 3 1  20 3 8  S ill 0 , 0 1  0 19 

June 1 1 , 2 4 1  
2  22,119 

11 3 1 , 8 3 6  

lr 4 1 9 , 2 3 1  
I' 5 5 ,545  

6 7 , 8 2 1  
I' 7  2,667 
" 8 1.,685 

9 -- 23,293 
" 1 0  5 , 2 9 1  

June 11 
1 2  

" 1 3  
" 14 
" 1 5  
" 16 
" 1 7  
" 1 8  
" 19 
" 20 

June 2 1  
" 2 2  
" 23 
lf 24 
I' 25 
" 26 
" 27 
" 28 
" 29 
" 30  

J u l y  1 0  4  6  2 8 s  334 0.02 15 .66  
2  62 2 4 1.18 204 0 , O l  15.67 

l1 3 3-83 300 9 1 3  1 , 3 9  6 0 - 0 7  1 5 , 7 4  
" 4  1 2  1 4  0,OO l5 ,7Y 



Table 2. Kvichak River smolt catches by day and hour, 1962l(continued).  

2200- 2300- 0000- Index Cumulative 
Date 2300 2400 0100 T o t a l  Poin-ts Index 

Tot a 1  11.2,405 115,9 511. 73,054 3Ol,L!-13 15.74 

Percent 37.29 38.47 24.24 100.00 

Est imates  from June 4 through June 1 0  and June 1 2  through June 17 a r e  
based on counter  t a l l i e s ,  and remainder a r e  based. on a c t u a l  coun-ts o r  
weights of catches.  

Index n e t  not f i s h e d  on May 29 due t o  i c e ;  es t imated  a s  the  
average af catcIl on preceding and fo l lowing clays. 



Play June 

Figure 3. Daily smolt index catches i n  t h e  Kvichak River,  1962. 

J u l y  



Tab le  3. I n d i c e s  of Kvichak s m o l t  abundance ,  1955 t h r o u g h  1962 based  on 
3-hour i n d e x  and 24-hour f i s h i n g  p e r i o d s .  

Estimated ca tch  T o t a l  ( index 
3-hour ou t s ide  index ca tch  and es-  
index pe r iod  ( r a t i o  x t ima te  ou t s ide  Or ig ina l  Revised 

Yeer ca tch  Rat io 1 index catch) index period)  index2 index3 

Ra t io  of 3-hour index ca tch  (1) t o  non-index hour ca tch  during pe r iods  of 
24-hour f i s h i n g .  

  he number of  srnolts caught during t h e  %hour index pe r iod  i n  1959 has  
been a r b i t r a r i l y  ass igned  t h e  base value of 100.0. 

The number of  sinolts es t imated  pass ing  during 24-hour per iods  i n  1958 
has  been a r b i t r a r i l y  assigned t h e  base value of 100.0. 

LC From v i s u a l  observa t ions  it i s  be l ieved  minimum migrat ion occurred out- 
s i d e  t h e  index hours ,  t h e r e f o r e ,  t h e  minimum " r a t i o T f  obtained i n  1957 was 
used t o  es t imate  non-index hour migrat ion.  

1956 and 1961 index ca tches  were s i m i l a r  i n  number and age composition t o  
those  made i n  1957. Therefore,  t h e  " r a t i o "  e s t a b l i s h e d  i n  1957 from 24- 
hour f i s h i n g  was used t o  es t imate  t h e  non-index hour migrat ion i n  1956 
and 1961. 

1959 index ca tch  was simrilar i n  number t o  t h a t  made i n  1953 and day 
migra t ion  was observed i n  1959. Therefore,  t h e  " r a t i o "  e s t a b l i s h e d  i n  
1958 from 24.-hour f i s h i n g  was used -to es t imate  t h e  non-index hour migra- 
t i o n  i n  1959. 



Table 4. C o u n t i n g  ra te  and passage r a t e  and their  r a t i o s  of Kvichak River 
srnolts, 1962. 

