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A B S T R A C T  

HOMING BEHAVIOUR OF ADULT SOCKEYE SALMON 
(ONCORHYNCHUS N_EiA,) PRESENTED WITH 

D I L U T I O N S  OF HOMESTREAM WATER 

by Michael R.  F re twel l  

The upstream migra t ion  of adu l t  sockeye salmon ( O n c o r h y n c h ~  nerka) in 

t he  home r i v e r  system and s e l e c t  ion of t h e  homestream f o r  spawning i s  
- - - -- 

bel ieved t o  be based on a  mechanism of p o s i t i v e  rheotax is  i n  t he  presence of 
- 

t h e  app ropr i a t e  odour cue. Resul t s  a r e  presented here  which support the 

hypothesis  t h a t  the  homing migrat ion of sockeye salmon, 

water ,  e n t a i l s  more than merely p o s i t i v e  rheo tax i s  in  

homestream odour o r  sequence of odours,  and t h a t  salmon 

a f t e r  en ter ing  f resh  

t h e  presence of the 

a r e  capable of rela-  

t i v e l y  complex "decis ionmaking" processes  in  loca t ing  t h e  homestream. 

Adult sockeye salmon, t e s t e d  i n  a  water source preference apparatus,  
- - 

discr imina ted  between homestream water and mixtures of homestream water 

d i l u t e d  by a s  l i t t l e  a s  10 percent  with water from a  t r i b u t a r y  stream. The 

b a s i s  of t he  d iscr imina t ion  was the  o l f a c t o r y  sense and was a  preference for  

t h e  g r e a t e r  concent ra t ion  of homestream water r a t h e r  than avoidance of the 

d i l u t a n t  water .  

F i e ld  observa t ions  of homing sockeye salmon a t  a  hydroe lec t r i c  i n s t a l l a -  

t ion yielded evidence p a r a l l e l  t o  t h a t  obtained i n  t h e  preference apparatus. 

Af t e r  encountering homestream water discharging from a  powerhouse, upstream 

migra t ion  was not always sus ta ined  in  t he  presence of homestream water d i lu ted  

by a  t r i b u t a r y  stream. These observa t ions  diverge from t h e  conventional view 
- -- - - -- - - 

of t h e  o l f a c t o r y  hypothesis  which would p red ic t  p o s i t i v e  rheotax is  i n  t he  
- - - -- - - - -- - - 

iii 



p r e s e n c e  of  t h e  m i x t u r e  of homestream and t r i b u t a r y  w a t e r ,  p rov id ing  t h a t  t h e  

c o n c e n t r a t i o n  of  homestream w a t e r  was d e t e c t a b l e  t o  t h e  f i s h .  The s i m p l i s t i c  
/ 

o l f a c t o r y  h y p o t h e s i s ,  whereby p o s i t i v e  r h e o t a x i s  o c c u r s  i n  t h e  p resence  of 

homestream odour ,  i s  re-examined and expanded t o  i n c o r p o r a t e  a  more complex 

"comparat ive" model. 

P ink salmon (Ch~orhypc&s go~k-1 d i d  no t  e x h i b i t  a  p r e f e r e n c e  f o r  
. -- - - - -  

t h e  homestream w a t e r  o v e r  m i x t u r e s  of  homestream and t r i b u t a r y  wa te r .  I t  
- - - - --- .-- -- - - 

was s p e c u l a t e d  t h a t ,  having reached t h e  spawning g rounds ,  t h e  f i s h  were no 

l o n g e r  i n  a n  a c t i v e  m i g r a t o r y  s t a t e .  
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I N T R O D U C T I O N  

The homing m i g r a t i o n  of a d u l t  P a c i f i c  salmon from t h e  ocean t o  t h e i r  

n a t a l  s t r eam is  g e n e r a l l y  subdivided i n t o  two d i s c r e t e  phases  on t h e  b a s i s  

of  t h e  mechanisms u t i l i z e d  by t h e  f i s h  f o r  o r i e n t a t i o n ,  n a v i g a t i o n  and 

homing. The ocean ic  phase  i s  t h e  l e a s t  unders tood p a r t  of t h e  salmon's  

m i g r a t i o n .  A v a r i e t y  o f  methods of  o r i e n t a t i o n  and n a v i g a t i o n  proposed t o  

accomplish  m i g r a t i o n  a t  s e a  i n c l u d e  p a s s i v e  d r i f t ,  random s e a r c h i n g ,  keying 

on s p e c i f i c  t empera tu res  and s a l i n i t i e s ,  c e l e s t i a l  o r i e n t a t i o n ,  o r i e n t a t i o n  

t o  p o l a r i z e d  l i g h t  and magnetic-compass o r i e n t a t i o n  (Neave, 1964; Quinn, 

1981; Royce gy gi., 1968).  The r e l a t i v e l y  p r e c i s e  t iming wi th  which salmon 

r e t u r n  from ocean ic  m i g r a t i o n s  of  s e v e r a l  thousand k i l o m e t e r s  t o  ve ry  s p e c i -  

f i c  l o c a t i o n s  i m p l i e s  a  d e g r e e  of s o p h i s t i c a t i o n  of n a v i g a t i o n  and measure- 

ment of  t ime beyond t h a t  p o s s i b l e  u t i l i z i n g  most of t h e  above means of 

o r i e n t a t i o n  e i t h e r  s i n g l y  o r  i n  combinat ions .  The c u r r e n t  view i s  t h a t  some 

t y p e  of b i - c o o r d i n a t e  map system i s  r e q u i r e d  t o  accomplish  t h i s  f e a t  of  

t iming  and p r e c i s e  l o c a t  i o n  (Quinn, 1982).  Magnet ic-compass o r i e n t a t  ion  i s  

l i k e l y  invo lved ,  p o s s i b l y  a long w i t h  o t h e r  mechanisms. 

When a d u l t  salmon approach t h e  home r i v e r  system o l f a c t i o n  a p p a r e n t l y  

becomes t h e  dominant homing mechanism, a l t h o u g h  t h e  p r e c i s e  odour c u e ( s )  and 

t h e  mechanism by which t h e  f i s h  a r e  a t t r a c t e d  have n o t  been e s t a b l i s h e d .  A 

l a r g e  body of  ev idence  s u p p o r t s  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  salmon impr in t  

t o  an odour o r  odours  p r e s e n t  i n  t h e  homestream, and t h a t  t h e  r e t u r n i n g  

a d u l t s  respond t o  t h e  p r e s e n c e  of t h e  imprinted c h e m i c a l ( s )  dur ing  t h e  

P r e t u r n  m i g r a t i o n  ( H a s l e r ,  1966; H a s l e r  g t  a,&., 1978; H a s l e r  and Scho lz ,  

1983) ;  \&n a l t e r n a t i v e  t o  t h e  " i m p r i n t i n g  hypo thes i s"  i s  t h e  "pheromone 

h y p o t h e s i s " ,  which h o l d s  t h a t  t h e  r e t u r n i n g  a d u l t s  a r e  i n h e r e n t l y  a t t r a c t e d  



t o  t h e  homestream by pheromones re leased  by juveni les  of t he  same population 

( S t a b e l l ,  1984). The pheromone hypothesis  has been d i r e c t e d  mainly toward 

homing of A t l a n t i c  salmon (Sglmo pa la r  L.). Although the re  i s  some indica- 

t i o n  t h a t  some a spec t s  of t h e  r e t u r n  t o  t he  homestream may be under gene t i c  

c o n t r o l  i n  P a c i f i c  salmon (Bams, l976) ,  t h e  most widely held view i s  t h a t  

homing of P a c i f i c  salmon i e  a t  l e a s t  p a r t l y  dependent upon some form of 

imprint ing t o  chemical c o n s t i t u e n t s  of t h e  homestream water.  The mechanism 

by which imprint ing is  accomplished and t h e  p r e c i r e  time during which it 

occurs  i s  not completely understood (Cooper $ d., 1976; Hasler a., 
1978; Jensen and Duncan, 1971; Novotny, 1980). Numerous at tempts  have been 

made t o  c l a r i f y  t he  imprint ing mechanism s ince  it has a  s i g n i f i c a n t  bearing 

on t h e  homing migra t ion  and the re fo re  upon the  l i k e l y  success of many 

enhancement and r e h a b i l i t a t i o n  p ro j ec t s .  Some imprinting i s  believed t o  

occur before  o r  during smolt i f  i c a t  ion. However, e a r l i e r  imprinting during 

the  incubat ion o r  emergence period may be necessary,  a t  l e a s t  i n  the  ca re  of 

salmon (such a s  sockeye) which move t o  sea from a r ea r ing  a r e a  remote from 

t h e  homestream from which they emerged and t o  which they must u l t ima te ly  

r e t u r n  t o  spawn ( H o r r a l l ,  1981). The length  of time required f o r  e f f e c t i v e  

imprint ing a t  t h e  m o l t i n g  s t a g e  i s  a l s o  only p a r t i a l l y  known, but i n  some 

ins tances  may be a s  l i t t l e  a s  4  hours (Novotny, 1980). 

, The homestream odour hypother i s ,  as  e t a t ed  by Hasler and o the r s ,  is  

based on t h e  following t ene t s :  (1 )  t h a t  each stream possesres  a cha rac t e r i s -  

t i c  odour d e t e c t a b l e  by salmon, (2 )  t h a t  salmon a r e  ab l e  t o  d iscr imina te  

betveen t h e  odours of d i f f e r e n t  streams, and ( 3 )  t h a t  salmon a r e  ab l e  t o  

r e t a i n  t he  "memory" of t h e  homestream odour during t h e  one t o  s eve ra l  years 

of oceanic  res idence  (Hara, 1975). The chemical b a r i s  of t he  homestream 



odour o r  odours  has  n o t  been i d e n t i f i e d ,  but  i s  thought  t o  b e ,  i n  p a r t ,  

v o l a t i l e  o r g a n i c  compounds ( I d l e r  ey gl., 1961) .  I t  has  a l s o  been v a r i o u s l y  

suggested t h a t  t h e  d i s t i n c t i v e  homestream odour i n  each s t r eam may o r i g i -  

n a t e  from t h e  f l o r a  of t h e  s t r e a m ,  geochemical  n a t u r e  of t h e  watershed of 

t h e  homestream, o r  from r a c e - s p e c i f i c  pheromones e x c r e t e d  o r  s e c r e t e d  by 

r e l a t e d  j u v e n i l e s  i n  t h e  homestream ( H a s l e r ,  1966; H a s l e r  g t  d., 1978; 

Nordeng , 1971 and 1977) . 
Regard less  of t h e  i m p r i n t i n g  mechanisms and t h e  homestream odour o r  

sequence of odours ,  i m p l i c i t  i n  t h e  o l f a c t o r y  h y p o t h e s i s  i s  t h e  n e c e s s i t y  

f o r  p o s i t i v e  r h e o t a x i s  t o  occur  i n  t h e  p resence  of t h e  a p p r o p r i a t e  odour cue 

(Hara ,  1975; H a s l e r  and Scho lz ,  1983; Johnsen,  1982; Johnsen and H a s l e r ,  

1980).  

R e s u l t s  a r e  p r e s e n t e d  h e r e  which sugges t  t h a t  t h e  homing m i g r a t i o n  of 

salmon a f t e r  e n t e r i n g  f r e s h  wa te r  e n t a i l s  more than  mere p o s i t i v e  r h e o t a x i s  

i n  t h e  p r e s e n c e  of t h e  homestream odour o r  sequence of odours  and t h a t  

salmon a r e  c a p a b l e  of a  r e l a t i v e l y  complex "decision-making" p r o c e s s  in .  

l o c a t i n g  t h e i r  homestream. 

F i e l d  o b s e r v a t i o n s  of homing sockeye salmon ( O n c o r h y n c h g  nerka)  a t  a 

h y d r o e l e c t r i c  i n s t a l l a t i o n  i n d i c a t e d  t h a t ,  a f t e r  encoun te r ing  t h e i r  home- 

s t r e a m  w a t e r  d i s c h a r g i n g  from a  powerhouse, ups t ream m i g r a t i o n  ( p o s i t i v e  

r h e o t a x i s )  was n o t  s u s t a i n e d  i n  t h e  p resence  of  homestream water  n a t u r a l l y  

d i l u t e d  by a  t r i b u t a r y .  The fo rego ing  o b s e r v a t i o n  is  n o t  compat ib le  w i t h  

t h e  c o n v e n t i o n a l  view of  t h e  o l f a c t o r y  h y p o t h e s i s ,  which would p r e d i c t  

p o s i t i v e  r h e o t a x i s  i n  t h e  p resence  of  t h e  homestream w a t e r  and t r i b u t a r y  

m i x t u r e  p r o v i d i n g  t h a t  t h e  c o n c e n t r a t i o n  of homestream wate r  was h i g h  enough 

t o  b e  d e t e c t a b l e  by t h e  f i s h .  



The h y p o t h e s i s  t h a t  m i g r a t i n g  salmon a r e  capab le  of  d e t e c t i n g  t h e  

d i f f e r e n c e  between and choosing t h e  g r e a t e r  of  two concent r a t  ions  of  t h e i r  

homestream w a t e r  a r o s e  from t h e  fo rego ing  o b s e r v a t i o n s .  I t  fo l lows  t h a t  t h e  

s imple  o l f a c t o r y  h y p o t h e s i s ,  whereby p o s i t i v e  r h e o t a x i s  is  r e l e a s e d  by t h e  

p r e s e n c e  of t h e  homestream odour ,  must be  expanded t o  i n c o r p o r a t e  a  more 

complex "comparative" o r  "decision-making" model. 

SUBJECT POPULATIONS AND STUDY AREA 

I. Sockeye Salmon 

Of t h e  f i v e  s p e c i e s  of P a c i f i c  salmon found i n  North America sockeye 

salmon e x h i b i t  what i s  p robab ly  t h e  most r i g i d l y  s t r u c t u r e d  l i f e  h i s t o r y ,  

w i t h  t h e  most s p e c i f i c  r equ i rements  - - f o r  - t h e  v a r i o u s  a s p e c t s  of  t h e  f r e s h -  
- 

w a t e r  phase  of  t h e i r  l i f e  c y c l e .  I n  p a r t i c u l a r ,  t h e  nea r -ob l iga to ry  re- 
- -  --- -- - - -- 

quirement f o r  a  1-2 y e a r  l a c u s t r i n e  r e a r i n g  p e r i o d  ( F o e r s t e r ,  1968) substan-  
-- - - -- -- A - - - . - - --- -- - - 

t i a l l y  l i m i t s  t h e  number of  r i v e r  sys tems and t r i b u t a r i e s  which can  suppor t  - -- -- - - -- - - - - - -  - -  - - -- - -- - 

sockeye p o p u l a t i o n s .  The l a k e  r e a r i n g  phase  a l s o  o b l i g e s  t h e  sockeye dur ing  
- - - -- - - - - - - -- - - -- -- - - - 

i t s  l i f e  t o  perform t h r e e  r e l a t i v e l y  p rec i se ly - t imed  m i g r a t i o n s ,  t h e  s u c c e s s  
- - -- .- - 

of  which a r e  c r i t i c a l  t o  t h e  a n i m a l ' s  s u r v i v a l  and u l t i m a t e  r e p r o d u c t i v e  
-- .. - 

s u c c e s s .  J u v e n i l e  sockeye salmon, upon emergence, move t o  t h e  r e a r i n g  l a k e  
7 - - ---- - 

and b e g i n  f e e d i n g .  Th i s  i s  accomplished by t h e  a p p r o p r i a t e  i n n a t e  rheotac-  
- - -- - -- -- - - ----- _ - _. _ _ I - - 

t i c  and o l f a c t o r y  r e s p o n s e s  (Bodznick,  1978a; Brannon, 1972).  One o r  two 
- -  - - 

y e a r s  l a t e r  t h e  smolt  must l o c a t e  t h e  l a k e  o u t l e t ,  p o s s i b l y  us ing  r h e o t a c t i c  -- 
cues  and compass o r i e n t a t i o n  (Groo t ,  1965 and 1982; Quinn, 1981). A s  pre-  

v i o u s l y  d i s c u s s e d ,  t h e  e x t e n s i v e  ocean ic  m i g r a t i o n s  r e q u i r e  f u r t h e r  sophie- 

t i c a t e d  means of  o r i e n t a t i o n  and n a v i g a t i o n ,  l i k e l y  i n v o l v i n g  some t y p e  of  

b i - c o o r d i n a t e  "map" system. A b a s i c  d i r e c t i o n a l  o r i e n t a t  i o n  might be  accom- 



p l i s h e d  w i t h  r e f e r e n c e  t o  any one of  many s imple  d i r e c t i o n a l  c u e s .  Naviga- 

t i o n ,  i f  i t  happens,  r e q u i r e s  a  more complex i n t e g r a t i o n  of l o c a t i o n  and 

t ime t o  r e t u r n  t h e  m i g r a t i n g  f i s h  t o  a  predetermined l o c a t i o n  a t  a  p r e c i s e  
-- - -- - -- -- -- -- --- - 

t ime  of  yea r .  Quinn (1982) p r o v i d e s  a  conv inc ing  c a s e  f o r  t h e  need f o r  a  

time-compensated method of n a v i g a t i o n  t o  e x p l a i n  t h e  r e t u r n  of  salmon from 

d i v e r g e n t  l o c a t i o n s  a t  s e a  by r o u t e s  n o t  p r e v i o u s l y  t r a v e r s e d .  The r e t u r n  
--  

\ 

i g r a t i o n  of  t h e  mature  salmon t o  i t s  n a t a l  s t r eam t o  spawn i e  accompliehed 2- - 

p r i n c i p a l l y  u s i n g  o l f a c t o r y  cues  a long w i t h  pos i t  i v e  rheo t  a x i s  and v i s i o n  - -- - - - 

( H a s l e r  and Scho lz ,  1978; H a s l e r  gL EL., 1978; Johnsen and H a s l e r ,  1980). 

Although t h e  p r e c i s i o n  of  homing f o r  t h e  v a r i o u s  s p e c i e s  of  P a c i f i c  

salmon is n o t  w e l l  documented, i t  i s  l i k e l y ,  based on t h e  unique l a k e  

requ i rement ,  t h a t  sockeye should  be  t h e  most s i t e - s p e c i f i c  honers .  S i n c e  
- - - - - -- -- -- 

o n l y  a  s m a l l  p r o p o r t i o n  of  wa te r sheds  c o n t a i n  s u i t a b l e  l a k e s ,  a h igh  degree  
- - 

of  s e l e c t  ion  a g a i n s t  s t r a y i n g  would b e  expected i n  sockeye.  

I n  t h e  e v e n t  t h a t  t h e  normal r e t u r n  m i g r a t i o n  of  t h e  salmon i s  blocked 

by  n a t u r a l  o b s t r u c t i o n s  o r  by man-made dams o r  d i v e r s i o n s ,  t h e  s p e c i f i c  
- - 

n a t u r e  o f  t h e  homing mechanism can  o p e r a t e  t o  t h e  d e t r i m e n t  of  t h e  f i s h .  

Tha t  a p p e a r s  t o  b e  t h e  c a s e  a t  Seton Creek where a  d i v e r e i o n  o f  homestream 

w a t e r  c a n  i n t e r r u p t  t h e  spawning m i g r a t i o n  o f  two r a c e s  of eockeye salmon 

which spawn and r e a r  i n  t h e  Seton-Anderron sys tem upst ream of  a  d i v e r s i o n  

dam and h y d r o e l e c t r i c  i n s t a l l a t i o n  o p e r a t e d  by B.C. Hydro and Power Author- 
- - - 

i t y  ( F i g s .  1 and 2 ) .  The Gatee Creek - a d u l t  - -- sockeye salmon m i g r a t e  upetream 

i n t o  t h e  Seton-Anderson sys tem d u r i n g  t h e  p e r i o d  J u l y  PO-August 31 and spawn 
- - 

i n  Gates  Creek and an a r t i f i c i a l  spawning channe l  a t  t h e  head of Anderson 

Lake d u r i n g  August and September. A l a t e r  run  t o  P o r t a g e  Creek e n t e r 8  

Se ton  Lake from September PO-November 10 and spawns i n  October  and November. 
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Young o f  b o t h  r a c e s  r e a r  p r e d o m i n a n t l y  i n  Seton Lake f o r  one  y e a r  and 
- - 

e m i g r a t e  a s  s rnol t s  d u r i n g  t h e  Apr i l - June  p e r i o d  (Andrew and Geen, 1956; 
-- - --. 

F r e t w e l l ,  1981) .  Normal o p e r a t  ion  o f  t h e  h y d r o e l e c t r i c  p l a n t  r e s u l t s  i n  

a p p r o x i m a t e l y  95% o f  t h e  d i s c h a r g e  from Set  on Lake p a s s i n g  th rough  S e t o n  

powerhouse ( F i g .  2 ) .  During  p e r i o d s  o f  downstream m i g r a t i o n  t h e  m a j o r i t y  of  

t h e  sockeye  salmon s rno l t s  m i g r a t e  downstream th rough  t h e  power c a n a l  and 

powerhouse and emerge i n t o  t h e  F r a s e r  R i v e r  a t  t h a t  p o i n t .  S i n c e  a t  l e a s t  
- . - - - - - -" - 

1 9 7 2  there h a s  been  a c c u m u l a t i o n  and l o s s  o f  r e t u r n i n g  a d u l t  sockeye  salmon 
- - . - - - -_ - - -  - 

which  a r e  a t t r a c t e d  t o  t h e  d i s c h a r g e  o f  S e t o n  Lake w a t e r  from t h e  powerhouse 
- . -- - - - - - -- - 

(Anonymous, 1976) ( P l a t e  1 )  . 
It was o r i g i n a l l y  b e l i e v e d  t h a t  t h e  d e l a y  o f  f i s h  a t  t h e  powerhouse 

r e su l t ed  from a  p h y s i c a l  b r e a k  i n  c o n t i n u i t y  o f  t h e  o l f a c t o r y  c u e  which 

i n t e r r u p t e d  t h e  r e t u r n  m i g r a t i o n  (Anonymous, 1976) .  I t  was concluded  t h a t  

t h e  d i s s i p a t i o n  and d i l u t i o n  o f  t h e  plume o f  S e t o n  Creek between t h e  mouth 

o f  t h e  c r e e k  and t h e  p o i n t  o f  d e l a y  a t  t h e  t a i l r a c e  caused  a d i s l o c a t i o n  of  

khe odour  t r a i l  o f  S e t o n  Lake (homestream) w a t e r .  S i n c e  t h e r e  was no  obse r -  

v a b l e  c o n t i n u i t y  be tween t h e  t a i l r a c e  and t h e  plume o f  S e t o n  C r e e k ,  i t  was 

b e l i e v e d  t h a t  t h e  f i s h  would n o t  v e n t u r e  u p s t r e a m  p a s t  t h e  t a i l r a c e  t o  S e t o n  

Creek .  

