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ABSTRACT 

The es t imated  number o f  sockeye salmon (Oncorhynchus nerka)  smo l ts  
em ig ra t i ng  f rom Tustumena Lake i n  1981 was 2.26 m i l l i o n .  O f  these, 1.86 
m i l l i o n  (82%) were age 1.0 and .4 m i l l i o n  (18%) age 2.0. The es t imated  
sockeye salmon smo l t  biomass produced f rom t h e  l a k e  was 7.3 x  l o 3  kg. 

The weighted mean l eng ths ,  weights ,  and ages o f  m i g r a t i n g  sockeye salmon 
smol ts  were determined f rom randomly se l ec ted  samples. The mean l e n g t h  o f  
age 1.0 smol ts  was 69.9 mm and t h e  mean we igh t  was 2.8 g. Age 2.0 smol ts  
averaged 86.7 mm i n  l e n g t h  and 5.1 g  i n  we igh t .  

Sockeye salmon smol ts  cap tu red  i n  t h e  K a s i l o f  R i ve r  were examined f o r  
m i ss i ng  v e n t r a l  f i n s  t h a t  rep resen ted  ha tchery - re leased  f i s h .  Dur ing  t h e  
m i g r a t i o n ,  43.8% o f  t h e  155,596 smo l ts  caught were examined and 109 marked 
f i s h  were recovered. The es t imated  s u r v i v a l  r a t e  o f  marked ha t che ry  f r y  t o  
age 1.0 smo l t  was 5.5%. The es t imated  ha tchery  c o n t r i b u t i o n  t o  t h e  t o t a l  
smol t  o u t m i g r a t i o n  was 298,600 o r  13.1%. 

Key words : sockeye salmon smol t , (Oncorhynchus nerka)  , Tustumena La k e y  
K a s i l o f  R ive r ,  f a n  t r a p s ,  m i g r a t i o n  es t imate ,  mark and 
recap tu re ,  f i n  c l i p p e d  f i s h ,  s u r v i v a l  r a t e ,  and ha tchery  
c o n t r i b u t i o n .  

INTRODUCTION 

Stud ies  were i n i t i a t e d  on t h e  K a s i l o f  R i v e r  i n  1980 t o  o b t a i n  i n f o r m a t i o n  
on t h e  sockeye salmon (Oncorhynchus nerka)  smo l t  em ig ra t i on  f rom Tustumena 
Lake and t o  assess t h e  s u r v i v a l  and c o n t r i b u t i o n  o f  ha tchery  s tocked 
sockeye salmon f r y  t o  t h e  t o t a l  o u t m i g r a t i o n  (Todd e t .  a1 . 1981).  Hatchery  
r a i s e d  sockeye salmon f ry  have been re leased  i n t o  Tustumena Lake every  year  
s i nce  1976 except  f o r  1977 (Appendix Table  1 ) .  The s t o c k i n g  was performed 
by t h e  D i v i s i o n  o f  F i s h e r i e s  R e h a b i l i t a t i o n ,  Enhancement, and Development 
(FRED) o f  t h e  Alaska Department o f  F i s h  and Game (ADF&G) i n  an a t tempt  t o  
enhance sockeye salmon p roduc t i on  i n  t h e  system. Th i s  r e p o r t  p resen ts  t h e  
r e s u l t s  o f  t h e  1981 smo l t  p r o j e c t  on t h e  K a s i l o f  R i ve r  i n c l u d i n g  e v a l u a t i o n  
o f  t h e  s u r v i v a l  o f  sockeye salmon f r y  r e l eased  i n t o  Tustumena Lake i n  1980 
t o  age 1.0 smo l t .  

The smo l t  s t udy  s i t e  i s  l o c a t e d  on t h e  K a s i l o f  R i v e r  approx imate ly  7  km 
upstream from Cook I n l e t  and 10 m upstream f rom t h e  con f luence  o f  Crooked 
Creek w i t h  t h e  K a s i l o f  R i ve r  ( F i g u r e  1). The K a s i l o f  R i v e r  d r a i n s  
Tustumena Lake, which i s  t u r b i d  w i t h  g l a c i a l  f l o u r .  It i s  an impo r tan t  
sockeye salmon nu rse ry  l a k e  w i t h  a  su r f ace  area o f  29,100 ha. The average 
es t imated  adul  t sockeye salmon r e t u r n  per  yea r  ( ca t ch  p l u s  escapement) 
a t t r i b u t e d  t o  Tustumena Lake w i l d  s t ocks  was 481,000 from 1975-1981. 
Average escapement t o  t h e  l a k e  d u r i n g  t h i s  p e r i o d  was 147,000 (Tarbox e t .  
a l .  1982).  

The o b j e c t i v e s  o f  t h i s  p r o j e c t  were: 



Study Area 

I , '  : . ,  f 

F i g u r e  1. Map showing t h e  r e l a t i v e  ?osatir .n o f  Tustumena Lake, ! k s i l o f  R i v e r  
and Crooked Creek. 



1. t o  determine t h e  t i m i n g  and magnitude o f  t h e  sockeye salmon 
ou tm ig ra t i on ;  

2. t o  assess t h e  s u r v i v a l  r a t e  o f  ha tchery - reared  sockeye salmon f ry  
and t h e i r  c o n t r i b u t i o n  t o  t h e  t o t a l  smo l t  m i g r a t i o n ;  

3. t o  determine t h e  age s t r u c t u r e  and t h e  average we igh t  and l e n g t h  
o f  t h e  m i g r a t i n g  smo l ts .  

MATERIALS AND METHODS 

Fan-Trap and Live-Box Design 

Canadian f a n - t r a p s  were used t o  cap tu re  smol ts  and t o  mon i t o r  t h e i r  
m i g r a t i o n .  The fan- t raps  were cons t ruc ted  o f  ang le  aluminum so t h e y  would 
be l i g h t  enough t o  t r a n s p o r t  y e t  s t r o n g  enough t o  w i t hs tand  t h e  c u r r e n t  and 
t h e  impact  f rom l a r g e  d e b r i s .  The t r a p s  a r e  1.5 m  square a t  t h e  upstream 
opening, and t h e y  a r e  3  m i n  l e n g t h .  From t h e  mouth, t h e y  t a p e r  t o  a  0.3 m 
square opening ( F i g u r e  2 ) .  

