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ABSTRACT 

The spawning behavior of unmanipulated groups of 

tagged and untagged chinook salmon was observed during t h r e e  

spawning seasons on Bogus Creek, Siskiyou County, 

Ca l i fo rn ia .  Individual ly recognizable male and female 

chinook salmon were observed da i ly  throughout t h e i r  l i v e s  on 

t h e  spawning grounds. Male chinook salmon were observed t o  

compete f o r  access t o  females. Larger than average s i zed  

males were observed t o  be i n  primary (dominant) s t a t u s  with 

females much more of ten  ( 4 4  percent  of observat ions)  than 

smaller  males (8 p e r c e n t ) .  In 35 observed spawnings, 

primary males always appeared t o  spawn, and entered  t h e  n e s t  

f i r s t  o r  a t  t h e  same time a s  t h e  f i r s t  s a t e l l i t e  male i n  27  

of t h e  2 9  spawnings involving more than one male. 

Individual  l a r g e  males were observed t o  spawn a s  a primary 

male on t h r e e  occasions , and may have spawned a s  a primary 

male on up t o  1 2  occasions. 

Female chinook salmon exhib i ted  s i g n i f i c a n t l y  more 

aggressive behavior toward smaller males and more cour t ing  

behavior toward equal s ized  and l a r g e r  males. A l l  females 

spawned i n  a s i n g l e  redd and almost a l l  females (98 percent )  

were able  t o  p ro tec t  t h e i r  redd from re-excavation by o ther  

females t o  within l e s s  than two days of death.  The mean 

iii 



l e n g t h s  o f  t i m e  f ema les  occup ied  t h e i r  r e d d  were 

and 8 . 8  d a y s  d u r i n g  1984 and 1985, r e s p e c t i v e l y .  

i v  

7 . 6  d a y s  

Based upon b e h a v i o r a l  o b s e r v a t i o n s  i n  t h i s  s t u d y  and  

on p u b l i s h e d  l i t e r a t u r e  f o r  o t h e r  s a lmon ids ,  it a p p e a r s  t h a t  

l a r g e ,  dominant  male ch inook salmon have  a r e p r o d u c t i v e  

advan tage  on t h e  spawning g rounds .  Thus, t h e  r e p r o d u c t i v e  

b e h a v i o r  o f  male  chinook salmon may i n  p a r t  c o u n t e r a c t  any 

p o t e n t i a l  f o r  g e n e t i c  changes  i n  s t o c k  s p e c i f i c  m a t u r i t y  

s c h e d u l e s  due  t o  younger aged  male spawners .  No such  

a d v a n t a g e  was de t e rmined  f o r  l a r g e  f ema le  ch inook salmon i n  

t h i s  s t u d y ,  however.  F u r t h e r  s t u d y  on t h e  f e r t i l i z a t i o n  

s u c c e s s  of  p r i m a r y  and  s a t e l l i t e  males ,  and  on how fema le  

s i z e  r e l a t e s  t o  r e d d  s i t e  s e l e c t i o n ,  n e s t  d e p t h  and  redd 

d e f e n c e  i s  recommended. 
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INTRODUCTION 

Over t h e  p a s t  s i x t y  y e a r s  t h e  a v e r a g e  we igh t  of  

ch inook  salmon (Oncorhvnchus t s h a w v t s c h a )  c a u g h t  i n  

o f f s h o r e  a n d  t e r m i n a l  f i s h e r i e s  f rom C a l i f o r n i a  t o  A l a s k a  

h a s  d e c l i n e d  by more t h a n  h a l f  and  t h e  a v e r a g e  a g e  a t  

m a t u r i t y  h a s  d e c r e a s e d  by more t h a n  one  y e a r  ( R i c k e r  1980,  

1 9 8 1 ) .  A c c o r d i n g  t o  R i c k e r  (1981)  t h e  most  i m p o r t a n t  

r e a s o n  f o r  t h i s  d e c l i n e  h a s  b e e n :  

. . .  b e c a u s e  non-matur ing  i n d i v i d u a l s  a r e  t a k e n  by t h e  
t r o l l  f i s h e r y ;  hence ,  i n d i v i d u a l s  t h a t  m a t u r e  a t  o l d e r  
a g e s  a r e  h a r v e s t e d  more i n t e n s i v e l y  which  d e c r e a s e s  t h e  
p e r c e n t a g e  o f  o l d e r  ones  b o t h  d i r e c t l y  and  c u m u l a t i v e l y ,  
b e c a u s e  spawners  i n c l u d e  a n  e x c e s s  o f  younge r  f i s h .  

H a t c h e r y  b r e e d i n g  e x p e r i m e n t s  have  shown t h a t  a g e  a t  

m a t u r i t y  i s  a n  i n h e r i t e d  t r a i t  i n  ch inook  salmon (Donaldson 

and  Menasve ta  1961, Donaldson 1970, R e i m e r s  1978,  Evenson 

e t  a l .  1980, Hard e t  a l .  1 9 8 5 ) .  If salmon spawn a t  random 

on t h e  spawning  g rounds ,  t h e n  a  c o n t i n u e d ,  f i s h e r y - i n d u c e d  

s h i f t  t o w a r d  younger  f i s h  i n  spawning r u n s  c o u l d  c a u s e  a 

g e n e t i c  r e d u c t i o n  i n  s t o c k - s p e c i f i c  a g e  a t  m a t u r i t y .  The 

l ong - t e rm r e s u l t  o f  such  a  s h i f t  would b e  fewer a g e  c l a s s e s  

i n  t h e  ocean  f o r  f i s h e r i e s  t o  e x p l o i t ,  l e a d i n g  t o  a  

p o s s i b l e  l o s s  o f  s t a b i l i t y  f o r  t h e  f i s h e r y  a s  t h e  b u f f e r i n g  

e f f e c t s  o f  t h e  o l d e r  a g e  g r o u p s  a r e  l o s t .  

The e f f e c t  o f  t h i s  t r e n d  t o w a r d  younger  spawner s  

depends  i n  p a r t  upon t h e  r e l a t i v e  s u c c e s s  o f  l a r g e  and  



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

g e n e r a t i o n s .  I f  l a r g e r  i n d i v i d u a l s  have  a  r e p r o d u c t i v e  

a d v a n t a g e  on t h e  spawning grounds ,  t h e n  t h e i r  g e n e s  w i l l  be 

p a s s e d  on t o  t h e  n e x t  g e n e r a t i o n  i n  g r e a t e r  p r o p o r t i o n  t h a n  

t h e i r  r e l a t i v e  f r equency  among spawners .  Such a n  a d v a n t a g e  

c o u l d  come abou t  i f  r e p r o d u c t i v e  s u c c e s s  among m a l e s  i s  

s i z e  dependen t ,  because  o l d e r  males  a r e  u s u a l l y  l a r g e r .  

The e f f e c t s  o f  s u c h  s i ze -dependen t  ma t ing  s u c c e s s  would be 

enhanced  i f  f e m a l e s  e x h i b i t  a  p r e f e r e n c e  f o r  l a r g e r  ma le s .  

R u t t e r  ( 1 9 0 2 ) ,  Hobbs ( 1 9 3 7 ) ,  B r i g g s  ( 1 9 5 3 ) ,  and 

Vronsk iy  (1972)  p r o v i d e d  a c c o u n t s  o f  ch inook salmon 

spawning b e h a v i o r .  Each a u t h o r  o b s e r v e d  t h a t  m a l e s  

competed f o r  a c c e s s  t o  f e m a l e s ,  b u t  no a u t h o r  p r o v i d e d  a  

q u a n t i t a t i v e  t r e a t m e n t  o f  male  s u c c e s s  by s i z e  n o r  any 

e v i d e n c e  o f  f e m a l e s  "choos ing"  ma te s  b a s e d  upon s i z e .  I t  

h a s ,  t h e r e f o r e ,  n o t  been  d e t e r m i n e d  whe the r  male  

r e p r o d u c t i v e  s u c c e s s  i s  s i ze -dependen t  i n  ch inook  sa lmon.  