C o n t r a r y  e v i d e n c e  was o b t a i n e d  d u r i n g  p r e l i m i n a r y  r a d i o - t e l e m e t r y  

i n v e s t i g a t i o n s  i n  1978 when i t  was n o t e d  t h a t  a d u l t  P o r t a g e  Creek sockeye  

sa lmon,  equipped  w i t h  m i n i a t u r e  r a d i o  t r a n s m i t t e r s ,  f r e q u e n t l y  r e t u r n e d  

downst ream when r e l e a s e d  i n  S e t o n  Creek  ( F r e t w r l l ,  1979) .  T h i s  u l t i m a t e l y  
- -  - - -  

led t o  t h e  hypothesis t h a t  m i g r a t i n g  a d u l t  salmun a r e  c a p a b l e  o f  a  more 
- - - - -- - .- 

complex r e s p o n s e  t o  t h e i r  homestream w a t e r  t h a n  a s i m p l e  u p s t r e a m  movement 
--" - " - 

( p o s i t i v e  r h e o t a x i s ) .  I t  was h y p o t h e s i z e d  t h a t  t h e s e  f i s h  were  c a p a b l e  of  
-- - - - 



PLATE 1. Seton Lake wafer discharged into  the Fraser River 
at  Seton powerhouse. 



comparing r e l a t i v e  c o n c e n t r a t i o n s  of  t h e i r  homestream odour and choosing t h e  
-- - 

g r e a t e s t  c o n c e n t r a t i o n  t h e r e o f .  
- - - - 

11. P i &  Salmon 

Pink salmon ~ O n c o r h ~ c h u s  gororschg) r e p r e s e n t  what may be  t h e  o p p o s i t e  

ext reme,  compared t o  sockeye,  i n  terms of s p e c i f i c  f r e s h w a t e r  r equ i rements .  

P ink  salmon have minimal f r e s h w a t e r  r e a r i n g  requ i rements  s i n c e  they  m i g r a t e  

t o  s e a  a lmost  immediately a f t e r  emergence, w i t h  l i t t l e  o r  no feed ing  i n  

f r e s h w a t e r .  P o s s i b l y  t h e  major l i m i t a t i o n  on t h e  d i s t r i b u t i o n  of  pink 

salmon, o t h e r  t h a n  s u i t a b l e  spawning s u b s t r a t e ,  is  t h e  d i s t a n c e  and d i f f i -  

c u l t y  o f  t h e  a d u l t  m i g r a t i o n  s i n c e  pink salmon a r e  cons ide red  t o  be  l e s s  

c a p a b l e  swimmers t h a n  o t h e r  s p e c i e s  of P a c i f i c  salmon even when t h e i r  gen- 

e r a l l y  s m a l l e r  s i z e  i s  c o n s i d e r e d  ( ~ r e t t ,  1982).  On t h e  b a s i s  of t h e  g e n e r a l  

n a t u r e  of  t h e i r  f r e s h w a t e r  requirements  i t  might be  assumed t h a t  pink salmon 

would p o s s e s s  l e s s  p r e c i s e  homing than o t h e r  s p e c i e s  of  P a c i f i c  salmon. 

Inc luded  i n  t h e  p r e s e n t  s tudy  i s  a  p o p u l a t i o n  of pink salmon which 

spawn i n  odd y e a r s  from September 20-October 30 i n  t h e  Seton-Anderson sys- 

tem. Most of  t h e  n a t u r a l  p roduc t ion  r e s u l t s  from spawning which occurs  i n  

Se ton  Creek between Seton Dam and i t s  conf luence  w i t h  Cayoosh Creek ( F i g .  

2 ) .  A d d i t i o n a l  n a t u r a l  p r o d u c t i o n  occurs  i n  Se ton  Creek below i t s  conf lu -  

ence  w i t h  Cayoosh Creek,  i n  Seton Creek between Seton Dam and Seton Lake, i n  

Cayoosh Creek and i n  P o r t a g e  Creek.  A s u b s t a n t i a l  p r o p o r t i o n  of  t h e  produc- 

t i o n  from t h e  a r e a  i s  from two spawning channe l s  a d j a c e n t  t o  Seton Creek 

which a r e  s u p p l i e d  w i t h  Se ton  Lake wa te r  from t h e  B.C. Hydro power c a n a l .  

Re tu rn ing  a d u l t  p ink salmon, l i k e  sockeye,  a r e  a t t r a c t e d  t o  t h e  d i s -  

c h a r g e  o f  Se ton  Lake w a t e r  from t h e  t a i l r a c e  of Se ton  powerhouse. 



The h y p o t h e s i s  t h a t  m i g r a t i n g  sockeye and pink salmon a r e  capab le  of 

d i s c r i m i n a t i n g  between d i f f e r e n t  c d n c e n t r a t i o n s  of homestream odours was 

examined by two methods: (1) t e s t i n g  salmon f o r  a  p r e f e r e n c e  vhen they were 

p r e s e n t e d  w i t h  a  c h o i c e  of  t h e i r  homestream w a t e r  and v a r i o u s  d i l u t i o n s  of 

t h e i r  homestream wate r  i n  an exper imenta l  s i t u a t i o n ,  and ( 2 )  observ ing  t h e  

behav iour  of radio- tagged a d u l t  salmon p r e s e n t e d  w i t h  s i m i l a r  cho ices  i n  

t h e  f i e l d  d u r i n g  t h e i r  spawning m i g r a t i o n .  

I. Yate r  Source  P r e f e r e n c e  Ex~g-ggts 

1. Water P r e f e r e n c e  Ap~ga~uz 

The a p p a r a t u s  used t o  t e s t  t h e  p r e f e r e n c e  of migra t ing  salmon f o r  

v a r i o u s  m i x t u r e s  of homestream wate r  was s i m i l a r  t o  t h a t  d e s c r i b e d  by 

S u t t e r l i n  and Gray (1973) f o r  t e s t i n g  t h e  homing of  A t l a n t i c  salmon (salmo 

s a l a r )  t o  a  h a t c h e r y .  The t e s t  a p p a r a t u s  was l o c a t e d  on t h e  bank of Cayoosh 

Creek approx imate ly  1200 m downstream from t h e  o u t l e t  of  Seton Lake, The 

p r e f e r e n c e  a p p a r a t u s  c o n s i s t e d  of  two t r o u g h s  through which t e s t  and c o n t r o l  

wa te r  were d i s c h a r g e d  i n t o  a  c e n t r a l  poo l  ( F i g .  3 ) .  The r e c t a n g u l a r  f i b r e -  

g l a s s  t r o u g h s  were 305 cm long ,  76 cm wide and 46 cm deep ,  The c e n t r a l  

round f  i b r e g l a s s  p o o l  was 183 cm i n  d i a m e t e r  and 6 1  cm deep.  The t roughs  

were jo ined  t o  t h e  round p o o l  by means of  20.3 cm d i a m e t e r  p o r t s  c o n s t r u c t e d  

o f  p l a s t i c ;  t h e s e  were s e a l e d  w i t h  s i l i c o n  s p e c i f i e d  by t h e  manufacturer  a s  

non-toxic t o  f i s h .  The e n t i r e  a p p a r a t u s  was covered wi th  a  f i n e  nylon mesh 

t o  p r e v e n t  f i s h  from jumping o u t .  The mesh a l s o  provided p s r t i a l  shade from 

d i r e c t  s u n l i g h t .  

Water was s u p p l i e d  through 5.1 cm I . D .  f l e x i b l e  p o l y e t h e l e n e  p i p e  i n t o  





a  d i f f u s i o n  chamber a t  t h e  d i s t a l  end of  each of t h e  r e c t a n g u l a r  t roughs .  

T o t a l  d i s c h a r g e  i n t o  each t rough  was 68.2 L/min. Seton Lake water  was 

p r e s e n t e d  i n  one t rough  ( r e f e r r e d  t o  a s  t h e  c o n t r o l )  and a  m i x t u r e  of  Seton 

Lake w a t e r  and Cayoosh Creek wa te r  i n  t h e  o t h e r  t rough ( r e f e r r e d  t o  a s  t h e  

t e s t  m i x t u r e ) .  Discharges  were c a l i b r a t e d  v o l u m e t r i c a l l y  by c o n t r o l l i n g  t h e  

f low from each w a t e r  s o u r c e  through a  g a t e  va lve .  A f t e r  i n t r o d u c t i o n  i n t o  

t h e  d i f f u s i o n  chamber t h e  w a t e r  flowed t h e  l e n g t h  of  t h e  r e c t a n g u l a r  t rough ,  

passed  th rough  t h e  p o r t  i n t o  t h e  c i r c u l a r  poo l  and d r a i n e d  through a  7 .6  cm 

s tand-pipe  a t  t h e  c e n t e r .  Se ton  Lake wa te r  was ob ta ined  from t h e  Seton 

Genera t ing  S t a t i o n  power c a n a l  by a  s iphon hose.  Cayoosh Creek wa te r  was 

o b t a i n e d  by g r a v i t y  feed  from Cayoosh Creek. 

The t empera tu res  of t h e  t e s t  m i x t u r e  and c o n t r o l  were recorded t o  t h e  

n e a r e s t  O.l•‹C. Water samples were ob ta ined  from 4 s i t e s  a t  i n t e r v a l s  

throughout  t h e  1981 m i g r a t i o n s  t o  de te rmine  whether changing reeponses  of  

f i s h  t o  t e s t  p rocedures  might b e  a t t r i b u t e d  t o  changing w a t e r  chemis t ry  

pa ramete r s .  Samples were forwarded f o r  a n a l y s i s  t o  a  l a b o r a t o r y  opera ted  by 

t h e  I n l a n d  Waters D i r e c t o r a t e  and were  ana lysed  f o r  copductance ,  a l k a l i n i t y ,  

h a r d n e s s ,  ca lc ium,  f l u o r i d e  and s u l p h a t  e .  

2. Capture  and Handling of F i s h  

Adul t  sockeye and p ink  salmon were cap tu red  by b r a i l - n e t  i n  t h e  t a i l -  

r a c e  of  Seton Genera t ing  S t a t i o n ,  o r  f o r  c e r t a i n  t r i a l s ,  were ob ta ined  from 

t h e  f i shway a t  Seton Dam. Cap tu res  were made throughout  t h e  d a i l y  pe r iod  

when maximum l i g h t  was a v a i l a b l e  i n  t h e  t a i l r a c e ,  approximate ly  0800-1500 

h r .  F i s h  were n o t  s o r t e d  accord ing  t o  s e x ,  excep t  dur ing  t h e  1982 Gates 

Creek sockeye m i g r a t i o n ,  when o n l y  p r e c o c i o u s  males  were u t i l i z e d ,  The f i s h  

were t r a n s p o r t e d  by t r u c k  i n  a  900-L f i b r e g l a s s  t ank  i n  oxygenated 0.3% 
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s a l i n e  s o l u t i o n  t o  r educe  t r a n s p o r t a t i o n  s t r e s s  ( ~ a z e a u d  and Mazeaud, 1981).  

3 .  Tes t  Proce_d,u_~~g 

The f i s h  were p laced  i n  t h e  c e n t e r  poo l  i n  Seton Lake water  f o r  a  15- 

min accl i rnat  i o n  p e r i o d  b e f o r e  t h e  w a t e r  f low i n t o  t h e  r e c t a n g u l a r  t roughs  

was s t a r t e d .  Seton Lake w a t e r  was chosen f o r  t h e  a c c l i m a t i o n  medium because 

t h a t  was t h e  wa te r  i n  which t h e  f i s h  were c a p t u r e d .  A f u r t h e r  15 min 

e lapsed  b e f o r e  t h e  t r o u g h s  were f i l l e d .  Th i s  3 0 l n i n  p r e - t e s t  a c c l i m a t i o n  

p e r i o d  was comparable t o  t h a t  used e l sewhere  (Emanuel and Dodson, 1979; 

Quinn gt  gl., 1983) .  When t h e  t r o u g h s  were f i l l e d  t h e  p lugs  s e p a r a t i n g  them 

from t h e  c e n t r a l  ho ld ing  poo l  were removed by means of  a cord drawn by an 

o b s e r v e r  s i t u a t e d  15 m d i r e c t l y  above t h e  a p p a r a t u s .  Removal of t h e  p lugs  

s i g n a l l e d  t h e  beginning of t h e  exper iment .  

F i s h  were a l lowed 1 h r  t o  choose  between t h e  t rough d i scharg ing  c o n t r o l  

( S e t o n  Lake) w a t e r  and t h e  t r o u g h  d i s c h a r g i n g  t e s t  (Se ton  Lake p l u s  Cayoosh 

Creek) w a t e r .  F i s h  were f r e e  t o  move from t h e  c e n t r a l  pool  t o  t h e  cho ice  

t r o u g h s  and t o  r e t u r n  t o  t h e  c e n t r a l  poo l  dur ing  t h e  course  of t h e  t e s t  

( P l a t e  2 ) .  The numbers of  f i s h  i n  each t rough  a s  w e l l  a s  t h e  number remain- 

ing i n  t h e  c e n t e r  poo l  were recorded a f t e r  1 hour.  

F i s h  were r e t u r n e d  t o  t h e  c e n t r a l  p o o l  a f t e r  i t  had been r e f i l l e d  wi th  

Se ton  Lake wa te r .  The r e c t a n g u l a r  t roughs  were t h e n  d r a i n e d ,  t h e  wa te r  

s u p p l i e s  exchanged end-for-end, and t h e  t e s t  r e p e a t e d .  I n  t h i s  way each 

group o f  f i s h  was t e s t e d  t w i c e  and any d i r e c t i o n a l  o r  end p r e f e r e ~ c e  was 

e l i m i n a t e d .  

P r e l i m i n a r y  exper iments  were conducted i n  1980 us ing  Por tage  Creek 

sockeye salmon. I n i t i a l l y  each group of  f i s h  was t e s t e d  3 t imes ,  t h e  t e s t  

m i x t u r e  ( a  m i x t u r e  of w a t e r  from Se ton  Lake and Cayoosh Creek) and t h e  



PLATE 2.  Water source preference apparatus with f i s h  soepregoted 
near the source of  the control  water (right-hand tropgh) . 



c o n t r o l  ( S e t o n  Lake) w a t e r  s u p p l i e s  be ing  exchanged end-for-end a f t e r  each 

t r i a l .  R e l a t i v e l y  c o n s i s t e n t  r e s u l t s  were ob ta ined  d u r i n g  t h e  f i r s t  two 

t e s t s .  However, by t h e  beginning of t h e  t h i r d  t e s t  4  h r  o r  more had e lapsed  

s i n c e  t h e  f i s h  had been c a p t u r e d ,  and they  became a g g r e s s i v e  and e a s i l y  

e x c i t e d  by t h e  t e s t  p rocedures .  Subsequen t ly ,  each group of  f i s h  was li- 

mi ted  t o  two t r i a l s .  

P r e v i o u s  workers have noted avoidance of w a t e r  c o n t a i n i n g  e x t r a c t  of 

mammalian s k i n  ( B r e t t  and MacKinnon, 1954; I d l e r  g t  EL. ,  1961).  P r e c a u t i o n s  

were t a k e n  a g a i n s t  i n t r o d u c i n g  t h i s  b i a s  by wearing rubber  g l o v e s  dur ing  

o p e r a t i o n  o r  manipu la t ion  of t h e  t e s t  a p p a r a t u s .  

4 .  Water Miz tu res  Tested 

During p r e l i m i n a r y  exper iments  i n  1980, t e s t  m i x t u r e s  ranged from O- 

100% Cayoosh Creek wa te r .  I n  1981 and 1982 t e s t  m i x t u r e s  p a i r e d  a g a i n e t  

Seton Lake w a t e r  ranged from 5 t o  20 2 Cayoosh Creek w a t e r ,  depending upon 

t h e  response  e l i c i t e d  i n  t h e  e a r l i e r  t r i a l s .  

During t h e  1981 Gates  Creek sockeye salmon m i g r a t i o n ,  two t e s t  mix tu res  

c o n t a i n i n g  d i f f e r e n t  p r o p o r t i o n s  of  Cayoosh Creek wa te r  were p a i r e d  a g a i n s t  

each o t h e r  t o  de te rmine  whether Cayoosh Creek w a t e r  e l i c i t e d  a n  avoidapce 

response .  It was reasoned t h a t  t h e  p r e f e r e n c e  a p p a r e n t l y  shown f o r  Setpn 

Lake w a t e r  o v e r  t e s t  m i x t u r e s  could  have r e s u l t e d  from avoidance of Cayoosh 

Creek wa te r  i n  t h e  t e s t  m i x t u r e .  I f  t h e  c h o i c e  was based on avoidance,  

p r e s e n t a t i o n  of two t e s t  m i x t u r e s  should  r e s u l t  i n  t h e  m a j o r i t y  of f i s h  

remaining i n  t h e  c e n t r a l  poo l  r a t h e r  than  moving "upstream" t o  e i t h e r  t e s t  

mix tu re .  

A f u r t h e r  experiment was conducted i n  1981 t o  a s s e s s  t h e  p o s s i b i l i t y  

t h a t  Cayoosh Creek wa te r  con ta ined  come unique subs tance  caus ing  an avoid- 



ance r e a c t i o n .  Cayoosh Creek wa te r  was rep laced  i n  t h e  t e s t  mix tu re  b y  

wa te r  from ano the r  s t r eam,  Dick ie  Creek.  Th i s  s m a l l ,  p r e c i p i t o u s  creek 

f lows i n t o  t h e  F r a s e r  River  approximate ly  8 km upstream of Seton Creek. 

Consequent ly  Seton-Anderson f i s h  would be expected t o  be  n a i v e  t o  t h i s  

w a t e r ,  except  a s  an ex t remely  d i l u t e  c o n s t i t u e n t  of t h e  F r a s e r  R iver .  Water 

from t h i s  c r e e k  was t r a n s p o r t e d  i n  a  s t a i n l e s s  s t e e l  tank normal ly  used t o  

t r a n s p o r t  d r i n k i n g  wa te r .  I t  was d e l i v e r e d  i n t o  t h e  t e s t  t roughs  through 

t h e  same p o l y e t h e l e n e  p i p e  used t o  d e l i v e r  t h e  Cayoosh Creek component o f  

t h e  t e s t  m i x t u r e s .  

The r e s u l t s  of t h e  p r e f e r e n c e  s t u d i e s  were analyzed by two-way ch i -  

s q u a r e  t o  t e s t  f o r  a  p r e f e r e n c e  between t h e  c o n t r o l  (Seton)  and t e s t  (Seton 

and Cayoosh m i x t u r e )  w a t e r s .  Three-way chi-square  was no t  g e n e r a l l y  done t o  

t e s t  f o r  d i v e r g e n c e  from a  random d i s t r i b u t i o n  between t h e  t h r e e  p o s s i b i l i -  

t i e s  ( c o n t r o l  w a t e r ,  c e n t r a l  poo l  (no  c h o i c e )  and t e s t  mix tu re )  because  t h e  

d i s t r i b u t i o n  of  f i s h  was s o  obv ious ly  non-random. I n  a l l  bu t  a  few s p e c i a l  

c a s e s ,  which w i l l  be  d i s c u s s e d  l a t e r ,  o n l y  a  smal l  p r o p o r t i o n  of  f i s h  re -  

mained i n  t h e  "no choice"  poo l .  

5. Number of  F i s h  Used i n  Experiments 

Because of  t h e  t ime r e q u i r e d  f o r  s e t t i n g  up and conduct ing each t e s t  i t  

was advantageous  t o  t e s t  f i s h  i n  groups .  To de te rmine  whether each f i s h  i n  

a  g roup  t e s t  was responding independen t ly  and could be  cons ide red  a s  an 

i n d i v i d u a l  d a t a  p o i n t ,  a s e r i e s  o f  t r i a l s  w i t h  s i n g l e  f i s h  was run us ing  

1981 a d u l t  Gates  Creek sockeye salmon. The f i s h  were p resen ted  w i t h  a  t e s t  

m i x t u r e  o f  Seton Lake wa te r  d i l u t e d  20% w i t h  Cayoosh Creek wa te r .  To nlini- 

mize  t h e  t ime r e q u i r e d  f o r  c a l i b r a t i o n  of wa te r  f lows ,  i n d i v i d u a l l y  t e s t e d  

f i s h  were u t i l i z e d  f o r  o n l y  one t r i a l  and t h e  t e s t  was t e rmina ted  a f t e r  30 



min o r  a s  soon a s  each f i s h  had made a  c h o i c e .  S e v e r a l  f i s h  were t e s t e d  i n  

s u c c e s s i o n  b e f o r e  t h e  c o n t r o l  and t e s t  m i x t u r e s  were exchanged end-for-end. 

Responses of  g roups  of  5-12 d i f f e r e n t  sockeye were subsequen t ly  t e s t e d  under 

s i m i l a r  c o n d i t i o n s  and t h e  r e s p o n s e s  of t h e  s i n g l e  f i s h  and groups  were 

compared by means o f  h e t e r o g e n e i t y  chi -square  a n a l y s i s  (Woolf, 1968).  

6 .  Response o f  F i s h  with&tyu_cAed N a ~ g  

To v e r i f y  t h a t  t h e  outcome of t h e  p r e f e r e n c e  t r o u g h  t e s t s  was indeed 

based on o l f a c t i o n ,  1981 a d u l t  P o r t a g e  Creek sockeye salmon, cap tu red  i n  t h e  

t a i l r a c e ,  were t e s t e d  a f t e r  t h e i r  a n t e r i o r  n a r e s  had been blocked.  Th i s  was 

accomplished by i n s e r t i n g  a 1 cm l e n g t h  of  c o t t o n  covered Q-tip permeated 

w i t h  K-Y j e l l y ,  a  w a t e r  s o l u b l e  l u b r i c a n t .  Groups of  t h o s e  f i s h  were ex- 

posed t o  a  t e s t  m i x t u r e  which had p r e v i o u s l y  been d i e t  inguished from Seton 

Lake wa te r  by g roups  of  u n t r e a t e d  f i s h .  

7 .  D i r e c t i o n a l  P r e f e r e n c e  

The end-for-end r e v e r s a l  of t h e  t e s t  m i x t u r e  and t h e  c o n t r o l  wa te r  be- 

tween t e s t s  ensured t h a t  any d i r e c t i o n a l  p r e f e r e n c e  shown by t h e  f i s h  would . 
b e  c a n c e l l e d .  Any p r e f e r e n c e  f o r  t h e  t e s t  m i x t u r e  o r  t h e  c o n t r o l  water  

emerging from t h e  t e s t s  would t h e r e f o r e  b e  independent of any i n n a t e  d i r e c -  

t i o n a l  p r e f e r e n c e .  However, i f  a d i r e c t i o n a l  p r e f e r e n c e  e x i s t e d ,  t h e  

p r o p o r t i o n  of  f i s h  choosing t h e  p r e f e r r e d  wa te r  s o u r c e  might be g r e a t e r  when 

it  was p a i r e d  w i t h  t h e  p r e f e r r e d  d i r e c t i o n ,  and l e s s  when p a i r e d  w i t h  t h e  

non-preferred d i r e c t i o n .  Consequent ly ,  throughout  t h e  s t u d i e s ,  t h e  d i r e c -  

t i o n  chosen by t h e  f i s h  was recorded  and t h e  d a t a  analyeed t o  d e t e r n i n e  

whether  a d i r e c t i o n a l  p r e f e r e n c e  e x i s t e d  i n  a d d i t i o n  t o  any p r e f e r e n c e  f o r  

p a r t i c u l a r  w a t e r  s o u r c e s .  



8. Temperature P r e f e r e n c e  

S i n c e  f i s h  a r e  w e l l  known t o  be  capab le  o f  d i s c e r n i n g  smal l  d i f f e r e n c e s  

i n  t empera tu re  and of choosing a  p r e f e r r e d  t empera tu re ,  i t  was reasoned t h a t  

t empera tu re  might be a  c r i t i c a l  f a c t o r  i n  t h e  c h o i c e  made by f i s h  i n  t h e  

p r e f e r e n c e  t e s t s .  Genera l ly  t h e  Cayoosh Creek wa te r  was c o l d e r  than  t h e  

Se ton  Lake wa te r  and,  a s  a  r e s u l t ,  t h e  t e s t  mix tu re  was u s u a l l y  c o l d e r  than  

t h e  c o n t r o l  wa te r .  O c c a s i o n a l l y ,  due t o  s o l a r  h e a t i n g  of t h e  supply  p i p e s ,  

t h e  r e v e r s e  was t r u e .  

