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INTRODUCTION 

Following r e p o r t s  by Utida e t  a l .  (1966) and Eps te in  e t  a l .  (1967) 

+ + 
many s t u d i e s  have been conducted t o  determine t h e  r o l e  of g i l l  Na -K 

+ + 
s t imu la t ed  adenosine t r i phospha ta se  (Na -K ATPase) i n  t h e  s a l t w a t e r  adap ta t ion  

of a v a r i e t y  of f i s h e s .  General ly ,  a  s i g n i f i c a n t  i n c r e a s e  i n  t h e  a c t i v i t y  

of t h i s  enzyme i s  observed when animals  a r e  t r a n s f e r r e d  from f r e s h  t o  s a l t  water ,  

r e f l e c t i n g  t h e  need f o r  phys io log ica l  adjustments  t o  cope wi th  t h e  pas s ive  

i n f l u x  and i n g e s t i o n  of g r e a t e r  q u a n t i t i e s  of s a l t s .  Apart from t h e  observed 

i n c r e a s e s  a s s o c i a t e d  w i t h  s a l t w a t e r  adap ta t ion ,  e l eva t ed  l e v e l s  of g i l l  ~ a + - K +  

ATPase a c t i v i t i e s  have been shown t o  occur  s easona l ly  i n  s e v e r a l  spec i e s  of 

salmonids r e s i d i n g  i n  f r e s h  wa te r  (Zaugg and McLain 1970, 1972; Zaugg and Wagner 

1973; McCartney 1976; Ewing e t  a l .  1979). These r i s i n g  l e v e l s  of enzyme 

a c t i v i t y  occur  dur ing  parr-smolt t ransformat ion  and a r e  gene ra l ly  a s s o c i a t e d  wi th  

o t h e r  i n d i c a t o r s  of t h i s  event ,  such a s  increased  body s i l v e r i n g ,  t hy ro id  a c t i v i t y ,  

migra t ing  tendency, e t c .  ( s e e  reviews by Wedemeyer e t  a l .  1980; Folmar and Dickoff 

1980).  

For smolt i n d i c a t o r s  t o  b e  e f f e c t i v e  t o o l s  f o r  f i s h e r y  management, r e l a t i o n -  

s h i p s  must be  e s t a b l i s h e d  between t h e  s t a t u s  of s m o l t i f i c a t i o n  a t  t h e  t ime of 

r e l e a s e ,  a s  measured by t h e s e  i n d i c a t o r s ,  and s u r v i v a l  t o  a d u l t s .  An understanding 

of t h e s e  r e l a t i o n s h i p s  would then  permit  sounder dec i s ions  regard ing  ha tchery  

r e a r i n g  cond i t i ons  and p r a c t i c e s  and r e l e a s e  t iming.  This r e p o r t  d i scusses  

observed r e l a t i o n s h i p s  between changes i n  g i l l  N ~ + - K +  ATPase a c t i v i t y  and downstream 

migratory behavior  i n  s t ee lhead  and coho and chinook salmon. 



RESULTS AND DISCUSSION 

S tee lhead  Trou t  (Salmo g a i r d n e r i )  

Wagner (1974) showed t h a t  phase  ad jus tment  of  pho toper iod  had a  profound 

i n f l u e n c e  on t h e  t im ing  o f  parr-smolt  t r an s fo rma t ion .  I n c r e a s e s  i n  g i l l  

+ + 
N a  -K ATPase a c t i v i t i e s  occu r r ed  ear l ier  t h a n  normal i n  w i n t e r  s t e e l h e a d  t h a t  

r e c e i v e d  a n  advanced photoper iod  schedule ;  whereas a c t i v i t i e s  were  delayed 

under  a de layed  photoper iod  regime (F ig .  1; Zaugg and Wagner 1973) .  Migra t ion  

of  t h e s e  groups o f  s t e e l h e a d  w i t h i n  t h e  f i r s t  1 5  days  a f t e r  release i n t o  a 

+ + 
n a t u r a l  stream co inc ided  g e n e r a l l y  w i t h  t h e  N a  -K ATPase p r o f i l e  (F ig .  2 ) ;  

g r e a t e r  numbers o f  f i s h  moved downstream w h i l e  enzyme a c t i v i t i e s  were  e l e v a t e d .  