Elapsed Counting Passage 
t i m e  of Ratio,  Rate Rate 

Date Hour ca l ibra-  Counter Ta l ly  t o  (Counts (Catch 
t i o n  (Min.) T a l l y  Catch Catch Per M i n . )  P e r  Min.) 

June 4 2300 

June 5 0900 

June 7 0900 33.5 
2300 20.5 

32.5 

June 9 1700 4.5 
0.5 
5.0 
1.0 
1.5 
6.5 

Average r a t i o  5.93 

1,204 6;02 
1,080 5 , 11-0 
S51 4.50 

1,094 5-21 
SGO 4.15 
869 4-35 
S60 4.30 

1,001 5.01 
1,204 6.02 
570 2.55 
6 46 3.23 

-Conti nued- 

- 9- 



Table 4 .  Counting r a t e  and passage r a t e  and the i r  r a t i o s  o f  Kvichak River 
smol t s  , 1962 (continued) . 

Elapsed Counting Passage 
t ime  of R a t i o ,  Rate  Ra te  

Date Hour c a l i b r a -  Coun-ke r T a l l y  t o  (Counts (Cat d l  
t i o n  (Min. ) T a l l y  Catch Catch p e r  Min.) p e r  Min.) 

June 9 2300 4.5 200 1,044 5.22 44 232 
(cont  ' d.) 12.0 200 9 24 4.62 17 77 

26.0 200 76 5 3.83 S 29 

June  10 0900 8-0  
9 -0  

1800 49.5 
2300 4.0 

7.0 
2 - 7  
1 .3  
4.5 
4.5 

June 11 0000 55.5 1 3  5 570 4.22 2 10  
1000 60.0 1 5  2 624 4 , 1 1  3 10  

21.3 20 0 1 ,008  5.04 9 4 7 

June 1 2  2300 30.0 200 873 4.37 7 2 9 
20.0 200 1,049 5.25 10 5 3 
23.0 210 1,015 4.83 9 44  

June  1 3  0000 25 -0  200 1 ,276 6.38 8 5 1  
30.0 113 69 4 6.14 4 2 3 

Average r a t i o  4.72 

June  1 3  2300 1 0 . 1  200 1 ,344  6.72 2 0 133 
10.7 210 2,165 10.31 20 202 

4.9 200 1 , 9  50 9.75 4 1 39 8 
7.3 200 1,926 9.63 2 7 264 

20.2 200 1 ,760 8.80 10 8 7 

June  1 4  0000 20.0 10 2 7 7 8 7.63 5 39 
2300 54.3 17 1 1 ,261  7.37 3 2 3 

June  1 5  2300 11.7 200 1,290 6.45 1 7  110 
16.0 200 1,604 9 - 0 2  1 3  113 

2.2 200 1 ,684  8-42  9 1 7 6 5 
1.5 200 1,784 8.92 13  3 1,189 



Table 4. Counting r a t e  and passage r a t e  and t h e i r  r a t i o s  of Kvichak River 
smol t s  , 1962 (continued) . 

Elapsed Counting Passage 
time of  Ra t io ,  Rate Rate 

Date Hour c a l i b r a -  Count- er T a l l y  t o  (Counts (Catch 
t i o n  (blin . ) T a l l y  Ca-t ch Catch p e r  Min.) p e r  FIin,) 

..,. 

June 16 0000 3.3 200 1 ,691  8.46 61  512 
1.7 2 20 2,232 10.15 129 1,313 
3.3 200 1,674 8.37 61  507 

22.2 200 1,038 5.19 9 47 
l lD0 120.0 148 1,500 10.14 1 13  
2300 12.3 20 0 2,046 10.23 16 16 6 

40.7 84 582 6.93 2 1 4  

June 1 8  0100 

Average r a t i o  8.38 



Average r a t i o  
4,72 

Average r a t i o  

0 
8.3G 

Average r a t i o  0 0  0 
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Figure 4. Seasonal change of photo-e lec t r ic  count - catch r a t i o s  of Kvichak River smolts ,  1962. 



associated with defective rheostats  in  the counters which prevented proper 
adjustment of the l i g h t  source. Counter data were thus grouped by these three 
seasonal s t r a t a  and appropriate r a t i o s  applied t o  convert counter t a l l i e s  t o  
numbers of f i s h  passing. 