A p a i r  of  t e s t s  was conducted i n  which c o n t r o l  w a t e r  was p a i r e d  a g a i n s t  

an a r t i f i c i a l l y  cooled s o u r c e  of c o n t r o l  w a t e r ,  0.6-l . l•‹C c o o l e r .  Th i s  was 

accomplished through a s imple  hea t  exchange p r o c e s s ,  by p a s s i n g  one source  

of  Seton Lake wa te r  through s e v e r a l  hundred mete r s  of p i p e  bathed i n  t h e  

c o o l e r  Cayoosh Creek wa te r .  

The r e s u l t s  of  a l l  of  t h e  w a t e r  s o u r c e  p r e f e r e n c e  t e s t s  were examined 

f o r  a  t empera tu re  b i a s  by s u b d i v i d i n g  t e s t  groups  accord ing  t o  t h e  r e l a t i v e  

t empera tu re  of t h e  t e s t  and c o n t r o l  water :  1 )  c o n t r o l  wa te r  warmer, 2) 

c o n t r o l  wa te r  c o l d e r ,  and 3 )  no d i f f e r e n c e .  The water  m i x t u r e  t r e a t m e o t s  

which r e s u l t e d  i n  a  p r e f e r e n c e  f o r  t h e  c o n t r o l  w a t e r  were examined s e p a r a t e -  

l y  t o  de te rmine  i f  t h e  p r e f e r e n c e  e x i s t e d  r e g a r d l e s s  of  r e l a t i v e  tempera- 

t u r e .  I n  a  s i m i l a r  manner, w a t e r  m i x t u r e  t r e a t m e n t s  which d i d  n o t  r e s u l t  i n  

a  p r e f e r e n c e  were examined t o  de te rmine  i f  t h e  l ack  of  p r e f e r e a c e  was 

c o n s i s t e n t  f o r  a l l  r e l a t i v e  t e m p e r a t u r e s .  

IT. Radio-Te&gntry S t u d i e s  

To s t u d y  t h e  behav iour  of  sockeye i n  t h e  f i e l d  s e t t i n g  i n  r esponse  t o  

v a r i o u s  m i x t u r e s  of  Seton Lake wa te r  d i l u t e d  by Cayoosh Creek wa te r ,  a d u l t  

m i g r a n t s  were implanted w i t h  m i n i a t u r e  r a d i o  t r a n s m i t t e r s .  Var ious  mix tu res  



of  Seton and Cayoosh Creek w a t e r s  were produced by c o n t r o l l i n g  t h e  s p i l l  

d i s c h a r g e  a t  Seton Dam and t h e  d i s c h a r g e  of Cayoosh Creek ( ~ i g .  2)  by 

d i v e r t i n g  p a r t  of  i t  through a  t u n n e l  i n t o  Seton Lake ( ~ r e t w e l l  1980).  

Radio- te lemetry  equipment u t i l i z e d  d u r i n g  t h e s e  s t u d i e s  was s u p p l i e d  by 

AVM Ins t rument  Co., Champaign, I l l i n o i s ,  U.S . A .  T r a n s m i t t i n g  modules con- 

s i s t e d  o f  an SM-1 t r a n s m i t t e r ,  tuned loop antenna and s i n g l e  Hg-675 b a t t e r y  

p o t t e d  i n  d e n t a l  a c r y l i c  ( P l a t e  3 ) .  This  u n i t  weighed approximate ly  4.5 gm 

i n  a i r  p r i o r  t o  a p p l i c a t i o n  of  s e v e r a l  c o a t s  of beeswax f o r  wa te rp roof ing .  

T r a n s m i t t e r s  o p e r a t e d  on i n d i v i d u a l l y  d i s t i n g u i s h a b l e  f r e q u e n c i e s  w i t h i n  t h e  

49.3-49.6 MHz range .  Tracking was accomplished us ing  LA-12 manual r e c e i v e r s  

o p e r a t e d  e i t h e r  from a v e h i c l e  equipped w i t h  an  omni -d i rec t iona l  whip 

an tenna  o r  on f o o t  u s i n g  a  p o r t a b l e  M-Yagi d i r e c t i o n a l  an tenna .  

F i s h  u t i l i z e d  i n  r a d i o - t e l e m e t r y  s t u d i e s  were cap tu red  i n  a  b r a i l  n e t  

i n  t h e  t a i l r a c e  of  Se ton  powerhouse and were handled and t r a n s p o r t e d  a s  pre- 

v i o u s l y  d e s c r i b e d  f o r  p r e f e r e n c e  exper iments .  The r a d i o  t r a n s m i t t e r  was 

i n s e r t e d  o r a l l y  i n t o  t h e  f i s h ' s  g u t  ( P l a t e  4 )  and t h e  f i s h  was marked wi th  

co loured  P e t e r s e n  d i s c s  t o  f a c i l i t a t e  subsequent  v i s u a l  i d e n t i f i c a t i o n  and 

recovery  on t h e  spawning g rounds .  

Radio-tagged f i s h  were r e l e a s e d  a t  each of t h r e e  l o c a t i o n s :  in  t h e  

t a i l r a c e  of  Seton powerhouse, i n  Seton Creek n e a r  i t s  mouth and i n  Seton 

Creek upst ream of  t h e  Cayoosh Creek conf luence .  

During i n i t i a l  s t u d i e s  i n  1978-79, t r a c k i n g  was done on a 24-hr b a s i s .  

Limited a c t i v i t y  of  f i s h  from approx imate ly  2400-0600 h r  al lowed a r e d u c t i o n  

i n  e f f o r t  d u r i n g  t h a t  p e r i o d .  Subsequent ly  f i s h  were l o c a t e d  a t  l e a s t  eve ry  

2-4 h r  from 0700-2400 h r  and more f r e q u e n t l y  when i n d i v i d u a l  f i s h  were 

a c t i v e l y  m i g r a t i n g  . 



PLATE 3 .  Miniature radio transmitters used ia migratjon ptudies. 



PLATE 4 .  Insertion of  radio transmitter info f i a b ' e  gut ,  



Radio-tagged f i s h ,  delayed i n  t h e  t a i l r a c e  of Seton powerhouse, were 

c o n s i d e r e d  t o  have made a  "foray"  when they  moved upstream i n  t h e  F r a s e r  

R iver  from t h e  t a i l r a c e .  Upstream movement of o n l y  about 100 m on t h e  west 

bank of t h e  F r a s e r  R iver  was r e q u i r e d  f o r  t h e  f i s h  t o  encoun te r  t h e  v i s u a l l y  

apparen t  plume of Seton Creek,  t h e  o n l y  p o s s i b l e  m i g r a t i o n  r o u t e  t o  t h e  

spawning grounds .  The f o r a y  was cons ide red  a  s u c c e s s  i f  t h e  f i s h  cont inued 

t o  m i g r a t e  upstream t o  Seton Dam and a  f a i l u r e  i f  t h e  f i s h  u l t i m a t e l y  

r e t u r n e d  t o  t h e  t a i l r a c e .  The m i x t u r e  of  Seton Lake wa te r  and Cayoosh Creek 

w a t e r  p r e s e n t  i n  Seton Creek d u r i n g  each f o r a y  was c a l c u l a t e d  from measure- 

ments of  t h e  d i s -charges  of Seton and Cayoosh Creeks above t h e i r  conf luence ,  

a s  r ecorded  a t  Water Survey of  Canada gauges .  

RESULTS 

I .  Water Source P r e f e r e n c e  Experiment s  

Upon placement i n t o  t h e  t e s t  a p p a r a t u s ,  t h e  f i s h  a t  f i r s t  appeared ag i -  

t a t e d ,  b u t  w i t h i n  a  s h o r t  t ime (1-2 min) adopted a  p a t t e r n  of behaviour  of 

s lowly  c i r c l i n g  t h e  ho ld ing  poo l  and a t  t imes  l y i n g  r e l a t i v e l y  m o t i o n l e s s  

a g a i n s t  t h e  w a l l  of  t h e  c o n t a i n e r .  Often t h e  f i s h  would remain i n  smal l  

g roups  of  2-4 i n d i v i d u a l s  f o r  s e v e r a l  minutes  b e f o r e  resuming t h e  slow swim- 

ming p a t t e r n .  During t h e  t e s t  p e r i o d ,  when t e s t  and c o n t r o l  water  m i x t u r e s  

were f lowing i n t o  t h e  c e n t r a l  p o o l ,  f i s h  could  b e  observed "explor ing"  t h e  

I 
a r e a  of  t h e  in f low p o r t s ,  f r e q u e n t l y  p a s s i n g  below t h e  p o r t s  which were 

r a i s e d  about  5 cm above t h e  bottom of  t h e  t a n k .  The f i s h  sometimes would 

c o n t i n u e  swimming away from t h e  p o r t ,  and on o t h e r  o c c a s i o n s  would r e t u r n  t o  

c o n t i n u e  "searching" .  Upon e n t r y  i n t o  t h e  t e s t  o r  c o n t r o l  c o n t a i n e r ,  the  

f i s h  u s u a l l y  proceeded t o  t h e  wa te r  s o u r c e  a t  t h e  d i s t a l  end and probed 



around t h e  base  and s i d e s  of t h e  d i f f u s i o n  c o n t a i n e r .  P a r t i c u l a r l y  i n  t h e  

c o n t r o l  t r o u g h ,  c o n s i d e r a b l e  a c t i v i t y  o f t e n  developed i n  t h e  a r e a  of t h e  

w a t e r  s o u r c e ,  w i t h  s e v e r a l  f i s h  s imul taneous ly  a t t e m p t i n g  t o  swim i n t o  t h e  

d i f f u s i o n  bucket  o r  i n t o  t h e  a d j a c e n t  c o r n e r  of t h e  t rough .  Some f i s h  a l s o  

a t t empted  t o  l e a p  o u t  of t h e  t rough  a t  t h a t  p o i n t .  A f t e r  s e v e r a l  minutes  of 

a c t i v i t y  n e a r  t h e  wa te r  s o u r c e ,  t h e  f i s h  f r e q u e n t l y  would swim i n  a  

" sea rch ing"  p a t t e r n  a long t h e  s i d e s  of  t h e  t r o u g h ,  sometimes r e t u r n i n g  t o  

t h e  a r e a  of  t h e  w a t e r  s o u r c e ,  and sometimes e x i t i n g  t h e  t rough  through t h e  

p o r t  i n t o  t h e  c e n t r a l  ho ld ing  pool  i f  i t  was encountered.  The number of 

f i s h  l o c a t e d  i n  each of t h e  t e s t  and c o n t r o l  t roughs  and t h e  c e n t r a l  poo l  a t  

t h e  end of  each hour-long t e s t  t h e r e f o r e  r e p r e s e n t s  a  "snap-shot" of t h e  

d i s t r i b u t i o n  of f i s h  a t  t h a t  p o i n t  i n  t h e  t e s t .  

1. P r e l i m i n a r y  Experiments 

S i n c e  i t  was n o t  known what t h r e s h o l d  of d i l u t i o n  of  t h e  t e s t  wa te r  

might be  d e t e c t e d  by t h e  f i s h  t h e  1980 p r e l i m i n a r y  t e s t s  were begun by 

comparing Cayoosh Creek and Seton Lake wa te r .  Subsequent ly  t h e  p r o p o r t i o n  

o f  Cayoosh Creek w a t e r  i n  t h e  t e s t  m i x t u r e  was reduced t o  50,  3 3 ,  20,  10 and 

O X .  The t e s t  m i x t u r e s  c o n t a i n i n g  100 ,  50,  33 and 20% Cayoosh Creek wa te r  

a l l  e l i c i t e d  a  s t r o n g  p r e f e r e n c e  by t h e  f i s h  f o r  t h e  c o n t r o l  (Se ton)  wa te r  

(Tab le  1 ) .  The p r e f e r e n c e  f o r  Se ton  Lake w a t e r  was s i g n i f i c a n t  ( P <  ,005 i n  

a l l  c a s e s ) .  When t h e  p r o p o r t i o n  o f  Cayoosh wa te r  i n  t h e  t e s t  m i x t u r e  was 

reduced t o  10 and 0% no p r e f e r e n c e  f o r  t h e  c o n t r o l  (Se ton  wa te r )  was i n d i -  

c a t e d ,  a l t h o u g h  it must b e  noted t h a t  t h e  numbers of  f i s h  t e s t e d  under t h e s e  

c o n d i t i o n s  was r e l a t i v e l y  s m a l l .  



TABLE 1. P r e l i m i n a r y  w a t e r  s o u r c e  p r e f e r e n c e  exper iments  u t i l i z i n g  1980 
P o r t a g e  Creek sockeye salmon exposed t o  Seton Lake wa te r  and 
t e s t  m i x t u r e s  of Se ton  Lake wa te r  d i l u t e d  w i t h  v a r i o u s  propor- 
t i o n s  of  Cayoosh Creek wa te r .  

C o n t r o l  No T e s t  Leve l  of 
T e s t  Mixture  (Se ton)  Choice Mixture  n* x2 S i g n i f i c a n c e  

50% Cayoosh C r .  11 0  1 1 2 ( 1 )  8.333 P  < .005 

33% Cayoosh C r .  1 7  1 0 18(1)  17.0 P  < .005 

20% Cayoosh C r .  48 2 14  6 4 ( 4 )  18.645 P < .005 

10% Cayoosh Cr. 10  1 9 20(1) 0.053 n.8. 

* Number of  p a i r s  of  t e s t s  i n  b r a c k e t s .  



2. Gates  Creek Sockeye Salmon 

Groups of F i s h  

Groups of 1981 Gates  Creek sockeye were exposed t o  Seton Lake wa te r  and 

t e s t  m i x t u r e s  of Seton Lake wa te r  d i l u t e d  20 and 15% wi th  Cayoosh Creek 

w a t e r  (Tab le  2 ) .  A h i g h l y  s i g n i f i c a n t  p r e f e r e n c e  was shown f o r  Seton Lake 

wa te r  over  a 20% d i l u t i o n  (P < .01). A t e s t  m i x t u r e  d i l u t e d  15% wi th  

Cayoosh Creek w a t e r  a t t r a c t e d  fewer f i s h  than pure  Seton Lake wa te r  bu t  t h e  

r e s u l t s  were no t  s i g n i f i c a n t  . 
I n d i v i d u a l  F i s h  

To de te rmine  whether  t h e  response  of  each f i s h  t e s t e d  i n  a  group could 

be  u t i l i z e d  a s  a n  independent d a t a  p o i n t ,  a d d i t i o n a l  1981 Gates  Creek sock- 

eye were t e s t e d  i n d i v i d u a l l y  a t  a  t e s t  m i x t u r e  of 20% d i l u t i o n  w i t h  Cayoosh 

Creek w a t e r  (Tab le  2 ) .  The r e s u l t s  of  t h e  pooled i n d i v i d u a l  r e sponses  were 

n e a r l y  i d e n t i c a l  t o  t h e  r e s u l t s  of t h e  group t e s t s .  The r e s u l t s  of t h e  

i n d i v i d u a l  and group t e s t i n g  p rocedures  were compared us ing  a  h e t e r o g e n e i t y  

ch i - square  t e s t  which i n d i c a t e d  t h a t  t h e r e  were no s i g n i f i c a n t  d i f f e r e n c e s  

i n  r esponse  ( T a b l e  3 ) .  Consequent ly ,  a l l  subsequent t e s t i n g  was done wi th  

g roups  of  f i s h  and t h e  response  of each f i s h  i n  t h e  group was t r e a t e d  a s  i f  

i t  were an  independent d a t a  p o i n t .  

To a s s e s s  t h e  c o n s i s t e n c y  of t h e  p r e f e r e n c e  behaviour  of t h e  f i s h ,  pre-  

f e r e n c e  t r o u g h  exper iments  were con t inued  dur ing  t h e  1982 Gates  Creek migra- 

t i o n .  P r e c o c i o u s  (32) male sockeye,  caught i n  t h e  f ishway a t  Seton Dam, were 

u t i l i z e d  s i n c e  v e r y  few a d u l t  sockeye were a v a i l a b l e .  R e s u l t s  were s i m i l a r  

t o  t h o s e  achieved d u r i n g  t e s t s  of 1981 a d u l t  Gates  Creek sockeye salmon 

(Tab le  4 ) .  Jack  sockeye p r e s e n t e d  w i t h  a  c h o i c e  of  Seton Lgke wa te r  and 

Seton w a t e r  d i l u t e d  20% w i t h  Cayoosh Creek wa te r  showed a  s i g n i f i c a n t  pre-  



TABLE 2. Water s o u r c e  p r e f e r e n c e  of 1981 Gates Creek sockeye salmon 
exposed s i n g l y  o r  i n  groups  t o  Seton Lake wa te r  and t e s t  mix- 
t u r e s  of Se ton  Lake w a t e r  d i l u t e d  w i t h  Cayoosh Creek w a t e r ,  

C o n t r o l  No T e s t  L e v e l o f  
( s e t o n )  Choice Mixture n* X S i g n i f i c a n c e  

F i s h  from 
Seton powerhouse t a i l r a c e  15 1 7 2 3 

F i s h  from 
Se ton  Dam f ishway 

T o t a l  3 2 7 13 52 8.022 P < ,005 

T e s t  m i x t u r e  
20% Cayoosh C r .  

T e s t  m i x t u r e  
15% Cayoosh C r ,  

* Number of  p a i r s  of  t e s t s  i n  b r a c k e t s .  



TABLE 3 .  Comparison of r e s u l t s  of  exposing Gates  Creek sockeye salmon 
s i n g l y  o r  i n  g roups  t o  Seton Lake wa te r  and a t e s t  mix tu re  of 
Se ton  Lake w a t e r  d i l u t e d  20 % w i t h  Cayoosh Creek wa te r .  

Numbers of F i s h  ------- 
C o n t r o l  T e s t  Level of 
(Se ton)  Mixture  n D.F. X *  S i g n i f  i cence  

Ind i v i d u a  1 
F i s h  3 2 13 45 1 8.022 P < .005 

Groups o f  
F i s h  3 9 18 57 1 7.737 P < .01 

T o t a l  2 15.7 59 

7 1 3 1 102 Pooled 1 15.686 P < .005 

H e t e r o g e n e i t y  chi -square  1 0 .073 0.8. 



TABLE 4. Water s o u r c e  p r e f e r e n c e  of  1982 Gates  Creek jack sockeye salmon 
exposed t o  Seton Lake wa te r  and t e s t  m i x t u r e s  of Seton Lake 
w a t e r  d i l u t e d  10 and 20% w i t h  Cayoosh Creek wa te r .  

Cont r o  1 No T e s t  2 Level  of 
T e s t  Mixture  (Se ton)  Choice Mixture  n* X S i g n i f i c a n c e  

20% Cayoosh C r .  2 8 3 1 4  45(3)  4.667 P < .05 

10% Cayoosh C r .  26 1 19 46(5)  1 .09 n.8. 

* Number of  p a i r s  of  t e s t s  i n  b r a c k e t s .  



f e r e n c e  f o r  Seton Lake w a t e r  ( P <  ,05) .  No s i g n i f i c a n t  p r e f e r e n c e  was shown 

f o r  Seton Lake wa te r  over  t e s t  m i x t u r e s  i n c l u d i n g  10% Cayoosh Creek water  

a l t h o u g h  t h e  m a j o r i t y  of f i s h  d i d  s e l e c t  t h e  Seton Lake wa te r .  Due t o  t h e  

low abundance of f i s h  an i n t e r m e d i a t e  t e s t  m i x t u r e  of 15% was n o t  t e s t e d .  

P o s s i b l e  Avoidance, of Ca_yosh Creek. Water 

It  was hypothes ized t h a t  t h e  apparen t  p r e f e r e n c e  f o r  Seton Lake water 

o v e r  v a r i o u s  d i l u t i o n s  o f  Seton Lake wa te r  by Cayoosh Creek wa te r  observed 

i n  t h e  f o r e g o i n g  exper iments  could  have been a  r e s u l t  of  an a c t i v e  avoidance 

of  Cayoosh Creek wa te r  r a t h e r  t h a n  s e l e c t i o n  f o r  t h e  h i g h e r  o f  t h e  two 

c o n c e n t r a t i o n s  of  Se ton  Lake w a t e r .  To examine t h e  p o s s i b i l i t y  t h a t  avoid- 

ance  was t h e  mechanism de te rmin ing  t h e  c h o i c e  between t h e  t e s t  and c o n t r o l  

w a t e r s  t h e  fo l lowing  two exper iments  were c a r r i e d  o u t  w i t h  1981 Gates Creek 

sockeye.  

i. Response t o .  a  cho&e of  two t e s t  m i x t u r e s  

Sockeye from t h e  1981 Gates  Creek m i g r a t i o n  were p r e s e n t e d  w i t h  a  

c h o i c e  of  two t e s t  m i x t u r e s  of  Seton Lake wa te r  and Cayoosh Creek water :  

Seton Lake wa te r  d i l u t e d  20% and 50%, r e s p e c t i v e l y ,  by Cayoosh Creek wa te r .  

It was reasoned t h a t  i f  t h e  observed p r e f e r e n c e  f o r  Seton Lake water  were 

a c t u a l l y  due t o  an  a c t i v e  avoidance o f  Cayoosh Creek wa te r  f i s h  would avoid 

b o t h  c h o i c e s .  That  i s ,  t h e y  would n o t  e x h i b i t  a  p o s i t i v e  r h e o t a x i s ,  p r i m -  

ming "upstream" toward e i t h e r  w a t e r  s o u r c e ,  b u t  would r e w i n  jv t h e  c e p t e r  

c i r c u l a r  p o o l  o r  become randomly d i s t r i b u t e d  amongat t h e  3 c a n t a i p e f e .  

There  d i d  n o t  appear  t o  b e  avo idance  s i n c e  most o f  t h e  f i s h  made a  cho ice :  

N u m b e ~ s , o f  F i s h  --- ---- 
C o n t r o l  N o  T e s t  
( s e t o n )  Choice Mixture  n  

Level  of 
x z  S i g p i f  jcence 



The c h o i c e  was s i g n i f i c a n t  i n  f a v o r  of t h e  lower d i l u t i o n  ( P <  ,005) .  