+ + 
The same r e l a t i o n s h i p  between e l e v a t i n g  l e v e l s  of  g i l l  N a  -K ATPase 

a c t i v i t i e s  and mig ra to ry  movement h a s  been observed  i n  summer run  s t e e l h e a d  

h e l d  i n  a c l o s e d  sys tem (Zaugg 1981) .  Two dams were  p l aced  i n  a 10-x 80-f t  

(3-x 25-m) h a t c h e r y  raceway. The f i r s t  dam w a s  l o c a t e d  25 f t  (7 .7  m) from t h e  

upper  end and t h e  second,  lower  dam a t  t h e  midpoint .  An 8 - f t  s e c t i o n  of  t h e  pond 

j u s t  above t h e  f i r s t  dam was covered.  About 400 j u v e n i l e  surmner s t e e l h e a d  were 

p l aced  i n ' t h e  upper  pond i n  January .  A r e t a i n i n g  s c r e e n  was p l aced  on t h e  dam 

u n t i l  February when i t  was removed, a l l owing  t h e  f i s h  t o  move a t  w i l l  ove r  t h e  

dams t o  t h e  end o f  t h e  raceway where t h e y  cou ld  b e  r e t r i e v e d  by n e t .  Mass 

movement o v e r  t h e  dams d i d  n o t  b e g i n  u n t i l  t h e  f i r s t  of  May which corresponded t o  

observed  i n c r e a s e s  i n  g i l l  N ~ + - K +  ATPase a c t i v i t y  of t h e  migran ts  (F ig .  3 ) .  

Migrants  w e r e  removed and d i v i d e d  e q u a l l y  between two F ibe rg l a s su  t a n k s .  When 

a s u f f i c i e n t  number o f  f i s h  had been  c o l l e c t e d ,  w a t e r  t empe ra tu r e  i n  one of  t h e  

t a n k s  w a s  r a i s e d  t o  5 5 ' ~  ( 1 3 ' ~ )  w h i l e  w a t e r  i n  t h e  o t h e r  tlznk remained a t  4 3 ' ~  ( ~ O C ) .  

1/ Reference t o  t r a d e  names does n o t  imply endorsement by t h e  Na t i ona l  Marine - 
F i s h e r i e s  Se rv i ce ,  NOAA. 





F i g u r e  2. I n f l u e n c e  o f  pho tope r iod  on m i g r a t i o n  o f  w i n t e r  run  s t e e l h e a d .  

Pho tope r iod  s chedu l e s :  NL = normal ,  ADL = advanced ( 3  months) ,  

DL = de layed .  Bars  r e p r e s e n t  p e r c e n t  o f  f i s h  m i g r a t i n g  w i t h i n  

1 5  days  o f  r e l e a s e  (25 - 40 f i s h  p e r  r e l e a s e ) .  See Wagner (1974).  
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+ + 
Figure  3. Rela t ionsh ip  between g i l l  Na -K ATPase ( top )  and migra t ion  (bot tom) 

o f  summer run s t e e l h e a d  i n  a  modif ied raceway. 

A ha t che ry  racexay w a s  modif ied f o r  t e s t i n g  migra tory  b e h a v i o r  

+ + 
( s ee  t e x t ) .  G i l l  N a  -K ATPase a c t i v i t i e s  w e r e  determined on 

migrants  . 
5 



A f t e r  20 d a y s ,  f i s h  from b o t h  t a n k s  were combined ( i d e n t i f i e d  by f i n  c l i p s )  and 

0 
p l a c e d  i n  a  modi f i ed  raceway. Exposure t o  5 5  F  w a t e r  r e s u l t e d  i n  de layed  

movement, i n  fewer  f i s h  m i g r a t i n g ,  and i n  lower  g i l l  ~ a + - K +  ATPase a c t i v i t i e s  

0 0 
( F i g .  4 ) .  Other  exper iments  have shown t h a t  t e m p e r a t u r e s  o f  54 F  (12 C) and 

h i g h e r  i n h i b i t  t h e  development o f  e l e v a t e d  g i l l  ~ a + - K +  ATPase a c t i v i t i e s  u s u a l l y  

observed  w i t h  t h e  o n s e t  o f  s m o l t i n g  and r e s u l t  i n  low s a l t w a t e r  t o l e r a n c e  (Adams 

e t  a l .  1975) .  

0 0 
How d e t r i m e n t a l  t h e  i n f l u e n c e  o f  r i v e r  t e m p e r a t u r e s  above 54 F  (12 C) might 

b e  on  a c t i v e l y  m i g r a t i n g  s t e e l h e a d  s m o l t s  i s  unknown, b u t  t h e  s t u d i e s  r e p o r t e d  

h e r e  s u g g e s t  a d v e r s e  e f f e c t s  a r e  l i k e l y .  For  example, t h e  Columbia R i v e r  normal ly  

0 
r e a c h e s  54 F  by mid-May, b u t  i n  y e a r s  o f  low w a t e r  f low (e .g .  1977) t h i s  may o c c u r  

much e a r l i e r  ( F i g .  5 ) .  I n  1977, many s t e e l h e a d  s m o l t s  f a i l e d  t o  m i g r a t e  o u t  o f  

Snake and Columbia R i v e r  r e s e r v o i r s  (Sirns e t  a l .  1978) .  Seaward movement o f  

s t e e l h e a d  t h r o u g h  t h e  lower  Columbia R i v e r  u s u a l l y  peaks  from mid- t o  l a t e  May 

( F i g .  5 )  j u s t  a s  r i v e r  t e m p e r a t u r e s  r e a c h  l e v e l s  which cou ld  c a u s e  r e v e r s i o n  o f  

f i s h  t o  a  nonmigratory  s t a t e .  When r i v e r  t e m p e r a t u r e s  e l e v a t e  e a r l i e r  t h a n  

u s u a l ,  s u c c e s s f u l  m i g r a t i o n  t o  t h e  ocean,  e s p e c i a l l y  from t h e  upper  r i v e r ,  may 

b e  d i f f i c u l t  t o  accomplish .  