The t r a p s  were a t t ached  t o  a  cab le  t h a t  was secured t o  l a r g e  bou lders  i n  
t h e  r i v e r .  The t r a p s  were f u r t h e r  anchored b y  20-mm s t e e l  r e i n f o r c i n g  rods  
d r i v e n  i n t o  t h e  r i v e r b e d  th rough  e y e l e t s  on t h e  bottom f r o n t  edge o f  t h e  
t r a p s .  Aluminum t r i p o d s  equipped w i t h  a  p u l l e y  system were used t o  a d j u s t  
t h e  h e i g h t  o f  t h e  downstream end o f  t h e  t r a p s .  E l e v a t i o n  ad justments  were 
made t o  accommodate d i f f e r e n t  wa te r  l e v e l s  and t o  p reven t  t h e  downstream 
t r a p  end from becoming submerged. 

Ho ld i ng  boxes were connected t o  t h e  downstream t r a p  end by  a  camlock 
f i t t i n g .  The 1  ive-boxes were r e c t a n g u l a r  w i t h  dimensions o f  1.5 x  0.9 x  
0.6 m. The f r o n t ,  back, and bottom were cons t ruc ted  o f  .75 i n c h  plywood 
and t h e  rema in ing  two s i des  o f  p e r f o r a t e d  aluminum p l a t e .  These boxes were 
f l o a t e d  by  a t t a c h i n g  s ty ro foam panels  t o  bo th  s ides .  The bottom was vented 
t o  p rov i de  c o n t i n u a l  wa te r  c i r c u l a t i o n  (F i gu re  3 ) .  

Smol t Sampl i n g  and Enumeration 

F i v e  f an - t r aps  were p laced  i n  t h e  r i v e r  on 6 May ( F i g u r e  4 ) .  A  s i x t h  o l d e r  
model t r a p  w i t h  a  1 m square upstream opening was p laced  i n  t h e  r i v e r  on 17 
May. A l l  s i x  t r a p s  were f i s h e d  u n t i l  1 J u l y  f o r  a  t o t a l  t ime  o f  56 days. 

A l l  f i s h  cap tu red  by  t h e  f an - t r aps  were enumerated b y  spec ies and re l eased  
d a i l y .  Weights ( g ) ,  f o r k  l e n g t h s  (mm), and s c a l e  samples ("AWL d a t a " )  were 
c o l l e c t e d  d a i l y  f rom 20 randomly se l ec ted  sockeye salmon smol ts .  I n  
a d d i t i o n ,  t h e  l e n g t h s  o f  30 more sockeye salmon smo l ts  were measured d a i l y .  
An anes the t i c ,  T r i c a i n e  methanesul fonate (MS-222), was admin is te red  t o  
sample smol t s  f o r  ease i n  AWL da ta  ga the r i ng .  

Each year ,  p r i o r  t o  r e l ease ,  a  p o r t i o n  o f  t h e  Crooked Creek Hatchery  r ea red  
sockeye salmon fry a r e  marked f o r  i d e n t i f i c a t i o n  by  c l i p p i n g  e i t h e r  t h e  
r i g h t  o r  l e f t  v e n t r a l  f i n .  Therefore,  each day t h e  v e n t r a l  f i n s  o f  a  
minimum o f  two thousand sockeye salmon srnolts were examined. The numbers 









o f  marked f i s h  p r o v i d e d  i n f o r m a t i o n  t o  de te rm ine  t h e  h a t c h e r y - f r y  s u r v i v a l  
r a t e  and c o n t r i b u t i o n  t o  t h e  t o t a l  o u t m i g r a t i o n .  

On 6 June, t h e  t r a p s  were checked e v e r y  3  h  f o r  24 h  t o  d e t e r m i n e  d i e 1  
changes i n  t h e  r a t e  o f  s m o l t  m i g r a t i o n .  

Smol t P o p u l a t i o n  E s t i m a t e  

The t r a p  e f f i c i e n c y  ( i n t e r c e p t i o n  r a t e )  was e s t i m a t e d  f o u r  t i m e s  d u r i n g  t h e  
m i g r a t i o n  p e r i o d  by  a  s i m p l e  mark and r e c a p t u r e  p rocedure .  T h i s  i n v o l v e d  
p l a c i n g  s e v e r a l  hundred s m o l t s  i n t o  a  h o l d i n g  t a n k  c o n t a i n i n g  a  B ismark  
Brown Y dye s o l u t i o n  ( 1  g  dye p e r  30 L H20) f o r  30 m i n u t e s .  The s m o l t s  
became g o l d  t i n t e d  and were e a s i l y  d i s t i n g u i s h e d  f r o m  undyed s m o l t s .  The 
h o l d i n g  t a n k  was equ ipped w i t h  an a e r a t i o n  sys tem t h a t  p r o v i d e d  a  
c o n t i n u o u s  f l o w  o f  b o t t l e d  oxygen. The t a n k  was t r a n s p o r t e d  a p p r o x i m a t e l y  
1.6 km upst ream b y  r i v e r b o a t ,  and t h e  s m o l t s  were d i s t r i b u t e d  e v e n l y  a c r o s s  
t h e  r i v e r .  The numbers o f  dyed s m o l t s  recove red  i n  t h e  t r a p s  were used t o  
e s t i m a t e  t h e  p r o p o r t i o n  o f  s m o l t s  t h a t  were i n t e r c e p t e d  b y  t h e  f a n  t r a p s  
and t o  p r o v i d e  a  measure o f  " t r a p  e f f i c i e n c y " .  The t r a p  e f f i c i e n c y ,  
expressed as a  percentage,  was a p p l i e d  t o  t h e  t o t a l  s m o l t  c a t c h  t o  e s t i m a t e  
t h e  t o t a l  o u t m i g r a t i o n .  