The p r o p o r t i o n  of t h e s e  f i s h  (30 of 36 = 83.3%) making a  c h o i c e  r a t h e r  than 

remaining i n  t h e  c e n t e r  "no choice"  c o n t a i n e r  was even g r e a t e r  than  i n  t h e  

p r e v i o u s  t e s t s  of  g roups  of  f i s h  exposed t o  Seton Lake water  and a  t e s t  mix- 

t u r e  of  20% Cayoosh Creek wa te r .  I n  t h o s e  c a s e s  76% of group- tes ted  f i s h  

made a  c h o i c e  (57 of  75 = 762, Tab le  2 ) .  The s t r o n g  p r e f e r e n c e  shown by f i s h  

f o r  t h e  lower d i l u t i o n  of  t h e  two t e s t  mix tu res  may have been due t o  t h e  30% 

d i f f e r e n c e  between t h e s e  two d i l u t i o n s .  I n  comparison t h e  d i f f e r e n c e  b e t -  

ween t h e  s i n g l e  t e s t  wa te r  and t h e  Se ton  c o n t r o l  was o n l y  20%. 

ii. & ~ o _ p s e  t o  a  n o v e a d i u ~ a n ~  

A second experiment was conducted t o  t e s t  t h e  p o s s i b i l i t y  t h a t  t h e  

Cayoosh Creek w a t e r  con ta ined  a  unique subs tance  caus ing  a  graded avoidance 

response  p r o p o r t i o n a l  t o  i t s  c o n c e n t r a t i o n .  The Cayoosh Creek wa te r  was 

r e p l a c e d  by wa te r  from a n o t h e r  c r e e k ,  Dick ie  Creek,  t o  which t h e  f i s h  had 

n o t  p r e v i o u s l y  been exposed. Only one s e t  of  p a i r e d  t r i a l s  was p o s s i b l e  

because  i t  was n e c e s s a r y  t o  t r a n s p o r t  t h e  w a t e r  by t a n k e r  t r u c k  t o  t h e  , 

t r o u g h  a p p a r a t u s .  Consequent ly ,  a  r e l a t i v e l y  h i g h  p r o p o r t i o n  of  P i c k i e  

Creek w a t e r  was i n c o r p o r a t e d  i n  t h e  t e s t  m i x t u r e  s o  t h a t  i f  a  response  

occur red  t h e  r e s u l t s  would b e  c l e a r :  

N u m n e r s o f F i s h  --- 
C o n t r o l  N o  T e s t  Level  of  
( S e t o n )  Choice Mixture  n  x2 S i g n i f i c a n c e  
------ ------CII 

13 1 2 16 8 .067 P < ,005 

The f i s h  showed a  h i g h l y  s i g n i f i c a n t  p r e f e r e n c e  f o r  t h e  Seton Lake 

w a t e r  o v e r  t h e  t e s t  m i x t u r e  of Seton Lake wa te r  d i l u t e d  SOX wi th  Dick ie  



Creek water (P < .005). This r e r u l t  ind ica tes  t h a t ,  s i nce  the  preference 

s h o w  f o r  homestream water over d i l u t i o n s  by Cayoosh Creek water can be 

dupl ica ted  with a novel d i l u t a n t ,  t h e  e f f e c t  of Cayoosh Creek v a t e r  as  a 

d i l u t a n t  is. not  unique and the re fo re ' no t  l i k e l y  based on a learned avoid- 

anc e . 
3. P m e ,  Creek. S o c k ~ S e l m o ~  

Preference  trough experiments were conducted throughout t he  1981 Por- 

t age  Creek migra t ion  t o  determine whether t he  s e n s i t i v i t y  of t hese  f i s h  t o  

d i l u t i o n  of t h e i r  homestream water changed with time during the  migrat ion.  

Test  mixtures  presented were 5,  10,  15 and 20% d i l u t i o n s  of Seton Lake water 

wi th  Cayoosh Creek water (Table 5 ) .  

During passage of t he  f i r s t  t h i r d  of t he  f i s h  (September 28-October 

12) they exhib i ted  a preference f o r  Seton Lake water over t e a t  mixtureo con- 

t a i n i n g  20, 15  and 10% d i l u t i o n s  of Cayoorh Creek water (P < ,005 in  a l l  

ca ses ) .  A t e s t  mixture conta in ing  a lower d i l u t i o n  ( 5 %  Cayoosh Creek water) 

did not  r e r u l t  i n  a preference  f o r  Seton Lake water.  

During t h e  second t h i r d  of t h e  migrat ion (October 23-27) a t e s t  mixture 

of 10% Cayoosh Creek water r e s u l t e d  i n  a r i g n i f i c r n t  preference f o r  Seton 

Lake water (P < ,025). A t e s t  mixture of 5% Cayoosh Creek water d id  not  

r e s u l t  i n  a s i g n i f i c a n t  preference  f o r  Seton Lake water ,  although a numeri- 

c a l  ma jo r i t y  of t h e  f i s h  chose the  Setoa v a t e r .  

During t h e  l a s t  t h i r d  of t he  Portage Creek sockeye salmon migration 

(October 31-November 6 )  no preference was rhown f o r  Seton Lake water over 10 

o r  15% d i l u t i o n s .  During t h a t  per iod Seton Lake water was s i g n i f i c a n t l y  

p re fe r r ed  over a t e s t  mixture of Seton water d i l u t e d  20% with Cayoosh Creek 

water ( P <  .025). 



TABLE 5. Water s o u r c e  p r e f e r e n c e  of 1981 P o r t a g e  Creek sockeye salmon 
exposed t o  Seton Lake wate r  and t e s t  m i x t u r e s  of Seton Lake 
wate r  d i l u t e d  5 ,  10,  15 and 20% w i t h  Cayoosh Creek wate r .  

C o n t r o l  No T e s t  2 Level of 
Tes t  Mixture  (Se ton)  Choice Mixture n* X S i g n i f i c a n c e  

f i r s t  t h i r d  
of m i g r a t i o n  

l a s t  t h i r d  
of m i g r a t i o n  

f i r s t  t h i r d  
of m i g r a t i o n  

l a s t  t h i r d  
o f  m i g r a t i o n  

f i r s t  t h i r d  
o f  m i g r a t i o n  

second t h i r d  
of m i g r a t i o n  

l a s t  t h i r d  
of m i g r a t i o n  

f i r s t  t h i r d  
of m i g r a t i o n  

second t h i r d  
of m i g r a t i o n  

* Number of p a i r s  o f  t e s t s  i n  b r a c k e t s .  

3 3 



The fo rego ing  s u g g e s t s  t h a t  t h e  response  of t h e  P o r t a g e  Creek sockeye 

salmon changed d u r i n g  t h e  c o u r s e  of t h e  m i g r a t i o n .  During t h e  f i r s t  two- 

t h i r d s  of t h e  m i g r a t i o n  t h e  f i s h  d i s c r i m i n a t e d  between Seton Lake wa te r  and 

t e s t  m i x t u r e s  of  Seton Lake w n t e r ' d i l u t e d  10% o r  more wi th  Cayoosh Creek 

wa te r .  Near t h e  end of t h e  m i g r a t i o n  t e s t  m i x t u r e s  c o n t a i n i n g  l e s s  than  20% 

Cayoosh Creek w a t e r  were n o t  d i s c r i m i n a t e d  from Seton Lake wa te r .  

The response  of t h e  1982 P o r t a g e  Creek sockeye a l s o  changed dur ing  

t h e  c o u r s e  of t h e  m i g r a t i o n ,  b u t  i n  a  manner c h r o n o l o g i c a l l y  o p p o s i t e  t o  

t h a t  i n  1981. During passage  of t h e  f i r s t  h a l f  of  t h e  1982 P o r t a g e  Creek 

sockeye (October  7-21) on ly  a  t e s t  m i x t u r e  of 20% Cayoosh wa te r  r e s u l t e d  i n  

a  p r e f e r e n c e  f o r  Se ton  Lake w a t e r  (Tab le  6 ) .  During t h e  l a s t  h a l f  of t h e  

m i g r a t i o n  (October  30-November 91 ,  t e s t  m i x t u r e s  c o n t a i n i n g  b o t h  10 and 15% 

Cayoosh Creek wa te r  r e s u l t e d  i n  a  s i g n i f i c a n t  p r e f e r e n c e  f o r  Seton Lake 

w a t e r .  The 20% m i x t u r e  was no t  t e s t e d .  

F i s h  w i t h  Obs t ruc ted  N a r ~  

During t h e  middle  p o r t i o n  of t h e  1981 P o r t a g e  Creek m i g r a t i o n  s e v e r a l  
6 

groups  of  sockeye salmon were exposed t o  t e s t  m i x t u r e s  of 20% Cayoosh Creek 

w a t e r  a f t e r  t h e i r  a n t e r i o r  n a r e s  had been blocked.  A t  t h i s  t ime f i s h  wi th-  

ou t  b locked n a r e s  e x h i b i t e d  a  p r e f e r e n c e  f o r  Seton Lake wa te r  over  t e s t  mix- 

t u r e s  c o n t a i n i n g  a s  low a s  10% Cayoosh Creek w a t e r  (Tab le  5). F i s h  w i t h  

b locked n a r e s  d i d  n o t  e x h i b i t  a  p r e f e r e n c e  between t h e  c o n t r o l  and t e s t  

w a t e r s :  
Numbers of  F i s h  -- --- 

C o n t r o l  No T e s t  Level  of 
(Se ton)  Choice Mixture  n x2 S i g n i f i c a n c e  

29 2  8 2  7  84 (4)* 0.071 0.8. 

3-way chi-square  0 .07 1 n.8. 

----- ---------------- 
* number of p a i r s  of t e s t s .  



TABLE 6 .  Water source  p r e f e r e n c e  of 1982 P o r t a g e  Creek sockeye salmon 
exposed t o  Seton Lake wate r  and t e s t  mix tu res  of Seton Lake 
wate r  d i l u t e d  10 ,  15 and 20% w i t h  Cayoosh Creek wate r .  

Cont ro l  No Tes t  2 Level  of 
Tes t  Mixture (Se ton)  Choice Mixture n* X S i g n i f i c a n c e  

f i r s t  h a l f  
of m i g r a t i o n  7  1 10 17 9 8 ~  33.136 P < .005 

f i r s t  h a l f  
of m i g r a t i o n  3  1 8 2 5 64(3)  0.64 n.8. 

l a s t  h a l f  
of m i g r a t i o n  44 6 2 2 72(3)  7.33 P < .01 

f i r s t  h a l f  
of m i g r a t i o n  33 2 2 5  60(4)  1. 103 n . 8 .  

l a s t  h a l f  
of m i g r a t i o n  27 6  13 46(2) 4.9 P < .05 

* Number of p a i r s  of t e s t s  i n  b r a c k e t s .  



Fur the rmore ,  t h e  f i s h  d i d  no t  e x h i b i t  p o s i t i v e  r h e o t a x i s  s i n c e  they  

were randomly d i s t r i b u t e d  i n  t h e  t h r e e  chambers,  i n s t e a d  of  be ing  predomi- 

n a n t l y  i n  t h e  t e s t  o r  Se ton  t roughs  a s  was t h e  c a s e  i n  a l l  p r e v i o u s  t e s t s .  

4 .  Pink S g ~ g  

Seton Creek pink salmon were exposed t o  Seton Lake w a t e r  and t e s t  mix- 

t u r e s  o f  20, 50 and 100% Cayoosh Creek water  (Tab le  7 ) .  I n  none of t h e s e  

exper iments  was a  s i g n i f i c a n t  p r e f e r e n c e  shown, a l though  i n  a l l  c a s e s  a  

numer ica l  p r e f e r e n c e  was shown f o r  t h e  t e s t  mix tu re .  The most noteworthy 

a s p e c t  of  t h e s e  t e s t s  was t h a t  i n  o n l y  one of t h e  f o u r  groups  of t e s t s  was 

t h e  d i s t r i b u t i o n  of f i s h  i n  t h e  t h r e e  chambers s i g n i f i c a n t l y  d i f f e r e n t  from 

random, and t h a t  was because  t h e  g r e a t e r  p r o p o r t i o n  of t h e  f i s h  remained i n  

t h e  c e n t e r  poo l  (three-way ch i - square  = 16.829, P < .005). 

5 .  D i r e c t i o n a l  P r e f e r e n c e  

A l l  of t h e  d a t a  were ana lysed  f o r  p o s s i b l e  d i r e c t i o n a l  p r e f e r e n c e s .  

The a l ignment  o f  t h e  p r e f e r e n c e  t rough  a p p a r a t u s  d u r i n g  t h e  p r e l i m i n a r y  

t e s t s  i n  1980 w i t h  P o r t a g e  Creek sockeye was approximate ly  eas t -west .  A 

s i g n i f i c a n t  p r e f e r e n c e  was shown f o r  t h e  west end of t h e  a p p a r a t u s  (Tab le  

8 ) .  Throughout t h e  1981 and 1982 t e s t s  t h e  a p p a r a t u s  was a l i g n e d  along a  

nor th - sou th  a x i s .  T e s t s  of 1981 Gates Creek sockeye salmon w i t h  c o n t r o l  

w a t e r  s u p p l i e d  a t  b o t h  ends e l i c i t e d  no d i r e c t i o n a l  r e sponse  (Tab le  8 ) .  

Throughout b o t h  t h e  1981 and 1982 Gates  Creek sockeye salmon t e s t s  t h e r e  was 

a  s m a l l ,  b u t  n o n - s i g n i f i c a n t  numer ica l  p r e f e r e n c e  f o r  t h e  n o r t h  end of t h e  

t e s t  a p p a r a t u s .  I n  c o n t r a s t  d u r i n g  bo th  P o r t a g e  Creek m i g r a t i o n s  t h e r e  was a  

s t r o n g  s t a t i s t i c a l  p r e f e r e n c e  f o r  t h e  n o r t h  end ( P  < ,095). Taken a s  a 

group t h e  sockeye d a t a  i n d i c a t e  a  s i g n i f i c a n t  p r e f e r e n c e  f o r  t h e  n o r t h e r l y  



TABLE 7 .  Water source  p r e f e r e n c e  of  1981 Seton Creek pink salmon exposed 
t o  Seton Lake w a t e r  and t e s t  m i x t u r e s  of Seton wa te r  d i l u t e d  20, 
50 and 100% w i t h  Cayoosh Creek wa te r .  

C o n t r o l  No T e s t  Level  of  
T e s t  m i x t u r e  (Se ton)  Choice Mixture  n* x2 S i g n i f i c a n c e  

- f i s h  from 
t a i l r a c e  

- f i s h  from 
f  ishway 

2  3  60(3)  
3-way ch i - square  

27 70(4)  
3-way ch i - square  

22 62(3)  
3-way chi-square  

19 70(3)  
3-way chi-square  

* Number of  p a i r s  of t e s t s  i n  b r a c k e t s .  



TABLE 8. Analysis f o r  poss ib l e  d i r e c t i o n a l  preference of sockeye and pink 
salmon i n  preference  apparatus .  

2 Level of 
Test  populat ion Direct  ions X D.F. S igni f icance  

I. E m  W& 

1980 Portage C r .  Sockeye Salmon 4 8 7 2  

11. N- goJ&tJ 

1. G- 

1981 Gates Cr. Sockeye Salmon 

( i )  Control vs  Control  Water 20 21 

( i i )  A l l  Tes t s  13 7 12 5 

1982 Gates C r ,  Sockeye Salmon 48 3 9 

T o t a l  Gates C r .  Sockeye Salmon 185 164 

2. Po r t  C 

1981 Por tage  C r .  Sockeye Salmon 

( i )  Obstructed Nares 3 6 20 

( i i )  A l l  Tes t s  366 29 8 

1982 Portage C r .  Sockeye Salmon 178 130 

To ta l  Portage C r .  Sockeye Salmon 544 428 

3. 8 
Tota l  

Pooled 

Heterogeneity 

4. 8 4 6 2 



d i r e c t i o n .  A n a l y s i s  of t h e  r e s u l t s  from t h e  f o u r  r u n s  i n d i c a t e  homogeneity 

of  t h e s e  d a t a  accord ing  t o  h e t e r o g e n e i t y  ch i - square  a n a l y s i s  ( h e t e r o g e n e i t y  

ch i - square  = 1.71, n.s.1. Pink salmon were a l s o  n u m e r i c a l l y  o r i e n t e d  toward 

t h e  n o r t h  a l t h o u g h  t h e  p r e f e r e n c e  was not  s i g n i f i c a n t  ( ch i - square  = 3.32, 

6 .  T e m p e r a t u r P r g f e r e n c e  

There  was g e n e r a l l y  a  s u b s t a n t i a l  d i f f e r e n c e  between t h e  t empera tu res  

of  Seton Lake and Cayoosh Creek w a t e r s ,  wi th  Seton Lake water  f r e q u e n t l y  

be ing  s e v e r a l  "C warmer. Although t h e  t e s t  m i x t u r e s  g e n e r a l l y  con ta ined  

o n l y  5-202 Cayoosh Creek wa te r  t h e  m i x t u r e  was o f t e n  0.1-1.2"C c o o l e r  than  

t h e  c o n t r o l  (Se ton  Lake) w a t e r .  O c c a s i o n a l l y  t h e  r e v e r s e  e f f e c t  occurred 

when t h e r e  was s l i g h t  s o l a r  warming of  t h e  Cayoosh Creek wa te r  dur ing  pass-  

age  th rough  t h e  supp ly  p i p e .  

The e f f e c t  of  t empera tu re  was examined i n  s e v e r a l  ways. During one 

p a i r  of  t e s t s  1981 Gates  Creek sockeye were t e s t e d  w i t h  c o n t r o l  ( s e t o n  ~ a k e )  

w a t e r  i n  b o t h  ends b u t  w i t h  t h e  t empera tu re  o f  one s o u r c e  reduced by 0.6- 

l . l • ‹C .  Th i s  was accomplished through a  s imple  h e a t  exchange p r o c e s s  by 

p a s s i n g  one s o u r c e  of  Se ton  Lake w a t e r  th rough  s e v e r a l  hundred mete r s  of 

p i p e  ba thed  i n  t h e  c o o l e r  Cayoosh Creek w a t e r .  Although r e l a t i v e l y  few f i s h  

were t e s t e d  i n  t h i s  way t h e r e  was no p r e f e r e n c e  shown f o r  e i t h e r  tempera- 

t u r e :  

Number of  F i s h  ------- Level of 
T e s t  Mixture  16.6"C 17.2-17.7OC x 2  S i g n i f i c a n c e  

-- 
Seton  Lake v s  Se ton  Lake 9 9  0  n.8. 

S i n c e  t h e  t empera tu re  d i f f e r e n c e  between t h e s e  w a t e r s  was a s  g r e a t  o r  



g r e a t e r  than t h e  d i f f e r e n c e  e x i s t i n g  during the  o t h e r  t e s t s ,  temperature i s  

not  l i k e l y  t o  have been a  c r i t i c a l  f a c t o r  i n  t h e  preference  f o r  Seton Lake 

water over Seton-Cayoosh mixtures .  

Poss ib le  b ias ing  of t h e  r e s u l t s  of water source preference t e s t s  be- 

cause of a  temperature preference  was f u r t h e r  examined by subdividing t e s t  

groups according t o  t h e  r e l a t i v e  temperature of t h e  t e s t  and con t ro l  water: 

1 )  c o n t r o l  (Seton Lake) 0.1-1.2OC warmer, 2)  con t ro l  (Seton Lake) 0.1-l.l•‹C 

co lde r ,  and 3 )  no d i f f e r e n c e  in  temperatures.  For those water mixture 

t rea tments  which r e su l t ed  i n  a  s i g n i f i c a n t  preference f o r  t he  Seton Lake 

water t h e  preference  was evident  r ega rd l e s s  of t he  r e l a t i v e  temperature of 

t he  t e s t  and c o n t r o l  waters  (Table 9). The one exception occurred during 

t h e  1982 Gates Creek sockeye migrat ion when t h e  co lder  Seton Lake water was 

chosen by a  major i ty  of f i s h ,  but  t he  r e s u l t  was not  s i g n i f i c a n t  t o  the  .05 

l eve l .  

For water mixture t rea tments  which ind iv idua l ly  did not  r e s u l t  i n  a  

s t a t i s t i c a l l y  s i g n i f i c a n t  choice between the  t e s t  mixture and c o n t r o l ,  t he re  

was gene ra l ly  a  numerical preference  f o r  t h e  c o n t r o l  (Seton Lake) water over 

t he  var ious  mixtures .  I f  a l l  of these  da t a  a r e  pooled a  s i g n i f i c a n t  pre- 

fe rence  i s  shown f o r  t h e  c o n t r o l  (Table 10, P < .05). Grouped according t o  

r e l a t i v e  temperatures ,  only f o r  t he  "Seton colder"  category wan the re  a 

s i g n i f i c a n t  preference  ( P < . 0 5 ) .  A numerical preference f o r  Seton water was 

maintained when t h e r e  was no measurable temperature d i f f e r ence .  However, 

when t h e  Seton water was warmer a  s l i g h t ,  bu t  non-s igni f icant ,  numerical 

preference  was shown f o r  t h e  co lde r  t e s t  water .  S u p e r f i c i a l l y ,  t h i s  sug- 

g e s t s  t h a t  t h e r e  may have been a  tendency f o r  f i s h  t o  choose the  cooler 

water ,  although t h i s  tendency was small  and was observable  only when the  



TABLE 9. Analysis f o r  temperature preference among groups of sockeye salmon 
which showed a preference f o r  con t ro l  (Seton Lake) water over 
var ious  t e s t  mixtures.  

Seton water O.l•‹C co lder  8 0 8 .O 1 P < .005 
Same temperature 2 5 6 11.65 1 P < ,005 
Seton water 0.3-1 .l "C warmer 46 17 13.35 1 P < .005 

Seton water 0.1-.3"C colder  26 6 12.5 1 P < .005 
Seton water 0 .l-1.2OC 

warmer 240 111 47.41 1 P < ,005 

3. 1982. Gates Creek Sockeye Salmog 

Seton water 0.1-.3"C colder  23 14 2.19 1 13.8. 

Seton water 0.2OC warmer 5 0 5 .O 1 P <  .05 

4. 1982. P o r t x e  Creek Sock_gye&g 

Seton water 0.1-1.2"C 
warmer 142 5 2 41.75 1 P < ,005 

5. A l l  4 1 9 8 . L g e d 3 8 2  S o c k g e  Salmon M i ~ r a t i o n s  

To ta l  141.85 8 P <  .005 

Pooled --- 132.43 1 P <  ,005 

Heterogeneity 9.42 7 n * s .  

TOTALS 

Seton water 0 .l-.3OC co lde r  57 20 17.78 
Same temperature 2 5 6 11.65 
Seton water 0 .l-1.2OC 

warmer 433 180 104.42 



TABLE 10. Analysis  f o r  temperature p re fe rence  among groups  of sockeye sa lpon  
which showed no p re fe rence  between c o n t r o l  (Se ton  Lake) water  and 
va r ious  t e s t  mixtures. 

1 // 

Seton water  0.3-1 .l "C 
c o l d e r  3 1 2 5 0.64 1 n.8. 

Same temperature  16 3 8.89 1 P < .005 
Seton water  0.6OC warmer 7 10 0.53 1 n.8. 

Seton wa te r  0.1-.4"C colder 61 4 8 1.55 1 n.8. 
Same temperature  14  16 0.13 1 n.8. 
Se ton  water  0.1-.7"C warmer 36 3 9 0.12 1 n.s. 

Seton wa te r  0.1-.7"C co lde r  14  9 1 .09 1 n.s. 
Same tempera tu re  12 10 0.18 1 n.8. 

Seton wa te r  0.1-.5"C co lde r  19 11 2.13 1 n .s. 
Same tempera tu re  10 5 1.67 1 n .&. 
Seton w a t e r  0.1-.7"C warmer 35 3 4 .01 1 n.8. 

T o t a l  16.94 11 n.8. 

255 210 Pooled 4.35 1 P <  .05 

He te rogene i ty  12.59 10 D.S .  

Se ton  w a t e r  0.1-1 .l•‹C 
c o l d e r  125 9 3 4.70 

Same t e m p e r a t u r e  5 2 34 3.77 
Se ton  w a t e r  0.1-.7OC warmer 78 83 0 .16 



d i f f e r e n c e  between w a t e r  m i x t u r e s  was s l i g h t .  H e t e r o g e n e i t y  chi -square  

a n a l y s e s  i n d i c a t e  homogeneity among t h e  t empera tu re  t r e a t m e n t s  i n  bo th  

Tab les  9  and 10. I t  can be  concluded t h a t  t h e  r e l a t i v e l y  smal l  d i f f e r e n c e s  

observed between t h e  t empera tu re  of t h e  t e s t  and c o n t r o l  w a t e r s  d i d  no t  

s i g n i f i c a n t l y  b i a s  t h e  r e s u l t s .  

7 . Wa t erCh_e-~.~y 

The r e s u l t s  of a n a l y s i s  of wa te r  samples do no t  i n d i c a t e  any c o n s i s t e n t  

b a s i s  f o r  t h e  d i s c r i m i n a t i o n ,  by t h e  f i s h ,  between Seton Lake and Cayoosh 

Creek w a t e r s  ( F i g s .  4-6). None of t h e  pa ramete r s  measured showed a  cons i s -  

t e n t  d i f f e r e n c e  between Seton Lake and Cayoosh Creek wa te r :  e i t h e r  t h e r e  was 

no d i f f e r e n c e  ( w i t h i n  t h e  accuracy  of t h e  methods u s e d ) ,  o r  t h e  r e l a t i v e  

l e v e l s  r e v e r s e d  over  t ime .  