Male ch inook salmon ma tu re  and  r e t u r n  t o  t h e i r  n a t a l  

s t r e a m s  t o  spawn a t  two t h r o u g h  seven  y e a r s  o f  a g e ,  

c r e a t i n g  a  s i t u a t i o n  where t h e  s i z e  d i f f e r e n c e  between a g e  

two ( j a c k )  ma le s  and a g e  f i v e  t o  s even  ma le s  can  exceed  50 

cm f o r k  l e n g t h .  Thus, i f  male  r e p r o d u c t i v e  s u c c e s s  i s  s i z e  

dependen t  i n  ch inook salmon, s u c c e s s  o f  l a r g e  and  s m a l l  

male  ch inook salmon c o u l d  be c o n s i d e r a b l y  d i f f e r e n t .  

Q u a n t i t a t i v e  d e s c r i p t i o n s  o f  s i z e - d e p e n d e n t  male 

b e h a v i o r a l  dominance a n d  spawning s u c c e s s  have  been  



p r e s e n t e d  f o r  o t h e r  sa lmonid  s p e c i e s :  A t l a n t i c  salmon 

(Salmo salar) - Hutchings  and Myers 1988; chum salmon 

(Onco-thus keta) - Chebanov 1979, S c h r o d e r  1981a and  

1981b; coho salmon (a k i s u t c h )  - Gross 1985; d o l l y  va rden  

( S a l v e l i n u s  malma) - Maekawa and  Hino 1986; p i n k  salmon (L 

g o r b o u s c h )  - Chebanov 1980, 1982, K e e n l e y s i d e  a n d  Dupuis 

1988; and sockeye  salmon (L nerka) - Hanson and  Smith 

1967, Chebanov e t  a l .  1984, Semenchenko 1986, 1987.  

Spawning s u c c e s s  was a s s e s s e d  e i t h e r  by i n d i c e s  of  spawning 

b e h a v i o r  ( e . g .  movements between f ema les ,  number of  

o b s e r v a t i o n s  w i t h  f e m a l e s )  o r  by d e t e r m i n a t i o n  of  p a r e n t a g e  

t h r o u g h  e l e c t r o p h o r e s i s .  I n  g e n e r a l ,  l a r g e r  ma les  moved 

less on t h e  spawning ground i n  s e a r c h  o f  mates  (Hanson and 

Smi th  1967,  Chebanov 1979, 1980, 1 9 8 2 ) ,  were more o f t e n  i n  

t h e  company o f  f e m a l e s  (Hanson and  Smith 1967, Chebanov 

1979,  1980, Schrode r  l 9 8 l a ) ,  appea red  t o  domina te  s m a l l e r  

males  (Hanson and  Smith 1967, Schrode r  1981a, 1981b, 

Chebanov 1982, Gross  1985, Hutchings  and Myers 1988, 

K e e n l e y s i d e  and  Dupuis 1 9 8 8 ) ,  and d i e d  w i t h  p r o p o r t i o n a l l y  

less  g a m e t i c  m a t e r i a l  t h a n  s m a l l e r  males  (Chebanov 1979, 

1 9 8 2 ) .  R e s i d u a l  gamet i c  m a t e r i a l  a l s o  was i n f l u e n c e d  by 

s e x  r a t i o ;  s m a l l  males  d i e d  w i t h  less r e s i d u a l  gamet i c  

m a t e r i a l  when f ema les  predominated  on t h e  spawning grounds ,  

t h a n  when males  predominated  (Chebanov 1982)  . 
I n  c a s e s  where e l e c t r o p h o r e t i c  a n a l y s i s  was used  t o  

e s t a b l i s h  p a r e n t a g e  a f t e r  spawning (Schrode r  1981a, 



Chebanov et al. 1984, Hutchings and Myers 1988), 

observations of behavioral dominance among spawning males 

were reflected in corresponding greater number of 

fertilizations by the dominant male. Schroder (1981a - 

chum salmon) observed complete exclusion of subordinate 

males in four of ten trials, and no fertilizations in 

another instance where the subordinate entered the nest and 

spawned. Yet, the contribution of subordinate ("sneaker", 

Gross 1985) males was not inconsequential in the remaining 

five spawnings and was estimated to range between 17 and 46 

percent in individual spawnings (Schroder 1981a). The 

success of sneaker males depended on their proximity to the 

redd, and their ability to perceive that spawning 

commenced, then move in and release milt while eggs 

remained to be fertilized (Schroder 1981a). These studies 

demonstrated that behavioral dominance among males gave 

dominant males a competitive advantage in obtaining 

fertilizations. Furthermore, male size and, to a lesser 

extent, male energy were the operative factors influencing 

male dominance (Schroder 1981a, Chebanov et al. 1984). 

Observations of female salmonids on nests have 

suggested that females prefer larger males (Hanson and 

Smith 1967, Schroder 1981a, 1981b, Semenchenko 1987) . 

Schroder (1981a, 1981b) found that females presented with 

only "small" males slowed down their nest construction 

compared to when they were only courted by larger males. 



S i m i l a r l y ,  Semenchenko (1987)  o b s e r v e d  t h a t  t h e  d u r a t i o n  of 

f ema le  sockeye  salmon spawning ( t i m e  on t h e  r e d d )  was 

e x t e n d e d  when o n l y  " sma l l "  ma le s  were p r e s e n t .  S c h r o d e r  

(1981a)  s u g g e s t e d  t h a t  by s l o w i n g  n e s t  c o n s t r u c t i o n  t h e  

f ema le  i n c r e a s e d  h e r  chances  of  b e i n g  found  by a  l a r g e r  

male  and  i n  t h i s  way a t t e m p t e d  t o  " s e l e c t "  a m a t e .  Hanson 

and  Smith (1967)  obse rved  t h a t  f ema le  sockeye  salmon 

a t t a c k e d  s m a l l  males  more t h a n  l a r g e  o n e s .  Thus,  female 

b e h a v i o r  a l s o  a f f e c t e d  male  spawning s u c c e s s .  

I f  ch inook salmon spawning b e h a v i o r s  and  r e s p o n s e s  

a r e  s i m i l a r  t o  t h o s e  o b s e r v e d  i n  spawning b e h a v i o r  s t u d i e s  

of o t h e r  s a l m o n i d s ,  t h e n  o l d e r ,  l a r g e r  ma le s  may have  

g r e a t e r  spawning s u c c e s s  t h a n  smaller ,  younger  males, and  

f e m a l e s  a l s o  may p r e f e r  l a r g e r  ma le s  a s  ma te s .  I f  t h i s  i s  

t h e  c a s e ,  t h e n  b e h a v i o r  of ch inook salmon on t h e  spawning 

g rounds  may h e l p  b u f f e r  p o t e n t i a l  g e n e t i c  s h i f t s  t oward  

younger  a g e  a t  m a t u r i t y  t h a t  might  o t h e r w i s e  r e s u l t  from 

f i s h e r y - i n d u c e d  s h i f t s  toward  younger-aged f i s h  i n  t h e  

spawning r u n s .  