Rawson (1982) d i scusses  t h e  e s t i m a t i o n  o f  m i g r a t i n g  s m o l t  p o p u l a t i o n s  f r o m  
dye m a r k i n g  d a t a .  The p o p u l a t i o n  e s t i m a t e  he recommends i s  c a l c u l a t e d  
a c c o r d i n g  t o  t h e  f o r m u l a :  

A 

Where: N  = e s t i m a t e d  t o t a l  p o p u l a t i o n  
D = number o f  f i s h  dyed 

d  = number o f  dyed f i s h  r e c a p t u r e d  
n  = number o f  unmarked s m o l t  caught  i n  t r a p s  

The e s t i m a t e d  v a r i a n c e  o f  N may be c a l c u l a t e d  f rom t h e  f o r m u l a  [see Rawson 
(1982) 1: 

V a r  (i)= n  ( n  + d )  D ( D  - d ) /d3 .  
h 

Us ing  t h i s  q u a n t i t y ,  a  95% c o n f i d e n c e  i n t e r v a l  f o r A N  may be de te rm ined  
under  t h e  assumpt ion  o f  a  normal d i s t r i b u t i o n  f o r  N. 

The p e r c e n t  c o m p o s i t i o n  o f  age 1.0 and 2.0 s m o l t s  was e s t i m a t e d  f o r  each 
week ly  p e r i o d  f r o m  t h e  d a i l y  samp l ing  r e s u l t s .  T h i s  pe rcen tage  was t h e n  
a p p l i e d  t o  t h e  week ly  t o t a l  t r a p  c a t c h  and expanded, based on dye t e s t  
r e s u l t s ,  t o  r e p r e s e n t  t h e  t o t a l  o u t m i g r a t i o n  f o r  each week b y  age c l a s s .  



Tab le  1. D a i l y  ca tches  o f  sockeye salmon smol t s  b y  t r a p ,  K a s i l o f  R i v e r ,  
1981. 

- -- 

Date 

May 
7 
8 
9 

10  
11 
12 
13 
14  
15 
1 6  
17 
1 8  
19 
2 0 
2 1 
2 2 
2 3 
2 4 
2 5 
2 6 
2 7 
28 
2 9 
30 
3 1 

Ju n 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10  
11 
12 
13  
14  
15 
16  
17 
18  
19  

D a i l y  
4 

18 
19 
43 

10 5 
135 
284 
943 

1,707 
1,331 

98 9 
1,267 
1,097 

718 
583 

2,328 
5,857 
4,950 
4,142 
1,679 

2,796 
2,584 
2,130 
3,247 
6,786 
4,510 

2,368 
7,082 
5,236 
4,059 
2,160 
2,087 
1,010 
2,605 
1,233 
1,149 

985 
7 00 
709 
6 51 
440 
4 68 
335 
274 
137 

T o t  a 1 

2 5 
3 5 
5 9 

150 
188 
386 

1,139 
2,151 
1,620 
1,293 
1,682 
1,411 

977 
807 

3,464 
8,012 
7,169 
6,219 
2,648 
4,438 
4,305 
3,550 
4,752 

12,075 
7,333 

4,069 
10,313 

9,743 
9,811 
4,961 
3,561 
2,511 
8,516 
3,167 
2,374 
4,223 
2,281 
2,244 
1,861 
1,382 
1,451 
1,181 
1,094 

678 



Table 1. (continued) 

2 0 
2 1 
2 2 
2 3 
2 4 
2 5 
2 6 
2 7 
2 8 
2 9 
3 0 

J u  1 
1 

Total s 

% of 
Total 







Tab le  2.  Mean l e n g t h s  and w e i g h t s  o f  sockeye salmon smo l t s ,  K a s i l o f  
R i v e r ,  1981.  

Age 2 .0  

Mean Mean 
Sample 1  eng th  w e i g h t  Sample 
p e r i o d  Dates (mm) S.D. ( 9 )  S.D. s i z e  

Season 87.71 4.6 5.11 .8 153 
........................................................................ 

Age 1 .0  

5107-5/13 
5114-5/20 
5/21-5127 
5128- 6/03 
6104-6/10 
6111-6/17 
6118-6/22 
6123-7/01 

Season 

1 Weighted b y  week ly  e s t i m a t e d  t o t a l  m i g r a t i o n  i n  t h i s  age c l a s s .  



Hatchery Contribution and Survival Rate 

In June 1979, 7.76 mill ion sockeye f r y  from the Kasilof Hatchery were 
released in to  Bear Creek and Glacier F la t s  Creek, t r i b u t a r i e s  of Tustumena 
Lake. Of these ,  66,597 o r  .86% were marked by ventral f i n  c l i p s  (Bear 
Creek-LV; Glacier Fla ts  Creek-RV). Age 1.0 sockeye salmon smolts from the  
1979 f r y  re lease  migrated from Tustumena Lake during 1980 and age 2.0 
smolts from the same re lease  migrated during 1981. 

In June 1980, 5.20 mill ion hatchery-reared sockeye salmon f r y  were released 
from the Kasilof Hatchery in to  Bear Creek and  Glacier Flats  Creek. A to ta l  
of 65,427 or  1.26% of those f r y  were f i n  clipped. The survivors of these 
f r y  migrated out of the  lake as age 1.0 smolts in 1981. 

Dur ing  1981 the  sockeye salmon smolts caught in the fan t raps  were 
inspected f o r  clipped ventral f i n s .  The number of marked f i s h  recovered 
was then used t o  estimate the hatchery f r y  survival and contribution t o  the 
t o t a l  smolt migration. The formula used fo r  ca lcula t ing the  variance of 
t h i s  estimate was developed by Dan Reed, and i t  i s  avai lable  in an HP-97 
program from the  FRED Biometrics section i n  Anchorage (Howe 1981). 

Physical Parameters 

Discharge in cubic f e e t  per second was measured w i t h  a Teledyne Gurley 
meter. Velocity measurements were taken 2 m i n  f ron t  of each t r ap  to  avoid 
any turbulence created by the t raps .  To cor re la te  with trends i n  the smolt 
migration, discharge measurements were made on f i ve  separate days: 18 May, 
21 May, 31 May, 9 June, and 25 June. 

