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ABSTRACT 

I a s s e s s e d  downstream m i g r a t i o n  of age  0+ chinook salmon 

from s t ream channe l s  w i th  rock  and r u b b l e  (good)  o r  g r a v e l  o r  

s h a l e  ( p o o r )  s u b s t r a t e s  and c o n s t a n t  o r  d e c l i n i n g  wa t e r  tempera- 

t u r e s  d u r i n g  t h e  f a l l  months of  1970 and 1971. A s  w a t e r  tempera- 

t u r e s  d e c l i n e d ,  j u v e n i l e  chinook l e f t  s t r eam channe l s  w i t h  g r a v e l  

o r  s h a l e  s u b s t r a t e s  o r  moved i n t o  a v a i l a b l e  h i d i n g  space s  i n  

s t ream channe l s  w i t h  rock  and r u b b l e  s u b s t r a t e .  F i s h  i n i t i a l l y  

emigra ted  a s  t empe ra tu r e s  d e c l i n e d  below 10  C .  I b e l i e v e  t h e  

number of  emig ran t s  r e f l e c t s  t h e  ho ld ing  c a p a c i t y  o f  t h e  sub- 

s t r a t e  and t h e  d e n s i t y  o f  t h e  f i s h  p o p u l a t i o n .  The m i g r a t i o n  re- 

sponse  v a r i e d  w i t h  s i z e  and r a c e  of  f i s h .  I a t t r i b u t e  most of  

t h e  r e sponse  d i f f e r e n c e  between r a c e s  t o  d i f f e r e n c e s  i n  f i s h  

s i z e .  I contend t h a t  j u v e n i l e  s p r i n g  chinook f i n d  rock and rub- 

b l e  s u b s t r a t e  a n  impor t an t  component of  t h e i r  w i n t e r  h a b i t a t .  
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INTRODUCTION 

Each f a l l  a s  wa te r  t empe ra tu r e s  d e c l i n e ,  thousands  of age 

O+ s p r i n g  chinook and s t e e l h e a d  t r o u t  move downstream from r e a r -  

i n g  a r e a s  i n  Idaho s t r e ams  and r i v e r s .  Chapman and Bjornn (19691, 

Bjornn (1971 ) , and Reingold (unpubl i shed  d a t a  observed down- 

s t ream movements o f  sa lmonids  th roughout  t h e  f a l l ,  w i n t e r ,  and 

s p r i n g  i n  t h e  Salmon and Lemhi Rivers .  The number o f  j u v e n i l e  

m i g r a n t s  peaked i n  t h e  f a l l ,  u s u a l l y  d u r i n g  October.  Bjornn 

(1971 b )  e s t i m a t e d  t h a t  a n  a v e r a g e  o f  141,000 j u v e n i l e  chinook 

mig ra t ed  from t h e  upper  Lemhi River  each f a l l  from 1963 t o  1969. 

F i s h  migra ted  i n i t i a l l y  a s  wa t e r  t empe ra tu r e s  f i r s t  d e c l i n e d  be- 

low 1 0  C i n  September. Chapman and Bjornn (1969) t e n t a t i v e l y  

concluded t h a t  wa te r  t empe ra tu r e  c o n t r o l l e d  downstream movements 

o f  j u v e n i l e  s t e e l h e a d .  The t y p e  of  s u b s t r a t e  p r e s e n t  ( q u a l i t y  

of  w i n t e r  c o v e r )  modif ied  t h e  movement. A f t e r  f u r t h e r  t e s t s ,  

Bjornn (1971) found t h a t  t empe ra tu r e  caused l i t t l e  d i f f e r e n c e  i n  

t h e  number o f  salmon l e a v i n g  t e s t  t r oughs  w i t h  warm (10-12 C )  o r  

c o l d  (410 C )  w a t e r ,  a l t hough  s i g n i f i c a n t l y  more salmon and steel- 

head remained i n  t r oughs  w i t h  l a r g e  r o c k s  compared w i t h  t r oughs  

w i t h  g r a v e l  s u b s t r a t e s .  Bjornn s t a t e d  t h a t  h i s  t es t  r e s u l t s  re- 

ga rd ing  t empe ra tu r e  and chinook movements were i n c o n c l u s i v e .  

Bjornn (1971) found no ev idence  of  c o r r e l a t i o n  between f a l l  m i -  

g r a t i o n  of sa lmonids  and food supp ly ,  wa t e r  f low,  o r  p o p u l a t i o n  

d e n s i t y .  

- 

1/ Reingold ,  Melvin,  Idaho  F i s h  and Game ~ e p t . ,  Salmon, 1daho. - 



I a s s e s s e d  e m i g r a t i o n  of  a g e  0+ s p r i n g  chinook from stream 

c h a n n e l s  w i t h  two water t e m p e r a t u r e  r eg imes  and s u b s t r a t e  t y p e s  

from September t h r o u g h  December i n  1970 and 1971. A s  water t e m -  

p e r a t u r e s  d e c l i n e d ,  j u v e n i l e  chinook l e f t  stream c h a n n e l s  w i t h  

g r a v e l  o r  s h a l e  ( p o o r )  s u b s t r a t e s  o r  i n  stream c h a n n e l s  w i t h  rock  

and r u b b l e  (good)  s u b s t r a t e ,  moved i n t o  a v a i l a b l e  h i d i n g  spaces .  

Few chinook l e f t  stream c h a n n e l s  w i t h  good s u b s t r a t e  r e g a r d l e s s  

of water t e m p e r a t u r e s .  I r e j e c t e d  t h e  h y p o t h e s i s  t h a t  j u v e n i l e  

chinook salmon exposed t o  d e c l i n i n g  water t e m p e r a t u r e s  and poor  

s u b s t r a t e  would n o t  e m i g r a t e  downstream. I conducted  t h e  e x p e r i -  

men ta l  work a t  Hayden Creek Exper imenta l  Salmon and S t e e l h e a d  

Rear ing  S t a t i o n ,  Lemhi, Idaho.  