When using the counter equipment i t  i s  necessary t o  determine catch (passage 
r a t e )  t o  count (counting r a t e )  re la t ionships  a t  d i f fe ren t  migration dens i t i es  
of f i sh .  Such re la t ionships  could be expected t o  become curvi l inear  (fewer 
counts per numbers passing) during heavy migration due t o  aperture clogging 
and subsequenLlowered efficiency of the  photoheads. As seen in Table 4 and 
Figure 5 ,  count per minute values f o r  each seasonal s t r a t a  did not appear t o  
approach a lowered eff ic iency.  This eliminated the need fo r  s t r a t i f i c a t i o n  by 
magnitude of fyke net  catches in 1962. However, during years of high migration 
r a t e s ,  the changing of counter eff ic iency must be considered in  in terpret ing 
counter t a l l i e s .  

To 1962, indices of smolt abundance were obtained on the assumption t ha t  only 
minor migration took place during daylight  hours. Fishing during 24-hour per- 
iods in  1957, 1958, and 1960 supported t h i s  assumption. Around the clock f i sh-  
ing was expensive i n  t h a t  a t  l e a s t  f i ve  instead of the usual three crew members 
were necessary t o  operate fyke nets and handle catches outside the index hours 
and was therefore prohibit ive f o r  a1 1 years. I t  was not un t i l  the  photo-electric 
counters were s a t i s f ac to r i l y  developed f o r  use i n  1962 t ha t  extensive 24-hour 
f ishing could again be conducted and with a minimum crew s ize .  

In 1962 numerous checks bracketing the  index hours were made and seven contin- 
uous 24-hour observations were completed during the higher level of migration, 
Table 5. The catch outside the 2200 t o  0100 h o u r  index interval  was nearly three 
times t h a t  of the index interval  f o r  the sampling periods. Table 6 shows the 
r e su l t s  of 24-hour f ishing i n  a l l  years and i l l u s t r a t e s  the large va r i ab i l i t y  
of day1 ight  fyke net catches ranging from one-quarter t ha t  of the 1957 index 
catch t o  the  three-fold daytime catch of 1962. I t  i s  now apparent t ha t  index 
fykenetting in the future  should be conducted continuously 24-hours a day a t  
l e a s t  through the  peak period of migration and t h a t  previous indices of abun- 
dance must be adjusted t o  a 24-hour basis .  

Adjusted indices fo r  each year since 1955 appear in Table 3. The r a t i o s  of 
catch ins ide  and outside of the three-hour index period during 24-hour sampling 
periods of 1957, 1958, 1960, and 1962 have been used as a basis  t o  estimate 
seasonal daytime migration. Around the  clock sampling was conducted during 
some peak and non-peak days of migration each year ,  however no c l ea r  re la t ion-  
ship between peak index catch and increased daytime catch was evident so a l l  
24-hour sampling f o r  each year was combined t o  provide seasonal r a t i o s .  After 
more data of 24-hour f ishing becomes avai lable ,  a de f in i t e  re la t ionship  may 
become apparent, and i f  so additional adjustment of indices may be warranted. 
No quant i ta t ive  date a re  available t o  estimate day migration fo r  1955, 1956, 
1959, and 1961. However, no smolts were observed i n  the Kvichak River during 
the daytime i n  1955, and therefore a minimum day migration i s  believed t o  have 
occurred. On the other hand, considerable day migration was observed in  1959, 
a year of large migration l i k e  1958, so the same r a t i o  of day migration was 



1000 1500 
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Figure 5. Comparison of counting rate  and passage ra te  of Kvichak River smolts during three time 
periods of 1962. 