Total discharge was a l so  measured per iodical ly  throughout the  study using a 
U .  S .  Geological Survey water gauge located a t  the Kasilof River - Ste r l ing  
Highway bridge. 

Water temperatures (kc) were recorded da i l y  a t  the t r ap  s i t e  t o  assess any 
re la t ionship  between smolt migration and water temperature. 

RESULTS 

Smolt Enumeration and Sam~l ina  

Between 7 May and 1 July ,  155,596 sockeye salmon smolts were captured in 
the  s i x  fan t raps  (Tabl e 1 ) .  The peak of the migration occurred between 22 
May and 7 June when 94,446 smolts (60.7% of the  t o t a l  catch) were caught 
(Figure 5 ) .  The highest da i ly  catch occurred on 30 May when 12,075 smolts 
were captured. 

Scales were collected and the  weights and lengths of 944 sockeye salmon 
smol t s  were measured. The mean 1 engths of age 1.0 and age 2.0 smol t s  were 
69.9 mm and 86.7 m m ,  respect ively ,  b u t  some of the age 1.0 smolts were 
longer than some of the age 2.0 srnol t s  (Figure 6 ,  Table 2 ) .  The mean 
weights of age 1 . 0  and age 2.0 smolts were 2.8 g and 5.1 g ,  respectively 
(Tabl e 2 ) .  



During 1981, 82% of t h e  smolts  were age 1 . 0  and 18% were age 2.0. Although 
t h e  peak migrat ion of age 1 .0  and 2.0 smolts occurred during t h e  same week 
(28 May - 3 June ) ,  age 2.0 smolts made up a  l a r g e r  proportion o f  t h e  catch 
during t h e  f i r s t  week of  t h e  migrat ion (38%) and then decl ined r a p i d l y ,  
e s p e c i a l l y  a f t e r  t h e  peak week (Table 3 ) .  

In add i t i on  t o  sockeye salmon, nine o the r  f i s h  spec i e s ,  inc luding  t h r e e  
o t h e r  P a c i f i c  salmon spec i e s ,  were captured and enumerated in  t h e  Kasilof 
River fan t r a p s  (Table 4 ) .  Of t h e s e ,  pink salmon (Oncorhynchus gorbuscha) 
were t h e  most abundant; 19,508 were caught .  Most pink salmon f r y  were 
caught during t h e  week of 14 May - 20 May when 11,785 (60.4%) were 
enumerated. The pink salmon migra t ion ,  which was well under way when 
sampling began on 7 May, was e s s e n t i a l l y  completed by 1 June. 

Smol t Population Estimate 

Four t r a p  e f f i c i e n c y  t e s t s  were conducted during t h e  migrat ion.  The t r a p  
e f f i c i e n c y  (percentage of dyed smol t s  recaptured)  was h ighes t  on t h e  f i r s t  
t r i a l  on May 19 (8.35%) and then decreased w i t h  each succeeding t r i a l  t o  
5.69% on June 24 .  A t o t a l  of 2,560 dyed smolts were r e l ea sed ,  and 176 were 
recaptured during t h e  fou r  t e s t s .  The overa l l  es t imated t r a p  e f f i c i e n c y  
was 6.87%. 

Trap e f f i c i e n c y  
95% confidence 

Number of  dyed smol t s  i n t e r v a l  
Date Re1 eased Recovered Estimate Lower Upper 

19 May 539 4 5 8.35 6.22 11.09 

27 May 1,012 7 0 6.91 5.47 8.70 

6 June 500 32 6.40 4.49 9.01 

24 June 

Total 2,560 176 6.87 5.94 7.94 





Table  4. L i s t  o f  spec ies  c a p t u r e d  b y  f a n - t r a p s  i n  t h e  K a s i l o f  R i v e r ,  
1980 and 1981 . 

Common Name S c i e n t i f i c  Name 
Catch 

1980 1981 

Sockeye salmon Gncorhynchus nerka (Wal baum) 64,535 

Chinook salmon Gncorhynchus t shuy t s cha  ( Wal baum) 335l 
2 ,9332 

Coho salmon 

P ink  salmon 

Do1 1 y Varden 

Rainbow t r o u t  

Round w h i t e f i s h  

Eulachon 

S l  imy s c u l  p i n  

Threesp i  ne s t i c k l e b a c k  

Oncorhynchus k isutch ( Wal baum ) 

Oncorhynchus gorbuscha ( Wal baum ) 

Salveninus maZma ( Wa 1 baum ) 

S a h o  gairdneri ( R ichardson)  

Prosopim cy l indracem ( P ha 1 1 as ) 

ThaZeichthys pacif icus ( R i  c hardson ) 

Cottus cognatus ( R ichardson)  

Gasterosteus acuZeatus ( L i  nnaeus) 

Smol t 
Fry 



Since the  r e s u l t s  from the  four dye t e s t s  were not s i g n i f i c a n t l y  d i f f e r e n t  
(x2  = 3.12, d . f .  = 3 ) ,  they were combined t o  make the  population es t imate  
(Figure 7 ) .  

The estimated 1981 Kasilof River sockeye salmon smolt migrat ion,  based on 
equation [ l]  was 2.276 x l o 6  smol t s .  

A 

Then, using t h e  variance formula i n  equation [2], and, assuming t h a t  N 
follows a normal d i s t r i b u t i o n ,  the  95% confidence in terva l  was: 

95% C.I. = 1.953 x 106 t o  2.599 x 106 

Of t h e  estimated t o t a l  smolt migrat ion,  1.86 mi l l ion  were age 1.0 and 0.4 
mi l l ion  were age 2.0 (Table 3 ) .  The peak of the  migration f o r  age 1.0 and 
age 2.0 smolts occurred during the  week of  28 May - 3 June with an 
estimated 604,000 and 151,000, r e spec t ive ly .  

The estimated biomass of sockeye salmon smolts migrating from Tustumena 
Lake was 7.3 x l o 3  kg (Table 5 ) .  