Coho Salmon (Oncorhynchus k i s u t c h )  

+ + 
Coho salmon, l i k e  s t e e l h e a d ,  e x p e r i e n c e  a  p e r i o d  o f  e l e v a t e d  g i l l  Na -K 

ATPase a c t i v i t y  i n  t h e  s p r i n g .  The development of e l e v a t e d  l e v e l s  o f  a c t i v i t y  

i n  coho salmon, however, i s  n o t  a s  s e n s i t i v e  t o  warm w a t e r  (Zaugg and McLain 1976) .  

I n  a  s t u d y  des igned  t o  d e t e r m i n e  t h e  e f f e c t  o f  r e l e a s e  t ime  ( s i z e  h e l d  

c o n s t a n t )  on  coho salmon s u r v i v a l ,  p e r s o n n e l  from Washington S t a t e  F i s h e r i e s  

made t h r e e  r e l e a s e s  (May, June ,  and J u l y )  from t h e  T o u t l e  Ha tchery  i n  1979. G i l l  

+ + 
Na -K ATPase a c t i v i t i e s  were  measured on a l l  t h r e e  groups  from mid-April t o  
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+ + 
Figure 4. E f fec t  of  exposure t o  5 5 O ~  (13 '~)  water  on g i l l  N a  -K ATPase 

a c t i v i t y  ( top )  and migra t ion  behavior  (bottom) of summer run  

s t e e l h e a d  t r o u t .  

0 0 
Following exposure t o  55 F (13 C) f o r  20 days s t e e l h e a d  w e r e '  

+ + 
t e s t e d  f o r  migratory behavior  and g i l l  Na -K ATPase a c t i v i t y  

( s e e  t e x t ) .  
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F igu re  5. Temperatures  o f  t h e  Columbia R ive r  a t  Bonnevi1l.e Dam i n  1977, 

1978, and 1979 and m i g r a t i o n  p a t t e r n  o f  s t e e l h e a d  a t  Jones  

Beach (Oregon). 

Data  o n  s t e e l h e a d  g iven  as number o f  m i g r a n t s  c a p t u r e d  a t  Jones  

Beach p e r  set of  p u r s e  s e i n e  (Dawley e t  a l .  1979) .  



release. Peak a c t i v i t y  o c c u r r e d  a t  abou t  t h e  t i m e  o f  t h e  f i r s t  release on 7  May 

( F i g .  6 ) .  When t h e  second  group was r e l e a s e d  on 7  June ,  g i l l  Na+-K+ ATPase 

a c t i v i t i e s  had d e c l i n e d  s i g n i f i c a n t l y .  By 7  J u l y ,  when t h e  t h i r d  group was 

l i b e r a t e d ,  a c t i v i t i e s  were  a t  pre-smol t  l e v e l s .  Smolt r e c o v e r y  i n f o r m a t i o n  

g a t h e r e d  by t h e  N a t i o n a l  Marine F i s h e r i e s  S e r v i c e  s t a t i o n  a t  Jones  Beach (Oregon),  

a b o u t  47  m i l e s  (75 km) from t h e  mouth of t h e  Columbia River ,  showed t h a t  

+ + 
releases made when g i l l  N a  -K ATPase a c t i v i t i e s  were  low ( J u n e  and J u l y )  were  

c h a r a c t e r i z e d  by r a p i d  seaward m i g r a t i o n s  ( F i g .  6 ) .  I n  f a c t ,  f i s h  i n  t h e  l a te r  

+ + 
releases moved downstream more r a p i d l y  t h a n  t h o s e  r e l e a s e d  i n  May a t  peak N a  -K 

ATPase a c t i v i t y .  Median rates o f  movement were  8  km/day f o r  t h e  May release and 1 5  

and  1 2  km/day, r e s p e c t i v e l y ,  f o r  t h e  J u n e  and J u l y  releases (Dawley e t  a l .  1980) .  

+ + 
Determina t ion  o f  g i l l  N a  -K ATPase l e v e l s  i n  i n d i v i d u a l  m i g r a n t s  r e v e a l e d  t h a t  t h e  

m i g r a t i n g  f i s h  were  r a p i d l y  r e g e n e r a t i n g  e l e v a t e d  l e v e l s  o f  a c t i v i t y  i n  c o n j u n c t i o n  

w i t h  downstream movement (F ig .  6 ) .  Migran t s  examined from t h e  May release had 

much h i g h e r  l e v e l s  o f  enzyme a c t i v i t y  t h a n  f i s h  r e t a i n e d  a t  t h e  h a t c h e r y  f o r  

l a t e r  releases. Migran t s  c a p t u r e d  on 1 6  J u l y  from 7  J u l y  release had h i g h e r  

enzyme a c t i v i t i e s  t h a n  m i g r a n t s  c a p t u r e d  on 1 2  J u l y  ( F i g .  6 ) ,  which s u g g e s t s  

development o f  e l e v a t e d  l e v e l s  w i t h  t i m e  f rom release. 