MATERIALS AND METHODS 

I a s s e s s e d  j u v e n i l e  chinook e m i g r a t i o n  from f o u r  d i f f e r e n t  

t e m p e r a t u r e - s u b s t r a t e  t y p e s  i n  t w e l v e  e x p e r i m e n t a l  s t r e a m  chan- 

n e l s  ( F i g u r e  1). I p l a c e d  25 t o  30 f i s h  i n  e a c h  s t r eam channe l  

and counted  t h e  number o f  e m i g r a n t s  from e a c h  channel  d u r i n g  e a c h  

e x p e r i m e n t a l  run .  The f o u r  t e m p e r a t u r e - s u b s t r a t e  t y p e s  i n c l u d e d  

c o n s t a n t  tempera ture-poor  s u b s t r a t e  (CP) , c o n s t a n t  t empera tu re -  

good s u b s t r a t e  ( C G )  , d e c l i n i n g  temperature-good s u b s t r a t e  ( D G )  , 
and d e c l i n i n g  tempera ture-poor  s u b s t r a t e  ( D P ) ,  w i t h  t h r e e  r e p l i -  

cates of  e a c h  o r  t w e l v e  e x p e r i m e n t a l  u n i t s .  I used s p r i n g  water 

(10-12 C )  f o r  c o n s t a n t  t e m p e r a t u r e s  and mixed c o l d  w a t e r  from 

Hayden Creek (410 C )  w i t h  s p r i n g  water t o  o b t a i n  t h e  d e c l i n i n g  

water t e m p e r a t u r e  regime.  A system of p i p e s  s u p p l i e d  s i x  c h a n n e l s  



RONT SCREE 

F i g u r e  1. A schemat ic  d iagram of  t h e  e x p e r i m e n t a l  s t r eam 
c h a n n e l s  used  t o  t e s t  t h e  r e s p o n s e  o f  a g e  0+ chinook t o  c o n s t a n t  
and d e c l i n i n g  w a t e r  t e m p e r a t u r e s  (CT and DT) and t o  good and poor  
s u b s t r a t e  (GS and PS). 
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Figu re  2. A schemat ic  diagram of good and poor s u b s t r a t e s  
used i n  t h e  exper imenta l  s t ream channels .  
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w i t h  s p r i n g  water and s i x  channe l s  w i th  bo th  s p r i n g  and c r eek  

water. I n  s i x  channe l s  I c o n s t r u c t e d  t h r e e  rock p i l e s  on a bed 

of  r u b b l e  2.5-7.5 c m  deep t o  s i m u l a t e  good s u b s t r a t e  (F igu re  2 ) .  

I n  t h e  remaining s i x  channe l s  I used f i n e  s h a l e  2.5-7.5 c m  deep 

supplemented w i t h  f o u r  r o c k s  t o  s i m u l a t e  poor  s u b s t r a t e  i n  1970. 

I n  1971,  I r e p l a c e d  t h e  s h a l e  and rocks  w i th  1.6 c m  crushed rock 

2.5-7.5 c m  deep. The l a r g e  r o c k s  I used ranged from 15  t o  45 c m  

a c r o s s .  Each channe l  w a s  7.4 m l o n g ,  0.62 m wide,  and 0.62 m 

deep w i t h  a water b a f f l e ,  one V-trap,  and two end s c r e e n s  (F igu re  

1). The channe l s  r e s t e d  on a cement s l a b  abou t  180 fee t  long  and 

10  f ee t  wide enc losed  on t h r e e  s i d e s  and covered w i th  a t r a n s l u -  

c e n t  f i b e r g l a s s  roof  which p r o t e c t e d  t h e  s l a b  and t h e  s t ream 

channe l s  from inc lement  weather  and d i r e c t  l i g h t .  I c o n t r o l l e d  

water f lows  f o r  each channel  w i t h  b u t t e r f l y  v a l v e s  and r e g u l a t e d  

water f low a t  76 l i t e r s / m i n  p e r  channel .  Water d e p t h  averaged 

between 38 and 40 c m .  

I n  August ,  1970,  I t e s t e d  t h e  h y p o t h e s i s  t h a t  s p r i n g  and 

c r eek  water caused d i f f e r e n t i a l  emig ra t i on  of j u v e n i l e  chinook 

from t h e  exper imenta l  s t ream channels .  A t  6  PM I p l aced  25 f i s h  

i n  each  of t h r e e  channe l s ,  one w i t h  a l l  s p r i n g  w a t e r ,  a  second 

w i t h  50 p e r c e n t  s p r i n g  and 50 p e r c e n t  c r eek  water, and a t h i r d  

w i t h  a l l  c reek  water. Water t empe ra tu r e s  remained n e a r l y  con- 

s t a n t  among t h e  t h r e e  channels .  Acc l imat ion  proceeded f o r  t h e  

n e x t  48 hours .  I t h e n  removed t h e  b locks  from t h e  V-traps al low- 

i n g  f i s h  t o  emig ra t e  f r e e l y  d u r i n g  t h e  n e x t  twelve  hours.  The 

n e x t  morning I recorded  t h e  number of f i s h  p r e s e n t  i n  t h e  V-traps. 

Water sou rce s  d i d  n o t  cause  d i f f e r e n t i a l  emig ra t i on  of j u v e n i l e  



chinook ( T a b l e  1).  

T a b l e  1. The number of f i s h  l e a v i n g  t h e  e x p e r i m e n t a l  stream 
c h a n n e l s  w i t h  d i f f e r e n t  water s o u r c e s .  

Water s o u r c e  
F i s h  l e a v i n q  

T e s t  1 T e s t  2 

100% S p r i n g  3 3 

50% S p r i n g  - 50% Creek 4 3 

100% Creek 3 2 

I n  1970 I completed f i v e  e x p e r i m e n t a l  r u n s  each  w i t h  ch i -  

nook from Lemhi River  and V a l l e y  Creek.  I re-examined t h e  re- 

sponse  of chinook from V a l l e y  Creek ( t h r e e  t es t s )  and Lemhi 

R i v e r  (one  t e s t )  i n  1971 and t e s t e d  f o r  d i f f e r e n c e s  between and 

w i t h i n  r a c e s  and s i z e s .  Each e x p e r i m e n t a l  r u n  w i t h  sample popu- 

l a t i o n s  from e a c h  r a c e  l a s t e d  e i g h t  days .  I n i t i a l l y  I recorded  

water t e m p e r a t u r e s  w i t h  two thermographs and s i x  minimum-maximum 

thermometers .  I n  1971 I e l i m i n a t e d  t h e  minimum-maximum thermo- 

meters. I n  1970 I u s e d  t h e  s t a n d a r d  o p e r a t i n g  p r o c e d u r e s  e x p l a i n -  

ed below. 