The spawning b e h a v i o r  o f  unman ipu la t ed  g r o u p s  of  

t a g g e d  and  non-tagged ch inook salmon was o b s e r v e d  d u r i n g  

t h r e e  spawning s e a s o n s .  The o b j e c t i v e s  o f  t h i s  s t u d y  were 

t o :  1) d e s c r i b e  ch inook salmon spawning b e h a v i o r  a s  a 

b a s i s  f o r  u n d e r s t a n d i n g  t h e i r  r e p r o d u c t i v e  e c o l o g y ;  2 )  

d e t e r m i n e  whe the r  male ch inook salmon competed f o r  f e m a l e s  

and  whe the r  male s i z e  i n f l u e n c e d  t h e  a p p a r e n t  outcome o f  



the competition; and 3) determine whether females exhibited 

behavioral evidence of "choosing" males based upon the 

relative size of the male. 



STUDY AREA 

Bogus Creek i s  t h e  f i r s t  s a l m o n i d  spawning  t r i b u t a r y  

e n t e r i n g  t h e  Klamath R i v e r  be low I r o n  G a t e  Dam ( S i s k i y o u  

County,  N o r t h e r n  C a l i f o r n i a ) .  I t  f l o w s  a d j a c e n t  t o  I r o n  G a t e  

F i s h  H a t c h e r y  b e f o r e  e n t e r i n g  t h e  Klamath R i v e r  a p p r o x i m a t e l y  

316 km u p s t r e a m  o f  t h e  P a c i f i c  Ocean ( F i g u r e  1 ) .  Bogus Creek  

i s  a  s econd  o r d e r  s t r e a m  which d r a i n s  a b o u t  142 s q u a r e  km of  

v o l c a n i c  s o i l s  i n  t h e  s e m i - a r i d ,  s o u t h e r n  Cascade  Mountain  

Range. 

Minimum f l o w s  d u r i n g  l a t e  September  1984 a n d  1985  were 

0 .34  and  0 .42  c u b i c  m p e r  s econd  (12 and  1 5  c f s ) ,  

r e s p e c t i v e l y .  These f l o w s  were s u f f i c i e n t  t o  a l l o w  ch inook  

salmon t o  e n t e r  t h e  c r e e k ,  b u t  c e s s a t i o n  o f  i r r i g a t i o n  

u p s t r e a m  ( o r  r a i n )  by e a r l y  Oc tobe r  a p p e a r e d  n e c e s s a r y  f o r  

sa lmon t o  a c c e s s  a l l  a v a i l a b l e  spawning a r e a s  ( i n  p a r t i c u l a r ,  

t h e  Cold  Creek  a r e a ) .  Areas  u s e d  f o r  spawning  by ch inook  

salmon i n c l u d e d  t h e  f i r s t  7 . 2  km ( o u t  o f  24 .2  km) i n  Bogus 

Creek ,  a n d  a b o u t  0 . 8  km ( o u t  of  8 . 5  km) i n  Cold  C r e e k  ( F i g u r e  

1 ) .  

An a d u l t  s a lmon id  c o u n t i n g  w e i r  is l o c a t e d  

a p p r o x i m a t e l y  460 m f rom t h e  mouth o f  Bogus C r e e k  ( F i g u r e  2 ) .  

C a l i f o r n i a  F i s h  and  Game c o u n t s  o f  ch inook  salmon m i g r a t i n g  

p a s t  t h i s  s t r u c t u r e  a v e r a g e d  3 , 9 2 3  a d u l t s  and  1 , 0 8 2  j a c k s  p e r  

spawning  s e a s o n  from 1978 t h r o u g h  1983  ( j a c k s ,  u s u a l l y  less 
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t h a n  55 cm f o r k  l e n g t h ,  were s e p a r a t e d  f rom a d u l t  ma le s  b a s e d  

upon s i z e ) .  Chinook salmon e n t e r  t h e  s t r e a m  f rom a b o u t  t h e  

s e c o n d  week i n  September  t h r o u g h  t h e  f i r s t  week i n  November, 

w i t h  a b o u t  80 p e r c e n t  o f  t h e  r u n  e n t e r i n g  d u r i n g  t h e  f i r s t  

t h r e e  w e e k s  i n  Oc tobe r .  The peak o f  spawning  a c t i v i t y  

f o l l o w s  t h e  peak  o f  m i g r a t i o n  by o n l y  two t o  f o u r  d a y s  i n  t h e  

l o w e r  km o f  Bogus Creek and  by  a  week o r  more i n  t h e  Co ld  

C r e e k  a r e a .  

The s t u d y  a r e a  was l i m i t e d  t o  t h e  l o w e r  460 m o f  t h e  

c r e e k :  f rom t h e  mouth o f  Bogus Creek  u p s t r e a m  t o  t h e  

C a l i f o r n i a  Depar tment  o f  F i s h  and  Game C o u n t i n g  Weir ( F i g u r e  

2 ) .  S t r eam g r a d i e n t  w i t h i n  t h e  s t u d y  a r e a  a v e r a g e d  1 . 2  

p e r c e n t ;  most  of t h i s  g r a d i e n t  was a c c o u n t e d  f o r  by s h o r t  

d r o p s  a s s o c i a t e d  w i t h  i n t r o d u c e d  r o c k  weirs.  Creek  w i d t h  

( w e t t e d  p e r i m e t e r )  a v e r a g e d  6 .25  m + 1 . 4 3  m ( S t a n d a r d  

D e v i a t i o n ) .  E x t e n s i v e  spawning  g r a v e l s  were l o c a t e d  

t h r o u g h o u t  t h e  s t u d y  a r e a .  Water  d e p t h  o v e r  spawning  g r a v e l s  

g e n e r a l l y  r a n g e d  from 0 . 0 9  m t o  0 .34  m, b u t  was o c c a s i o n a l l y  

a s  d e e p  a s  0 .58  m .  

High banks  l i n e d  b o t h  s i d e s  o f  t h e  s t r e a m  a n d  p r o v i d e d  

good v a n t a g e  p o i n t s  f o r  o b s e r v a t i o n .  Cover  p r o v i d e d  by  

r i p a r i a n  v e g e t a t i o n  a l l o w e d  o b s e r v a t i o n s  o f  spawning  ch inook  

sa lmon from w i t h i n  10 m o f  t h e  s u b j e c t s .  La rge  numbers o f  

e a r l y - s p a w n i n g  ch inook  salmon,  e a s y  a c c e s s  and  good w e a t h e r  

d u r i n g  t h e  spawning  p e r i o d  made l o w e r  Bogus Creek  a n  





MATERIALS AND METHODS 

Observations on chinook salmon spawning in Bogus 

Creek were conducted during the Fall of 1983, 1984 and 

1985. In 1983, field work was of a preliminary nature and 

was limited to the first three weekends in October. This 

work resulted in definitions of behaviors to be recorded 

and a decision to use modified focal-animal sampling 

(Altmann 1974) as a method for collecting behavior data in 

subsequent observations. 

Five tasks were undertaken during each of the two 

primary study years (1984 and 1985) : 1) study area 

mapping; 2) salmon trapping and tagging; 3) weir 

monitoring; 4) behavior observations; and 5) carcass 

surveys. Unless otherwise stated, techniques used to 

accomplish each task were identical for both years. 

Chinook salmon were measured and tagged as they 

entered Bogus Creek, allowing positive identification of 

individual fish and providing a size reference for length 

estimation of untagged chinook salmon. The California 

Department of Fish and Game counting weir (counting weir) 

was monitored to record the number of study-tagged chinook 

salmon which moved upstream of the study area and to record 

the length frequency of chinook salmon that migrated past 

the weir. Daily locations of identified male and female 



chinook salmon were p l o t t e d  on s c a l e  maps o f  t h e  s t u d y  a r e a  

t o  f o l l o w  f i s h  movements. Behavior  o b s e r v a t i o n s  were 

conduc ted  t o  d e t e r m i n e  i f  males  competed f o r  f e m a l e s ,  if 

f e m a l e s  u s e d  b e h a v i o r  t o  s e l e c t  t h e i r  mates ,  and i f  

a p p a r e n t  spawning s u c c e s s  of  d i f f e r e n t  ma les  was r e l a t e d  t o  

male  s i z e .  C a r c a s s  s u r v e y s  were conduc ted  t o  e s t a b l i s h  

d a t e s  of  d e a t h  f o r  i n d i v i d u a l  ch inook salmon, t h u s  a l l o w i n g  

t h e i r  t i m e  on t h e  spawning g r a v e l s  t o  be c a l c u l a t e d .  