These s a m e  o b s e r v a t i o n s  were  made w i t h  coho salmon from two o t h e r  h a t c h e r i e s  

conduc t ing  t h e  s a m e  s t u d y .  The r e s u l t s  s u g g e s t  t h a t  r e t e n t i o n  i n  t h e  h a t c h e r y  

o f  coho salmon beyond t h e  t i m e  when s m o l t  development h a s  o c c u r r e d  c a u s e s  l o s s  of 

a t  leas t  some c h a r a c t e r i s t i c s  a s s o c i a t e d  w i t h  s m o l t i f i c a t i o n  ( s i l v e r y  c o l o r a t i o n  

and  e l e v a t e d  g i l l  ~a+-K+ ATPase), b u t  t h a t  t h e s e  c h a r a c t e r i s t i c s  can b e  r a p i d l y  

r e g a i n e d  upon l i b e r a t i o n  i n t o  a s t r e a m ,  a t  least  up t o  J u l y .  It i s  q u i t e  p o s s i b l e  

t h a t  releases a t  some p o i n t  l a t e r  i n  t h e  summer o r  f a l l  would n o t  r e s u l t  i n  a 

r e s m o l t i f i c a t i o n ,  b u t  r a t h e r  a f a i l u r e  t o  m i g r a t e  u n t i l  t h e  f o l l o w i n g  s p r i n g .  
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+ + 
Figure  6. G i l l  Na -K ATPase a c t i v i t i e s  i n  y e a r l i n g  coho salmon from t h e  

Tou t l e  Hatchery and numbers of  mig ran t s  cap tu red  a t  Jones  Beach 

(Oregon). 

Arrows i n d i c a t e  r e l e a s e s  on 7 May, 7 June,  and 7 J u l y  1379. 

S i n g l e  p o i n t s  . ) show g i l l  N~+-K+  ATPase a c t i v i t i e s  f o r  i n d i v i d u a l  

migran ts  cap tured  a t  Jones  Beach. 



Chinook Salmon (Oncorhynchus t shawytscha)  

+ + 
Changes i n  g i l l  N a  -K ATPase a c t i v i t y  i n  chinook salmon are much more 

complex t h a n  i n  s t e e l h e a d  o r  coho salmon. S i z e  and growth r a t e  are a t  least 

two f a c t o r s  t h a t  i n f l u e n c e  when e l e v a t i o n s  i n  a c t i v i t y  occu r  (Ewing e t  a l .  

1980a) and t h e r e  are probab ly  o t h e r  undetermined f a c t o r s .  

+ + 
G i l l  N a  -K ATPase a c t i v i t i e s  have  been  determined i n  f a l l  chinook salmon 

a t  t h e  Spr ing  Creek Na t i ona l  F i sh  Hatchery (NFH) f o r  t h r e e  s u c c e s s i v e  y e a r s  

(F ig .  7 ) .  A c t i v i t y  p r o f i l e s  i n  1978 and 1979 w e r e  s i m i l a r  w i t h  r e s p e c t  t o  

peak t im ing .  However, a much d i f f e r e n t  p r o f i l e  occur red  i n  1980 (F ig .  7 ) .  The 

reasons  f o r  such  a d i f f e r e n c e  remain unknown. 

Seaward m i g r a t i o n  of  s u b y e a r l i n g  chinook salmon i s  a l s o  more complex t h a n  

t h a t  o f  s t e e l h e a d  and y e a r l i n g  coho salmon. Downstream movements have  been 

+ + 
observed  i n  t h e  absence  o f  e l e v a t e d  l e v e l s  of  g i l l  N a  -K ATPase a c t i v i t i e s  

(Ewing e t  a l .  1980b).  However, t h e s e  movements a r e  probably induced by 

changing environmental  c o n d i t i o n s  and are n o t  a s s o c i a t e d  w i t h  t r an s fo rma t ion  

from p a r r  t o  smo l t .  Numbers o f  migran ts  c ap tu r ed  a t  Jones  Beach (Oregon) from 

r e l e a s e s  a t  Spr ing  Creek NFH i n  1979 are recorded  i n  F igu re  8 .  Migra t ion  