F i r s t  day: F i l l  c h a n n e l s  w i t h  s p r i n g  water, a d j u s t  water 

f l o w s  t o  76 l i t e r s / m i n .  Block e n t r a n c e  t o  V-traps. S e t  minimum- 

maximum thermometers .  I n t r o d u c e  t es t  f i s h  i n  c h a n n e l s  n e a r  6 PM. 

Cover c h a n n e l s  w i t h  c h i c k e n  w i r e  ( t o  p r e v e n t  a v i a n  and mammalian 

p r e d a t i o n ) .  

Second day:  Acc l ima t ion .  

T h i r d  day: Remove t r a p  b l o c k s  around 6  PM a f t e r  48 h o u r s  

a c c l i m a t i o n .  



7 

Four th  morning: Remove and r eco rd  t h e  number of f i s h  i n  

each  V-trap n e a r  8 AM. Record water t empera tu res .  Change 

water f lows  t o  75 p e r c e n t  s p r i n g  - 25 p e r c e n t  c reek  water i n  t h e  

s i x  channe l s  de s igna t ed  f o r  d e c l i n i n g  water t empera tu res .  Check 

and a d j u s t  a l l  water f lows  t o  76 l i t e r s / m i n  a s  necessa ry .  Com- 

p l e t e  work as e a r l y  as p o s s i b l e .  

F i f t h  morning: Repeat p rocedure  as above. Change water 

f lows  t o  50 p e r c e n t  s p r i n g  - 50 p e r c e n t  c r eek  i n  channe l s  w i t h  

d e c l i n i n g  water t empera tu re  regimes.  

S i x t h  morning: Repeat b a s i c  procedure .  Change water f lows 

t o  25 p e r c e n t  s p r i n g  - 75 p e r c e n t  c r eek  i n  channe l s  w i t h  dec l i n -  

i n g  water t empera tu re  regimes.  

Seventh morning: Repeat b a s i c  procedure .  Change wate r  

f l ows  t o  100 p e r c e n t  c reek  water i n  channe l s  w i t h  d e c l i n i n g  water 

t empera tu re  regimes.  

E igh th  morning: Repeat b a s i c  procedure .  No change i n  

water f low composit ion.  

Ninth  morning: Dis regard  wa te r  f lows  and r e p e a t  procedure  

as before .  Remove and account  f o r  a l l  remaining f i s h  i n  each 

channel .  C lean  channe l s  a s  necessa ry .  F i l l  a l l  channe l s  w i t h  

s p r i n g  water and p r e p a r e  f o r  n e x t  run.  

I eva lua t ed  t h e  d a t a  g r a p h i c a l l y  and s t a t i s t i c a l l y  i n  as-  

s e s s i n g  t h e  e f fec ts  o f  t empera tu re  and s u b s t r a t e  upon t h e  observed 

emig ra t i on  from t h e  channe l s .  I used a random block f a c t o r i a l  

d e s i g n  t o  e v a l u a t e  t h e  effects  of  t empe ra tu r e ,  s u b s t r a t e ,  and 

t empe ra tu r e - subs t r a t e  i n t e r a c t i o n  on f i s h  emigra t ion .  
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I n  1971 I t e s t e d  t h e  h y p o t h e s i s  t h a t  chinook emigra ted  

from each  t e m p e r a t u r e - s u b s t r a t e  t y p e  i n d e p e n d e n t l y  of r a c e  and 

s i z e  of f i s h .  I a l t e r e d  t h e  o p e r a t i n g  p r o c e d u r e  d e s c r i b e d  e a r l i e r  

due  t o  t i m e  l i m i t a t i o n s  imposed by c o n s t r u c t i o n  work u n d e r t a k e n  

a t  t h e  h a t c h e r y  i n  l a t e  September and e a r l y  Oc tober ,  1971. Each 

e x p e r i m e n t a l  r u n  l a s t e d  seven days .  I changed t h e  r a t e  of  t e m -  

p e r a t u r e  d e c l i n e  by a d j u s t i n g  w a t e r  f l o w s  t o  65 p e r c e n t  s p r i n g  - 
35 p e r c e n t  c r e e k  on t h e  f o u r t h  morning,  35 p e r c e n t  s p r i n g  - 65 

p e r c e n t  c r e e k  on t h e  f i f t h  morning,  and 100 p e r c e n t  c r e e k  on t h e  

s i x t h  morning,  t h u s  comple t ing  t h e  r u n  on t h e  morning of t h e  

e i g h t h  day. Except  f o r  t h e s e  changes ,  t h e  s t a n d a r d  o p e r a t i n g  

p r o c e d u r e  remained unchanged. I e v a l u a t e d  t h e  r e s u l t s  of  t h e s e  

tes ts  w i t h  a  G - t e s t  (Sokal  and Rohl f ,  1 9 6 9 ) .  

W e  c o l l e c t e d  j u v e n i l e  chinook by e l e c t r o f i s h i n g  from Marsh 

and V a l l e y  Creeks  i n ' s t a n l e y  Bas in  i n  1970 and from t h e  upper Sal -  

mon River  i n  1971. I n  b o t h  y e a r s  w e  c o l l e c t e d  more t h a n  80 per-  

c e n t  of  t h e  chinook from V a l l e y  Creek. We c o l l e c t e d  f i s h  from 

t h e  upper  Lemhi R i v e r  i n  August of  1970 and 1971 by e l e c t r o f i s h -  

i n g .  I a l s o  took  j u v e n i l e  chinook from t h e  f i s h  t r a p s  a t  t h e  

Lemhi River  w e i r  i n  October  and November of  1970 a s  t h e y  m i g r a t e d  

from t h e  upper  Lemhi River .  I i d e n t i f i e d  t h e s e  f i s h  a s  wmoversw 

t o  d i s t i n g u i s h  them from o t h e r  Lemhi ch inook ,  ' fpre-moversw, co l -  

l e c t e d  from t h e  r i v e r  p r i o r  t o  any downstream e m i g r a t i o n .  