11. Radio-Telerneny Experiments 

1. Sockeye Salmon 

Radio-tagged f i s h  were r e l e a s e d  a t  two l o c a t i o n s  dur ing  Gates and 

P o r t a g e  Creek sockeye salmon m i g r a t i o n s  from 1978-82: 1 )  i n  t h e  t a i l r a c e  of  

Seton powerhouse t o  obse rve  t h e  behav iour  of  f i s h  delayed a t  t h a t  p o i n t ;  and 

2) i n  Seton Creek o r  i t s  plume i n  t h e  F r a s e r  River  t o  examine t h e  response  

of  f i s h  t o  v a r i o u s  d i l u t i o n s  o f  Seton Lake wa te r  by Cayoosh Creek. 

F i s h  Released i n  t h e a w e r h o u s e  Tailra-ag 

During t h e  1979, 1980 and 1981 Gates  Creek sockeye salmon m i g r a t i o n s  

t h e  behav iour  of  48 radio- tagged sockeye was observed a t  t h e  t a i l r a c e .  Th i s  

inc luded  39 f i s h  r e l e a s e d  i n  t h e  t a i l r a c e  and a  f u r t h e r  9 f i s h ,  r e l e a s e d  

upst ream i n  Se ton  Creek,  t h a t  had moved downstream t o  t h e  t a i l r a c e .  Thoee 

f i s h  were observed making 158 f o r a y s  upst ream from t h e  t a i l r a c e  i n t o  Setop 

Creek o r  i t s  plume ( T a b l e  1 1 ) .  The s u c c e s s  of  each of  thoee  f o r a y s  (de f ined  
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FIGURE 4 .  S u l p h a t e  and f l u o r i d e  i n  w a t e r  sampled i n  Cayoosh Creek,  

Seton Lake, Seton Creek and t h e  t a i l r a c e .  
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FIGURE 5. Conductance and alkalinity of water sampled in Cayoosh Creek, 

Seton Lake, Seton Creek and the tailrace. 
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FIGURE 6 .  Calcium and ha rdness  of  wa te r  sampled i n  Cayoosh Creek, S e t o n  

Lake, Seton Creek and t h e  t a i l r a c e .  



TABLE 11. Response of radio- tagged Gates  Creek sockeye salmon dur ipg  
forays  upst ream from t h e  t a i l r a c e  of Seton powerhouse, i n  r e l a -  
t i o n  t o  v a r i o u s  m i x t u r e s  of Seton Lake w a t e r  d i l u t e d  by Cayoosh 
Creek wa te r  i n  Seton Creek.  

Percent  
Cayoosh Creek Number 

Water i n  Number of  Number P e r c e n t  Frequency o  f  
Year Seton Creek Forays  S u c c e s s f u l  S u c c e s s f u l  of Forays  F i s h  

% % ( f o r a y e l d a y )  

Summary < 20 27 2 5 92.6 



a s  con t inued  m i g r a t i o n  upst ream t o  Seton Dam) was examined i n  r e l a t i o n  t o  

t h e  m i x t u r e  of  Seton Lake and Cayoosh Creek water  i n  Seton Creek.  F i s h ,  

which moved upst ream from t h e  t a i l r a c e  t o  Seton Creek bu t  f a i l e d  t o  c o n t i n u e  

ups t ream,  r e t u r n e d  t o  t h e  t a i l r a c e .  When Seton Creek con ta ined  l e s s  than 

20% Cayoosh Creek w a t e r  92.6% of t h e  f o r a y s  were s u c c e s s f u l  whereas o n l y  13% 

were s u c c e s s f u l  when t h e  p r o p o r t i o n  of Cayoosh Creek water  i n  Seton Creek 

exceeded 20%. A "z "  s t a t i s t i c ,  c a l c u l a t e d  t o  measure t h e  s i g n i f i c a n c e  of 

t h e  d i f f e r e n c e  between p r o p o r t i o n s ,  i n d i c a t e d  t h a t  t h e r e  was a  s i g n i f i c a n t  

d i f f e r e n c e  between t h e  s u c c e s s  of f o r a y s  which occurred when Seton Creek 

con ta ined  l e s s  t h a n ,  a s  compared t o  more than 20% Cayoosh Creek wa te r  ( z  

= 8 . 5 3 ,  P <  ,011 ( D i x o n a n d M a s s e y ,  1969).  

During t h e  1978-82 P o r t a g e  Creek m i g r a t i o n s  t h e  t a i l r a c e  d e l a y  of 139 

radio- tagged sockeye was s t u d i e d  (Tab le  1 2 ) .  Amongst t h o s e  f i s h  307 f o r a y s  

upst ream t o  Seton Creek o r  i t s  plume were documented. The s u c c e s s  of t h e  

f o r a y s  was g r e a t e r  when t h e  Cayoosh Creek component was l e s s  than  about 10% 

(50.2%) than  when i t  exceeded 10% of  Seton Creek (28.3%).  Th i s  d i f f e r e n c e  

was s i g n i f i c a n t  ( z  = 3.69, P < .01) . 
The f requency  of f o r a y s  from t h e  t a i l r a c e  was recorded  and i s  p resen ted  

a s  f o r a y s / d a y  (Tab les  11 and 1 2 ) .  Forays  were made more f r e q u e n t l y  by Gates  

Creek f i s h  t h a n  by P o r t a g e  Creek f i s h .  

F i s h  Released i n  Seton Creek 

The response  of radio- tagged f i s h  t o  v a r i o u s  m i x t u r e s  of Seton Lake and 

Cayoosh Creek w a t e r s  i n  Seton Creek was f u r t h e r  examined by r e l e a s i n g  f i s b  

i n  Seton Creek ( o r  i t s  plume) downstream of  t h e  Cayoosh Creek conf luence .  

Again s u c c e s s  ( d e f i n e d  a s  upst ream m i g r a t i o n  t o  Seton Dam) was r e l a t e d  t o  

t h e  p r o p o r t i o n  of  Cayoosh Creek w a t e r  i n  Seton Creek se able 1 3 ) .  During t h e  



.BLE 12 .  Response of  radio- tagged P o r t a g e  Creek sockeye salmon dur ing  
f o r a y s  upst ream from t h e  t a i l r a c e  of Seton powerhouse, t o  v a r i o u s  
m i x t u r e s  of  Se ton  Lake w a t e r  d i l u t e d  by Cayoosh Creek wa te r  i n  
Seton Creek.  

P e r c e n t  
Cayoosh Creek Number 

Water i n  Numberof Number P e r c e n t  Frequency o  f  
Year Se ton  Creek Forays  S u c c e s s f u l  S u c c e s s f u l  of Forays F i s h  

% X ( f o r a y s / d a y )  

Summary < lo* 20 1 101 50.2 

* I n c l u d e s  two d a t a  g roup ings  which o v e r l a p  t o  11%. 



m i g r a t i o n  of  Gates  Creek sockeye salmon a l l  f o r a y s  were s u c c e s s f u l  when t h e  

Cayoosh Creek component was l e s s  than 20% and none were s u c c e s s f u l  when t h e  

Cayoosh Creek component exceeded 20%. Because t h e  number of f i s h  r e l e a s e d  

was smal l  (10 f o r  each c o n d i t i o n ) ,  and t h e  r e s u l t s  d e v i a t e d  s u b s t a n t i a l l y  

from 50% s u c c e s s ,  it was n o t  a p p r o p r i a t e  t o  c a l c u l a t e  a "z" v a l u e  t o  

de te rmine  t h e  s i g n i f i c a n c e  of  t h e  d i f f e r e n c e  between t h e  r e s u l t s .  However, 

99 p e r c e n t  conf idence  l i m i t s  were c a l c u l a t e d  f o r  t h o s e  p r o p o r t i o n s  (Woolf, 

1968) .  The conf idence  l i m i t s  d i d  not  o v e r l a p  (10/10 conf idence  l i m i t s  = 

6.9-10.0 of 10 ;  0 /10  conf idence  l i m i t s  = 0-3.1 of 10)  and t h e  r e s u l t s  can 

t h e r e f o r e  b e  cons ide red  s i g n i f i c a n t l y  d i f f e r e n t .  

During t h e  P o r t a g e  Creek sockeye salmon m i g r a t i o n s  t h e  upstream migra- 

t i o n  s u c c e s s  o f  radio- tagged f i s h  r e l e a s e d  i n  Seton Creek was 86% (37143) 

when t h e  Cayoosh Creek component was l e s s  than  10% of Seton Creek,  and t h e  

s u c c e s s  r a t e  was 91% (10/11)  when t h e  Cayoosh component was 10-20%. These 

p r o p o r t i o n s  were n o t  s i g n i f i c a n t l y  d i f f e r e n t  ( z  = 0.44) and a l l  o b s e r v a t i o n s  

made under  t h o s e  2 c o n d i t i o n s  were combined f o r  a  s u c c e s s  r a t e  of 87% 

(47154) .  The s u c c e s s  r a t e  was o n l y  48% (12125) when t h e  Cayoosh Creek 

component exceeded 20% of Seton Creek ( T a b l e  13) .  Those p r o p o r t i o n s  were 

s i g n i f i c a n t l y  d i f f e r e n t  (z = 3 .71, P < .01).  The m i g r a t i o n  s u c c e s s  r a t e  

was lowest  (37.5%) when t h e  Cayocsh Creek component exceeded 40% of Seton 

Creek d i s c h a r g e .  

On some o c c a s i o n s  t h e  lower p r o p o r t i o n s  of  Cayoosh Creek wa te r  i n  Seton 

Creek were ach ieved  p a r t l y  through a  d i v e r s i o n  of most of  Cayoosh Cveek 

wa te r  in t ,o  Se ton  Lake and p a r t l y  through u n u s u a l l y  h i g h  s p i l l  d iacborge  i p t o  

Seton Creek a t  Seton Dam. To examine t h e  p o s s i b i l i t y  t h a t  t h e  inc reased  

a t t r a c t i o n  of f i s h  t o  Seton Creek when t h e  Cayoosh Creek component was low 

5 0 



TABLE 13.  Response of  radio- tagged sockeye salmon r e l e a s e d  i n  Seton Creek 
( o r  i t s  plume) downstream o f  t h e  Cayoosh Creek conf luence  a t  
v a r i o u s  m i x t u r e s  of  Seton Lake wa te r  d i l u t e d  by Cayoosh Creek.  

P e r c e n t  Cayoosh Creek Numbers ef Fish- -------- 
Water i n  Se ton '  Creek Released Migrated 

% Upstream 

Summary < 20 10 10 (100%) 
(99% conf .  l i m i t s  = 6.9-10.0/10) 

> 20 10 0 (0%)  
(99% conf .  l i m i t s  = 0-3.1/10) 

11. P o r t a g e  CreglcS!lckeyeS&~ 

1981 

Summary 

* I n c l u d e s  1 d a t a  grouping which o v e r l a p s  t o  11%. 



might be r e l a t e d  t o  t h e  i n c r e a s e d  t o t a l  d i s c h a r g e  of Se ton  Creek on those  

o c c a s i o n s ,  9 f i s h  were r e l e a s e d  i n  Seton Creek above t h e  Cayoosh Creek con- 

f l u e n c e .  Those r e l e a s e s  were done a t  r e l a t i v e l y  low d i s c h a r g e s  and most 

(6/9) were a t  t h e  minimum d i s c h a r g e  p e r m i s s i b l e  d u r i n g  t h e  pe r iod  of a d u l t  

3 sockeye m i g r a t i o n s  (11.3 m / s )  . I n  a l l  c a s e s  upst ream m i g r a t i o n  r e s u l t e d ,  

i n d i c a t i n g  t h a t  h i g h  d i s c h a r g e  was not  a requirement  f o r  s u c c c s e f u l  migra- 

t i o n .  

2. Eink Salmon 

Four p ink  salmon, c a p t u r e d  d u r i n g  t h e i r  m i g r a t i o n ,  were radio- tagged 

d u r i n g  t h e  c o u r s e  of t h e  s tudy .  These f i s h  a l l  migra ted  from t h e  t a i l r a c e  

of  t h e  powerhouse t o  Seton Creek w i t h i n  8 h r  and none r e t u r n e d  t o  t h e  

t a i l r a c e .  Although t o o  few pink salmon were r a d i o  tagged t o  permit  d e t a i l e d  

compar isons  w i t h  t h e  behaviour  of  sockeye salmon i t  appeared t h a t  p ink 

salmon were l e s s  p rone  t o  d e l a y  i n  t h e  t a i l r a c e  and l e s s  i n c l i n e d  t o  r e j e c t  

t h e  w a t e r  m i x t u r e  i n  Seton Creek when t h e y  encountered i t  dur ing  f o r a y s  from 

t h e  t a i l r a c e .  



DISCUSSION 

The o l f a c t o r y  h y p o t h e s i s  of  salmon homing s t a t e s  t h a t :  1 )  each s t r eam 

p o s s e s s e s  a  c h a r a c t e r i s t i c  odour which i s  imparted by l o c a l  geochemis t ry ,  

f l o r a  o r  fauna and i s  d e t e c t a b l e  by salmon, 2)  salmon a r e  a b l e  t o  d i s c r i m i -  

n a t e  between t h e  odours  of d i f f e r e n t  s t r e a m s ,  and 3 )  salmon a r e  a b l e  t o  

r e t a i n  t h e  memory of  t h e  homestream odour dur ing  t h e  ocean ic  r e s i d e n c e  and 

u t i l i z e  t h e  odour a s  a  homing cue t o  r e t u r n  t o  t h e i r  homestream (Hara ,  1975; 

H a s l e r  and Wisby, 1951; H a s l e r  g t  p i . ,  1978).  The fo rego ing  i n v e s t i g a t o r s  

have p o s t u l a t e d  a  mechanism of impr in t ing  whereby t h e  d i s t i n c t i v e  homestream 

o d o u r ( s )  a r e  l ea rned  by t h e  j u v e n i l e  salmon a t ,  o r  p r i o r  t o ,  emigra t ion  from 

t h e  r e a r i n g  a r e a  t o  t h e  s e a .  Recen t ly ,  o t h e r s  (Nordeng, 1971 and 1977; 

S t a b e l l ,  1984) have proposed a  mechanism by which homing might be exp la ined  

by a  g e n e t i c a l l y - b a s e d  a t t r a c t i o n  t o  pheromones excre ted  o r  s e c r e t e d  by 

c o n s p e c i f i c  j u v e n i l e s  p r e s e n t  i n  t h e  homestream. Evidence f o r  t h e  l a t t e r  

mechanism a p p e a r s  s t r o n g e s t  f o r  A t l a n t i c  salmon, and l e s s  convincing a s  an 

e x p l a n a t i o n  f o r  homing i n  P a c i f i c  salmon. I n  t h e  c a s e s  o f  both  sockeye and 

pink salmon, c o n s p e c i f i c  j u v e n i l e s  may be absen t  from t h e  homestream dur ing  

t h e  spawning m i g r a t i o n .  Consequent ly ,  t h e  fo l lowing  d i s c u s s i o n  w i l l  be 

based upon t h e  assumpt ion t h a t  t h e  homing m i g r a t i o n  is  p r e d i c a t e d  upon 

i m p r i n t i n g  of t h e  j u v e n i l e  f i s h  t o  t h e  odour ( s )  of t h e  homestream w a t e r s ,  

a l t h o u g h  t h e  d i s c u s s i o n  of m i g r a t i o n  behaviour  would no t  be  s u b s t a n t i a l l y  

a l t e r e d  i f  a  g e n e t i c a l l y - b a s e d  pheromone mechanism were a c t i v e .  

The fo rego ing  i n v e s t i g a t o r s  have hypothes ized t h a t  t h e  long-term 

"memory" of t h e  imprinted homestream odour r e l e a s e s ,  i n  i t s  p resence ,  a 

p o s i t i v e  r h e o t a c t i c  behav iour ,  causing t h e  f i s h  t o  swim upstream toward t h e  

homestream. Johnsen and Has le r  (1980) s t u d i e d  t h e  migra to ry  behaviour  of 



coho salmon imprinted t o  s y n t h e t i c  odours  and concluded t h a t  upst ream migra- 

t i o n  was c o n t r o l l e d  by t h e  p r e s e n c e  of  t h e  i m p r i n t i n g  odours :  

"Apparently t h e  upst ream movement was a  p o s i t  i v e  r h e o t a c t  i c  response  
r e l e a s e d  i n  t h e  p resence  of  t h e  i m p r i n t i n g  odour......Thus, t h e  s e g r e g a t i o n  
of  f i s h  imprinted t o  d i f f e r e n t  odours  appears  t o  b e  based on d i f f e r e n t i a l  
r h e o t a c t i c  r e sponses  i n  t h e  p r e s e n c e  o r  absence of  t h e  impr in t ing  
odour...... Th i s  p r o v i d e s  a  p o s s i b l e  mechanism f o r  t h e  s u c c e s s f u l  m i g r a t i o n  
t o  a  homestream i n  a  d e n d r i t i c  r i v e r  system by d i f f e r e n t  s t o c k s  of salmon". 

Hara (1975) concluded t h a t  t h e  a t t r a c t a n t  odour e l i c i t s  r h e o t a c t i c  

r e sponses  i n  t h e  salmon s o  t h a t  l o c a l i z a t i o n  of  t h e  odour occurs  through 

p o s i t i v e  r h e o t a x i s  r a t h e r  than  by d e t e c t i o n  of an  i n c r e a s i n g  odour g r a d i e n t .  

Arnold (19741, Brannon (19821, B r e t t  and Groot (19631, Groot (1982) and 

Johnsen (1982) have a l s o  suppor ted  t h e  concept  t h a t  t h e  p resence  of t h e  

imprinted homestream odour r e l e a s e s  p o s i t i v e  r h e o t a x i s  . Scholz  et EL. ( 1972) 

observed a  s i m i l a r  upst ream behav iour  i n  r esponse  t o  t h e  ebb t i d e  i n  an 

e s t u a r y .  

The p r e f e r e n c e  shown by sockeye salmon d u r i n g  t h e  p r e l i m i n a r y  1980 

p r e f e r e n c e  exper iments  (Tab le  1 )  f o r  Seton Lake w a t e r  over  Cayoosh Creek 

wa te r  i s  c o n s i s t e n t  w i t h  t h e  o l f a c t o r y  h y p o t h e s i s  which p r e d i c t s  t h a t  homing 

salmon a r e  a b l e  t o  d i s c r i m i n a t e  between t h e i r  homest ream wate r  and non- 

homestream wate r  and w i l l  e x h i b i t  p o s i t i v e  r h e o t a x i s  i n  t h e  p resence  of 

homestream wate r .  The subsequen t ly  demonstra ted  a b i l i t y  of  sockeye t o  

d i s c r i m i n a t e  between Seton Lake (homestream) w a t e r  and v a r i o u s  d i l u t i o n s  ( a s  

l i t t l e  a s  10%) of Se ton  Lake wa te r  d i v e r g e s  from t h e  c o n v e n t i o n a l  o l f a c t o r y  

h y p o t h e s i s  concept  s i n c e  t h o s e  f i s h  f a i l e d  t o  c o n s i s t e n t l y  e x h i b i t  a s imple  

p o s i t i v e  r h e o t a x i s  when exposed t o  Seton Lake w a t e r .  I n s t e a d ,  t h e  f ish 



a p p a r e n t l y  were a b l e  t o  accompl ish  a  more complex comparat ive  o r  d e c i s i o n -  

making p r o c e s s  by choosing t h e  wa te r  s o u r c e  wi th  t h e  g r e a t e s t  c o n c e n t r a t i o n  

of homestream w a t e r .  Th i s  f i n d i n g  was c o n s i s t e n t  f o r  bo th  Gates and Por tage  

Creek sockeye salmon throughout t h e  3  y e a r s  d u r i n g  which water  source  pre- 

f e r e n c e  was t e s t e d  i n  t h e  exper imenta l  a p p a r a t u s  (Tab les  1, 2 ,  4 ,  5 and 6 ) ,  

and through 5 y e a r s  of r a d i o - t e l e m e t r y  o b s e r v a t i o n s  of sockeye i n  a  f i e l d  

s e t t i n g  (Tab les  11-13). 

The behaviour  of groups  of sockeye salmon a s  compared t o  t h e  behaviour  

of  i n d i v i d u a l  f i s h  was s t u d i e d  t o  de te rmine  t h e  a p p r o p r i a t e n e s s  of t e s t i n g  

t h e  w a t e r  source  p r e f e r e n c e  of t h e  f i s h  i n  g roups .  S ince  sockeye salmon a r e  

a  schoo l ing  s p e c i e s  i t  was l o g i c a l  t o  t e s t  them i n  g roups .  However, t r e a t -  

ment of t h e  d a t a  r e q u i r e d  an unders tand ing  of whether each f i s h  w i t h i n  a  

group could  be  cons ide red  a  s e p a r a t e  o b s e r v a t i o n  o r  whether t h e  r e s u l t  of 

each t e s t  of a  group of f i s h  comprised o n l y  one d a t a  p o i n t .  Comparison of 

t h e  r e s u l t s  of 1981 Gates Creek sockeye t e s t e d  s i n g l y  and i n  groups  showed 

t h a t  t h e  responses  were s i m i l a r  and t h a t  each f i s h ' s  c h o i c e  could t h e r e f o r e  

be cons ide red  a s  a  s e p a r a t e  r e s u l t  (Tab le  3 ) .  This  p e r m i t t e d  t h e  t e s t i n g  of  

many more c o n d i t i o n s  than  could  o t h e r w i s e  have been ach ieved .  

Experiments us ing  sockeye w i t h  o b s t r u c t e d  n a r e s  provided convincing 

evidence t h a t  t h e  observed p r e f e r e n c e  f o r  Seton Lake wa te r  was based on 

o l f a c t i o n .  These anosmic f i s h  showed no p r e f e r e n c e  f o r  wa te r  s o u r c e s  which 

e l i c i t e d  a  s t r o n g  p r e f e r e n c e  i n  unimpaired f i s h .  Fur thermore ,  they  d i d  no t  

d i s t r i b u t e  predominant ly  i n  t h e  "upstream" t roughs  c o n t a i n i n g  t h e  c o n t r o l  o r  

t e s t  m i x t u r e s ,  a s  observed i n  a 1 1  o t h e r  sockeye exper iments ,  bu t  were ran- 

domly d i s t r i b u t e d  amongst t h e  t h r e e  compartments. I f  m i g r a t i o n  toward t h e  

t e s t  and c o n t r o l  wa te r  s o u r c e s  can be  cons ide red  analogous  t o  upstream 
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m i g r a t i o n ,  i t  i s  e v i d e n t  t h a t  t h e  s t i m u l u s  f o r  upst ream m i g r a t i o n  was re -  

moved by o b s t r u c t i n g  t h e  n a r e s .  Bodznick (1978a) observed a  s i m i l a r  i n a b i l -  

i t y  of  sockeye f r y  w i t h  occluded n a r e s  t o  show a  p r e f e r e n c e  f o r  l a k e  water  

o v e r  s t r e a m  wate r  demonstra ted  by unimpaired f r y .  Also ,  a s  i n  t h e  p r e s e n t  

s i t u a t i o n ,  Bodznick noted t h a t  fewer impaired f r y  t h a n  unimpaired f r y  made a  

c h o i c e .  Others  have no ted  t h a t  t h e  trauma of  o l f a c t o r y  o c c l u s i o n  may a f f e c t  

t h e  a n i m a l ' s  behaviour  t o  a  g r e a t e r  e x t e n t  than  s imple  removal of  t h e  o l f a c -  

t o r y  s e n s e  ( H a s l e r  & g~., 1978; P e t e r s ,  1971).  I n  many i n s t a n c e s  o c c l u s i o n  

was ach ieved  by r e l a t i v e l y  t r a u m a t i c  methods,  such a s  c a u t e r i z a t i o n  o r  

s e v e r a n c e  of  t h e  o l f a c t o r y  n e r v e ,  which might c a u s e  i n h i b i t i o n  of  t h e  migra- 

t o r y  s t a t e  independent  of t h e  l o s s  of  t h e  o l f a c t o r y  sense .  I n  t h e  p r e s e n t  

s t u d i e s ,  l i t t l e  o r  no damage was done t o  t h e  f i s h  i n  t h e  p r o c e s s  of  tempo- 

r a r i l y  o b s t r u c t i n g  t h e  n a r e s  beyond t h e  a c t  of  hand l ing  them, which was 

common t o  a l l  f i s h  t e s t e d .  