Hatchery Contri bution and Survival Rate 

A t o t a l  of  68,053 sockeye salmon smolts o r  43.8% of the  smolts captured i n  
t he  fan- t raps  were examined f o r  cl ipped ventral  f i n s .  Of these ,  109 smolts 
were missing f i n s :  45 from Bear Creek and 64 from Glacier  F la t s  Creek. 
Only th ree  of these  o r  2.75%, were age 2.0 smol ts .  

Survival t o  age 1.0 of t h e  marked hatchery sockeye salmon f r y  released i n t o  
Tustumena Lake in  1980 was estimated a t  5.4%. The t o t a l  survival  r a t e  wi l l  
be g r e a t e r ,  s ince  t h e  age 2.0 smolts from the  1980 r e l e a s e  wil l  not migrate 
u n t i l  1982. Survival of  1979-released f r y  t o  age 2.0 was estimated a t  
0.15%. Total estimated survival  r a t e  of the  1979 hatchery-released f r y  was 
0.46% (.31% t o  age 1.0;  .15% t o  age 2.0) .  

The estimated cont r ibut ion  of hatchery-produced f i s h  t o  the  1981 Kasilof 
River sockeye salmon smolt migration was: 

Brood Smol t Survival of Total Hatchery 
yea r  age marked f i s h  3 5 %  CI r e l ease  cont r ibut ion  

The estimated t o t a l  number of hatchery sockeye smolts in  the  1981 migration 
was 293,600 f i s h  and t h e  estimated hatchery cont r ibut ion  was 13.1% of 
the  t o t a l .  



T a b l e  5.  E s t i m a t e d  sockeye salmon s m o l t  biomass m i g r a t i n g  f rom Tustumena 
Lake, 1981. 

Sample Mean Weight  ( g )  E s t i m a t e d  No. M i g r a n t s  E s t i m a t e d  Biomass ( k g )  
P e r i o d  1 . 0  2.0 1 .O 2.0 1 .O 2.0 

6123-7/01 - 3.5 - 6.6 20,660 495 72.3 1.7 

Season 2.8 5 .1  1,865,378 400,077 5,244.6 2,039.2 

T o t a l  E s t i m a t e d  Biomass = 7,283.8 k g  (7.3 x l o 3  kg)  
7.3 x l o 3  k g  t 29,107 ha = .25 kg/ha (250 g/ha) 



Phys ica l  Parameters 

K a s i l o f  R i v e r  D ischarge:  

Dur ing  1981, t h e  d i s c h a r g e  i n  t h e  K a s i l o f  R i v e r  was h i g h e r  than  normal.  
Because o f  warm weather ,  a  l a r g e  volume o f  g l a c i a l  wa te r  en te red  Tustumena 
Lake and, e v e n t u a l l y ,  t h e  K a s i l o f  R i v e r .  The d ischarge  d u r i n g  May (18 May 
- 1,042, 21 May - 1,079 CFS, and 31 May -1,289) was n e a r l y  t w i c e  t h e  20 
y e a r  average May d i s c h a r g e  o f  664 ( S c u l l y  e t .  a1 . 1978).  D u r i n g  June, t h e  
d i s c h a r g e  was a l s o  above t h e  average o f  1,369 ( 9  June - 1,707 CFS, 25 June 
- 2,281 ) .  T y p i c a l l y ,  t h e  d ischarge  o f  t h e  K a s i l o f  R i v e r  does n o t  exceed 
2,000 u n t i l  30 June. 

D ischarge read ings  a t  t h e  U.S.G.S. gauge on t h e  K a s i l o f  R i v e r  a t  t h e  
S t e r l i n g  Highway b r i d g e  were taken  p e r i o d i c a l l y  t o  check t h e  accuracy o f  
o u r  d i scharge  measurements a t  t h e  s m o l t  t r a p p i n g  s i t e .  The f i r s t  two gauge 
read ings  taken  i n  May (18 May - 1,060 CFS, 21 May - 1,170 CFS) compared 
f a v o r a b l y  w i t h  t h e  above Gur ley  meter  measurements, however t h e  31 May 
(1,590 CFS), 9  June (1,940 CFS), and 25 June (2,560 CFS) gauge read ings  
ranged f rom 12% t o  23% h i g h e r .  I b e l i e v e  t h i s  was due t o  t h e  d i f f i c u l t y  
i n  o p e r a t i n g  t h e  Gur ley  meter  d u r i n g  h i g h  water  c o n d i t i o n s  a t  t h e  s m o l t  
t r a p p i n g  s i t e .  

The percentage o f  t h e  t o t a l  d i s c h a r g e  pass ing  th rough  t h e  i n d i v i d u a l  t r a p s  
and th rough  a l l  s i x  t r a p s  was s i m i l a r  d u r i n g  each o f  t h e  f i v e  days t h a t  
d i s c h a r g e  measurements were made. There was a  d i r e c t  c o r r e l a t i o n  between 
t h e  d i s t r i b u t i o n  o f  t h e  d i s c h a r g e  w i t h i n  t h e  r i v e r  and t h e  percentage o f  
smol t s  caught i n  each o f  t h e  t r a p s  ( F i g u r e  8 ) .  The h i g h e s t  smol t catches 
were c o n s i s t e n t l y  made i n  t h e  c e n t e r  o f  t h e  r i v e r  where t h e  g r e a t e s t  
d i s c h a r g e  occurred.  

Water Temperature: 

Theolowest water  temperature  recorded  d u r i n g  t h e  smg l t  m i g r a t i o n  was 6 . 7 ' ~  
(44 F) on 26 May. The h i g h e s t  tempera tu re  was 14.4 C ( 5 8  F)orecorde$ on 23 
June The mgan h i g h  temperatures f o r  May and June were 10.0 C (49.9 F) and 6 11.4 C (52.4 F), r e s p e c t i v e l y .  