I h e l d  t h e  t e s t  f i s h  i n  f i b e r g l a s s  v a t s  w i t h  w a t e r  tempera- 

t u r e s  of 10-12 C p r i o r  t o  p l a c i n g  them i n t o  t h e  exper imenta l  

s t r e a m  channe l s .  I f e d  them d r y  h a t c h e r y  d i e t s  and f r o z e n  shr imp,  

b u t  d i d  n o t  f e e d  f i s h  i n  e x p e r i m e n t a l  c h a n n e l s  d u r i n g  t h e  tests. 



9 

When s e l e c t i n g  f i s h  f o r  each t es t  I avoided f i s h  which e x h i b i t e d  

abnormal p h y s i c a l  appearance  o r  behav ior .  

RESULTS 

I found t h a t  few f i s h  l e f t  channe l s  w i t h  good s u b s t r a t e  

r e g a r d l e s s  of  w a t e r  t empera tu res .  Dec l i n ing  wa t e r  t empe ra tu r e s  

s t i m u l a t e d  f i s h  emig ra t i on  from channe l s  w i t h  poor s u b s t r a t e  and 

h i d i n g  behav ior  i n  t h o s e  w i t h  good s u b s t r a t e .  

Lemhi chinook,  1970 and 1971 

Few chinook from t h e  Lemhi River  l e f t  channe l s  w i t h  good 

s u b s t r a t e  i n  a l l  t es t s  r e g a r d l e s s  of  wa t e r  t empe ra tu r e s  (Tab le  

2 ) .  Four teen  p e r c e n t  o f  t h e  f i s h  l e f t  channe l s  w i t h  c o n s t a n t  

temperature-good s u b s t r a t e  v e r s u s  twe lve  p e r c e n t  from channe l s  

w i t h  d e c l i n i n g  temperature-good s u b s t r a t e  ( F i g u r e  3 ) .  The l a r g -  

es t  pe r cen t age  of chinook which emigra ted  from channe l s  w i t h  de- 

c l i n i n g  temperature-good s u b s t r a t e  l e f t  t h e  f i r s t  n i g h t  tempera- 

t u r e s  d e c l i n e d  below 10  C .  A s  t empe ra tu r e s  con t inued  t o  d e c l i n e  

e m i g r a t i o n  decreased  and v i r t u a l l y  ceased  a t  t empe ra tu r e s  below 

5 C .  Channels  w i t h  good s u b s t r a t e  suppor ted  mean d e n s i t i e s  of  

f i v e  f i sh /m2 f o r  bo th  t empe ra tu r e  regimes  (Tab le  3 ) .  

More f i s h  l e f t  channe l s  w i t h  poor  s u b s t r a t e  t h a n  good sub- 

s t r a t e  and e m i g r a t i o n  from channe l s  w i t h  c o n s t a n t  temperature-  

poor  s u b s t r a t e  and d e c l i n i n g  temperature-poor  s u b s t r a t e  d i f f e r e d  

s i g n i f i c a n t l y  ( F i g u r e  3) .  Emigra t ion  from channe l s  w i t h  c o n s t a n t  

temperature-poor  s u b s t r a t e  averaged 37 p e r c e n t  v e r s u s  62  p e r c e n t  

from channe l s  w i t h  d e c l i n i n g  temperature-poor  s u b s t r a t e .  Emigra- 

t i o n  from channe l s  w i t h  c o n s t a n t  temperature-poor  s u b s t r a t e  peaked 
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t h e  f i r s t  n i g h t  and d e c l i n e d  s t e a d i l y  t h e r e a f t e r .  Emigra t ion  

from channe l s  w i t h  d e c l i n i n g  temperature-poor  s u b s t r a t e  peaked 

t h e  f i r s t  n i g h t  w i t h  i n i t i a l  t empe ra tu r e  d e c l i n e  below 1 0  C and 

dec r ea sed  t h e r e a f t e r  as t empe ra tu r e s  d e c l i n e d  t o  5 C .  A s  temper- 

a t u r e s  d e c l i n e d  f u r t h e r ,  emig ra t i on  i n c r e a s e d  from t h r e e  t o  

twe lve  p e r c e n t  p e r  n i g h t .  Channels  w i t h  poor  s u b s t r a t e  suppor ted  

2  mean d e n s i t i e s  o f  two and t h r e e  f i sh /m , r e s p e c t i v e l y ,  i n  d e c l i n -  

i n g  and c o n s t a n t  water t empera tu res .  

I n  t h e  f i r s t  t e s t  w i t h  pre-movers from t h e  Lemhi R ive r ,  

s i m i l a r  p e r c e n t a g e s  o f  chinook emigra ted  from channe l s  w i t h  each 

t e m p e r a t u r e - s u b s t r a t e  combination.  I a t t r i b u t e  t h i s  l a c k  of d i f -  

f e r e n t i a l  r e sponse  t o  w a r m e r  t h a n  ave rage  d e c l i n i n g  water temper- 

a t u r e s .  Minimum t empe ra tu r e s  never  d e c l i n e d  below 5 C and maxi- 

mum t empe ra tu r e s  exceeded 7.2 C e ach  day. 

Lemhi chinook : Movers v e r s u s  pre-mover s 

Pre-movers, chinook c o l l e c t e d  p r i o r  t o  f a l l  e m i g r a t i o n ,  

and movers,  chinook c o l l e c t e d  w h i l e  a c t i v e l y  e m i g r a t i n g ,  emigra ted  

s i m i l a r l y  from channe l s  w i t h  good s u b s t r a t e  a t  t h e  end of accli- 

mat ion (Tab l e  4 ) .  Water t empe ra tu r e s  ranged between 10  and 12  C 

d u r i n g  a c c l i m a t i o n .  Twelve p e r c e n t  of t h e  pre-movers v e r s u s  

f o u r t e e n  p e r c e n t  o f  t h e  movers l e f t  channe l s  w i t h  good s u b s t r a t e .  

S i g n i f i c a n t l y  more movers (46%) t han  pre-movers (16%) l e f t  chan- 

n e l s  w i t h  poor  s u b s t r a t e .  