It i s  r ecogn ized  t h a t  t h e  fo rego ing  exper iment  l a c k s  c e r t a i n  c o n t r o l s  

which would have been d e s i r a b l e  i f  l o g i s t i c s  and f i s h  a v a i l a b i l i t y  had 

p e r m i t t e d .  There  i s  no g u a r a n t e e  t h a t  t h e  f i s h  were rendered t r u l y  anosmic 

by t h e  t r e a t m e n t ,  and i t  i s  p o s s i b l e  t h a t  t h e y  were responding ( o r  no t  

r e spond ing)  due t o  p h y s i c a l  o r  chemical  i r r i t a t i o n  of  t h e  o l f a c t o r y  appara- 

t u s .  However, t h a t  e v e n t u a l i t y  would n o t  change t h e  conc lue ions  regard ing  

t h e  importance  o f  t h e  o l f a c t o r y  s e n s e  f o r  d e t e c t i n g  homestream wate r .  I t  i s  

t h e r e f o r e  concluded t h a t  t h e  a b i l i t y  of t h e  non-occluded f i s h  t o  choose t h e  

c o n t r o l  o v e r  t h e  t e s t  m i x t u r e s  was based on t h e  o l f a c t o r y  s e n s e ,  and t h a t  

t h e  "upstreamn o r  m i g r a t i o n a l  o r i e n t a t i o n  of  t h e  f i s h  was dependent upon t h e  

a b i l i t y  t o  d e t e c t  t h e  Se ton  Lake wa te r .  

S e v e r a l  p o s s i b l e  a l t e r n a t i v e  e x p l a n a t i o n s  f o r  t h e  obeerved @ r e f e r e n c e  



behav iour  were examined. I t  i s  w e l l  known t h a t ,  g iven  a  c h o i c e ,  f i s h  w i l l  

c o n s i s t e n t l y  choose a  " p r e f e r r e d "  t e m p e r a t u r e ,  and i t  was reasoned t h a t  

t empera tu re  might be t h e  b a s i s  f o r  t h e  p r e f e r e n c e  observed i n  t h e  tank 

exper iments .  A r t i f i c i a l l y  lower ing t h e  t empera tu re  of one c o n t r o l  water  

s o u r c e  by an amount e q u a l  t o  o r  g r e a t e r  than  any t empera tu re  d i f f e r e n c e s  

observed d u r i n g  t h e  exper iments  d i d  no t  c r e a t e  a  p r e f e r e n c e  f o r  e i t h e r  

t empera tu re  of t h e  homestream w a t e r .  I n  such a  s i t u a t i o n  sockeye salmon 

might be  expected t o  d e t e c t  and choose wa te r  of a  p r e f e r r e d  t empera tu re  

s i n c e  it i s  known t h a t  a t  l e a s t  dur ing  some s t a g e s  of t h e  l i f e  c y c l e  they 

c a r r y  ou t  v e r t i c a l  m i g r a t i o n s ,  which may f u n c t i o n ,  among o t h e r  t h i n g s ,  a s  a  

form of b e h a v i o u r a l  t h e r m o r e g u l a t i o n  which appears  t o  op t imize  food conver-  

s i o n  e f f i c i e n c y  ( B r e t t ,  1371).  One of t h e  two t empera tu re  c h o i c e s  o f f e r e d  

(16.1•‹C) i s  v e r y  c l o s e  t o  t h e  o p t i m a l  t empera tu re  f o r  growth and swimming 

performance of  j u v e n i l e  sockeye salmon (15OC). Consequent ly ,  i f  tempera- 

t u r e  were a  pr imary f a c t o r  i n  t h e  c h o i c e  made by t h e  f i s h ,  t h e  16.1•‹C source  

should  have been a t t r a c t i v e  and a p r e f e r e n c e  f o r  t h i s  source  would have been 

expected . 
A d d i t i o n a l  t empera tu re  a n a l y s i s  of a l l  of t h e  1981 and 1982 wa te r  

s o u r c e  p r e f e r e n c e  exper iments  i n d i c a t e d  t h a t  t h e  r e s u l t s  were f r e e  of  a  

t empera tu re  b i a s .  Water m i x t u r e  t r e a t m e n t s  which r e s u l t e d  i n  a  s i g n i f i c a n t  

p r e f e r e n c e  f o r  Seton Lake wa te r  e l i c i t e d  t h i s  p r e f e r e n c e  r e g a r d l e s s  of t h e  

r e l a t i v e  t e m p e r a t u r e  of  Se ton  Lake wa te r  and t h e  t e s t  mix tu re  (Tab le  9). I n  

a d d i t i o n ,  t h e  r e s u l t s  f o r  t h e s e  t h r e e  r e l a t i v e  t empera tu re  c o n d i t i o n s  were 

homogeneous, i n d i c a t i n g  t h a t  t h e  s t r e n g t h  of t h e  p r e f e r e n c e  f o r  t h e  home- 

s t r e a m  wate r  d i d  n o t  v a r y  w i t h  t empera tu re .  For wa te r  m i x t u r e s  which d i d  

n o t  i n d i v i d u a l l y  r e s u l t  i n  a  s i g n i f i c a n t  p r e f e r e n c e  f o r  t h e  Seton Lake wa te r  



t h e r e  was, i n  n e a r l y  a l l  c a s e s ,  a  numer ica l  p r e f e r e n c e  f o r  Seton Lake wa te r  

(Tab le  1 0 ) .  Only f o r  one of t h e  r e l a t i v e  t empera tu re  g roup ings  (Se ton  

Lake w a t e r  c o l d e r )  was t h i s  p r e f e r e n c e  s i g n i f i c a n t  ( P <  .05) b u t ,  t h e  pooled 

r e s u l t s  i n d i c a t e d  a  s i g n i f i c a n t  p r e f e r e n c e  f o r  Seton Lake wa te r  owing t o  t h e  

g r e a t l y  i n c r e a s e d  sample s i z e  ( P <  .O5). Again, t h e  r e s u l t s  i n d i c a t e d  

homogeneity among t h e  r e s u l t s  f o r  t h e  t h r e e  r e l a t i v e  t empera tu re  g roup ings  

( S e t o n  warmer, c o l d e r  o r  t h e  same a s  t h e  t e s t  m i x t u r e )  i n d i c a t i n g  t h a t  t h e  

response  was n o t  a l t e r e d  by t empera tu re .  The evidence i n d i c a t e s  t h a t  t h e  

p r e f e r e n c e  c o n s i s t e n t l y  shown f o r  Se ton  Lake w a t e r  over  v a r i o u s  mix tu res  of  

Seton and Cayoosh Creek wa te r  was n o t  based on a t empera tu re  p r e f e r e n c e .  

The p o s s i b i l i t y  t h a t  t h e  p r e f e r e n c e  f o r  Seton Lake wa te r  was i n s t e a d  

based upon an avo idance  of Cayoosh Creek wa te r  was a l s o  i n v e s t i g a t e d .  Oth- 

e r s  have observed i n c r e a s e d  a c t i v i t y  l e v e l s  i n  f i s h  exposed t o  wa te r  from 

s t r e a m s  nea rby  t h e  homestream ( I d l e r  gt al . ,  1961; Oshima e t  a l , ,  1969).  I n  

t h e s e  i n s t a n c e s  i t  i s  n o t  c e r t a i n  whether t h e  a c t i v i t y  r e p r e s e n t e d  a  p o s i -  

t i v e  o r  n e g a t i v e  response  t o  t h a t  w a t e r .  I t  may be  t h a t  a  form of n e g a t i v e  

i m p r i n t i n g  h a s  evolved t o  e n s u r e  t h a t  f i s h  do n o t  a c c i d e n t a l l y  e n t e r  u n s u i t -  

a b l e  s t r eams  n e a r  t h e  homestream. It is a l s o  p o s s i b l e  t h a t  a  n e g a t i v e  

response  ( i . e .  avoidance)  t o  Cayoosh Creek could  be based upon a  r e c o g n i t i o n  

t h a t  Cayoosh Creek c o n t a i n s  p r i m a r i l y  wa te r  of n o n - l a c u s t r i n e  o r i g i n .  There  

i s  a  s m a l l  l a k e  (Duffy  Lake) a t  t h e  head of Cayoosh Creek bu t  much of t h e  

f low i s  c o n t r i b u t e d  by p r e c i p i t o u s  t r i b u t a r i e s  devoid of l a k e s .  Bodznick 

(1978a) h a s  observed t h a t  sockeye f r y  respond i n n a t e l y  w i t h  t h e  a p p r o p r i a t e  

r h e o t a x i s  t o  l a k e  o r  non-lake w a t e r s  depending upon whether t h e i r  r e a r i n g  

l a k e  i s  upst ream o r  downstream of  t h e i r  p o i n t  of emergence. Bodznick pro- 

poses  t h a t  t h e  d i s c r i m i n a t i o n  between l a k e  and non-lake wa te r  may be  baaed 



i n  whole o r  i n  p a r t  upon d i f f e r e n t i a l  l e v e l s  of ca lc ium i o n s  (Bodznick,  

1978b).  I t  is  p o s s i b l e  t h a t  Gates  and Por tage  Creek a d u l t  sockeye recogn ize  

Cayoosh Creek w a t e r  a s  non-lake w a t e r  and t h e r e f o r e  avoid i t .  I t  should 

a l s o  be noted t h a t  sockeye salmon commonly spawn i n  s t r eams  no t  fed  by 

l a k e s ,  and i t  i s  t h e r e f o r e  u n l i k e l y  t h a t  t h e  s i m i l a r  r e sponse  t o  Dick ie  and 

Cayoosh Creek w a t e r s  can be  a t t r i b u t e d  t o  a  d i f f e r e n c e  between t h o s e  non- 

l a c u s t r i n e  s t r eams  and lake-fed Seton w a t e r .  

No evidence was o b t a i n e d  t h a t  Cayoosh Creek wa te r  was a c t i v e l y  avoided 

i n  t h e  w a t e r  source  p r e f e r e n c e  exper iments .  When mix tu res  of Seton Lake and 

Cayoosh Creek w a t e r s  were p r e s e n t  i n  bo th  ends of t h e  p r e f e r e n c e  a p p a r a t u s  

t h e  f i s h  chose  t h e  m i x t u r e  w i t h  t h e  lowest  p r o p o r t i o n  of Cayoosh Creek 

water  ( P < . 0 0 5 ) .  I f  avoidance of Cayoosh Creek water  were o c c u r r i n g  a 

reduced pe rcen tage  of  t h e  f i s h  should have made a  c h o i c e  when Cayoosh Creek 

wa te r  was p r e s e n t  i n  b o t h  ends and t h e  m a j o r i t y  of f i s h  should  have remained 

i n  t h e  c e n t e r  poo l .  Whitman g t  gi. (1982) observed t h a t  a  reduced number of  

f i s h  made a  c h o i c e  when a s h  caused an avoidance response .  Such avoidance 

behaviour  d i d  n o t  occur  i n  t h e  p r e s e n t  s t u d y .  I n  f a c t ,  a  h i g h e r  p r o p o r t i o n  

of f i s h  made a  c h o i c e  when p r e s e n t e d  w i t h  two t e s t  m i x t u r e s  than  when 

p r e s e n t e d  w i t h  on ly  one t e s t  m i x t u r e  and a  Seton c o n t r o l ,  

The fo rego ing  does n o t  comple te ly  p r e c l u d e  t h e  p o s s i b i l i t y  t h a t  t h e  

observed r e s u l t s  were based on a  graded n e g a t i v e  response  t o  t h e  Cayoosh 

Creek w a t e r  i n  t h e  t e s t  m i x t u r e ,  such t h a t  when Cayooab Creek water  was 

p r e s e n t  i n  b o t h  c h o i c e s  t h e  f i s h  chose  t h e  " l e s s e r  of two e v i l s , "  However, 

t h a t  p o s s i b i l i t y  appears  u n l i k e l y  on t h e  b a s i s  of  t h e  ev idence  p r e s e n t e d .  

Hara (1981) d e s c r i b e d  s e v e r a l  ways i n  which p o l l u f a ~ t s  might i n t e r a c t  

w i t h  chemoreceptors and r e s u l t  i n  d i s t u r b a n c e  of  salmon homing behaviour .  



The p o s s i b i l i t y  t h a t  Cayoosh Creek con ta ined  a  unique o r  unusua l  c o n s t i t u e n t  

which i n  some way masked t h e  a t t r a c t i v e  odour of Seton water  o r  caused an 

a c t i v e  avoidance was f u r t h e r  i n v e s t i g a t e d  by examining t h e  response  t o  a  

t e s t  m i x t u r e  c o n t a i n i n g  a  n o v e l  wa te r  t o  which t h e  Seton-Anderson sockeye 

should  b e  n a i v e .  A p r e f e r e n c e  f o r  Seton Lake wa te r  over t h i s  mix tu re  i n d i -  

c a t e d  t h a t  t h e  e f f e c t  of t h e  Cayoosh Creek water  i n  t h e  u s u a l  t e s t  mix tu re  

was i n  no way unique.  It i s  t h e r e f o r e  very  u n l i k e l y  t h a t  t h e  observed 

p r e f e r e n c e  f o r  Seton Lake wa te r  a c t u a l l y  r e s u l t e d  from avoidance o f  Cayoosh 

Creek w a t e r  i n  t h e  t e s t  m i x t u r e  o r  i n  Seton Creek. C e r t a i n l y  Cayoosh Creek 

does  n o t  c o n t a i n  a m a t e r i a l  which causes  a u n i v e r s a l  avoidance response  

among salmon, s i n c e  l a r g e  numbers of pink salmon spawn i n  Cayoosh Creek 

upst ream of  i t s  conf luence  w i t h  Seton Creek ( IPSFC r e c o r d s ) .  

The p o s s i b i l i t y  was a l s o  cons ide red  t h a t  t h e  " r e c e n t  exper ience"  of t h e  

exper imenta l  f i s h ,  t h a t  i s  exposure  t o  Seton Lake water  i n  t h e  t a i l r a c e ,  

was a  c r i t i c a l  f a c t o r  i n  t h e  r e s u l t s  of t h e  wa te r  s o u r c e  p r e f e r e n c e  exper i -  

ments and r a d i o - t e l e m e t r y  s t u d i e s .  B r e t t  and Groot (1963) expressed s i m i l a r  

c o n c e r n s ,  and Oshima gy gl. (1969) noted t h a t  many b e h a v i o u r a l  and e l e c t r o -  

p h y s i o l o g i c a l  exper iments  u t i l i z e d  f i s h  which had been c a p t u r e d  i n  t h e i r  

homestream and t h e r e f o r e  had r e c e n t l y  exper ienced t e s t  w a t e r ,  inc lud ing  

homes t ream w a t e r  and nea rby  t r i b u t a r i e s  . Bodznick ( 197 8a) found t h a t  sock- 

eye  f r y  e x h i b i t e d  a p r e f e r e n c e  f o r  r e c e n t l y  encountered wa te r  over  f o r e i g n  

w a t e r .  I n  c o n t r a s t ,  S u t t e r l i n  and Gray (1973) found t h a t  mature  A t l g o t i c  

salmon d i d  n o t  become s e n s i t i z e d  t o  o r  show a p r e f e r e n c e  f o r  non-homestream 

w a t e r  i n  which t h e y  were h e l d .  Cooper and H a s l e r  (1973) and Scholz  aJ, 

( 1973) reviewed e l e c t r o p h y s  i o l o g  i c a l  and b e h a v i o u r a l  evidence b o t h  f o r  and 

a g a i n s t  t h e  h y p o t h e s i s  t h a t  t h e  r e s u l t s  of t h e s e  t y p e s  of exper iments  merely 



r e f l e c t  an  a t t r a c t i o n  t o  t h e  odour of t h e  wa te r  t o  which t h e  f i s h  were most 

r e c e n t l y  exposed.  I n  b o t h  c a s e s  t h e  a u t h o r s  concluded t h a t  r e c e n t  exper i -  

ence  i s  n o t  important  and t h a t  d u r i n g  homing m i g r a t i o n  t h e r e  i s  a  s u b s t i t u -  

t i o n  f o r ,  o r  i n h i b i t i o n  of r e c e n t  e x p e r i e n c e  b y  t h e  r e t a i n e d  o r  long term 

memory which r e s u l t e d  from i m p r i n t i n g .  I n  any e v e n t ,  i n  t h e  p r e s e n t  s t u d y  

homestream wate r  was p r e s e n t  i n  e a s i l y  d e t e c t a b l e  c o n c e n t r a t i o n s  i n  bo th  

c h o i c e s  p r e s e n t e d  t o  t h e  f i s h .  I t  i s  t h e r e f o r e  c l e a r ,  t h a t  c h o i c e s  were 

made on t h e  b a s i s  of r e l a t i v e  m i x t u r e s ,  n o t  j u s t  p resence  o r  absence of 

homestream w a t e r  o r  t h e  most r e c e n t l y  exper ienced w a t e r .  

The s e n s i t i v i t y  of t h e  Gates Creek and P o r t a g e  Creek sockeye salmon t o  

d i l u t i o n s  of t h e i r  homestream w a t e r  d i f f e r e d ,  and t h e  s e n s i t i v i t y  of t h e  

P o r t a g e  Creek f i s h  v a r i e d  d u r i n g  t h e  c o u r s e  of t h e  rnigrat  ion .  The Gates 

Creek sockeye ,  d u r i n g  t e s t s  i n  1981 and 1982, c o n s i s t e n t l y  p r e f e r r e d  Seton 

Lake w a t e r  over  t e s t  m i x t u r e s  of Seton Lake wa te r  d i l u t e d  20% by Cayoosh 

Creek w a t e r  ( T a b l e s  2 and 4 ) .  L e s s e r  d i l u t i o n s  (10 o r  15%) r e s u l t e d  i n  a  

numer ica l  b u t  s t a t i s t i c a l l y  no ,n - s ign i f i can t  p r e f e r e n c e s  f o r  t h e  Seton Lake 

w a t e r .  I n  comparison,  P o r t a g e  Creek sockeye salmon showed a  s i g n i f i c a n t  

p r e f e r e n c e  f o r  Seton Lake wa te r  over  t e s t  m i x t u r e s  d i l u t e d  from 10 t o  20% by 

Cayoosh Creek w a t e r .  During t h e  1981 exper iments  t h e  f i s h  were a b l e  t o  

d i s c r i m i n a t e  Seton Lake wa te r  from t e s t  m i x t u r e s  d i l u t e d  by a s  l i t t l e  a s  10% 

Cayoosh Creek w a t e r ,  a t  l e a s t  d u r i n g  t h e  f i r s t  two t h i r d s  of t h e  m i g r a t i o n ,  

During t h e  l a s t  t h i r d  of  t h e  m i g r a t i o n  t e s t  m i x t u r e s  d i l u t e d  10 and 15% by 

Cayoosh Creek w a t e r  d i d  n o t  e l i c i t  a  p r e f e r e n c e ;  o n l y  t h e  t e s t  mix tu re  

c o n t a i n i n g  20% Cayoosh Creek wa te r  r e s u l t e d  i n  a  p r e f e r e n c e  f o r  t h e  Seton 

Lake w a t e r  (Tab le  5 ) .  In  1982 t h e  P o r t a g e  Creek sockeye salmon e x h i b i t e d  
. I 

t h e  o p p o s i t e  t r e n d  o v e r  t ime i n  s e n s i t i v i t y  t o  t e s t  m i x t u r e s  (Tab le  6 ) .  



The r e a s o n  f o r  t h e  a p p a r e n t  d i f f e r e n c e  between P o r t a g e  and Gates  Creek 

sockeye salmon i n  s e n s i t i v i t y  t o  v a r i o u s  d i l u t i o n s  of Seton Lake wa te r  may 

b e  r e l a t e d  t o  t h e  r e l a t i v e  p rox imi ty  of t h e  two spawning s t reams t o  Seton 

Creek.  I f  t h e  f i s h  were a l s o  respohding t o  c o n s t i t u e n t s  from t h e i r  p a r t i c u -  

l a r  n a t a l  s t r eams  i n  Seton Lake w a t e r  t h e  d i f f e r e n c e  i n  s e n s i t i v i t y  might b e  

u n d e r s t a n d a b l e .  Gates  Creek comprises  a  l e s s e r  p r o p o r t i o n  of Seton Lake 

wa te r  than  does  P o r t a g e  Creek s i n c e  t h e r e  i s  some l o c a l  in f low t o  Anderson 

Lake between Gates  Creek and P o r t a g e  Creek. T h e r e f o r e ,  i t  would be expected 

t h a t  Gates  Creek sockeye would no t  b e  a s  s t r o n g l y  a t t r a c t e d  t o  t h e  Seton 

Lake w a t e r  i n  t h e  t a i l r a c e  o r  t o  t h e  c o n t r o l  wa te r  i n  t h e  p r e f e r e n c e  exper i -  

ment,  and t h e r e f o r e  would n o t  b e  a s  p e r s i s t e n t  i n  choosing i t  over  mix tu res  

of  Seton and Cayoosh Creek w a t e r .  The g r e a t e r  s e n s i t i v i t y  of t h e  Por tage  

Creek sockeye salmon may a l s o  b e  a  r e f l e c t i o n  of d i f f e r e n t  " b i o l o g i c a l  

a f f o r d a b i l i t y "  of  d e l a y  between t h e  two r a c e s .  Gates  Creek sockeye salmon 

a r r i v e  a t  Se ton  Creek r e l a t i v e l y  s i l v e r y ,  r i p e n  t o  s e x u a l  m a t u r i t y  r a p i d l y  

i n  t h e  summer w a t e r  t empera tu res  which g e n e r a l l y  exceed 16OC, and spawu soon 

a f t e r  r e a c h i n g  t h e  spawning grounds .  P o r t a g e  Creek sockeye salmon, i n  

c o n t r a s t ,  a r r i v e  a t  Seton Creek i n  spawning c o l o r s ,  mature  s lowly  i n  t h e  

c o l d  w a t e r s  ( g e n e r a l l y  l e s s  t h a n  15•‹C) and e x h i b i t  d e l a y  en r o u t e  and on t h e  

spawning grounds  p r i o r  t o  spawning ( F r e t w e l l  and Hamilton,  1983).  