Dur ing  t h e  e a r l y  p a r t  o f  t h e  m i g r a t i o n  t h e r e  was a  d i r e c t  r e l a t i o n s h i p  
between r i s i n g  wa te r  temperatures and numbers o f  sockeye smo l ts .  However, 
a f t e r  11 June t h e  numbers o f  smo l t s  caught  d e c l i n e d  w h i l e  t h e  wa te r  temper- 
a t u r e  c o n t i n u e d  t o  i n c r e a s e  ( F i g u r e  9) .  

Die1 D i s t r i b u t i o n :  

Between 1200 h  on 6  June and 1200 h  on 7 June, 3,139 smol ts  were captured;  
most were caught  between 0300 and 0900 ( F i g u r e  10) .  The fewest were 
c a p t u r e d  between 0900 and 1200 h.  Except f o r  1200 h  on 7 June, i t  appears 
t h a t  more smo l t s  m i g r a t e  d u r i n g  t h e  day (0600-1800 h )  than  a t  n i g h t .  
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Figure 7 .  Trap efficiency (percentage of dyed f i sh  recaptured) 
and 95% confidence intervals (ver t ical  bars) for  
each of the Kasilof River dye t e s t s  in 1981. 









DISCUSSION 

The smo l t  m o n i t o r i n g  p r o j e c t  conducted i n  t h e  K a s i l o f  R i ve r  d u r i n g  1981 r a n  
more smoothly than  d u r i n g  1980 because o f  exper ience gained d u r i n g  t h e  
f i r s t  year  and des ign  m o d i f i c a t i o n s  made i n  t h e  f a n  t r a p s .  The a d d i t i o n  o f  
a  t r i p o d  s tand  w i t h  a  p u l l e y  system t o  a d j u s t  t h e  e l e v a t i o n  o f  t h e  down- 
stream end o f  t h e  t r a p s  r e s u l t e d  i n  an e a s i e r  and more e f f i c i e n t  ope ra t i on .  
An improved camlock p l a t e  connec t ion  r e s u l t e d  i n  b e t t e r  wa te r  f l o w  th rough  
t h e  t r a p s ;  however, some smol t s  (approx imate ly  15%) were k i l l  ed when t h e  
d ischarge  approached 2,000. Dur ing  1982 we may modi fy  t h e  downstream end 
o f  one o f  t h e  cen te r  t r a p s  t o  a l l o w  more water  f l o w  t o  t h e  l i v e - b o x .  We 
may a l s o  c o n s t r u c t  an i n c l i n e d  p lane  t r a p  f o r  use i n  t h e  m idd le  o f  t h e  
r i v e r  where t h e  f l o w  i s  g r e a t e s t  t o  t e s t  i t s  s u i t a b i l i t y  f o r  o p e r a t i o n  i n  
t h e  K a s i l o f .  

The dye mark and recovery  method, which es t imates  t h e  e f f i c i e n c y  o f  t h e  f a n  
t r aps ,  has severa l  advantages: ( 1 )  An es t imate  o f  t h e  t r a p  e f f i c i e n c y  w i t h  
con f idence  i n t e r v a l s  i s  ob ta ined ;  ( 2 )  any t r a p  avoidance by t h e  smol t s  i s  
i nco rpo ra ted  i n  t h e  t r a p  e f f i c i e n c y ;  ( 3 )  i t  i s  e a s i l y  and r a p i d l y  performed 
i n  t h e  f i e l d  w i t h  no expensive equipment r equ i r ed ;  ( 4 )  smo l t  hand l i ng  i s  
reduced t o  a  minimum; ( 5 )  s i n c e  t h i s  i s  a  s imp le  procedure,  i t  can be 
r e a d i l y  repeated; and ( 6 )  r e s u l t s  f rom each c a l i b r a t i o n  a re  r e a d i l y  
c a l  c u l a t e d  . 
Though t h e  t r a p  e f f i c i e n c y  d i d  n o t  change s i g n i f i c a n t l y  d u r i n g  t h i s  s tudy,  
t h e  p r o p o r t i o n  o f  r ecap tu red  dyed f i s h  d e c l i n e d  as t h e  r i v e r  d ischarge  
increased.  Consequently, I w i l l  determine t h e  t r a p  e f f i c i e n c y  each week 
d u r i n g  1982. O r d i n a r i l y ,  t h i s  i s  f r e q u e n t  enough un less t h e  d ischarge  o f  
t h e  r i v e r  changes r a p i d l y .  Dur ing  1982, I w i l l  a l s o  r e l e a s e  some dyed f i s h  
c l o s e r  t o  t h e  t r a p  t o  m in im ize  p o s s i b l e  d i f f e r e n t i a l  p reda t i on  by  b i r d s  on 
dyed smol ts .  We w i l l  a t t emp t  t o  measure d i f f e r e n c e s  i n  r ecap tu re  r a t e s  
between t h i s  r e l e a s e  s i t e  (approx imate ly  .4 km upstream) and t h e  o r i g i n a l  
r e l ease  s i t e  (1 .4  km upstream). 

The 1981 sockeye salmon smo l t  m i g r a t i o n  c o n s i s t e d  o f  an es t imated  82% age 
1.0 and 18% age 2.0. Dur ing  1980, an es t imated  91% were age 1.0 and 9% 
were age 2.0. By comparing t h i s  w i t h  sockeye salmon smo l t  age compos i t i on  
da ta  f rom o t h e r  g l a c i a l  and sem i -g l ac i a l  systems i n  Cook I n l e t  i t  appears 
t h a t  t h e  age s t r u c t u r e  o f  K a s i l o f  R i v e r  sockeye salmon smo l ts  i n  1981 was 
n o t  unusual .  For example, t h e  Commercial F i s h e r i e s  D i v i s i o n  r e p o r t e d  t h a t  
i n  1969, t h e  age composi t ion o f  smo l ts  i n  t h e  K a s i l o f  R i v e r  was 72% age 
1.0, 28% age 2.0; and, s t u d i e s  on t h e  l owe r  Kenai R i ve r  i n  1969 and 1970, 
which would have i n c l u d e d  f i s h  f rom b o t h  g l a c i a l  and c l e a r  water  r e a r i n g  
systems, showed an average age compos i t i on  o f  71% age 1.0 and 29% age 2.0 
f o r  bo th  years  (ADF&G 1969-1970). More r e c e n t l y ,  s t u d i e s  a t  t h e  o u t l e t  o f  
g l a c i a l  Kenai Lake i n  1981 showed an age composi t ion o f  51% age 1.0, 49% 
age 2.0 ( L i  t c h f i e l d  1982). I n  t h e  sem i -g l ac i a l  Crescent Lake system on t h e  
west s i d e  o f  Cook I n l e t ,  sockeye salmon smol ts  were 72% age 1.0 and 28% age 
2.0 (Ky le  and Koenings 1982). I w i l l  con t i nue  t o  c o l l e c t  and analyze 
sca les  f rom K a s i l o f  R i ve r  smol ts  t o  determine i f  changes occur  i n  t h e  age 
composi t ion w i t h  inc reased  f r y  s t o c k i n g  i n  Tustumena Lake. 