S t a n l e y  Basin ch inook ,  1970 

I n  t h e  1970 tes ts  chinook from S t a n l e y  Basin  emigra ted  

from channe l s  w i t h  each  t e m p e r a t u r e - s u b s t r a t e  t ype  i n  a p a t t e r n  

similar t o  t h a t  o f  Lemhi chinook. Twenty-three and 54 p e r c e n t  



T a b l e  2. The p e r c e n t a g e  o f  chinook from t h e  Lemhi R i v e r  which remained i n  e a c h  channe l  i n  
e a c h  t e s t  conducted  w i t h  pre-movers and movers (see t e x t  f o r  e x p l a n a t i o n ) .  

T e s t  d a t e s  
Tempera ture  S u b s t r a t e  9/15-20/70 10/2-7/70 10/18-23/70 11/23-28/71 Means 

C o n s t a n t  

D e c l i n i n g  

Movers 

Good 

Poor 

Good 

Poor 

T e m ~ e r a t u r e  S u b s t r a t e  

C o n s t a n t  

D e c l i n i n g  

Good 

Poor 

Good 

Poor 

T e s t  d a t e s  
10/26-31/70 l l / 3 - 8 / 7 0  Means 
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F i g u r e  3. A summary of  a l l  tes ts  conducted w i t h  age  0+ 
chinook from t h e  Lemhi River  i l l u s t r a t i n g  t h e  mean pe r cen t age  
of  f i s h  which remained i n  channe l s  w i t h  each  t e m p e r a t u r e - s u b s t r a t e  
t ype  th roughout  t h e  t es t  run.  



Table 3. Mean d e n s i t y  of age  0+ chinook which remained i n  channe l s  w i t h  each temperature-  
s u b s t r a t e  t y p e  f o r  a l l  tests  w i t h  chinook from t h e  Lemhi R ive r  and S t a n l e y  Basin .  

Temperature C o n s t a n t  
S u b s t r a t e  Good Poor 

Dec l i n inq  
Good Poor 

Lemhi chinook 1970 & 1971 

Mean # of  f i s h  remaining i n  channe l s  20 

Square  meters p e r  f i s h  0.20 

F i s h  p e r  squa re  m e t e r  5 

S t a n l e y  Bas in  chinook 1970 

Mean # o f  f i s h  remaining i n  channe l s  

Square  meters p e r  f i s h  

F i s h  p e r  squa re  m e t e r  

S t a n l e y - B a s i n  chinook 1971 

Mean # of f i s h  remaining i n  c h a n n e l s  1 4  12  1 7  9 

Squar6  meters p e r  f i s h  0.29 0.34 0.24 0.46 

F i s h  p e r  squa re  meter  3 3 4 2 



14 

of the  f i sh  le f t  channe l s  with decl ining water  temperatures from good 

and poor subs t ra t e s  respect ive ly  (Figure 5 ) .  Emigration from 

channe l s  with decl ining temperature-good subs t ra t e  dec reased  e a c h  

night a s  temperatures decl ined t o -  5  C  and nearly c e a s e d  a s  temper- 

a tu res  decl ined further.  Emigration from channe l s  with cons tant  

temperature-poor subs t ra t e  dec reased  s t ead i ly  a s  the  t e s t  pro- 

g r e s s e d .  Mean d e n s i t i e s  of f i s h  remaining in  the  channe l s  a t  the  

2 
end of the  t e s t  ranged from two fish/m in  decl ining temperature- 

poor subs t ra t e  t o  three fish/m2 i n  decl in ing temperature-good sub- 

s t r a t e .  I  was  unsure of the  val idi ty of t h e s e  t e s t  r e s u l t s  because  

of the  la rge  amount of variat ion (Table 5 ) .  

Stanley Basin chinook,  19 7 1 

In the 1971 t e s t s ,  fewer f i sh  l e f t  channe l s  with good sub-  

s t ra te  than channe l s  with poor subs t ra t e  (Table 6 ) .  The mean 

percentages  of f i s h  leaving good subs t ra t e  from the two water  

temperature regimes differed l i t t l e  (Figure 5 ) .  Emigration from 

channe l s  with decl in ing temperature-good subs t ra t e  dec reased  a s  

temperatures decl ined t o  5C and virtually c e a s e d  a s  tempera tes  

dec l ined  further.  Emigration from channe l s  with cons tan t  tempera- 

ture-good subs t ra t e  decl ined progress ively .  Good subs t ra t e  sup-  

2 ported mean d e n s i t i e s  of three and four fish/m respec t ive ly ,  in  

channe l s  with cons tan t  and decl ining water  temperatures . 
More f i s h  l e f t  channe l s  with poor subs t ra t e  than  channels  

with good subs t ra t e .  More f i sh  lef t  channe l s  with decl in ing 

temperature-poor subs t ra t e  than channe l s  with cons tan t  temperature- 

poor subs t ra t e  (Figure 5 ) .  Emigration from channe l s  with cons tan t  

temperature-poor subs t ra t e  peaked the  f i r s t  night and decl ined 
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Figu re  4. A summary of  a l l  tes ts  conducted i n  1970 and 
1971 w i t h  age  0+ chinook from S t a n l e y  Basin i l l u s t r a t i n g  t h e  mean 
pe rcen t age  of  f i s h  which remained i n  channe l s  w i th  each  tempera- 
t u r e - s u b s t r a t e  t y p e  th roughout  t h e  t e s t  run.  
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Table  5. Mean pe rcen t age  of  age  0+ chinook from Lemhi River  and 
S t a n l e y  Basin which remained i n  channe l s  w i t h  each temperature-  
s u b s t r a t e  t ype  i n  each t e s t .  

Temperature S u b s t r a t e  

Lemhi chinook 

Good 90 85 84 76 
Cons tan t  

Poor 68 67 62 66 

Good 96 91 86 81 
Dec l in ing  

Poor 63 26 26 36 

S t a n l e y  Basin chinook 

Temperature S u b s t r a t e  1970 

Good 60 35 73 69 54 
Cons t an t  

Poor 30 40 74 60 63 

Good 74 66 73 88 72 
Dec l in ing  

Poor 18  46 48 69 50 

Movers 

1970 

96 86 

52 58 

86 91 

28 51 



s t e a d i l y  t h e r e a f t e r .  Emigrat ion from channe l s  w i t h  d e c l i n i n g  

temperature-poor  s u b s t r a t e  peaked d u r i n g  t h e  f i r s t  two n i g h t s  a s  

t empe ra tu r e s  d e c l i n e d  t o  5 C and t hen  decreased  as t empera tu r e s  

d e c l i n e d  f u r t h e r .  Channels  w i t h  poor s u b s t r a t e  suppor ted  mean 

d e n s i t i e s  of t h r e e  and two f i sh /m2 r e s p e c t i v e l y ,  i n  c o n s t a n t  and 

d e c l i n i n g  wa te r  t empera tu res .  