Table  5. Es t ima ted  Kvichak Rive r  s m o l t  c a t c h e s  f o r  seven days  of 24-hour 
f i s h i n g ,  1962. 

1300- 1700- 2100- 0100- 0500- 0900- 
Date 1700 2100 0100 0500 0900 1 3  00 T o t a l  - 

J u n e  5-6 19 ,848 28,428 23 ,631 2 4 , 6 5 1  4 ,572 6,594- 107 ,724  

June 6-7 2,582 2 ,808 30,255 6,660 24 765 43,094 

J u n e  7-8 6 6 2 3 6 7 ,755  8,307 5 7 1 , 5 4 8  17 ,969 

JWC 9-10 23,737 37,123 47 ,512 55 ,965 11 ,729 19 ,786 195,852 

June 1 0 - 1 1  15 ,047  3,356 22,798 37,562 38,916 4 ,333 122 ,012  

J u n e  14-15 218 1 8 4  3,880 89 7 2 5 17  5 , 2 2 1  

J u n e  15-16 1 6  8 59 43 ,878 6 4 , 9 1 1  5,715 3,872 118,603 

Tot a1  61,606 72,194 179,709 198,953 61 ,038 36,915 610,475 

P e r c e n t  10.10 11.83 29 . Lt4 32-58  10,OO 6.05 100.00 

-- --- -- 



Table 6.  Kvichak River srnolt ca tches  during 24-hour per iods ,  1957, 1958, 1960, 
and 1962. 

Date Ca-t d l  dur ing  3 -hour C a t c h  outside 
index p e r i o d  index pe r iod  

May 30-31 
June 1 - 2  

3 -4 
5-6 
6 -7 
7-8 

12-13 
13  - 14. 
14-15 
22-23 
29-30 

May 13-14. 
24-25 
28-29 
30-31 
31-1 

June 1-2 
2-3 
3-4 
4-5 

May 24-25 
June 2-3 

June 5-6 
6-7 
7-5 
9 -10 

10-11 
14--15 
15-16 

3 2 1  -- 
T o t a l s  11,218 

5,723 
T o t a l s  381,972 

102,426 
T o t a l s  102,433 

LC3 ; 869 
T o t a l s  152,905 

8 1  
2,419 r a t i o  = 0.2156 

8 : 042 
283,811 r a t i o  = 0,7430 

35,820 
35,861 r a t i o  = 0.3501 

74 J 7 3 4  - 
457,376 ratio = 2.9912 



applied t o  1959 was found in 1958. The index catches of 1956 and 1961 were 
qui te  s imi lar  t o  1957 i n  number and in age composition of f i s h ,  and the pro- 
portion of day'migration found during 1957 was extended t o  these two years.  

SMOLT, A G E ,  SIZE, AND CONDITION 

Sampling fo r  s i z e ,  age, and condition in  1962 was conducted i n  a manner s imi la r  
t o  previous years.  One-pound samples were taken from the catches made during 
2200 t o  2300 dnd 2400 t o  0100 hours (index hours) ,  and from 0900 t o  2000 and 
1700 t o  1900 hours. Each sample was made up  of four one-quarter pound sub- 
samples taken each 15 minutes. This sampling design was used t o  determine 
differences i n  s i z e  and condition between day and night  migrants. Sample f i s h  
were col lec ted i n  the closed cod-end or  i n  a dip net  held immediately downstream 
from the counting aperture.  All f i s h  were processed in  the  l ive-anesthetized 
s t a t e  and one complete sample was preserved each day. 

The Kvichak system has two age groups of smolts, those having spent one and those 
having spent two winters i n  f resh  water. These two age groups can be separated 
by length alone. Scales from preserved specimens were used t o  ve r i fy  age of 
length frequency samples. For s i z e  and age determination, a l l  f i s h  i n  the  da i ly  
index hour samples were measured from snout t o  fork of t a i l ,  da i ly  samples 
weighted by magnitude of index hour catches and then combined t o  provide the 
season composite length frequency. Samples taken during daylight  hours were 
processed the  same as index hour samples. 