The wi th in -year  v a r i a t i o n  i n  s e n s i t  i v i t y  of  P o r t a g e  Creek sockeye 

B Z ' . ~ G Z  t= CI<'z:Lc= z f  Cstcr, ' A t  uzzei n a ~  ':c it;s:& :? *'- . ..e ;?.&a& ir* 

hormonal and m a t u r a t i o n a l  s t a t e  of  t h e  f i s h .  Cooper and H a s l e r  (1973) and 

Scho lz  gt  a&. (1973) concluded t h a t  t h e r e  i s  a  peak i n  t h e  s t r e n g t h  of  t h e  

response  t o  homestream odour a t  t h e  p e r i o d  of  peak spawning, and t h a t  t h i s  

phenomenon may be  hormone-mediated. Scho lz  3 g .  observed t h a t  dur ing  t h e  



peak of spawning coho e x h i b i t e d  inc reased  EEG response  t o  chemicals  t o  which 

t h e y  had been a r t i f i c i a l l y  imprinted a s  j u v e n i l e s ,  and t r a c k e d  f i s h  showed 

g r e a t e r  o r i e n t a t i o n  t o  homestream w a t e r .  The change i n  s t r e n g t h  of r e sponse  

t o  homestream odours  no ted  by t h e s e  i n v e s t i g a t o r s  may be analogous  t o  t h e  

v a r i a t i o n  i n  s e n s i t i v i t y  over  t ime of P o r t a g e  Creek sockeye salmon t o  var-  

i o u s  d i l u t i o n s  of Seton Lake w a t e r .  Seton Lake water  i s  "homestream water" 

i n  t h e  c l a s s i c a l  s e n s e  t h a t  i t  is  t h e  wa te r  t h a t  t h e  smol t s  a r e  exposed t o  

d u r i n g  t h e  proposed smolt  i m p r i n t i n g  p e r i o d .  However, t h e s e  sockeye must 

a l s o  p o s s e s s  a  "memoryt' of an  e a r l i e r  homestream w a t e r ,  P o r t a g e  Creek,  t o  

accompl ish  t h e  r e t u r n  m i g r a t i o n  t o  t h a t  l o c a t  ion .  I t  i s  a  moot p o i n t  wheth- 

e r  t h e  peak p e r i o d  of  s e n s i t i v i t y  t o  Seton Lake wa te r  ( i f  i t  e x i s t s )  would 

cor respond  t o  t h e  peak spawning p e r i o d  o r  t o  t h e  t ime dur ing  t h e  m i g r a t i o n  

when Se ton  Creek would be  encoun te red .  Thus, t h e  w a t e r  source  p r e f e r e n c e  

exper iments  i n  which t h e  P o r t a g e  Creek sockeye were a b l e  t o  d i s c r i m i n a t e  a  

d i l u t i o n  of  Se ton  Lake w a t e r  by o n l y  10% Cayoosh Creek w a t e r  may correspond 

t o  t h e  p e r i o d  of t h e  m i g r a t i o n  schedu le  when peak numbers of t h e s e  f i s h  

would be  e n t e r i n g  Se ton  Creek and would t h e r e f o r e  be  most r e c e p t i v e  t o  Seron 

Lake Water. Before  and a f t e r  t h i s  optimum t ime t h e  f i s h  might be l e s s  

r e s p o n s i v e  t o  Se ton  Lake w a t e r ,  and it may have been d u r i n g  such p e r i o d s  

t h a t  o n l y  t h e  20% Cayoosh Creek t e s t  m i x t u r e  r e s u l t e d  i n  a  p r e f e r e n c e  f o r  

Seton Lake w a t e r  (Tab les  5 and 6 ) .  Such a  temporal  change i n  s e n s i t i v i t y ,  

i n  combinat ion w i t h  t h e  f o r t u i t o u s  t iming  of t h e  t e s t s ,  may have caused t h e  

d i f f e r i n g  t r e n d  i n  s e n s i t i v i t y  between y e a r s .  I t  is  a l s o  p o s s i b l e  t h a t  t h e  

d i f f e r e n c e s  i n  s e n s i t i v i t y  between t h e  Gates  and P o r t a g e  Creek runs  may 

r e f l e c t  d i f f e r e n c e s  i n  t h e i r  hormonal s t a t e s  a s  t h e y  encoun te r  Seton Creek.  
, . 

The p o s s i b i l i t y  was cons ide red  t h a t  t h e  a b i l i t y  of  t h e  f i s h  t o  d i sc r im-  



i n a t e  between t h e  v a r i o u s  m i x t u r e s  of  Seton and Cayoosh Creek wa te r s  might 

have been based on v a r i o u s  measurable  wa te r  chemis t ry  p a r a m e t e r s ,  and t h a t  

t h e  change i n  r esponse  over  t ime and between r u n s  might have r e s u l t e d  from a 

change i n  t h o s e  pa ramete r s .  However, of t h e  wa te r  chemis t ry  c h a r a c t e r i s t i c s  

examined ( i n c l u d i n g  h a r d n e s s ,  ca lc ium,  f l u o r i d e ,  s u l p h a t e ,  conductance  and 

a l k a l i n i t y ) ,  none appeared t o  s u i t  t h e  p a t t e r n  of changing response  of t h e  

f i s h .  The r e l a t i v e  c o n c e n t r a t i o n  of  t h o s e  pa ramete r s  i n  Seton Lake and 

Cayoosh Creek w a t e r s  was a t  t imes  n o t  measurably d i f f e r e n t ,  and i n  t h e  c a s e  

o f  c e r t a i n  p a r a m e t e r s ,  r e v e r s e d  over  t ime.  Consequent ly ,  none of  t h e  para-  

me te r s  measured,  a t  l e a s t  s i n g l y ,  can e x p l a i n  t h e  changing response  of  t h e  

f i s h  d u r i n g  t h e  exper iments .  T h i s  does  n o t ,  however, prove t h a t  some change 

i n  t h e  s t r e n g t h  o f  cues  p r e s e n t  i n  t h e  wa te r  might no t  have been r e s p o n s i b l e  

f o r  t h e  change i n  r esponse  of  t h e  f i s h .  

It i s  assumed, by v i r t u e  of t h e  d e s i g n  of  t h e  w a t e r  source  p r e f e r e n c e  

exper iments ,  i n  which w a t e r  s u p p l i e s  were r e v e r s e d  between each of  t h e  

p a i r e d  t e s t s ,  t h a t  t h e  r e s u l t s  a r e  independent  of  any i n n a t e  d i r e c t i o n a l  

p r e f e r e n c e  e x h i b i t e d  by t h e  f i s h .  A n a l y s i s  of t h e  d a t a  i n d i c a t e d  t h a t  such 

d i r e c t i o n a l  p r e f e r e n c e s  d i d  e x i s t .  A s i g n i f  i c a n t  p r e f e r e n c e  was shown by 

P o r t a g e  Creek sockeye salmon i n  1980 f o r  t h e  west end of  t h e  t e s t  a p p a r a t u s  

o v e r  t h e  e a s t  end. I n  1981 and 1982 t h e r e  was an o v e r a l l  p r e f e r e n c e  s b o m  

f o r  t h e  n o r t h  end over  t h e  s o u t h  end and t h e  r e s u l t s  were homogeneo~s 

th roughout  t h e  Gates  and P o r t a g e  Creek sockeye salmon m i g r a t i o n s  (Tab le  8) .  

These d i r e c t i o n a l  p r e f e r e n c e s  a r e  c o n s i s t e n t  b o t h  wi th  t h e  migrat ion d i r e c -  

t i o n  t h e  f i s h  had fol lowed f o r  approx imate ly  160 km from Hope t o  L i l l o o e t  i n  

t h e  F r a s e r  River  and w i t h  t h e  d i r e c t i o n  t h e  f i s h  would be  r e q u i r e d  t o  

m i g r a t e  d u r i n g  passage  th rough  Se ton  Lake. The d a t a  d~ p o t  e ~ a b l e  8 ,ppnc lu -  



s i o n  t o  b e  drawn a s  t o  whether  t h e  d i r e c t i o n a l  p r e f e r e n c e  was t h a t  l ea rned  

d u r i n g  t h e  immediately p reced ing  p e r i o d  of  m i g r a t i o n  up t h e  F r a s e r  R i v e r ,  o r  

i s  s imply t h e  o p p o s i t e  of  t h a t  l ea rned  dur ing  t h e  j u v e n i l e  m i g r a t i o n  t o  t h e  

o u t l e t  of Seton Lake. It i s  d i f f i c u l t  t o  imagine t h e  u s e f u l n e s s  of a 

compass o r i e n t a t i o n  i n  a  r i v e r  s e t t i n g  where t h e  overwhelming d i r e c t i o n a l  

cue  must be  t h e  c u r r e n t ,  excep t  a t  r i v e r  conf luences .  However, i t  has  been 

r e p o r t e d  e l sewhere  (Groo t ,  1965; Quinn, 1981) t h a t  j u v e n i l e  salmon p o s s e s s  

an i n n a t e  compass o r i e n t a t i o n  which e n a b l e s  them t o  l o c a t e  t h e  o u t l e t  of 

t h e i r  r e a r i n g  l a k e  i n  t h e  absence of  s i g n i f i c a n t  c u r r e n t  cues .  I t  would be 

e q u a l l y  important  f o r  a d u l t  salmon, wi th  l i m i t e d  t ime i n  which t o  l o c a t e  

t h e i r  n a t a l  s t r eam,  t o  p o s s e s s  t h e  o p p o s i t e  compass o r i e n t a t i o n  t o  a i d  them 

d u r i n g  t h e  r e t u r n  m i g r a t i o n  through t h e  l a k e  system. I t  i s  t h e r e f o r e  log- 

i c a l  t o  s p e c u l a t e  t h a t  t h e  n o r t h e r l y  and w e s t e r l y  d i r e c t i o n a l  o r i e n t a t i o n  

e x h i b i t e d  by t h e  Gates  and P o r t a g e  Creek sockeye salmon i s  a  n a v i g a t i o n a l  

a i d  i n  l o c a t i n g  t h e  n o r t h r e s t e r l y  end of Seton Lake where P o r t a g e  Creek 

e n t e r s .  It may b e  f u r t h e r  s p e c u l a t e d  t h a t  t h e  d i r e c t i o n a l  o r i e n t a t i o n  of 

Gates  Creek f i s h  subsequen t ly  changes t o  a  p r e f e r e n c e  f o r  a  south-westeyly 

d i r e c t i o n  upon exposure  t o  Anderson Lake o r  Gates Creek w a t e r .  T h i s  d i r e c -  

t i o n a l  p r e f e r e n c e  would a i d  t h o s e  f i s h  i n  l o c a t i n g  t h e  mouth of Gates Creek 

a t  t h e  sou th -wes te r ly  e x t r e m i t y  of Anderson Lake. 

The fo rego ing  d i s c u s s i o n  r e g a r d i n g  d i r e c t i o n a l  p r e f e r e n c e  i s  specula-  

t i v e .  It i s  p o s s i b l e  t h a t  t h e  d i r e c t i o n a l  p r e f e r e n c e s  e x h i b i t e d  by t h e  f i s h  

may i n s t e a d  have been t h e  r e s u l t  of p e r c e p t i o n  by t h e  f i s h  of nearby topo- 

g r a p h i c a l  f e a t u r e s ,  v e g e t a t i o n ,  o r  v a r i a t i o n s  i n  l i g h t  i n t e n s i t y .  The 

w e s t e r l y  p r e f e r e n c e  of  t h e  f i s h  i n  1980 was away from t h e  l a r g e  cement power 

c a n a l  aqueduc t ,  which s tood 10-15 m above t h e  e a s t  end of t h e  t e e t  appgra- 



t u s .  The underside of t h i s  s t r u c t u r e  was in shadow and might t he re fo re  have 

been expected t o  a t t r a c t  t h e  t e s t  f i s h  s ince  cap t ive  f i s h  o f t en  seek areas  

of darkness  o r  shadow. The nylon mesh which covered t h e  t e s t  apparatus  

would be expected t o  s u b s t a n t i a l l y  reduce the  a b i l i t y  of t he  f i s h  t o  per- 

ce ive  c l e a r l y  any nearby ob jec t s  such a s  t r e e s  o r  t he  power canal  aqueduct, 

and i t  i s  l i k e l y  t h a t  only general  i nd ica t ions  of l i g h t  and shadow would 

have been de t ec t ab le .  Since t e s t s  were conducted throughout t h e  day from 

about 0800-1600 PST on both c l e a r  and overcas t  days,  a  wide v a r i e t y  of l i g h t  

condi t ions  ex i s t ed .  There was no evident  t rend i n  response of f i s h  t o  any 

of t hese  condi t ions .  Fur ther  p o s s i b l e  bases  f o r  t he  d i r e c t i o n a l  preference 

inc lude  c e l e s t i a l  cues and sound v i b r a t i o n s  from nearby Cayoosh Creek. 

The foregoing d i r e c t i o n a l  preference of t h e  f i s h  does not a l t e r  the  

conclusions regarding the  water preference experiments,  Since t h e  o l f ac to ry  

t e s t s  were pa i r ed ,  any d i r e c t i o n a l  preference would merely have strengthened 

t h e  o l f a c t o r y  preference  i n  one d i r e c t  ion,  and weakened i t  in  t he  o the r  

d i r e c t i o n ,  thereby cancegling t h e  e f f e c t .  

Extension of t h e  r e s u l t s  of t he  preference  s t u d i e s  t o  conclus ionsb  

regarding choice-making among migrat ing f i s h  depends upon some confidence 

t h a t  t he  f i s h  i n  t h e  t e s t  apparatus  exhibi ted a  degree of "normality" in  

t h e i r  behaviour.  I t  is  recognized t h a t  t h e  s t r e s s  imposed by capture  and 

t r a n s p o r t a t i o n ,  a s  we l l  a s  t h e  a r t i f i c i a l i t y  of t he  t e s t  environment, would 

inf luence  the  response of t h e  f i s h .  However, t he  cons i s t en t  na tu re  of t h e  

r e s u l t s  obtained ind ica t e s  t h a t  t h e  aforementioned divergences from the  

n a t u r a l  environment did not produce chao t i c  behaviour.  The f i s h  responded 

i n  a  reasonably p red ic t ab le  fash ion ,  c o n s i s t e n t  wi th  t h e  hypothesis t h a t  

they would choose the  mixture with the  h ighes t  concent ra t ion  of t h e i r  home- 



s t r e a m  w a t e r .  

The s i m i l a r i t y  of t h e  r e s u l t s  ob ta ined  u s i n g  radio- tagged sockeye 

salmon i n  t h e  r i v e r  s e t t i n g  l ends  f u r t h e r  c redence  t o  t h e  r e s u l t s  obta ined 

i n  t h e  p r e f e r e n c e  a p p a r a t u s .  Gates Creek sockeye salmon t e s t e d  i n  t h e  

p r e f e r e n c e  a p p a r a t u s  d i d  n o t  d i s c r i m i n a t e  between Seton Lake wa te r  and t e s t  

m i x t u r e s  d i l u t e d  by l e s s  t h a n  20% Cayoosh Creek w a t e r .  Radio-tagged Gates 

Creek sockeye r e l e a s e d  i n  t h e  t a i l r a c e  of Seton powerhouse responded i n  a 

s i m i l a r  way t o  m i x t u r e s  of  Seton Lake and Cayoosh Creek wa te r  i n  Seton 

Creek: 92.6% of  f o r a y s  i n t o  Seton Creek o r  i t s  plume were s u c c e s s f u l  when 

Cayoosh Creek w a t e r  comprised l e s s  than  20% of t h e  d i s c h a r g e  of Seton Creek 

( T a b l e  1 1 ) .  I n  c o n t r a s t ,  when Cayoosh Creek water  comprised more than 20% 

of t h e  Se ton  Creek d i s c h a r g e  o n l y  13.0% of f o r a y s  from t h e  t a i l r a c e  were 

s u c c e s s f u l .  

The response  of radio- tagged P o r t a g e  Creek sockeye was s i m i l a r  t o  t h a t  

o f  Ga tes  Creek f i s h  a l t h o u g h  t h e  s u c c e s s  of f o r a y s  by P o r t a g e  Creek f i s h  was 

g e n e r a l l y  lower (Tab le  1 2 ) .  I t  is  b e l i e v e d  t h a t  t h e  reduced f requency and 

s u c c e s s  of  f o r a y s  of P o r t a g e  Creek f i s h  may be  r e l a t e d  t o  t h e i r  r e d u c a  

l e v e l  of  a c t i v i t y  and s lower  r a t e  of  m a t u r a t i o n ,  a s s o c i a t e d  w i t h  lower w a t e r  

t e m p e r a t u r e s  and a  r e s u l t i n g  g e n e r a l  tendency t o  d e l a y .  Radio-tagged Por- 

tage Creek sockeye salmon were s u c c e s s f u l  50.2% of t h e  t ime when t h e  Cayoosh 

Creek component was l e s s  t h a n  10% of  Seton Creek,  but  a t  g r e a t e r  d i l u t i o n s  

t h e  s u c c e s s  of  f o r a y s  dropped s i g n i f i c a n t l y  t o  28.3%. Success  was p a r t i c u -  

l a r l y  low when t h e  Cayoosh Creek component of Seton Creek exceeded 30%. 

The r e l e a s e  of radio- tagged sockeye salmon i n  Seton Creek o r  i t s  plume 

produced r e s u l t s  s i m i l a r  t o  t h e  fo rego ing  (Tab le  13) .  Gates  Creek f i s h  

migra ted  upst ream 100% of t h e  t ime when Se ton  Creek was d i l u t e d  l e s s  than  



20% by Cayoosh Creek,  bu t  when t h e  d i l u t i o n  exceeded 20% none of t h e  f i s h  

were s u c c e s s f u l .  Again,  t h e  r e s u l t s  f o r  P o r t a g e  Creek sockeye were l e s s  

c l e a r ,  b u t  fo l lowed a  s i m i l a r  t r e n d .  I n  t h i s  c a s e  t h e r e  was no d i s c e r n i b l e  

d i f f e r e n c e  between t h e  response  of  f i s h  r e l e a s e d  when Cayoosh Creek com- 

p r i s e d  l e s s  than  10% of S e t o n  Creek (86% s u c c e s s f u l ) ,  and when i t  comprised 

10-20% (91% s u c c e s s f u l ) ,  Consequent ly ,  t h o s e  r e s u l t s  were combined (87% 

s u c c e s s f u l ) .  I n  comparison,  o n l y  48% of t h e  f i s h  migra ted  s u c c e s s f u l l y  when 

t h e  Cayoosb Creek component exceeded 20% of t h e  Seton Creek d i s c h a r g e .  The 

t h r e s h o l d  between h i g h  and low s u c c e s s  r a t e s  i n  t h i s  t e s t  appeared t o  be 

about 20% Cayoosh Creek d i l u t i o n ,  i n  c o n t r a s t  t o  a  t h r e s h o l d  of 10% f o r  

f o r a y s  from t h e  powerhouse t a i l r a c e .  Th i s  change of  t h r e s h o l d  may be a  

r e s u l t  of  a  change i n  r e s p o n s i v e n e s s  of t h e  f i s h  d u r i n g  t h e  c o u r s e  of  t h e  

m i g r a t i o n ,  a s  observed i n  t h e  wa te r  source  p r e f e r e n c e  exper iments  wi th  

P o r t a g e  Creek sockeye salmon. 

I n  g e n e r a l  t h e  r e l e a s e  of  radio- tagged f i s h  i n  Se ton  Creek o r  i t s  plume 

r e s u l t e d  i n  b i g h e r  s u c c e s s  o f  upst ream m i g r a t i o n  t h a n  d i d  v o l i t i o n a l  f o r a y s  
L 

by radio- tagged f i s h  from t h e  t a i l r a c e  i n t o  Seton Creek,  Th i s  may be because 

t h e  f i s h  r e l e a s e d  i n t o  t h e  Creek could  n o t  p o s s e s s  a  s p a t i a l  awareness of  

t h e  a l t e r n a t i v e  w a t e r  s o u r c e  i n  t h e  t a i l r a c e .  I n  c o n t r a s t ,  f i s h  making a  

v o l i t i o n a l  f o r a y  might p o s s e s s  a  "shor t - term memory" of  t h e  s i m i l a r  water 

s o u r c e  a t  t h e  t a i l r a c e ,  i f  such a  f a c u l t y ,  a s  proposed by Cooper and Has le r  

( 1 9 7 3 ) ,  e x i s t s .  I f  t h e  f i s h  could  n o t  d i s c r i m i n a t e  between t h e  homestream 

odour c o n c e n t r a t i o n  a t  t h e  two l o c a t i o n s  t h e y  might sometimes r e t u r n  t o  t h e  

t a i l r a c e ,  e s p e c i a l l y  i f  p h y s i c a l  c o n d i t i o n s  t h e r e  were "p re fe r red" .  

The upst ream m i g r a t i o n  of radio- tagged sockeye salmon r e l e a s e d  upstream 

o f  t h e  Cayoosh Creek c o n f l u e n c e ,  even a t  minimum d i s c h a r g e ,  i n d i c a t e d  t h a t  



t h e  observed behaviour  of  t h e  radio- tagged f i s h  was governed p r i m a r i l y  by 

t h e  p r o p o r t i o n  of homestream wate r  and n o t  by t h e  magnitude of d i s c h a r g e .  

T h i s  does no t  p r e c l u d e  t h e  p o s s i b i l i t y  t h a t  t h e  behaviour  of t h e  f i s h  i n  

Seton Creek i s  a f f e c t e d  by t h e  magnitude of t h e  d i s c h a r g e .  The d e p t h s  and 

v e l o c i t i e s  i n  Se ton  Creek a r e  dependent  upon t h e  d i s c h a r g e  l e v e l  and i t  must 

b e  expected t h a t  t h e  r e l a t i v e  a t t r a c t i v e n e s s  of  Seton Creek and t h e  power- 

house t a i l r a c e  t o  a d u l t  m i g r a n t s  w i l l  b e  a  f u n c t i o n  no t  o n l y  of t h e  concen- 

t r a t i o n s  of  homestream odour ,  b u t  of  d e p t h s  and v e l o c i t i e s  a s  w e l l .  The 

3 d i s c h a r g e  of  approx imate ly  100 m 1s from t h e  powerhouse probably  p rov ides  a  

broad range  of  d e p t h s  and v e l o c i t i e s  which a r e  more a t t r a c t i v e  than  t h e  

l e s s e r  magnitude and range  of  d e p t h s  and v e l o c i t i e s  found i n  Seton Creek 

3 d u r i n g  minimal d i s c h a r g e  c o n d i t i o n s  of approximate ly  11 m 1 s .  I t  could be 

s p e c u l a t e d  t h a t  i n c r e a s i n g  t h e  d i s c h a r g e  of  Seton Creek,  whi le  ma in ta in ing  

t h e  r e l a t i v e  c o n c e n t r a t i o n  o f  Seton Lake and Cayoosh Creek w a t e r ,  would 

i n c r e a s e  t h e  a t t r a c t i v e n e s s  of  Seton Creek i n  comparison t o  t h e  powerhouse 

t a i l r a c e .  T h i s  h y p o t h e s i s  could  b e  t e s t e d  bu t  i t  would r e q u i r e  a  l a r g e  

number of  radio- tagged f i s h  and a  g r e a t  d e a l  of  f l e x i b i l i t y  on t h e  p a r t  of 

B.C. Hydro i n  r e g u l a t i o n  of  t h e  f low a t  Seton Dan. 