T e s t s  w i t h  race and s i z e  

Near ly  equa l  pe r cen t ages  of chinook from t h e  Lemhi River 

and S t a n l e y  Basin  of s imilar  s i z e  emigrated  from channe l s  w i t h  

each  t empe ra tu r e - subs t r a t e  t ype ,  Small chinook from S tan l ey  

Basin responded d i f f e r e n t l y  t h a n  l a r g e r  chinook from S t a n l e y  

Basin  t o  t empe ra tu r e - subs t r a t e  t y p e s  (Tab le  7 ) .  More s m a l l  ch i -  

nook l e f t  channe l s  w i t h  c o n s t a n t  temperature-good,  poor  s u b s t r a t e ,  

and d e c l i n i n g  temperature-good s u b s t r a t e  t han  l a r g e r  chinook,  

Fewer s m a l l  chinook l e f t  channe l s  w i t h  d e c l i n i n g  temperature-poor 

s u b s t r a t e  t h a n  l a r g e r  chinook. D i f f e r e n t  s i z e d  chinook from t h e  

Lemhi River  and S t a n l e y  Basin  emigrated  i n  d i f f e r e n t  pe r cen t ages  

from t h e  t empe ra tu r e - subs t r a t e  combinations.  

I n  a l l  comparison tes ts  fewer  f i s h  l e f t  channe l s  w i t h  good 

s u b s t r a t e  and more f i s h  l e f t  channe l s  w i t h  poor s u b s t r a t e ,  The 

smallest p e r c e n t a g e s  of f i s h  l e f t  channe l s  w i t h  d e c l i n i n g  temper- 

ature-good s u b s t r a t e ,  The g r e a t e s t  pe r cen t age  l e f t  channe l s  

w i t h  d e c l i n i n g  temperature-poor s u b s t r a t e  (Tab le  71, 



T a b l e  6, The p e r c e n t a g e  of  S t a n l e y  Bas in  chinook which remained 
i n  each  channe l  i n  each  t es t  conducted i n  t h e  f a l l  o f  1971, 

T e s t  d a t e s  
Tempera ture  S u b s t r a t e  10/17-21/71 11/1-5/71 11/16-20/71 

C o n s t a n t  

D e c l i n i n g  

Good 

Poor  

Good 

Poor  
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DISCUSSION 

I conc lude  t h a t  a s  w a t e r  t e m p e r a t u r e s  d e c l i n e  i n  t h e  f a l l  

most  j u v e n i l e  chinook salmon seek a  p l a c e  t o  h i d e  i n  t h e  sub- 

s t r a t e  f o r  t h e  coming w i n t e r .  I b e l i e v e  most downstream move- 

ment o c c u r s  a s  a n  i n d i r e c t  r e s p o n s e  t o  d e c l i n i n g  t e m p e r a t u r e s  

where f i s h  f a i l  t o  f i n d  s u i t a b l e  h i d i n g  p l a c e s  i n  t h e  s u b s t r a t e .  

Some j u v e n i l e  chinook move downstream i n  d i r e c t  r e s p o n s e  t o  de- 

c l i n i n g  t e m p e r a t u r e s  w i t h o u t  r e g a r d  f o r  h i d i n g  p l a c e s  o f f e r e d  by 

t h e  s u b s t r a t e .  

M i g r a t i n g  chinook from t h e  Lemhi River  (movers)  v i r t u a l l y  

c e a s e d  movement when p l a c e d  i n  c h a n n e l s  w i t h  good s u b s t r a t e .  

Because f e w  f i s h  emigra ted  from c h a n n e l s  w i t h  rock  and r u b b l e  

s u b s t r a t e  my i d e a  of  good s u b s t r a t e  does  n o t  a p p e a r  u n r e a l i s t i c .  

Movers c l e a r l y  p r e f e r r e d  good s u b s t r a t e  o v e r  poor  s u b s t r a t e  even 

a f t e r  a c c l i m a t i o n  f o r  a  week i n  t h e  f i b e r g l a s s  v a t s  a t  10-12 C.  

S i g n i f i c a n t l y  more movers t h a n  pre-movers l e f t  c h a n n e l s  w i t h  

g r a v e l  s u b s t r a t e  on  comple t ion  o f  a c c l i m a t i o n  t h a n  I expec ted .  

I a t t r i b u t e  t h i s  d i f f e r e n c e  i n  r e s p o n s e  t o  p r e v i o u s  exposure  of  

t h e  movers t o  d e c l i n i n g  w a t e r  t e m p e r a t u r e s .  I d i d  n o t  s u b j e c t  

pre-movers t o  d e c l i n i n g  t e m p e r a t u r e s  u n t i l  t h e  test .  Once sub- 

j e c t e d  t o  d e c l i n i n g  w a t e r  t e m p e r a t u r e s ,  s i g n i f i c a n t l y  more pre-  

movers l e f t  c h a n n e l s  w i t h  poor  s u b s t r a t e  t h a n  good s u b s t r a t e .  

Thus, when p l a c e d  i n  c h a n n e l s  w i t h  a  s u i t a b l e  rock  and r u b b l e  

s u b s t r a t e ,  few chinook (movers o r  pre-movers)  emigra ted .  

I n  1970,  chinook from S t a n l e y  Bas in  r e f u s e d  t o  f e e d  on 

t h e  d i e t s  I o f f e r e d  them. I a t t r i b u t e  t h e  v a r i a b l e  r e s u l t s  of  



t h e s e  tests  t o  l o s s  of c o n d i t i o n  and s t a r v a t i o n  of t h e  f i s h  used.  

Even w i t h  t h i s  problem t h e  mean p e r c e n t a g e s  o f  f i s h  l e a v i n g  chan- 

n e l s  w i t h  each  t e m p e r a t u r e - s u b s t r a t e  t y p e  f o r  a l l  1970 tes ts  d i f -  

l i t t l e  from t h e  r e s u l t s  of t es t s  w i t h  chinook from 

S t a n l e y  Basin  (Tab l e  8 ) .  