Every t h i rd  night of large migration a condition sample was taken of f i s h  i n  the 
two index hour samples. The to ta l  weight of the  f i sh  i n  each f i ve  mm length 
group was determined by f i r s t  weighing a container of water, adding the f i s h  
of a s ing le  length group and reweighing. The average weight of f i s h  i n  each 
group was then calculated.  All lengths and weights were taken of live-anesthe- 
t ized f i sh .  

Ninety-four percent of the  smolts in 1962 were age I ( f i s h  having spent one 
winter i n  f resh  water) and had an average length of 82 mm while the  year older 
smol ts  had an average length of 110 mm (Figure 6 ,  Table 7 ) .  These f i s h  were 
the  progeny of the large  1960 adu l t  escapement. Kvichak smolt ages and aver- 
age lengths f o r  the years 1955 through 1962 a r e  presented i n  Table 8. The aver- 
age length of the  predominant age I smolts i n  1962 was a t  l e a s t  7 mm l e s s  than 
anyyear s ince  1955, except 1958 and 1959, and a l l  three  were years of high den- 
s i t y  i n  the  freshwater rearing areas. The l a rger  age I1 f i s h  migrated a t  the 
beginning of the season as  in  the  years 1957, 1958, and 1961 w i t h  a dominance 
of age I smolts (Kerns, 1961 ) .  

During f i ve  24-hour periods, samples were obtained f o r  comparison of age among 
day and night  migrants (Figure 7 ) .  No differences i n  age composition were 
apparent. 

The condition of the 1962 smolts, as  expressed by the  weight per average length 
of age I and age I1 smolts, was 4.3 and 9.9 grams respectively (Table 8 ) .  The 
1962 age I migrants which dominated the  r u n  were l i gh t e r  in weight per average 
length than any year l ing smolts on record. 
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Figure 6. Composite of Kvichak smolt length frequencies, 1962. (Each dai ly  sample i s  weighted by magnitude 
of fyke net  catches fo r  t h a t  day. Total frequency smoothed by moving average of threes.  Arrow 
indicates  division point between age groups, as ver i f i ed  by scale  samples.) 



Table 7. Weighted age compos i t i on  o f  Kv ichak R i v e r  smol t s ,  1962. 

Ase I - 
No. of No. of Percent i n  Index 

Date samples f i s h  sarnplesl- catch 

May 27 
" 30 
' 31 

June 1 
If 2 

3 
4 

'I 5 
'' 6 
t' 9 
" 10 
" 11 
" 1 2  
" 13 
" 19 
If 20 
" 2 1  
n 23 

J u l y  3 

T o t a l  ,229,690 
(or 94.0°& 

'~e-l-ermined froin d a i l y  unweighted length  frequencies and s c a l e  samples. 



Table 8. Kvichak smolt age,  s i z e ,  and weight ,  1955 through 1962. 

AGE I AGE I1 
% of  Average Weight p e r  % o f  Average Weight pe r  
t o t a l  l eng th  average l eng th  t o t a l  l eng th  average l ength  

Year run (1.n) (grarns) run (pm) (grams) - 

- 
1 No weight measurements of l i ve -anes the t i zed  f ish were taken. 
2 Sample size was inaclequate ( l e s s  than 10 f i s h  f o r  t h e  season) .  
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by moving averages  of t h r e e s ) .  



The small s i z e  of the dominate age I f i s h  and the condition of nets  used in  
1962 gave r i s e  t o  a source of e r ro r  in t h a t  an unknown portion of the f i s h  
passed through' the worn and excessively s t re tched mesh (o r ig ina l ly  one-inch 
s t r e t ch  measure) of the old fyke net  body instead of the counting aperture.  
This condition was a1 so observed infrequently in  1958, and t h u s  the index 
values of these two years a re  underestimated. 