+ + 
from t h e  20 March r e l e a s e  ( p r i o r  t o  a major peak i n  g i l l  Na -K ATPase a c t i v i t y )  

w a s  c h a r a c t e r i z e d  by  an  ex tended  p e r i o d  of  downstream movement, w i t h  two pe r i ods  

when g r e a t e r  numbers o f  m ig ran t s  w e r e  captured--immediately a f t e r  r e l e a s e  i n  

l a t e  March and a g a i n  i n  e a r l y  May. F i s h  r e l e a s e d  on  20 A p r i l  migra ted  much more 

r a p i d l y  t h a n  t h o s e  from t h e  Yarch r e l e a s e ,  and ve ry  r a p i d  mig ra t i ons  c h a r a c t e r i z e d  

f i s h  r e l e a s e d  on 1 8  May and 1 3  August. Of t h e  t o t a l  number o f  m ig ran t s  c ap tu r ed  

a t  Jones  Beach from t h e  March r e l e a s e s  i n  1979 and 1980, a g r e a t e r  pe r cen t age  w a s  

caught  i n  t h e  i n i t i a l  movement i n  1980 (%60%) t h a n  i n  1979 (%40%) and, consequent ly ,  

a lower  pe r cen t age  i n  t h e  second s u r g e  of  l a t e  Apr i l - e a r l y  May 1980 (F ig .  9 ) .  It 
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Figure  7. G i l l  Na -K ATPase a c t i v i t i e s  i n  f a l l  chinook salmon from Spr ing  

Creek Nat iona l  F i sh  Hatchery. 

Arrows i n d i c a t e  r e l e a s e s  on 10 Plarch, 10 A p r i l ,  and 9  May 1980; 

20 March, 20 A p r i l ,  and 1 8  May 1979; and 21 March, 1 8  A p r i l ,  

and 19 May 1978. I n  1980, a l l  f i s h  r e l e a s e d  on 10 March had 

been f e d  a d i e t  c o n t a i n i n g  added 7% NaCl which resul- ted i n  

+ + 
sa l t - induced  i n c r e a s e s  i n  g i l l  N a  -K ATPase a c t i v i . t y .  
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Figure  8. Numbers ( a c t u a l )  of  Spr ing  Creek f a l l  chinook salmon cap tu red  a t  

Jones  Beach (Oregon) 19 79. 

Re leases  (arrows)  were made on 21 Fiarch, 1 8  A p r i l ,  19 May, 

and 1 3  August. 



Marcti April 

Figure  9. Comparison of numbers of Spring Creek f a l l  chinook salmon cap tu red  

a t  Jones Beach (Oregon) from the  March r e l e a s e s  of 1979 and 1980. 

Arrows i n d i c a t e  r e l e a s e  d a t e s  of  2 1  March 1979 and 10 March 

1980. Numbers have been ad jus t ed  f o r  f i s h i n g  e f f o r t .  



i s  n o t  known i f  t h i s  d i f f e r e n c e  r e s u l t e d  from a g r e a t e r  p r o p o r t i o n  of smol ted 

+ + 
f i s h  i n  1980 t h a n  i n  1979 as s u g g e s t e d  by r e l a t i v e  l e v e l s  of g i l l  Na -K ATPase 

a c t i v i t y .  M i g r a t i o n  r a t e s  o f  f i s h  r e l e a s e d  i n  A p r i l ,  May, and August 1980 d i f f e r e d  

l i t t l e  from c o r r e s p o n d i n g  r e l e a s e s  i n  1979. Although t h e  May 1980 r e l e a s e  was made 

w i t h  d e p r e s s e d  enzyme l e v e l s ,  t h e  p o s s i b i l i t y  o f  r a p i d  r e s m o l t i f i c a t i o n ,  s u c h  

as was observed w i t h  coho salmon, remains  l i k e l y .  

+ + 
G i l l  N a  -K ATPase a c t i v i t i e s  i n  f a l l  chinook salmon from t h e  Kalama F a l l s  

Hatchery (FJashington Department o f  F i s h e r i e s )  d i d  n o t  become e l e v a t e d  p r i o r  t o  

release i n  1978  o r  i n  1979,  y e t  some i n d i v i d u a l  m i g r a n t s  c a p t u r e d  a t  Jones  Beach 

w i t h i n  11 days  a f t e r  t h e  1 2  J u l y  1979 release had v e r y  h i g h  enzyme l e v e l s  ( F i g .  1 0 ) .  

The same w i r e  t a g  code  was used i n  f i s h  r e l e a s e d  on b o t h  d a t e s  i n  1979 (22 June  

and 1 2  J u l y ) ,  b u t  c a p t u r e  d a t a  from J o n e s  Beach i n d i c a t e d  t h a t  most f i s h  from t h e  

earl ier  release had moved p a s t  t h e  c a p t u r e  s i t e  b e f o r e  f i s h  from t h e  second 

release a r r i v e d  ( F i g .  1 1 ) .  Although some f i s h  moved downstream q u i t e  r a p i d l y  

r26 m i  (42 km) from h a t c h e r y  t o  J o n e s  ~ e a c h i ,  many remained i n  t h e  r i v e r  f o r  

s e v e r a l  weeks p r i o r  t o  p a s s i n g  t h e  c a p t u r e  s i te .  I n c r e a s i n g  f o r k  l e n g t h s  of t h e  

m i g r a n t s  w i t h  t i m e  s u g g e s t s  t h a t  growth as w e l l  as m o r t a l i t y  among smaller f i s h  

may have o c c u r r e d  d u r i n g  t h e  ex tended  r i v e r  r e s i d e n c e  ( F i g .  1 1 ) .  