Tab l e  8. Means of  a l l  t e s t s  w i t h  chinook from t h e  Lemhi River  
and S t a n l e y  Bas in  pooled t o  show t h e  p e r c e n t a g e  o f  f i s h  which 
remained i n  channe l s  w i t h  each  t e m p e r a t u r e - s u b s t r a t e  type .  

Lemhi chinook S t a n l e y  chinook 
Temperature S u b s t r a t e  Pre-movers Movers 1970 1971 

Good 84 91 59 62 
C o n s t a n t  

Poor 66 56 54 60 

Good 88 88 77 80 
Dec l i n ing  

Poor  38 40 46 4 2  

Both chinook from S t a n l e y  Basin  and Lemhi River  emigra ted  

i n  a  s i m i l a r  p a t t e r n  from channe l s  w i t h  t h e  t e m p e r a t u r e - s u b s t r a t e  

t y p e s  t e s t e d ,  b u t  t h e  r a t e  of emig ra t i on  d i f f e r e d  between t h e  two 

r a c e s  (Table 8 ) .  S i m i l a r  e m i g r a t i o n  p a t t e r n s  from channe l s  w i t h  

each t e m p e r a t u r e - s u b s t r a t e  t y p e  f o r  bo th  r a c e s  s u g g e s t  t h a t  r a c i a l  

d i f f e r e n c e s  are minimal.  I a t t r i b u t e  most of t h e  d i f f e r e n c e  i n  

emig ra t i on  between t h e  r a c e s  t o  d i f f e r e n c e  i n  s i z e .  Chinook from 

S t a n l e y  Bas in ,  80-81 mm mean f o r k  l e n g t h ,  and t h e  Lemhi R ive r ,  

85-86 mm mean f o r k  l e n g t h ,  emigra ted  from channe l s  w i t h  each 

t e m p e r a t u r e - s u b s t r a t e  t y p e  i n  n e a r l y  e q u a l  p e r c e n t a g e s  (Tab le  7 ) .  

Sma l l e r  chinook from S t a n l e y  Bas in ,  56-58 mm mean f o r k  l e n g t h ,  

emigra ted  from t h e  channe l s  i n  s i g n i f i c a n t l y  d i f f e r e n t  percen- 

t a g e s  t h a n  t h e  l a r g e r  chinook from S t a n l e y  Basin  and t h e  Lemhi 



River .  

I d i d  n o t  observe  any chinook above t h e  s u b s t r a t e  i n  

channe ls  w i th  good s u b s t r a t e  a f t e r  t empera tures  d e c l i n e d  below 

5-7 C .  A s  wa te r  t empera tures  d e c l i n e d  i n  channe ls  wi th  poor 

s u b s t r a t e ,  f i s h  which remained i n  t h e  channe ls  u s u a l l y  bunched 

t o g e t h e r  a t  t h e  upstream end of  t h e  channel  and remained c l o s e  

t o  o r  i n  c o n t a c t  w i t h  t h e  bottom. I n  channe ls  wi th  c o n s t a n t  

w a t e r  t empera ture  and good s u b s t r a t e  chinook a c t i v e l y  moved abou t ,  

ma in t a in ing  f o c a l  p o i n t s  o r  t e r r i t o r i e s  and behaved agg re s s ive ly .  

I n  channe ls  w i t h  poor s u b s t r a t e  and c o n s t a n t  wate r  t empera ture  

t h e  chinook most f r e q u e n t l y  schooled.  I d i d  n o t  observe  f i s h  

f e e d i n g  i n  channe ls  w i th  d e c l i n i n g  water t empera tu re s ,  however 

I observed chinook i n  channels  w i th  c o n s t a n t  water  t empera tures  

f e e d i n g  on l i v e  shrimp and o c c a s i o n a l l y  on d r i f t i n g  s u r f a c e  and 

sub-surface  i n s e c t s  p r e s e n t  i n  t h e  channels .  

More of t h e  l a r g e r  chinook remained i n  channe ls  w i th  l a r g e  

rock and r u b b l e  s u b s t r a t e  t han  smaller chinook (F igu re  5). With 

i n c r e a s i n g  l e n g t h ,  fewer chinook remained i n  channels  w i th  de- 

c l i n i n g  water tempera ture  and poor s u b s t r a t e .  I sugges t  t h a t  as 

chinook approach 80 mm f o r k  l e n g t h  t h e y  show an inc rea sed  p r e f e r -  

ence  f o r  rock and r u b b l e  s u b s t r a t e  i n  which t o  h ide .  I b e l i e v e  

t h e  s m a l l e r  chinook (65 mm f o r k  l e n g t h  o r  l ess )  emigra te  essen- 

t i a l l y  i n  a random manner from t h e  s u b s t r a t e  types .  When sub jec t -  

ed t o  d e c l i n i n g  water tempera tures  t h e  smaller chinook show a 

c l e a r  p r e f e r e n c e  f o r  good s u b s t r a t e .  M i l l e r  (1970) sugges t s  ran- 

dom d i s p e r s a l  of f r y  i n  t h e  upper Salmon River  modified by water 

tempera ture ,  f r y  d e n s i t y ,  r a c i a l  s t o c k ,  and l i g h t  a t  n i g h t .  



F O R K  LENGTH (MM) 

F i g u r e  5. The p e r c e n t a g e  of age  0+ chinook which remain- 
ed  i n  c h a n n e l s  w i t h  c o n s t a n t  temperature-good s u b s t r a t e  ( @ )  and 
d e c l i n i n g  t empera tu re -poor  s u b s t r a t e  (8) c o r r e l a t e d  w i t h  t h e  
mean f o r k  l e n g t h s  of f i s h  t e s t e d  i n  1970 and 1971. 
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S u b s t r a t e  type  d i d  n o t  a f f e c t  f r y  movement. He a r b i t r a r i l y  de- 

f i n e d  f r y  as any f i s h  l e s s  t han  50 mm f o r k  leng th .  Thus a s  ch i -  

nook grow, t h e i r  h a b i t a t  requ i rements  change wi th  bo th  i n c r e a s i n g  

s i z e  and t h e  t ime  of year .  