DISCUSSION AND RECOMMENDATIONS 

On the basis  of pas t  parent escapement and smolt r e la t ionsh ips ,  an unprecedented 
smolt migration of age I f i s h  was expected i n  1962 from the nearly 15 mill ion 
salmon spawning i n  1960. However, the adjusted smolt index i n  1962 was only 
the t h i rd  l a rge s t  in the e ight  years of monitoring and nearly three  times 
smaller than the previous smolt cycle year of 1958. Because of the large 
expected r u n ,  fykenett ing in  1962 was extended more than two weeks beyond 
normal. During the fykenetting season there  was no indication of a record 
migration even though the adjusted index value of 62.9 i s  believed minimal 
because of unestimated numbers passing through fyke net  webbing. Based on 
ear ly  season i c e  condit ions,  water temperatures and predator bird a c t i v i t i e s ,  
and on ins ign i f i can t  smol t s i t i n g s  in the Kvichak River and very low tow net  
catches in the o u t l e t  end of Iliamna Lake a f t e r  the  fykenetting season, no 
appreciable migration took place outside the fykenett ing period. The est imate 
of freshwater survival of progeny from the  1960 escapement must await the smolt 
s tudies  of 1963. 

The smolt migration in  1963 may be the  l a rges t  on record, and therefore ,  the use 
of photo-electr ic counters t o  assess  abundance i s  recommended. Methods and 
equipment used i n  1962 have proven sa t i s fac to ry  and should be used in 1963 
w i t h  three  exceptions. F i r s t  and most important, the index of smolt abundance 
must be based on 24-hour fykenetting. Evidence indicates  t h a t  the magnitude 
and time of day-migration i s  unpredictable but can be important. T h i s  extended 
f ishing using photo-electr ic counters can be accomplished a t  l i t t l e  o r  no addi- 
t ional  cos t  and wil l  provide a more r e l i a b l e  index of abundance. Second, more 
dependable and properly i n s t a l l ed  rheosta ts  o r  other means of adjust ing photo- 
head s e n s i t i v i t y  should be used. Frequent checks of photohead s e n s i t i v i t y  by 
voltmeter and/or t e s t i ng  rod each day of the  season i s  necessary. Third, fyke 
nets  without excessively s t re tched webbing should be used t o  prevent passage of 
small-sized f i s h  through the mesh. 

SUMMARY 

The objectives of 1962 smolt s tudies  were t o  determine an index of smolt abun- 
dance and age, s i z e ,  and condttion of the f i sh .  

The index method used since 1955 t o  assess  smolt abundance has been based on 
season-long catch f o r  a s ing le  fyke ne t  s e t  a t  the index s i t e  throughout the 
same dai ly  f i sh ing  period (2200 t o  0100 hours) and under s imi lar  depth and 
water veloci ty  conditions. In 1962 two photo-electr ic counters each with a 



s ingle  photohead located in the fyke net cod-end were used to  estimate fyke 
net catches. S t r a t i f i c a t i on  of photo-electric counts fo r  conversion of 
counter t a l l i e s  t o  numbers of f i s h  passing during three periods of the season, 
each with d i f f e r en t  counting eff ic iency,  was necessary b u t  s t r a t i f i c a t i o n  due 
t o  f i s h  densi t y  was not. 

The three-hour index smolt catch was 301,413 or 15.7 index points and the e s t i -  
mated 24-hour index catch was 1,203,000 o r  62.9 index points. Early and l a t e  
season observations indicate  t h a t  no appreciable smolt migration was missed. 
The index i s  believed to  be minimal because of f i s h  passing through webbing 
of the fyke net .  

Ninety-four percent of the  migration was age I f i s h  with a mean length of 82 
millimeters. No difference in the  length of day and night migrants was noted. 
Weight of average age I and I1  smolts was 4.3 and 9.9 grams respectively,  the 
smallest weight on record f o r  the  dominating age I f i sh .  

Around the  clock fykenetting is necessary in the future  t o  obtain accurate 
indices of smolt abundance. Other recommendations fo r  1963 include improved 
rheostats  t o  balance photohead s ens i t i v i t y  and use of new fyke nets w i t h  
unstretched,webbing. 
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