The s i z e  o f  sockeye salmon smol ts  m i g r a t i n g  f rom Tustumena Lake i n  1980 and 
1981, as measured b y  mean l e n g t h s  and we igh ts ,  was s i m i l a r  t o  t h a t  o f  
smol ts  f rom two o t h e r  g l a c i a l  systems i n  Cook I n l e t :  

1981 K a s i l o f  R i v e r  7  0  87 2.8 5.1 

1981 Kenai R i v e r  6 2  7  2  2 .1  3.1 

1981 Crescent  Lake 68 7  6 2.8 3.8 

Sockeye salmon smol ts  f rom c l e a r  wa te r  systems i n  Cook I n l e t  and o t h e r  
areas o f  A1 aska, however, have s u b s t a n t i a l l y  b e t t e r  growth as j u v e n i l  es. 
K y l e ' s  (1982) summary o f  da ta  f o r  d i f f e r e n t  c l e a r  water  l a k e s  i n  Alaska 
showed an average l e n g t h  and w e i g h t  o f  age 1.0 smo l t s  o f  95 mm and 9.8 g, 
r e s p e c t i v e l y .  Age 2.0 smol ts  averaged 118 mm i n  l e n g t h  and 20.8 g  i n  
we igh t .  He p o s t u l a t e d  t h a t  t h e  s m a l l e r - s i z e d  smo l ts  f rom g l a c i a l  o r  
s e m i - g l a c i a l  l a k e s  a r e  a  r e f l e c t i o n  o f  f ry  r e a r i n g  c o n d i t i o n s  s i n c e  b o t h  
t h e  q u a l i t y  and t h e  q u a n t i t y  o f  zooplankton i n  these  t ypes  o f  l a k e s  a r e  
much lower  than  t h a t  found i n  c l e a r  wa te r  systems. F u r t h e r  ev idence o f  
t h i s  comes from t h e  1980 s t o c k i n g  o f  Tustumena Lake sockeye f r y  i n t o  
L e i s u r e  Lake, which i s  a  c l e a r  wa te r  system w i t h  h i g h  zooplankton d e n s i t y  
on t h e  l o w e r  Kenai Pen insu la .  These fry, which were f rom t h e  same l o t  o f  
f i s h  s tocked  i n t o  Tustumena Lake i n  1980, averaged 97 mm i n  l e n g t h  as age 
1 .0  smol t s ,  o r  27 mm l o n g e r  t h a n  t h e i r  c o u n t e r p a r t s  smol ted i n  t h e  K a s i l o f  
R i v e r  (Dudiak 1982).  

The 1981 K a s i l o f  R i v e r  sockeye salmon smol t o u t m i g r a t i o n  e s t i m a t e  o f  2.26 
m i l l i o n  was about  t h r e e  t imes  g r e a t e r  t h a n  t h e  e s t i m a t e  o f  722,000 f o r  
1980. Rear ing  c o n d i t i o n s  were o b v i o u s l y  b e t t e r  d u r i n g  1980 than  t h e  
p r e v i o u s  y e a r  and t h e  s u r v i v a l  r a t e  o f  marked f r y  t o  age 1.0 smo l t s  was 
b e t t e r  d u r i n g  1981 (5.52%) than  1980 ( .31%).  

There i s  some ev idence t h a t  t h e  s u r v i v a l  r a t e  o f  f i n - c l i p p e d  f i s h  i s  l e s s  
than  t h a t  o f  nonc l ipped  f i s h .  N i c o l a  and Cordone (1973) observed a  60 t o  
70% long- te rm r e d u c t i o n  i n  s u r v i v a l  i n  ra inbow t r o u t  a f t e r  t h e  removal o f  a  
v e n t r a l  f i n .  Weber and Wahle (1969) es t ima ted  t h a t  a  39% d i f f e r e n t i a l  
m o r t a l i t y  r a t e  i n  sockeye salmon r e s u l t e d  f rom t h e  removal o f  t h e  ad ipose 
f i n  and p a r t  o f  t h e  l e f t  m a x i l l a r y .  F o e r s t e r  (1968) r e p o r t e d  t h a t  mark ing  
exper iments  on sockeye salmon a t  C u l t u s  Lake suggest a  62% d i f f e r e n t i a l  
m o r t a l i t y  due t o  mark ing  and/or  absence o f  exc ised  f i n s .  There i s  some 
i n d i c a t i o n  t h a t  f i n  r e g e n e r a t i o n  may cause a  s u b s t a n t i a l  l o s s  o f  marks. 
Hauser (1982) e s t i m a t e d  a  47% mark l o s s  r a t e  due t o  f i n  r e g e n e r a t i o n  i n  
sockeye salmon f r y  o n l y  8  months a f t e r  removal o f  a  v e n t r a l  f i n .  