F a l l  ch inook  salmon were  h e l d  a t  t h e  W i l l a r d  NFH beyond t h e  normal s p r i n g  

r e l e a s e  t i m e  and were l i b e r a t e d  as t h r e e  s e p a r a t e l y  t agged  groups  on 1 2  J u l y  and 

+ + 
1 4  November i n  1978 and on 1 9  A p r i l  1979 ( y e a r l i n g s ) .  G i l l  N a  -K ATPase 

a c t i v i t i e s  were  r i s i n g  on t h e  f i r s t  release, low on t h e  second r e l e a s e ,  and 

e l e v a t i n g  o n  t h e  l a s t  r e l e a s e  ( F i g .  1 2 ) .  Migran t s  from t h e  f i r s t  and l a s t  

releases a l l  moved t o  t h e  e s t u a r y  w i t h i n  a month o r  less, b u t  f i s h  from t h e  

November release were s t i l l  b e i n g  c a p t u r e d  t h e  f o l l o w i n g  March (F ig .  1 2 ) .  T h i s  
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Figure  10. G i l l  N a  -K ATPase a c t i v i t i e s  i n  f a l l  chinook salmon from Kalama 

F a l l s  - 1978, 1979. 

Arrows i n d i c a t e  r e l e a s e  dates (1979) of 22 June  and 12 J u l y .  

+ + 
I n d i v i d u a l  Na -K ATPase a c t i v i t i e s  of migrants  (+) a r e  p l o t t e d  

u s i n g  t h e  r i g h t  hand o r d i n a t e .  
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Figure  11. Number ( a c t u a l )  of Kalama F a l l s  f a l l  chinook salmon mig ran t s  cap tu red  

a t  Jones Beach (Oregon) and average f o r k  l e n g t h s  (mm) of  t h e  

t o t a l  number of f i s h  captured  on t h e  i n d i c a t e d  day. 

Release  d a t e s  ( v e r t i c a l  arrows) were 22  June and 1 2  J u l y .  
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Figure  12.  G i l l  Na -K ATPase a c t i v i t i e s  of f a l l  chinook salmon from W i l l a r d  

Na t iona l  F i s h  Hatchery and numbers ( a c t u a l )  o f  migran ts  c a p t u r e d  a t  

Jones  Beach (Oregon). 

Arrows i n d i c a t e  r e l e a s e  d a t e s  o f  1 2  J u l y  and 14  November 1978  

and 19 A p r i l  19 79. 



same phenomenon of delayed migra t ion  has  a l s o  been observed i n  o t h e r  groups of 

f a l l  chinook salmon, e s p e c i a l l y  from r e l e a s e s  made i n  September, October, and 

November o f  l a r g e r  t han  normal f i s h  (13-75 g) (Dawley e t  a l .  1980) .  

CONCLUSIONS 

0 
Water tempera tures  i n  excess  o f  5 4 ' ~  (12 C) adverse ly  a f f e c t  migratory 

+ + 
behavior  and g i l l  N a  -K ATPase a c t i v i t y  of s t e e l h e a d  t r o u t .  Columbia River  

tempera tures  normally r each  t h i s  l i m i t  i n  mid-May, a t  t h e  peak of  s t e e l h e a d  

seaward migra t ion .  I n  y e a r s  of  low wa te r  f low,  r i v e r  temperatures  can r i s e  

0 
t o  54 F by l a t e  A p r i l  and t h e r e f o r e  may p r e s e n t  a  s e r i o u s  t h r e a t  t o  t h e  

s u c c e s s f u l  completion of  seaward migra t ion .  High r i v e r  t empera tures  probably 

c o n t r i b u t e d  t o  t h e  poor  ou tmigra t ion  o f  s t e e l h e a d  from t h e  upper r i v e r  i n  1977. 

Year l ing  coho salmon h e l d  a t  h a t c h e r i e s  beyond normal May r e l e a s e  t imes 

showed l o s s  o f  smolt  c h a r a c t e r i s t i c s  and r eve r s ion  t o  p a r r - l i k e  f i s h  having 

+ + 
low g i l l  Na -K ATPase l e v e l s  and l o s i n g  s i l v e r  co lo ra t i on .  Never the less ,  

upon r e l e a s e  i n t o  n a t u r a l  s t reams i n  June and J u l y ,  t h e s e  f i s h  r a p i d l y  migrated 

+ + 
seaward and regenera ted  e l e v a t e d  l e v e l s  of g i l l  Na -K ATPase a c t i v i t y .  It 

appears  t h a t  "reversion" t o  a  p a r r - l i k e  s t a t e  does n o t  i nvo lve  a  complete l o s s  

of  a l l  of t h e  phys io log i ca l  changes t h a t  occur red  on t r ans fo rma t ion  t o  smol t s .  