The p o t e n t i a l  e f f e c t s ,  upon t h e  f i s h ,  of  c a p t u r e  and togging and t h e  

p r e s e n c e  of  t h e  r a d i o  t a g  i n  t h e  g u t  must be  cons ide red  i n  t h e  e v a l u a t i o n  of 

t h e  f o r e g o i n g  t e l e m e t r y  s t u d i e s .  P e t e r s e n  t a g s  have been e x t e n s i v e l y  u t i l -  

i z e d ,  w i t h  good s u c c e s s ,  t o  s t u d y  salmon m i g r a t i o n  (IPsFC r e c o r d s ) .  Care 

was t a k e n  d u r i n g  t h e  p r e s e n t  s t u d y  t o  minimize t h e  handl ing of f i s h ,  and t o  

r e t u r n  them t o  t h e  wa te r  a s  q u i c k l y  a s  p o s s i b l e .  The r a d i o  t r a n s m i t t e r s  

used i n  t h i s  s t u d y  were v e r y  s m a l l  ( approx imate ly  5 g) r e l a t i v e  t o  t h e  s i z e  

o f  t h e  f i s h  b e i n g  t agged ,  and comprised l e s s  than  0.2% of t h e  weight of t h e  



f i s h .  Consequent ly ,  a l t h o u g h  i t  i s  recognized t h a t  any c a p t u r e  o r  handling 

of  f i s h  imposes some s t r e s s ,  t h e  e x t e n t  of those  a d v e r s e  e f f e c t s  i s  thought 

t o  b e  e q u i v a l e n t  t o ,  o r  l e s s  t h a n ,  t h a t  accompanying o t h e r  s i m i l a r  migra t ion  

s tud  i e s  . 
Pink salmon t e s t e d  i n  t h e  wa te r  p r e f e r e n c e  a p p a r a t u s  showed no p r e f e r -  

ence  f o r  e i t h e r  p u r e  Se ton  Lake w a t e r  o r  any d i l u t i o n  t e s t e d  (Tab le  7 ) .  The 

random d i s t r i b u t i o n  i n  t h e  3 compartments of  t h e  t e s t  a p p a r a t u s  by a l l  

groups  of  p ink  salmon o b t a i n e d  from t h e  powerhouse t a i l r a c e  appeared ind ica -  

t i v e  of  f i s h  no longer  i n  an  a c t i v e  m i g r a t o r y  s t a t e .  I n  e f f e c t  t h e  f i s h  d i d  

n o t  e x h i b i t  an  "upstream" response .  I t  i s  p o s s i b l e  t h a t  t h e  p ink salmon 

f a i l e d  t o  respond i n  a  manner s i m i l a r  t o  t h e  sockeye because  of  a  g r e a t e r  

s u s c e p t i b i l i t y  t o  hand l ing  s t r e s s .  However, t h i s  p o s s i b i l i t y  i s  cons ide red  

u n l i k e l y  s i n c e  pink salmon appear  t o  w i t h s t  and hand l ing  and t agg ing  f o r  

enumerat ion purposes  e q u a l l y  a s  w e l l  a s  sockeye (IPSFC r e c o r d s ) .  

The group of  p ink  salmon o b t a i n e d  from t h e  Se ton  Dam fishway a p p a r e n t l y  

e x h i b i t e d  a  f u r t h e r  r e d u c t i o n  i n  t h e i r  m i g r a t o r y  tendency s i n c e  t h e i r  d i s -  

t r i b u t i o n  i n  t h e  3 t e s t  compartments was non-random i n  f a v o r  of  t h e  c e n t e r  

pool :  t h e  f i s h  were e i t h e r  1 )  no t  s u f f i c i e n t l y  e x p l o r a t o r y  t o  d i s t r i b u t e  

themselves  randomly throughout  a l l  3 compartments, o r  2 )  avo id ing  t h e  

in f lowing  w a t e r  m i x t u r e s .  The l a t t e r  i s  u n l i k e l y ,  s i n c e  t h o s e  f i s h  were 

incuba ted  i n  one o r  b o t h  of  t h o s e  w a t e r s ,  and presumably had homed t o  them. 

The behav iour  o f  t h i s  l a t t e r  group o f  pink salmon was s i m i l a r  t o  t h a t  

of sockeye w i t h  o b s t r u c t e d  n a r e s ,  a l t h o u g h  t h e  response  observed i n  t h e  two 

g r o u p s  may have occur red  f o r  a  d i f f e r e n t  r e a s o n  i n  each  c a s e .  The migra to ry  

behav iour  of  t h e  impaired sockeye was l i k e l y  reduced o r  e l i m i n a t e d  because 

of t h e i r  i n a b i l i t y  t o  d e t e c t  t h e  odour of  t h e i r  homestream w a t e r ,  I n  t h e  



c a s e  of  t h e  p ink salmon, t h e  f i s h  l i k e l y  were a b l e  t o  d e t e c t  t h e  homestream 

w a t e r  bu t  d i d  n o t  e x h i b i t  p o s i t i v e  r h e o t a x i s  because they  had a l r e a d y  

reached t h e  spawning g rounds .  Both w a t e r s  t e s t e d ,  from Seton and Cayoosh 

Creek,  a r e  w a t e r s  exper ienced  by t h e  p ink salmon d u r i n g  i n c u b a t i o n ,  emerg- 

ence a n d / o r  downstream m i g r a t i o n .  I t  i s  p robab le  ( H o r r a l l ,  1981) t h a t  

i m p r i n t i n g  i n  p ink  salmon occurs  d u r i n g  t h e  pe r iod  immediately b e f o r e  and /o r  

a f t e r  emergence. T h e r e f o r e ,  p ink salmon could be  imprinted t o  bo th  Seton 

and Cayoosh Creek w a t e r s  and,  having achieved t h e i r  spawning s i t e ,  would 

have a  low l e v e l  of  "migra to ry  mot iva t ion . "  The f i s h  o b t a i n e d  from t h e  

f i shway ,  having passed t h e i r  spawning g rounds ,  would be  expected t o  be even 

l e s s  r e s p o n s i v e .  I t  has  been observed t h a t  Se ton  Creek pink salmon which 

p a s s  t h e  Seton Dam f i shway ,  subsequen t ly  e x h i b i t  n e g a t i v e  r h e o t a x i s  upon 

r e a c h i n g  Se ton  Lake ( ~ r e t w e l l ,  1982) .  These f i s h  a r e  f r e q u e n t l y  observed 

s c h o o l i n g  a t  t h e  power c a n a l  i n t a k e  s c r e e n s ,  a p p a r e n t l y  a t t e m p t i n g  t o  move 

downstream. 

Delay of  p ink salmon a t  t h e  t a i l r a c e  of t h e  powerhouse i s  of  s h o r t e r  

d u r a t i o n  t h a n  d e l a y  of sockeye.  Th i s  i s  evidenced by pink salmon tagged 

w i t h  P e t e r s e n  d i s c s  i n  t h e  t a i l r a c e  f o r  enumeration purposes .  These f i s h  e r e  

subsequen t ly  recovered  on t h e  spawning grounds upst ream bu t  a r e  almost  never  

r e c a p t u r e d  i n  t h e  t a i l r a c e  (IPSFC r e c o r d s ) .  The f o u r  p ink salmon r a d i o  

tagged d u r i n g  t h e s e  s t u d i e s  delayed i n  t h e  t a i l r a c e  f o r  on ly  a  ve ry  s h o r t  

p e r i o d  of t ime  compared t o  t h e  radio- tagged sockeye.  Two e x p l a n a t i o n s  f o r  

t h i s  a r e  p o s s i b l e .  I t  has  been hypo thes ized ,  based on t h e i r  l i f e  h i s t o r y ,  

t h a t  p ink  salmon may be  t h e  l e a s t  s p e c i f i c  i n  t h e i r  homing p r e c i s i o n  o f  a l l  

P a c i f i c  salmon; t h e y  t h e r e f o r e  should  be  more prone than  eockeye t o  accept  

d i l u t i o n s  of t h e i r  homestream w a t e r .  Also ,  i f  i m p r i n t i n g  o c c u r s ,  pink 



salmon must impr in t  t o  w a t e r  c h a r a c t e r i s t i c s  p r i o r  t o  and /o r  immediately 

a f t e r  emergence, and i t  i s  l i k e l y  t h a t  they  would be  imprinted t o  bo th  Seton 

Lake and Cayoosh Creek w a t e r s  o r  t o  a  mix tu re  of b o t h .  A f t e r  be ing  blocked 

i n  t h e i r  m i g r a t i o n  a t  Seton powerhouse pink salmon might f i n d  t h e  Seton Lake 

and Cayoosh Creek m i x t u r e  i n  Seton Creek j u s t  a s  " a t t r a c t i v e . "  The 

"wi l l ingness1 '  of t h e  p ink salmon t o  l e a v e  t h e  t a i l r a c e  a f t e r  a  s h o r t e r  d e l a y  

than  f o r  sockeye may be  r e l a t e d  t o  lower " b i o l o g i c a l  a f f o r d a b i l i t y "  due t o  a  

r i g i d  m i g r a t i o n  and spawning schedu le .  F r a s e r  River  pink salmon g e n e r a l l y  

spawn w i t h i n  days  of a r r i v a l  on t h e  spawning grounds whereas sockeye,  par-  

t i c u l a r l y  l a t e - season  r a c e s ,  f r e q u e n t l y  a r r i v e  on t h e  grounds  wi th  many days 

o r  weeks t o  s p a r e ,  

I n  l i g h t  of t h e  above o b s e r v a t i o n s  on pink salmon, i t  might be postu-  

l a t e d  t h a t  i f  sockeye salmon s m o l t s  migra ted  downstream from Seton Lake v i a  

Seton Creek i n s t e a d  of p r i m a r i l y  through t h e  powerhouse t h e y  might a l s o  

impr in t  t o  t h e  Seton and Cayoosh Creek m i x t u r e s  i n  Seton Creek.  I f  such 

i m p r i n t i n g  o c c u r r e d ,  sockeye might respond i n  a  s i m i l a r  manner t o  pink 

salmon, showing no p r e f e r e n c e  f o r  Seton o r  Cayoosh Creek water  i n  t h e  

w a t e r  s o u r c e  p r e f e r e n c e  exper iments  and r e a d i l y  e n t e r i n g  Seton Creek when 

it i s  encoun te red ,  r a t h e r  t h a n  f r e q u e n t l y  r e t u r n i n g  t o  t h e  t a i l r a c e .  The 

f a l l a c y  of t h i s  argument was f o r t u i t o u s l y  demonstra ted  dur ing  t h e  1977 

j u v e n i l e  sockeye downstream m i g r a t i o n  and t h e  subsequent  a d u l t  r e t u r n  i n  

1979. The Seton Generat ing S t a t i o n  was n o t  opera ted  from A p r i l  t o  August 

1977, encompassing n e a r l y  t h e  e n t i r e  p e r i o d  of smolt  m i g r a t i o n  (B.C. Hydro 

r e c o r d s )  . Consequent ly ,  t h e  smolt  s  must have emigrated v i a  Seton Creek,  

t h e r e b y  encoun te r ing  a  m i x t u r e  of  Seton and Cayoosh Creek w a t e r s .  The 

a d u l t s  r e t u r n i n g  i n  1979 e x h i b i t e d  t h e  u s u a l  d e l a y  i n  t h e  t a i l r a c e  of t h e  



powerhouse and radio- tagged sockeye f r e q u e n t l y  r e t u r n e d  t o  t h e  t a i l r a c e  from 

f o r a y s  upst ream t o  Seton Creek ( T a b l e s  11-13). E v i d e n t l y  t h e  s h o r t  exposure 

of s m o l t s  t o  a  m i x t u r e  of  Seton and Cayoosh Creek w a t e r s  f o r  approximate ly  1 

hour o r  l e s s  (assuming p a s s i v e  d r i f t )  was no t  s u f f i c i e n t  t o  imprint  t h e  

j u v e n i l e  sockeye t o  t h e  Seton and Cayoosh Creek m i x t u r e  a t  t h a t  s t a g e  i n  

t h e i r  development.  Others  have r e p o r t e d  e f f e c t i v e  i m p r i n t i n g  t o  occur a t  

t h e  smolt  s t a g e  i n  a s  l i t t l e  a s  4 hours  ( H a s l e r  g t  &. , 1978; Novotny, 

1980) .  Even i f  some i m p r i n t i n g  t o  Cayoosh Creek wa te r  took p l a c e  i t  may 

have been masked by a  much longer  p e r i o d  of i m p r i n t i n g  t o  Seton Lake wa te r .  

An a l t e r n a t i v e  p o s s i b i l i t y  i s  t h a t  t h e  a d u l t  salmon m i g r a t i o n  i s  dependent 

upon a sequence of  odour cues  encountered i n  t h e  r e v e r s e  o r d e r  t o  t h a t  

exper ienced  a s  a  j u v e n i l e .  I f  t h e  cues  a r e  encountered ou t  of sequence i t  

may be  t h a t  t h e  f i s h  w i l l  n o t  respond t o  o r  r ecogn ize  t h o s e  cues  t h a t  were 

by-passed. I n  t h a t  c a s e  exposure  t o  Seton Lake wa te r  ( i n  t h e  t a i l r a c e )  

might p r e v e n t  t h e  f i s h  from responding p o s i t i v e l y  t o  a  Seton-Cayoosh mix tu re  

which was "expected" t o  occur  e a r l i e r  i n  t h e  sequence.  

Within t h e  framework of t h e  o l f a c t o r y  h y p o t h e s i s  a t  l e a s t  t h r e e  sub- 

hypotheses  have been proposed t o  e x p l a i n  t h e  mechanism by which n a t u r a l  

i m p r i n t i n g  and subsequent  homing t a k e  p l a c e .  H a s l e r  (1966) and Has le r  

a&. (1978) proposed t h a t  i m p r i n t i n g  occur red  i n  t h e  n a t a l  s t r eam t o  d i s -  

t i n c t i v e  odours  imparted by l o c a l  f l o r a ,  rocks  and s o i l s .  Others  have 

sugges ted  t h a t  o t h e r  f i s h ,  e s p e c i a l l y  c o n s p e c i f i c s ,  may p rov ide  a l l  o r  p a r t  

of t h e  d i s t i n c t i v e  homestream odour (Deving gL gi., 1974; Nordeng, 1971, 

1977; S e l s e t  and D m i n g ,  1980; Solomon, 1973; Ueda gt gl., 1967) o r  t h a t  

f i s h  home on a  "bouquet" of  many odours  ( L i l e y ,  1982).  I m p l i c i t  i n  t h i s  

v e r s i o n  of t h e  o l f a c t o r y  h y p o t h e s i s  i s  a  s t imulus-response  mechanism by 



which upst ream m i g r a t i o n  i s  t r i g g e r e d  i n  t h e  a d u l t  salmon by d e t e c t i o n  of 

t h e  p resence  of  t h e  odour o r  odours  t o  which t h e  f i s h  imprinted a s  juve- 

n i l e s .  The r e s u l t s  of t h e  p r e f e r e n c e  s t u d i e s  and rad io - t e lemet ry  observa- 

t i o n s  p r e s e n t e d  h e r e  do n o t  f u l l y  suppor t  t h e  concept  t h a t  upst ream migra- 

t i o n  always r e s u l t s  from a n  encoun te r  w i t h  homestream w a t e r .  A more complex 

response  i s  sugges ted .  

A second v e r s i o n  of t h e  o l f a c t o r y  h y p o t h e s i s  is  t h a t  t h e  downstream 

m i g r a t i n g  j u v e n i l e s  impr in t  t o  a  s e r i e s  of d i s t i n c t i v e  odours o r  combina- 

t i o n s  of  odours  throughout  t h e  c o u r s e  of t h e  downstream m i g r a t i o n .  During 

t h e  r e t u r n  m i g r a t i o n  t h e  f i s h  r e c o g n i z e  t h i s  sequence of  d i s t i n c t i v e  o l f a c -  

t o r y  c u e s ,  pe rhaps  n e c e s s a r i l y  i n  t h e  c o r r e c t  r e v e r s e  o r d e r  ( B a r n e t t ,  1977; 

Oshirna g t  gl;. , 1969) .  Th i s  v e r s i o n  of t h e  h y p o t h e s i s  a l s o  would p r e d i c t  

ups t ream m i g r a t i o n  i n  t h e  p resence  of d i l u t e d  Seton Lake wa te r  and i s  t h e r e -  

f o r e  n o t  e n t i r e l y  suppor ted  by t h e  r e s u l t s  of t h e  p r e s e n t  s t u d y .  It would 

be  p o s s i b l e  t o  t e s t  t h e  s e q u e n t i a l  h y p o t h e s i s  u t i l i z i n g  t h e  p r e s e n t  p r e f e r -  

ence t r o u g h  a p p a r a t u s  and s t u d y  p o p u l a t i o n s .  Th i s  could  be  done by t e s t i n g ,  

t h e  response  of m i g r a t i n g  Gates  Creek sockeye salmon t o  t h e  f i v e  w a t e r  t y p e s  

which t h e  f i s h  encoun te r  i n  sequence d u r i n g  t h e  upst ream m i g r a t i o n :  F r a s e r  

R i v e r ,  Seton Lake, P o r t a g e  Creek,  Anderson Lake and Gates  Creek wa te r .  I f  

f i s h  were exposed i n  t h e  p r e f e r e n c e  t rough  a p p a r a t u s  t o  v a r i o u s  p a i r s  of t h e  

fo rego ing  w a t e r s  t h e  e f f e c t  of encoun te r ing  w a t e r  s o u r c e s  o u t  of sequence 

could  be  a s c e r t a i n e d .  

A t h i r d ,  "genera l i zed"  odour h y p o t h e s i s  h o l d s  t h a t  s t reams n e a r  t h e  

homestream, due t o  s i m i l a r i t i e s  i n  f l o r a ,  fauna and geochemis t ry ,  w i l l  have 

more s i m i l a r  odours  than  w i l l  g e o g r a p h i c a l l y  more remote s t r eams .  There fo re  

t h e  homing f i s h ,  a t  each c o n f l u e n c e ,  must simply choose t h e  odour most simi- 
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l a r  t o  i t s  homestream (Glei tman and Rozin ,  1971).  Th i s  would o b v i a t e  t h e  

need f o r  f i s h  t o  be a b l e  t o  d e t e c t  ext remely smal l  c o n c e n t r a t i o n s  of home- 

s t r e a m  wate r  which might be  p r e s e n t  a t  t h e  mouth of a  l a r g e  r i v e r .  Gleitman 

and Rozin sugges t  t h a t  t h e i r  h y p o t h e s i s  i s  suppor ted  by s t u d i e s  showing t h a t  

t h e  p resence  of wa te r  from t r i b u t a r i e s  n e a r  t h e  homestream e x c i t e d  m i g r a n t s .  

Ueda g l .  (1967) observed an e l e v a t e d  EEG response  i n  chinook and coho 

salmon t o  w a t e r  from t r i b u t a r i e s  n e a r  t h e  homestream. I d l e r  g t  fi. (1961) , 

observed a  p o s i t i v e  b e h a v i o u r a l  r e sponse  by sockeye salmon t o  water from 

nearby t r i b u t a r i e s .  However, t h e s e  o b s e r v a t i o n s  could  a l s o  be i n t e r p r e t e d  

a s  s u p p o r t  f o r  t h e  s e q u e n t i a l  i m p r i n t i n g  h y p o t h e s i s .  I n  t h e  c a s e  of Ueda 

gl. (19671, t h e  i n t e r p r e t a t  ion  of t h e  EEG response  may be open t o  q u e s t i o n ,  

s i n c e  o t h e r  i n v e s t i g a t o r s  have r e p o r t e d  non-spec i f i c  EEG responses  t o  wa te r s  

never  p r e v i o u s l y  encountered (Cooper,  1982; Hara and Brown, 1979; Oshima 

gl., 1969).  

The g e n e r a l i z e d  response  h y p o t h e s i s  i s  t h e  o n l y  one of t h e  t h r e e  which 

i m p l i e s  a  comparat ive  p r o c e s s  on t h e  p a r t  of t h e  salmon i n  choosing t h e  most 

a p p r o p r i a t e  wa te r  source .  I n  t h i s  r e s p e c t  t h e  g e n e r a l i z e d  response  hypo- 

t h e s i s  i s  b e s t  suppor ted  by t h e  p r e s e n t  s t u d i e s :  i n  b o t h  t h e  p r e f e r e n c e  

t e s t s  and t h e  r a d i o - t e l e m e t r y  s t u d i e s  it appeared t h a t  t h e  f i s h  could d e t e r -  

mine which of t h e  two w a t e r  s o u r c e s  con ta ined  t h e  g r e a t e r  p r o p o r t i o n  of 

homestream odour .  The f a c t  t h a t  homestream w a t e r  was p r e s e n t  d i d  no t  ensure  

t h a t  upst ream movement r e s u l t e d  when t h e  wa te r  m i x t u r e  was encoun te red ,  a s  

would b e  p r e d i c t e d  by t h e  c o n v e n t i o n a l  o l f a c t o r y  h y p o t h e s i s  a s  s t a t e d  by 

H a s l e r  (1966) .  It i s  recognized t h a t  t h e r e  i s  ample exper imenta l  and f i e l d  

ev idence  i n d i c a t i n g  t h a t  upst ream m i g r a t i o n  behaviour  i s  r e l e a s e d  i n  t h e  

p r e s e n c e  of homestream w a t e r .  However, t h e  p r e s e n t  s t u d i e s  i n d i c a t e  an 



a d d i t i o n a l  c a p a c i t y  on t h e  p a r t  of t h e  f i s h  t o  d i s c r i m i n a t e  t h e  q u a l i t y  o r  

c o n c e n t r a t i o n  of  t h e  homestream w a t e r .  

If t h e  f i s h  responded t o  a  s i n g l e  unique compound upon which they  were 

impr in ted  t h e r e  would be  no need f o r  t h i s  d i s c r i m i n a t o r y  a b i l i t y .  However, 

f o r  each r a c e  t o  be  impr in ted  t o  a  s i n g l e  unique compound i s  ext remely 

u n l i k e l y  s i n c e  most of t h e  chemica l s  p r e s e n t  i n  any l a k e  o r  s t r eam system 

a r e  l i k e l y  t o  b e  u b i q u i t o u s ,  a l b e i t  i n  va ry ing  c o n c e n t r a t i o n s  i n  d i f f e r e n t  

wa te r sheds .  It i s  p roposed ,  t h e r e f o r e ,  t h a t  t h e  homing salmon respond t o  a  

m i x t u r e  o r  sequence of m i x t u r e s  of chemicals  p r e s e n t  i n  t h e  w a t e r s  along t h e  

m i g r a t i o n  pathway. Changes i n  d i s c h a r g e  of v a r i o u s  t r i b u t a r y  s t r eams  be t -  

ween t h e  t ime of t h e  downstream j u v e n i l e  m i g r a t i o n  and t h e  r e t u r n  m i g r a t i o n  

of t h e  a d u l t s  w i l l  obv ious ly  a l t e r  t h e  v a r i o u s  m i x t u r e s  of w a t e r s  and o l f a c -  

t o r y  c u e s .  The homing f i s h  must t h e r e f o r e  be capab le  of choosing t h e  mix- 

t u r e  most s i m i l a r  t o  t h a t  t o  which i t  imprinted a s  a  j u v e n i l e .  Th i s  mecha- 

nism would e x p l a i n  t h e  a b i l i t y  of sockeye salmon i n  t h e  p r e s e n t  s tudy  t o  

s e l e c t  t h e  wa te r  s o u r c e  c o n t a i n i n g  t h e  g r e a t e s t  c o n c e n t r a t i o n  of Seton L a k e ,  

w a t e r  o v e r  v a r i o u s  d i l u t i o n s  of t h a t  w a t e r .  Th i s  h y p o t h e s i s  has implico- 

t i o n s  w i t h  r e s p e c t  t o  any p r o j e c t  invo lv ing  d i v e r s i o n  o r  s t o r a g e  of  wa te r .  

Removal, o r  a l t e r a t i o n  of t h e  f low of a t r i b u t a r y  s t r e a m  which c o n t r i b u t e s  

t o  t h e  m i x t u r e  of odours  t o  which salmon a r e  imprinted has  t h e  p o t e n t i a l  t o  

impair  t h e  a b i l i t y  of t h e  f i s h  t o  r e t u r n  t o  t h e  homestream. 
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