C a r c a s s  r e c o v e r y  l o c a t i o n s  were n o t e d  t o  d e t e r m i n e  i f  s i z e  

o r  s e x  i n f l u e n c e d  t h e  l i k e l i h o o d  t h a t  a c a r c a s s  would be 

r e c o v e r e d  i n  Bogus Creek o r  washed i n t o  t h e  Klamath R i v e r .  

I n  1984,  mapping i n v o l v e d  measur ing  10 m i n t e r v a l s  

f o l l o w i n g  t h e  c e n t e r  o f  t h e  channe l  from t h e  mouth o f  Bogus 

Creek ups t r eam t o  t h e  c o u n t i n g  w e i r .  A s u r v e y o r  compass 

was u s e d  t o  o b t a i n  t h e  d i r e c t i o n  o f  t h e  mid-channel  l i n e  

between t h e  end  p o i n t s  of e a c h  10 m i n t e r v a l .  A t  e a c h  

i n t e r v a l  e n d  p o i n t  t h e  w e t t e d  s u r f a c e  w i d t h  was measured 

and  r e c o r d e d  i n  meters. S t r e a m s i d e  landmarks were added t o  

t h e  s c a l e  map produced  by t h e s e  measurements .  

I n  1985, mapping t e c h n i q u e s  w e r e  t h e  same e x c e p t  

t h a t  a l e v e l  and s t a d i a  r o d  were u s e d  t o  o b t a i n  e l e v a t i o n s  

and  more a c c u r a t e  d i s t a n c e  and  az imuth  i n f o r m a t i o n .  Water 

d e p t h  was measured t o  t h e  n e a r e s t  0 .03  m mid c h a n n e l  w i t h  

t h e  s t a d i a  r o d .  Color-coded,  wooden s t a k e s  were pounded 



i n t o  t h e  l ower  bank a t  t h e  e n d  p o i n t s  o f  e a c h  1 0  m i n t e r v a l  

and  a l l o w e d  t h e  l o c a t i o n s  of  f i s h  and  r e d d s  t o  b e  

a c c u r a t e l y  r e c o r d e d  on t h e  map p roduced  f rom t h e s e  d a t a .  

The salmon t r a p  and  t a g g i n g  w e i r  was l o c a t e d  

a p p r o x i m a t e l y  25 m f rom t h e  mouth o f  Bogus Creek  i n  an  a r e a  

of  s l o w e r  w a t e r ,  0.24 m d e e p  ( F i g u r e  3 ) .  I n  1984,  t h e  t r a p  

was f i s h e d  t h r e e  days  p e r  week (Thursday  AM t o  S a t u r d a y  PM) 

d u r i n g  c a l e n d a r  weeks 38 and  42, and  two d a y s  p e r  week 

(Thursday  AM t o  F r i d a y  PM) d u r i n g  c a l e n d a r  weeks 39,  40 and  

4 1 .  A l l  non-morbid ch inook  salmon t r a p p e d  e n t e r i n g  Bogus 

Creek  f o r  t h e  f i r s t  t i m e  were t a g g e d .  

I n  1985, t h e  t r a p  was f i s h e d  on Tuesdays  and  

Wednesdays d u r i n g  c a l e n d a r  weeks 39 t h r o u g h  4 1  and  on 

Tuesday o f  c a l e n d a r  week 42.  Male ch inook  salmon less t h a n  

o r  e q u a l  t o  5 5  c m  f o r k  l e n g t h  d u r i n g  1984 and  less t h a n  o r  

e q u a l  t o  6 0  c m  d u r i n g  1985  were c o n s i d e r e d  j a c k s  b a s e d  on 

C a l i f o r n i a  Depar tment  o f  F i s h  and  Game l e n g t h  c u t - o f f s  f o r  

t h o s e  y e a r s  ( I .  P a u l s o n ,  p e r s .  comrn) . 
Trapped  ch inook  salmon were n e t t e d ,  p l a c e d  i n t o  a  

c r a d l e ,  measured  t o  t h e  n e a r e s t  c m  f o r k  l e n g t h ,  s exed ,  

t a g g e d  w i t h  P e t e r s o n  d i s c s ,  and  r e l e a s e d  u p s t r e a m  of t h e  

t r a p  and  w e i r .  P e t e r s o n  d i s c s  were 3 . 2  cm d i a m e t e r ,  c o l o r -  

coded  and numbered.  Males  were t a g g e d  a h e a d  of  t h e i r  

d o r s a l  f i n  and  f e m a l e s  b e h i n d  t h e  d o r s a l  f i n .  I n  1985, 



Figure 3. Salmon Weir and Trap Used t o  Capture Chinook Salmon f o r  Tagging. Six Foot 
Metal Fence posts  Were Used t o  Support a Jump Dam (Three Pieces  of Plywood 
Measuring 0 . 2 5  m x 0.019 m x 24.4 m) and Twelve Metal Weir Panels (1.22 m High 
by 1.52 m Long) Which Comprised t h e  Trap and Weir. A 2.44 m x 0.3 m Piece of 
Nylon Fabric Was Attached a t  Water Level on t h e  Upstream Side of t h e  Trap and 
0.61 x 1.07 m Piece of Horse Fencing Was Attached t o  S t r a i n  Water S p i l l i n g  ou t  
of t h e  Trap Opening. A l l  Attachments Were Made Using Bai l ing  Wire. I- 

UI 



p o s t o r b i t a l  t o  h y p u r a l  p l a t e  (POHP) l e n g t h  measurements  

(Vladykov 1962)  a l s o  were t a k e n  from l e n g t h - s t r a t i f i e d  

samples  of  b o t h  s e x e s .  

Chinook salmon r u n  m o n i t o r i n g  l a s t e d  from 1 2  

September  t h r o u g h  28 October  1984 and  from 1 6  September  

t h r o u g h  4 November 1985.  Dur ing  t h e s e  p e r i o d s ,  v i r t u a l l y  

e v e r y  a d u l t  s a lmon id  which p a s s e d  t h e  C a l i f o r n i a  Department  

of  F i s h  and  Game c o u n t i n g  w e i r  was i d e n t i f i e d  t o  s p e c i e s ,  

s e x e d ,  checked  f o r  marks o r  t a g s  and  r e l e a s e d  ups t r eam.  

Dur ing  e a c h  s t u d y  y e a r ,  a  sample  o f  t h e  ch inook  salmon were 

measured t o  t h e  n e a r e s t  c m  f o r k  l e n g t h .  F i s h  were checked  

and  p a s s e d  above  t h e  w e i r  f rom dawn t o  d a r k  s e v e n  d a y s  a  

week. 

Behav io r  o b s e r v a t i o n s  f e l l  i n t o  two c a t e g o r i e s :  1) 

l ong - t e rm (10 o r  20 min i n  d u r a t i o n )  and 2 )  s h o r t - t e r m  

(less t h a n  two min i n  d u r a t i o n )  Focal-Animal (Altmann 1974)  

s amples .  O b s e r v a t i o n s  were g e n e r a l l y  conduc ted  

i n d e p e n d e n t l y  by two o b s e r v e r s .  O b s e r v e r s  conduc ted  

s i m u l t a n e o u s  o b s e r v a t i o n s  of  t h e  same ch inook  salmon a t  t h e  

s t a r t  of e a c h  s e a s o n  t o  s t a n d a r d i z e  t e c h n i q u e s  f o r  d e f i n i n g  

and  r e c o r d i n g  b e h a v i o r s ,  and f o r  e s t i m a t i n g  f i s h  l e n g t h s .  