S t u a r t  (1957) r e p o r t e d  emig ra t i on  of age  0+ brown t r o u t  

from n u r s e r y  s t reams  a t  t h e  end of t h e i r  f i r s t  summer. The down- 

stream emigra t ion  occurred as tempera tures  d e c l i n e d  from 8-10 C 

t o  4-7 C.  These f i s h  r e t u r n e d  t o  t h e  s t ream t h e  fo l l owing  s p r i n g  

a s  l a k e  wate r  t empera tures  r o s e  above 10 C .  He a l s o  observed 

salmon f r y  l e a v i n g  t h e  D u n a l a s t a i r  s t reams  and commented t h a t  he 

never  found any salmon i n  t h e s e  s t reams  d u r i n g  w in t e r .  Hartman 

(1963 & 1965) observed t h a t  j u v e n i l e  coho, s t e e l h e a d ,  and brown 

t r o u t  a s s o c i a t e d  c l o s e l y  w i th  rock and r u b b l e  s u b s t r a t e  w i th  low 

water tempera tures  du r ing  w in t e r .  Chapman (1966) , Chapman and 

Bjornn (1969) ,  Bjornn (1971) ,  and Hartman (1963 & 1965) a l l  sug- 

g e s t  t h a t  w i n t e r  h i d i n g  behavior  has a d a p t i v e  s u r v i v a l  va lue .  

Winter  a s s o c i a t i o n  w i th  l a r g e  rock and r u b b l e  s u b s t r a t e  o f f e r s  

p r o t e c t i o n  from p r e d a t i o n ,  s cou r ing ,  d i sp lacement  by h igh  water  

f l ows ,  and a l s o  conserves  energy. Reimers (1957) concluded t h a t  

w i n t e r  m o r t a l i t y  r e s u l t s  p r i m a r i l y  from exposure  t o  w i n t e r  condi- 

t i o n s  i n c l u d i n g  i c e ,  s l u s h ,  c o l l a p s i n g  snow banks and f l u c t u a t i n g  

wate r  f lows.  

I n  s t reams  wi th  water  t empera tures  d e c l i n i n g  below 10 C 

i n  t h e  f a l l ,  t h e  number of emig ra t i ng  t r o u t  and salmon would 

l i k e l y  r e f l e c t  t h e  amount of p r o t e c t i v e  cover  and h i d i n g  spaces  

a v a i l a b l e  i n  t h e  s u b s t r a t e  and f i s h  popu la t i on  d e n s i t y .  Emigra- 

t i o n  t a p e r s  o f f  i n  l a t e  f a l l  as tempera tures  d e c l i n e  below 5  C 



25 

S u b s t r a t e  t y p e  d i d  n o t  a f fec t  f r y  movement. H e  a r b i t r a r i l y  de- 

f i n e d  f r y  as a n y  f i s h  less t h a n  50 mm f o r k  l e n g t h .  Thus as c h i -  

nook grow, t h e i r  h a b i t a t  r e q u i r e m e n t s  change w i t h  b o t h  i n c r e a s i n g  

s i z e  and t h e  t i m e  of  y e a r .  

S t u a r t  (1957)  r e p o r t e d  e m i g r a t i o n  of  a g e  0+ brown t r o u t  

from n u r s e r y  streams a t  t h e  end of  t h e i r  f i r s t  summer. The down- 

stream e m i g r a t i o n  o c c u r r e d  as t e m p e r a t u r e s  d e c l i n e d  from 8-10 C 

t o  4-7 C .  These f i s h  r e t u r n e d  t o  t h e  stream t h e  f o l l o w i n g  s p r i n g  

as l a k e  water t e m p e r a t u r e s  r o s e  above 1 0  C .  H e  a l s o  observed 

salmon f r y  l e a v i n g  t h e  D u n a l a s t a i r  s t r e a m s  and commented t h a t  h e  

n e v e r  found a n y  salmon i n  t h e s e  streams d u r i n g  w i n t e r .  Hartman 

(1963 & 1965)  obse rved  t h a t  j u v e n i l e  coho,  s t e e l h e a d ,  and brown 

t r o u t  a s s o c i a t e d  c l o s e l y  w i t h  rock  and r u b b l e  s u b s t r a t e  w i t h  low 

water t e m p e r a t u r e s  d u r i n g  w i n t e r .  Chapman (19661, Chapman and 

Bjornn (19691, Bjornn ( 1 9 7 1 ) ,  and Hartman (1963 & 1965)  a l l  sug- 

g e s t  t h a t  w i n t e r  h i d i n g  b e h a v i o r  h a s  a d a p t i v e  s u r v i v a l  v a l u e .  

Win te r  a s s o c i a t i o n  w i t h  l a r g e  rock and r u b b l e  s u b s t r a t e  o f f e r s  

p r o t e c t i o n  from p r e d a t i o n ,  s c o u r i n g ,  d i s p l a c e m e n t  by h i g h  water 

f l o w s ,  and a l s o  c o n s e r v e s  energy.  R e i m e r s  (1957) concluded t h a t  

w i n t e r  m o r t a l i t y  r e s u l t s  p r i m a r i l y  from exposure  t o  w i n t e r  condi-  

t i o n s  i n c l u d i n g  i c e ,  s l u s h ,  c o l l a p s i n g  snow banks and f l u c t u a t i n g  

water f lows.  

I n  streams w i t h  water t e m p e r a t u r e s  d e c l i n i n g  below 10 C 

i n  t h e  f a l l ,  t h e  number o f  e m i g r a t i n g  t r o u t  and salmon would 

l i k e l y  r e f l e c t  t h e  amount o f  p r o t e c t i v e  c o v e r  and h i d i n g  s p a c e s  

a v a i l a b l e  i n  t h e  s u b s t r a t e  and f i s h  p o p u l a t i o n  d e n s i t y .  Emigra- 

t i o n  t a p e r s  o f f  i n  l a t e  f a l l  a s  t e m p e r a t u r e s  d e c l i n e  below 5 C 



f o r  t h e  w i n t e r  and t h e  popu l a t i on  d e n s i t y  d e c l i n e s  t o  w i t h i n  

c a p a c i t y  of  t h e  w i n t e r  h a b i t a t .  I contend t h a t  j u v e n i l e  chinook 

salmon f i n d  rock and r u b b l e  s u b s t r a t e  an  impor t an t  component of 

t h e i r  w i n t e r  h a b i t a t .  
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