I f  t h e  s u r v i v a l  r a t e  o f  t h e  v e n t r a l  f i n - c l i p p e d  sockeye salmon f r y  r e l e a s e d  
i n  1980 i s  a c t u a l l y  l e s s  than  t h e  s u r v i v a l  r a t e  o f  t h e  unmarked f ry,  then  
t h e  h a t c h e r y  c o n t r i b u t i o n  t o  t h e  t o t a l  s m o l t  o u t m i g r a t i o n  would be g r e a t e r  



t han  we have r e p o r t e d .  I f  we assumed an average mark l o s s  r a t e  o f  50% 
(which may be reasonab le ) ,  then  h a t c h e r y  c o n t r i b u t i o n  t o  t h e  1981 K a s i l o f  
R i v e r  sockeye salmon s m o l t  o u t m i g r a t i o n  would be es t ima ted  a t  26%. 

L i t c h f i e l d  (1981) e s t i m a t e d  t h a t  t h e r e  were 3.1 x  l o 6  (+332,000) - age 0  
sockeye salmon f r y  i n  Tustumena Lake i n  September 1980. These f r y  m i g r a t e d  
o u t  o f  Tustumena Lake as age 1.0 smo l t s  d u r i n g  t h e  s p r i n g  o f  1981. The 
es t ima ted  s u r v i v a l  r a t e  o f  these  f i s h  f rom f a l l  f r y  t o  age 1.0 smol t ,  
t h e r e f o r e  i s  60%. F o e r s t e r  (1968) a l s o  es t ima ted  t h a t  t h e  s u r v i v a l  r a t e  o f  
f a l l  f r y  t o  y e a r l i n g  sockeye salmon m i g r a n t s  o f  t h e  1933 y e a r  c l a s s  i n  
C u l t u s  Lake was a p p r o x i m a t e l y  60%, however we were unable  t o  f i n d  any o t h e r  
e s t i m a t e  i n  t h e  l i t e r a t u r e  f o r  t h i s  measurement. T h i s  e s t i m a t e d  s u r v i v a l  
r a t e  f o r  f a l l  f ry  t o  s m o l t  does n o t  i m p l y  a  40% m o r t a l i t y  r a t e  however 
s i n c e  some o f  these  f ry  may m i g r a t e  as age 2.0 smol ts .  For example, d u r i n g  
1980 and 1981, an es t ima ted  9% and 18%, r e s p e c t i v e l y ,  o f  m i g r a t i n g  smol t s  
were age 2.0. 

The 1981 e s t i m a t e d  s m o l t  m i g r a t i o n  i s  more t y p i c a l  o f  t h e  expected annual 
m i g r a t i o n  f rom Tustumena Lake than  t h e  1980 e s t i m a t e .  n a r b o x  (1982) 
es t ima ted  t h e  average t o t a l  Tustumena Lake a d u l t  sockey; salmon p r o d u c t i o n  
t o  be 426,000 f o r  b r o o d r s  1971-197- I f L  o f  t h e  e s t i m a t e d  number 
o f  smol t s  r e t u r n  as a d u l t s  (FRED ~ i v i s i o n  1979), a  t o t a l  r e t u r n  o f  
a p p r o x i m a t e l y  226,000 adul  t sockeye salmon i s  f o r e c a s t e d  from t h e  1981 
smo l t  m i g r a t i o n .  A l though  t h i s  e s t i m a t e  i s  w e l l  below t h e  1971-1975 
average, i t  i s  above t h e  es t ima ted  average p r o d u c t i o n  f rom t h e  1968-1970 
brood y e a r s  o f  184,000 (Tarbox 1982).  

Cons ide r ing  o u r  sockeye salmon s m o l t  o u t m i g r a t i o n  e s t i m a t e  o f  2.26 m i l l i o n  
and an e s t i m a t e d  a d u l t  p r o d u c t i o n  o f  a p p r o x i m a t e l y  226,000 f rom these  
smol ts ,  i t  appears t h a t  1981 p r o d u c t i o n  i s  s i m i l a r  t o  t h e  1968-1970 p e r i o d ,  
when t h e  system was b e l i e v e d  t o  be o p e r a t i n g  a t  l e s s  than  r e a r i n g  c a p a c i t y .  
I t  was t h i s  r a t i o n a l e ,  i n  f a c t ,  t h a t  l e d  t o  t h e  sockeye salmon f r y  s t o c k i n g  
program i n i t i a t e d  i n  1976. The q u e s t i o n  t h a t  c o n f r o n t s  us now i s  whether 
t h e  1979 and 1980 f r y  s t o c k i n g  i n  Tustumena Lake made any a p p r e c i a b l e  
a d d i t i o n  t o  expected n a t u r a l  s m o l t  p r o d u c t i o n  f rom t h e  system. From o u r  
s t u d i e s  t o  date ,  we cannot  determine whether t h e  es t ima ted  h a t c h e r y  
c o n t r i b u t i o n  o f  13% o f  t h e  smol t s  i n  t h e  1981 K a s i l o f  R i v e r  s m o l t  
e m i g r a t i o n  rep resen ted  an a c t u a l  i n c r e a s e  i n  t h e  p o p u l a t i o n  o r  s i m p l y  
r e s u l t e d  i n  a  r e p l a c i n g  o f  w i l d  s t o c k .  I n  a d d i t i o n ,  we r e c o g n i z e  t h a t  
h i g h l y  v a r i a b l e  env i ronmenta l  f a c t o r s  have a  g r e a t  i n f l  uence over  t h e  
annual p r o d u c t i o n  c y c l e  i n  Tustumena Lake as i n  o t h e r  sockeye salmon 
n u r s e r y  areas.  We a r e  a t t e m p t i n g  t o  answer these  ques t ions  th rough  a  
comprehensive program which i n c l u d e s  con t inued  s m o l t  m o n i t o r i n g ,  
hydroacous t i c  surveys,  tow n e t  surveys,  and l i m n o l o g i c a l  r e s e a r c h  i n  
Tus tumena Lake. 
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APPENDIX A 



Appendix A .  Tustumena Lake sockeye salmon f r y  s tocking and marking h i s t o r y ,  1976-1981. 

Glacier  F la t s  Creek Bear Creek Total 
Number Number 

Re1 ease Number marked Number marked Number Number 
year  f r y  stocked RV Percent f r y  stocked L V  Percent f r y  stocked marked Percent 

1976 1,137,784 - - - - - - - - - - 1,137,784 - - - - 
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