Observers wore p o l a r i z e d  sun-g lasses  du r ing  behavior 

obse rva t ions .  Binoculars  (7 x 35) were c a r r i e d  t o  a s s i s t  

i n  reading Pe te rson-d i sc  tag-numbers a t  a  d i s t a n c e ,  but  

were not  necessary  f o r  behavior obse rva t ions .  Pe te rson  

d i s c s  numbers, darkened wi th  a  b lack permanent marker, 

were i d e n t i f i a b l e  a t  d i s t a n c e s  of a t  l e a s t  5  m; b inocu la r s  

i nc rea sed  t h i s  d i s t a n c e  t o  about 15 m f o r  f i s h  i n  shal low 

(< 0 . 4 0  m )  water .  These d i s t a n c e s  app l i ed  when v i s i b i l i t y  

i n  t h e  water  was a t  l e a s t  0.30 m .  

Inc reased  t u r b i d i t y  a f t e r  r a i n s  reduced v i s i b i l i t y  

i n  t h e  water  from over 0 . 6 0  m t o  less than  0.15 m dur ing  

t h r e e  days i n  1984 (11 and 17 October, and 2  November); no 

long-term behavior  obse rva t ions  were conducted dur ing  t h e s e  

days .  I n  1985, t u r b i d i t y  precluded behavior  obse rva t ions  

on 27 and 28 September, and 3  and 21 October. Otherwise, 

water  v i s i b i l i t y  i n  1985 v a r i e d  between 0.30 m and 0 . 6 0  m 

and was adequate  f o r  behavior  obse rva t ions .  

Study A r e a  S u r v e y s d  Swot - S m p l i n q  

Study a r e a  surveys involved one o r  both  obse rve r s  

walking t h e  southern s t ream bank from t h e  mouth of Bogus 

Creek upstream t o  t h e  counting weir  and record ing  l o c a t i o n s  

of a l l  e a r l y  (be fo re  2  October)  redds (Table I), l o c a t i o n s  

and d e s c r i p t i o n s  of a l l  females observed s t a r t i n g  a  redd , 

and l o c a t i o n s  of tagged o r  "known" f i s h  (p rev ious ly  

observed, non-tagged chinook salmon d i s t i n g u i s h a b l e  from 



T a b l e  1. D e f i n i t i o n s  o f  T e r m s  Used i n  D e s c r i p t i v e  Text  and 
Ana lyses .  Synonymous T e r m s  and T h e i r  C i t a t i o n  
A r e  I n c l u d e d  i n  P a r e n t h e s e s .  

P r imary  male (Alpha male, S c h r o d e r  1 9 8 1 a ) .  The c o u r t i n g  
male c l o s e s t  t o  t h e  female;  o t h e r  males  may o r  may n o t  have  
been p r e s e n t  (Keen leys ide  and  Dupuis 1 9 8 8 ) .  T h i s  male  
r e p u l s e d  a t t e m p t s  by o t h e r  males  t o  c o u r t  t h e  f e m a l e  and 
was c o n s i d e r e d  dominant when o t h e r  males  were p r e s e n t .  

J a c k  ( g r i l s e ,  B r i g g s  1 9 5 3 ) .  P r e c o c i o u s l y  m a t u r i n g  male 
salmon which r e t u r n s  t o  spawn a t  age  2 y r  (Beacham and 
Murray 1985)  . 
N e s t  ( egg  p o c k e t ,  Hobbs 1937; p o t ,  Burner  1951; bed,  J o n e s  
and  B a l l  1954; o r  redd ,  Vronskiy  1 9 7 2 ) .  The d e p r e s s i o n  a  
f ema le  e x c a v a t e d  i n  t h e  g r a v e l  i n  which s h e  e v e n t u a l l y  
d e p o s i t e d  h e r  e g g s  (Tautz  and Groot 1975) . 

Redd. The c o n t i g u o u s  a r e a  o f  g r a v e l  d i s t u r b e d  by a  f ema le  
a s  s h e  e x c a v a t e d  a l l  h e r  n e s t s .  C o l l e c t i v e  term f o r  a l l  
n e s t s  and t a i l i n g s  (Hobbs 1937, Burner  1951)  . 
S a t e l l i t e  male .  Any male on t h e  p e r i p h e r y  of  a  r e d d  
occup ied  by a  f ema le  and  p r imary  male t h a t  a t t e m p t e d  t o  
c o u r t  t h e  f ema le ,  o r  m a i n t a i n  a  p o s i t i o n  c l o s e  t o  t h e  
f ema le  when f a c e d  w i t h  a g g r e s s i o n  from t h e  f e m a l e  o r  
p r imary  male (Schrode r  1981a, Keen leys ide  and  Dupuis 1 9 8 8 ) .  
S a t e l l i t e  males  were r e f e r r e d  t o  b a s e d  upon t h e i r  p r o x i m i t y  
t o  t h e  n e s t ;  t h e  f i r s t  s a t e l l i t e  male  was c l o s e s t  t o  t h e  
n e s t ,  t h e  second  s a t e l l i t e  male was n e x t  c l o s e s t  and s o  on.  



o t h e r s  by t h e  combina t ion  

on a  s u r v e y  map. Surveys  

o f  l e n g t h ,  c o l o r a t i o n  and  s c a r s )  

w e r e  conduc ted  d a i l y  a t  

a p p r o x i m a t e l y  noon i n  1984.  I n  1985, s u r v e y s  w e r e  

conduc ted  t w i c e  d a i l y  a t  a p p r o x i m a t e l y  e i g h t  AM and  f o u r  

PM. 

Bogus Creek w a t e r  t e m p e r a t u r e s  ( O C )  were measured  a t  

a p p r o x i m a t e l y  e i g h t  AM and f o u r  PM on a  d a i l y  b a s i s .  These 

t e m p e r a t u r e s  were t r e a t e d  a s  d a i l y  minima and  maxima, and  

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

a v e r a g e  d a i l y  w a t e r  t e m p e r a t u r e  f o r  t h e  spawning p e r i o d  of  

e a c h  y e a r .  

Dur ing  s t u d y  a r e a  s u r v e y s  any t a g g e d  o r  known 

ch inook salmon s e e n  were "Spot-Sampled" i m m e d i a t e l y .  Spot  

s amples  w e r e  s h o r t  d u r a t i o n  (less t h a n  2 min) f o c a l - a n i m a l  

o b s e r v a t i o n s  (Altmann 1 9 7 4 ) .  Data  r e c o r d e d  i n c l u d e d  

r e l a t i v e  s i z e  and  a p p a r e n t  s e x  o f  any i n t e r a c t i n g  f i s h ,  t h e  

f i r s t  b e h a v i o r ( s )  of  t h e  spot -sampled  f i s h  d u r i n g  t h i s  

p e r i o d ,  d a t e ,  t i m e  and l o c a t i o n .  These d a t a  were r e c o r d e d  

on i n d i v i d u a l  f i s h  p r o f i l e  c a r d s  ( F i g u r e  4 ) .  Diagrams of 

marks and  s c a r s  p r e s e n t  on t h e  f i s h  w e r e  u p d a t e d  a t  e a c h  

o b s e r v a t i o n .  Fork  l e n g t h  and  s e x  ( a l l  f i s h ) ,  and  t a g  

number and  d a t e  t a g g e d  ( t a g g e d  f i s h )  w e r e  r e c o r d e d  on e a c h  

c a r d  f o r  i d e n t i f i c a t i o n .  