This  i s  i n d i c a t e d  by t h e  very  r a p i d  r e t u r n  o f  smo l t - l i ke  c h a r a c t e r i s t i c s  upon 

l i b e r a t i o n .  The r egene ra t i on  o f  e l eva t ed  l e v e l s  of  g i l l  ~a+-K+ ATPase a c t i v i t y ,  

f o r  example, i s  much more r a p i d  t h a n  t h e  r a t e  of e l e v a t i o n  accompanying i n i t i a l  

s m o l t i f i c a t i o n  i n  A p r i l  and e a r l y  May. Also, seaward mig ra t i on  of l a t e  r e l ea sed  

f i s h  i s  more r a p i d  t han  t h e  movement of  f i s h  r e l e a s e d  i n  May. Pre l iminary  d a t a  

i n d i c a t e  a d u l t  r e t u r n s  a r e  b e t t e r  f o r  t h e  June r e l e a s e d  f i s h ,  which sugges ts  

t h a t  r a p i d  seaward migra t ion  may b e  d e s i r a b l e  f o r  i n c r e a s i n g  o v e r a l l  s u r v i v a l .  



R e l a t i o n s h i p s  between seaward mig ra t i on  and t y p i c a l  smolt  i n d i c a t o r s  a r e  

n o t  s o  c l e a r l y  e s t a b l i s h e d  f o r  s u b y e a r l i n g  chinook salmon. I n  p a r t ,  t h i s  i s  

due t o  t h e  f a c t  t h a t  seaward movements occu r  i n  t h e  absence  of i n d i c a t i o n s  of 

s m o l t i f i c a t i o n  (Ewing e t  a l .  1980b).  Whether such  movements t e r m i n a t e  at  t h e  

ocean o r  s t o p  s h o r t  of ocean e n t r y  ha s  n o t  been determined.  It may b e  impor tan t  t o  

+ + 
n o t e  t h a t  some mig ran t s  have v e r y  h igh  g i l l  N a  -K ATPase l e v e l s  whereas o t h e r s ,  

though e l e v a t e d ,  a r e  o n l y  moderate ly  s o .  Th is  l e a d s  t o  t h e  q u e s t i o n  of  extended 

e s t u a r y  r e a r i n g  o f  t h o s e  an imals  t h a t  may have  t o  develop g r e a t e r  osmoregulatory 

+ + 
c a p a b i l i t y  ( i n d i c a t e d  by  h i g h  g i l l  N a  -K ATPase a c t i v i t y )  b e f o r e  e n t e r i n g  t h e  

ocean.  On t h e  c o n t r a r y ,  t h o s e  an imals  a r r i v i n g  a t  t h e  ocean w i t h  h igh  enzyme 

a c t i v i t i e s  shou ld  b e  a b l e  t o  immediate ly  e n t e r  t h e  ocean wi thout  undue s t r e s s .  

Observa t ions  t h a t  some chinook salmon dec r ea se  t h e i r  t r a v e l  r a t e  upon e n t e r i n g  t h e  

upper  e s t u a r y  whereas coho salmon and s t e e l h e a d  do n o t  (Dawley e t  a l .  1980) 

s u g g e s t  t h a t  i n  many i n s t a n c e s  more t i m e  may b e  r e q u i r e d  f o r  t h e  development of 

maximum seawa te r  a d a p t a b i l i t y .  Our o b s e r v a t i o n s  t h u s  f a r  show t h a t  some subyea r l i ng  

f a l l  chinook salmon r e l e a s e d  from h a t c h e r i e s  p r i o r  t o  development of major peaks 

+ + 
i n  g i l l  N a  -K ATPase a c t i v i t y  m ig ra t e  r a t h e r  r a p i d l y  t o  t h e  e s t u a r y ,  b u t  o t h e r s  

remain i n  t h e  r i v e r  f o r  s e v e r a l  weeks o r  months. On t h e  o t h e r  hand, r e l e a s e s  

+ + 
made a f t e r  g i l l  N a  -K ATPase a c t i v i t i e s  have peaked s e e m  t o  r e s u l t  i n  more 

r a p i d  seaward mig ra t i on .  
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FIGURE LEGENDS 

+ + 
F i g u r e  1. I n f l u e n c e  o f  pho toper iod  on g i l l  Na -K ATPase o f  w i n t e r  run  

s t e e l h e a d  t r o u t .  

Photoper iod  schedules :  NL = normal ,  ADL = advanced ( 3  months) ,  

DL = de layed .  See Wagner (1974).  

F igure  2. I n f l u e n c e  o f  pho toper iod  on mig ra t i on  o f  w i n t e r  run s t e e l h e a d .  

Photoper iod  s chedu l e s :  NL = normal,  ADL = advanced ( 3  months),  

DL = delayed.  Bars  r e p r e s e n t  pe r cen t  o f  f i s h  mig ra t i ng  w i t h i n  

1 5  days o f  release (25 - 40 f i s h  pe r  r e l e a s e ) .  See Wagner (1974).  