P r o f i l e  c a r d s  were made f o r  a l l  t a g g e d  ch inook 

salmon o b s e r v e d  i n  t h e  s t u d y  a r e a  on two o r  more 

c o n s e c u t i v e  s u r v e y s .  P r o f i l e  c a r d s  were made f o r  non- 



Figure  4 .  Examples of F i s h  P r o f i l e  Cards Used t o  Record 
Spot Sample Data f o r  Male and Female Chinook 
Salmon under Observation i n  Bogus Creek dur ing  
1984 and 1985. 



t a g g e d  f e m a l e s  o b s e r v e d  i n i t i a t i n g  a  r e d d  on one  day  a n d  

o b s e r v e d  on t h e  same redd t h e  n e x t  day ,  a n d  f o r  non- tagged  

m a l e s  when t h e  combina t ion  o f  l e n g t h ,  c o l o r a t i o n  a n d  s c a r s  

i n s u r e d  t h a t  t h e  male  would b e  e a s i l y  r e c o g n i z e d .  Non- 

t a g g e d  f e m a l e s  o r  males  which m e t  t h e  c r i t e r i a  f o r  a  

p r o f i l e  c a r d  and  whose spawning b e h a v i o r  d a t a  were u s e d  i n  

a n a l y s e s  w i l l  b e  d e s c r i b e d  a s  "known" f e m a l e s  o r  ma le s  i n  

s u b s e q u e n t  t e x t .  

The c o m p l e t e n e s s  of  a l l  e a r l y  redds and  r e d d s  o f  

t a g g e d  f e m a l e s  was r e c o r d e d  a t  e a c h  s u r v e y  on t h e  s u r v e y  

map i n  one o f  f o u r  c a t e g o r i e s :  R-1, newly begun,  bo t tom 

d i s t u r b e d  b u t  no d e p r e s s i o n  e v i d e n t ;  R-2, some d e p r e s s i o n  

e v i d e n t ,  b u t  n o t  deep  enough f o r  spawning;  R-3, n e s t  d e e p  

enough f o r  spawning;  R-4 ,  f i r s t  n e s t  comple t e ,  work ing  on 

o t h e r s .  F o r  t a g g e d  f e m a l e s  f i r s t  o b s e r v e d  w e l l  i n t o  t h e  

c o n s t r u c t i o n  o f  t h e i r  f i r s t  n e s t ,  c a t e g o r y  o f  r e d d  

c o m p l e t i o n  was u s e d  t o  e s t i m a t e  t h e  t i m e  o f  n e s t  

i n i t i a t i o n .  

D a i l y  s p o t  s ample s  were u s e d  t o  e s t i m a t e  t h e  

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

Females  were assumed t o  be r e p r o d u c t i v e  ( p h y s i o l o g i c a l l y  

a b l e  t o  r e l e a s e  r i p e  e g g s )  a f t e r  t h e  i n i t i a t i o n  o f  t h e i r  

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

f o r  a l l  f e m a l e s .  Fo r  a l l  f e m a l e s  f o r  which redd i n i t i a t i o n  

d a t e  was known a n d  f o r  which spawning was o b s e r v e d ,  t h e  

d i f f e r e n c e  between t h e  two e v e n t s  was c a l c u l a t e d  i n  d a y s .  



The l a r g e s t  of a l l  such d i f f e r e n c e s  was assumed t o  

r e p r e s e n t  t h e  maximum reproduc t ive  pe r iod  f o r  a l l  females .  

Males were assumed t o  be reproduc t ive  

( p h y s i o l o g i c a l l y  a b l e  t o  f e r t i l i z e  eggs)  when t h e y  began 

e x h i b i t i n g  c o u r t i n g  behavior  d i r e c t e d  a t  females ,  o r  

remained i n  o r  r e tu rned  t o  a  s a t e l l i t e  p o s i t i o n  i n  t h e  f a c e  

of aggress ion  from a  primary male ( s e e  Table 1 re 

d e f i n i t i o n s  of primary and s a t e l l i t e  m a l e s ) .  Furthermore,  

t h e s e  males were assumed t o  remain r ep roduc t i ve  u n t i l  t hey  

were no l onge r  i n t e r e s t e d  i n  females a s  i n d i c a t e d  by t h e i r  

l a ck  of a s s o c i a t i o n  wi th  r ep roduc t i ve  females .  Number of 

days r ep roduc t i ve  f o r  tagged males i n  1985 was c a l c u l a t e d  

a s  t h e  number of 24 h r  p e r i o d s  a f t e r  f i r s t  c o u r t i n g  t o  t h e  

l a s t  a s s o c i a t i o n  with a  r ep roduc t i ve  female rounded t o  t h e  

n e a r e s t  0 .5  day.  

Female redd defense  o r  t e r r i t o r i a l  behav ior  was 

a s s e s s e d  du r ing  spo t  samples by no t i ng  t h e  response  of each 

spo t  sampled female t o  a t  l e a s t  two f i s h  i n t r u d i n g  i n t o  h e r  

redd a r e a .  An agg re s s ive  response  (b i t e  o r  chase)  was 

recorded a s  t e r r i t o r i a l  behav ior .  Females never observed 

t o  behave agg re s s ive ly  toward i n t r u d i n g  f i s h  were 

cons idered  n o n - t e r r i t o r i a l .  A t e r r i t o r i a l  female d i d  not  

need t o  exp re s s  agg re s s ive  behavior  a t  every  observa t ion ;  

she  was assumed t o  be t e r r i t o r i a l  from t h e  s t a r t  of h e r  

f i r s t  n e s t  through t h e  l a s t  day she  e x h i b i t e d  agg re s s ive  

behav ior .  The number of days t e r r i t o r i a l  f o r  each tagged 



o r  known fema le  ( i . e .  non-tagged f ema le  whose r e d d  

i n i t i a t i o n  d a t e  was known) was c a l c u l a t e d  a s  t h e  number of 

24 h r  p e r i o d s  f rom t h e  t i m e  o f  r e d d  i n i t i a t i o n  u n t i l  t h e  

l a s t  o b s e r v e d  t e r r i t o r i a l  b e h a v i o r ,  rounded t o  t h e  n e a r e s t  

0 . 5  day .  

P o s s i b l e  r e l a t i o n s h i p s  between f i s h  l e n g t h  and  

e s t i m a t e s  o f  t h e  number o f  d a y s  a l i v e ,  f o r  f e m a l e s  (1984 

and  1 9 8 5 ) ,  and  t h e  number o f  days  r e p r o d u c t i v e  and  a l i v e  

f o r  t a g g e d  ma le s  (1985) were examined u s i n g  n o n - p a r a m e t r i c  

Spearman r a n k  c o r r e l a t i o n s ,  r, (Za r  1 9 7 4 ) .  Mann-Whitney U 

t e s t s  (Za r  1974)  were u s e d  t o  d e t e r m i n e  i f  d i f f e r e n c e s  

e x i s t e d  be tween  t h e  number of  days  a l i v e  o f  f e m a l e s  

i n i t i a t i n g  r e d d  c o n s t r u c t i o n  b e f o r e  and  a f t e r  t h e  mid-poin t  

of t h e  spawning p e r i o d .  

Male s t a t u s  i n  c o u r t i n g  g r o u p s  was n o t e d  d u r i n g  s p o t  

s amples  t o  d e t e r m i n e  how s i z e  a f f e c t e d  t h e  a b i l i t y  o f  a  

male  t o  a t t a i n  p r imary  o r  s a t e l l i t e  s t a t u s  ( T a b l e  1 ) .  Male 

s t a t u s  d u r i n g  s p o t  samples  was r e c o r d e d  i n  one o f  f o u r  

c a t e g o r i e s :  1) p r imary  ; 2 )  s a t e l l i t e  male;  3) n o n - c o u r t i n g  

( w i t h  a  f e m a l e ,  b u t  no c o u r t i n g  b e h a v i o r  o b s e r v e d )  ; o r  4 )  

a l o n e  (wander ing  o r  h o l d i n g  a l o n e ) .  

Long-term " f o c a l - a n i m a l "  s ampl ing  c o n s i s t e d  o f  10 

( m a l e s )  o r  20 ( f e m a l e s )  minu te ,  t a p e - r e c o r d e d ,  v e r b a l  

r e c o r d s  o f  b e h a v i o r  and e l a p s e d  t i m e .  B e h a v i o r s  were 



r e c o r d e d  a s  e v e n t s  (Altmann 1 9 7 4 ) .  Each r e c o r d  i n c l u d e d  

t h e  s e x  a n d  r e l a t i v e  s i z e  of  a l l  i n t e r a c t i n g  f i s h .  F o c a l -  

an ima l  r e c o r d s  were t r a n s c r i b e d  t o  p a p e r  a s  soon a s  

p o s s i b l e  a f t e r  t h e  sample  ended  by t h e  o b s e r v e r  who made 

them ( F i g u r e  5 ) .  S e l e c t i o n  o f  i n d i v i d u a l s  t o  be sampled 

d i f f e r e d  be tween  males  and  f e m a l e s .  

l i n g .  I n d i v i d u a l  f e m a l e s  were 

i n i t i a l l y  selected a s  c a n d i d a t e s  f o r  l ong - t e rm b e h a v i o r a l  

s ampl ing  from among t h o s e  f e m a l e s  ( t a g g e d  o r  n o t )  o b s e r v e d  

s t a r t i n g  t h e i r  f i r s t  n e s t  d u r i n g  s t u d y  a r e a  s u r v e y s .  These 

f e m a l e s  were grouped  by known o r  e s t i m a t e d  f o r k  l e n g t h  i n t o  

s m a l l  (<  70 c m )  o r  l a r g e  (2 70 cm) s i z e  c l a s s e s .  Random 

numbers were g e n e r a t e d  w i t h  a  c a l c u l a t o r  and  a s s i g n e d  t o  

e a c h  f e m a l e .  Wi th in  e a c h  s i z e  c l a s s ,  f e m a l e s  were t h e n  

r anked  by random number i n  a s c e n d i n g  o r d e r  and  were 

s e l e c t e d  f o r  o b s e r v a t i o n  b a s e d  upon t h e i r  r a n k .  A t  an 

a s s i g n e d  t i m e ,  i f  a  f ema le  ma tch ing  t h e  d e s c r i p t i o n  of  t h e  

f i r s t  r a n k e d  f e m a l e  was on o r  n e a r  t h e  redd l o c a t i o n  

r e c o r d e d ,  t h e n  f o c a l - f e m a l e  s ampl ing  commenced; i f  n o t ,  t h e  

redd l o c a t i o n  o f  t h e  n e x t  l o w e s t  r anked  f e m a l e  w i t h i n  t h e  

s i z e  g roup  was checked  and  s h e  became t h e  f o c a l - f e m a l e  i f  

s h e  was i d e n t i f i e d  on t h e  r e c o r d e d  l o c a t i o n .  T h i s  p r o c e s s  

was c o n t i n u e d  u n t i l  a  f ema le  was l o c a t e d  on a  r e c o r d e d  

l o c a t i o n .  
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F i g u r e  5 .  Example of Focal-Animal T r a n s c r i p t i o n  Format.  
Time Sca l e  i n  Minutes i n  t h e  F i r s t  Column; 
Focal-Female I d e n t i f i c a t i o n  and H e r  Behaviors  i n  
t h e  Second Column from t h e  L e f t ;  I d e n t i f i c a t i o n  
of t h e  Primary Male and H i s  Behaviors  i n  t h e  
Th i rd  Column from t h e  Le f t ;  and I d e n t i f i c a t i o n s  
and Behaviors  of  S a t e l l i t e  Males Assoc i a t ed  w i th  
The P a i r .  A l l  Four F i s h  i n  t h i s  Example Were 
Tagged. Behaviors  Used i n  Analyses Were C i r c l e d  
t o  A s s i s t  Summarization. D i s t ance  on Sheet  Is 
Not P r o p o r t i o n a l  t o  Elapsed T i m e .  Behaviors  
recorded  a r e :  b chg = charge  b i t e ;  c = chase;  b 
= b i t e ;  m s-s = move s i d e  t o  s i d e .  Arrows 
i n d i c a t e  t h e  i n d i v i d u a l  a t  which t h e  b e h a v i o r ( s )  
were d i r e c t e d .  



Once selected as a focal-female, the female was 

behaviorally sampled on a daily basis for at least three 

days. New females were selected for observation, as 

described above, when previously selected females died or 

were no longer being courted by males. 

On a daily basis, each of two observers was randomly 

assigned to sample the behavior of at least one female from 

each size group (two females per size group if time 

allowed). Sampling times were determined by generating a 

random number (0 < r < 1) for each female to be sampled, 

multiplying by the number of hours between 9 AM and dusk 

not used for other tasks, then adding the resulting hours 

to the time selected for the start of the day (9:00 AM). 

If the female scheduled for observation was located on or 

near her redd at the assigned time, then sampling 

commenced; if the scheduled female was not located and no 

alternates existed (i.e. no new females not already 

scheduled), observers tried to sample the behavior of any 

female that appeared close to spawning. Data from such 

samples were used in analyses only if a spawning was 

observed. 

Focal-female (and male) samples were only analyzed 

if behavior was undisturbed. Behavior was assumed to have 

been undisturbed if the observer was able to take a vantage 

point for sampling and record the entire sample without 

causing fish in the area to swim for cover. 



The i n i t i a l  behavior  of unpaired (no primary male 

p r e s e n t )  focal - females  toward each new male encountered was 

a s s igned  t o  one of two behavior  c a t e g o r i e s  (1. chase  o r  

b i t e ,  Table 2;  o r  2 .  any o t h e r  behav ior )  f o r  each of t h r e e  

male r e l a t i v e  s i z e  c a t e g o r i e s .  Two o r  more new males were 

u s u a l l y  encountered by each female sampled. Male s i z e  was 

e s t ima ted  r e l a t i v e  t o  t h e  f o c a l - f i s h ,  and a s s igned  t o  one 

of t h r e e  c a t e g o r i e s :  sma l l e r  males ( t hose  more t han  5 cm 

sma l l e r  t han  t h e  f o c a l - f i s h ) ;  approximately equa l  s i z e d  

males ( t h o s e  w i th in  5 cm l a r g e r  o r  sma l l e r  t han  t h e  f o c a l -  

f i s h ) ;  and l a r g e r  males ( t hose  more than  5 cm l a r g e r  t han  

t h e  f o c a l - f i s h )  . Only t h e  f i r s t  sample, ch rono log i ca l l y ,  

i n  which a  female was bo th  r ep roduc t i ve  and unpa i red  was 

used f o r  t h i s  a n a l y s i s  when more t han  one sample f i t t i n g  

t h e  c o n d i t i o n s  l i s t e d  e x i s t e d  f o r  a  g iven female.  The 

r e s u l t i n g  frequency t a b l e s  from unpaired females  were 

combined and ch i - square  contingency a n a l y s i s  (Snedecor and 

Cochran 1967, Box et  a l .  1978) was used t o  tes t  i f  i n i t i a l  

female agg re s s ion  was independent of male r e l a t i v e  s i z e .  