+ + 
Figu re  3. R e l a t i o n s h i p  between g i l l  N a  -K ATPase ( t op )  and mig ra t i on  (bottom) 

o f  summer r u n  s t e e l h e a d  i n  a modi f ied  raceway. 

A ha t che ry  raceway w a s  modi f ied  f o r  t e s t i n g  mig ra to ry  behav io r  

+ + 
( s e e  t e x t ) .  G i l l  Na -K ATPase a c t i v i t i e s  were determined on 

mig ran t s  . 
+ + 

Figu re  4. E f f e c t  o f  exposure  t o  5 5 ' ~  (13 '~ )  water on g i l l  Na -K ATPase 

a c t i v i t y  ( t o p )  and mig ra t i on  behav io r  (bottom) o f  summer run  

s t e e l h e a d  t r o u t .  

0 
Fol lowing exposure  t o  5 5 ' ~  (13  C) f o r  20 days  s t e e l h e a d  w e r e  

+ + 
t e s t e d  f o r  migra to ry  behav io r  and g i l l  Na -K ATPase a c t i v i t y  

( s e e  t e x t ) .  

F igu re  5. Temperatures  o f  t h e  Columbia River  a t  Bonnev i l l e  Dam i n  1977, 

1978, and 1979 and mig ra t i on  p a t t e r n  o f  s t e e l h e a d  a t  Jones  

Beach (Oregon). 

Data on s t e e l h e a d  g iven  as number of m ig ran t s  c ap tu r ed  a t  Jones  

Beach p e r  set of  p u r s e  s e i n e  (Dawley e t  a l .  1979) .  



Figure  11. Number ( a c t u a l )  o f  Kalama F a l l s  f a l l  chinook salmon migran ts  cap tured  

a t  Jones Beach (Oregon) and average  fo rk  l e n g t h s  (mm) of  t h e  

t o t a l  number of f i s h  cap tured  on t h e  i n d i c a t e d  day. 

Re lease  d a t e s  ( v e r t i c a l  arrows)  were 22 June and 12 J u l y .  

+ + 
Figure  12.  G i l l  Na -K ATPase a c t i v i t i e s  of f a l l  chinook salmon from Wi l l a rd  

Nat iona l  Fish Hatchery and numbers ( a c t u a l )  of migran ts  cap tured  a t  

Jones  Beach (Oregon). 

Arrows i n d i c a t e  r e l e a s e  d a t e s  o f  12 J u l y  and 14 November 1978  

and 19 A p r i l  1979. 



+ + 
Figure  6. G i l l  N a  -K ATPase a c t i v i t i e s  i n  y e a r l i n g  coho salmon from t h e  

Tou t l e  Hatchery and numbers o f  migran ts  c ap tu red  a t  Jones  Beach 

(Oregon). 

Arrows i n d i c a t e  r e l e a s e s  on 7 May, 7 June,  and 7 J u l y  1979. 

+ + 
S i n g l e  p o i n t s  (.) show g i l l  Na -K ATPase a c t i v i t i e s  f o r  i nd iv idua l  

migran ts  cap tured  a t  Jones  Beach. 

+ + 
Figure  7. G i l l  Na -K ATPase a c t i v i t i e s  i n  f a l l  chinook salmon from Spr ing  

Creek Nat iona l  F i s h  Hatchery.  

Arrows i n d i c a t e  r e l e a s e s  on 10 March, 10 A p r i l ,  and 9 May 1980; 

20 March, 20 A p r i l ,  and 1 8  May 1979; and 21 March, 18 A p r i l ,  

and 19 May 1978. In 1980, a l l  f i s h  r e l e a s e d  on 10 March had 

been f ed  a d i e t  con t a in ing  added 7% N a C l  which r e s u l t e d  i n  

+ + 
sa l t - induced  i n c r e a s e s  i n  g i l l  Na -K ATPase a c t i v i t y .  

F igure  8.  Numbers ( a c t u a l )  of Snr ing  Creek f a l l  chinook salmon cap tured  a t  

Jones  Beach (Oregon) 1979. 

Releases  (arrows)  were made on 21 March, 1 8  A p r i l ,  19 May, 

and 1 3  August. 

F igure  9 .  Comparison of  numbers o f  Spr ing  Creek f a l l  chinook salmon cap tured  

a t  Jones  Beach (Oregon) from t h e  March r e l e a s e s  of 1979 and 1980. 

Arrows i n d i c a t e  r e l e a s e  d a t e s  o f  21 March 1979 and 10 March 

1980. Numbers have been a d j u s t e d  f o r  f i s h i n g  e f f o r t .  

+ + 
Figure  10. G i l l  Na -K ATPase a c t i v i t i e s  i n  f a l l  chinook salmon from Kalama 

F a l l s  - 1978, 1979. 

Arrows i n d i c a t e  r e l e a s e  da tes  (1979) o f  22 June and 12 J u l y .  

+ + 
Ind iv idua l  N a  -K ATPase a c t i v i t i e s  of migran ts  (+) a r e  p l o t t e d  

u s i n g  t h e  r i g h t  hand o r d i n a t e .  