Female behaviors  e x h i b i t e d  toward males of d i f f e r e n t  

r e l a t i v e  s i z e  were t a l l i e d  i n t o  t h r e e  by f o u r  f requency 

t a b l e s  f o r  each focal - female  sample c o l l e c t e d  du r ing  each 

of t h e  f i r s t  t h r e e  days a  female spen t  on h e r  redd .  This  

r e s u l t e d  i n  s e p a r a t e  frequency t a b l e s  f o r  each focal - female  

sample. Male r e l a t i v e  s i z e  c a t e g o r i e s  were a s  de sc r ibed  

p r e v i o u s l y .  Female behavior  toward males was s e p a r a t e d  
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T a b l e  2 .  D e f i n i t i o n s  of  Behav io r s  Used i n  D e s c r i p t i v e  Text  

and  Ana lyses .  Synonymous Behav io r s  and  T h e i r  
C i t a t i o n  A r e  I n c l u d e d  i n  P a r e n t h e s e s .  

B i t e .  When t h e  a c t o r  made open-mouth t o  body c o n t a c t  w i t h  
a n o t h e r  f i s h .  The a c t o r  may o r  may n o t  have  c l o s e d  down on 
t h e  o t h e r  f i s h  ( K a l l e b e r g  1958, Hanson and  Smi th  1967)  . 
Charge-Bi te .  When t h e  a c t o r  swam r a p i d l y  toward  a n  
opponent  and  d i r e c t e d  a  b i t e  t o  t h e  head  o r  m i d - s e c t i o n  of 
t h e  opponent ,  who made no a t t e m p t  t o  a v o i d  c o n t a c t  ( J o n e s  
and  B a l l  1 9 5 4 ) .  

Chase.  Rapid  movement o r  swimming by t h e  a c t o r  i n  t h e  
d i r e c t i o n  of  a n o t h e r  f i s h .  T h i s  b e h a v i o r  was r e c o r d e d  when 
t h e  a c t o r  moved more t h a n  one  body l e n g t h  i n  t h e  d i r e c t i o n  
of  a n o t h e r  f i s h  ( K a l l e b e r g  1958, Hanson and  Smith 1 9 6 7 ) .  

Dig ( c u t t i n g ,  Jones  and  B a l l  1 9 5 4 ) .  A c o n t i g u o u s  series 
o f  s t r o n g  body f l e x u r e s  pe r fo rmed  by a  f ema le  w h i l e  t u r n e d  
on h e r  s i d e  o v e r  t h e  g r a v e l ,  and  u s e d  t o  e x c a v a t e  o r  fill- 
i n  a  n e s t  (Tau tz  and Groot  1975) . 
Move P a r a l l e l  ( p a r a l l e l ,  B e r s t  e t  a l .  1981)  . The a c t o r  
moved t o  a  p o s i t i o n  a l o n g s i d e  a n o t h e r  f i s h  s o  t h a t  b o t h  
f i s h  were s i d e  by s i d e  and  head  t o  head .  

Move s i d e  t o  s i d e  ( c r o s s - o v e r ,  Tau tz  and Groot  1975, B e r s t  e t  
a l .  1 9 8 1 ) .  A s i n g l e  o r  c o n t i g u o u s  series of  movements i n  
which a  male ,  p o s i t i o n e d  w i t h  h i s  head  a l o n g s i d e  t h e  f ema le  
between h e r  d o r s a l  f i n  and  t a i l ,  swam o v e r  h e r  back and  
t a i l  t o  t h e  same p o s i t i o n  on h e r  o p p o s i t e  s ide.  A non- 
b roken  series o f  t h e s e  movements was c o n s i d e r e d  one 
b e h a v i o r .  

No R e a c t i o n .  When a b e h a v i o r  e x p r e s s e d  toward  a  f o c a l  f i s h  
d i d  n o t  e l i c i t  an o v e r t  r e s p o n s e  w i t h i n  a p p r o x i m a t e l y  f i v e  
s e c o n d s .  

Nudge. When t h e  a c t o r  u s e d  i t s  s n o u t ,  mouth c l o s e d ,  t o  
make g e n t l e  c o n t a c t  w i t h  a n o t h e r  f i s h  (Needham and T a f t  
1 9 3 4 ) .  

Push ( b a c k - p e d a l l i n g ,  Hanson and  Smith 1967; t a i l  f l i c k ,  
Newcornbe and  Hartman 1 9 8 0 ) .  Con tac t  between two f i s h  i n  
which t h e  a c t o r  moved i t s  body ( t a i l  o r  s ide)  i n t o  t h e  
o t h e r  f i s h .  The a c t o r  u s e d  t h e  c u r r e n t  t o  c a r r y  it 
downstream i n t o  t h e  o t h e r  f i s h  o r  swam c l o s e  i n  f r o n t  o f  
t h e  o t h e r  f i s h ,  t h e n  t u r n e d  and used  i t s  t a i l  t o  "push" t h e  
o t h e r  f i s h .  
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T a b l e  2 .  D e f i n i t i o n s  o f  Behav io r s  Used i n  D e s c r i p t i v e  Text  

and  Ana lyses .  Synonymous Behav io r s  and  T h e i r  
C i t a t i o n  A r e  I n c l u d e d  i n  P a r e n t h e s e s .  ( c o n t i n u e d )  

Q u i v e r .  While  a l o n g s i d e  a  f ema le  o r  a  f i s h  a c t i n g  l i k e  a  
female ,  a  male  e r e c t e d  h i s  d o r s a l  f i n  and  p roduced  h i g h  
f r e q u e n c y ,  low a m p l i t u d e  body u n d u l a t i o n s ;  t h e  male  
a p p e a r e d  t o  v i b r a t e  ( J o n e s  and  B a l l  1954, Tau tz  and  Groot  
1975)  . 
Spawning. The f ema le  moved i n t o  a  t e s t  p o s t u r e  i n  h e r  
n e s t ,  one o r  more ma le s  moved p a r a l l e l ,  t i l t e d  s l i g h t l y  
away from t h e  f e m a l e  and a l l  p a r t i c i p a n t s  a r c h e d  t h e i r  
b a c k s ,  e r e c t e d  t h e i r  d o r s a l  f i n s ,  and  opened t h e i r  mouths 
w h i l e  r e l e a s i n g  gametes .  Immedia te ly  a f t e r  a  t r u e  spawning 
t h e  f ema le  moved t o  t h e  ups t r eam edge  o f  h e r  n e s t  and  dug 
a l t e r n a t e l y  on one s i d e  t h e n  t h e  o t h e r ,  c a u s i n g  g r a v e l  t o  
f i l l  i n  t h e  n e s t  (McCart 1969, Tau tz  and  Groot  1975)  . An 
i n c r e a s e d  r a t e  o f  d i g g i n g  and  d i g g i n g  a l t e r n a t e d  between 
ups t r eam e d g e s  o f  t h e  n e s t  were u s e d  a s  e v i d e n c e  of f ema le  
r e l e a s e  o f  e g g s  (see, McCart 1969, Tautz  and  Groot  1975)  . 
Spawning, F a l s e .  Female b e h a v i o r  a p p e a r e d  t h e  same a s  
d u r i n g  a  t r u e  spawning and ma le s  r e l e a s e d  gametes ;  however,  
t h e  f ema le  d i d  n o t  immedia te ly  b e g i n  f i l l i n g  t h e  n e s t  
a f t e r w a r d  (McCart 1969, Tautz  and  Groot  1975)  . The f ema le  
c o n t i n u e d  t o  p e r i o d i c a l l y  t es t  o r  d i g  t h r o u g h  t h e  c e n t e r  of 
t h e  n e s t .  T h i s  i n d i c a t e d  t h e  f ema le  had  n o t  r e l e a s e d  
game tes .  

T-Disp lay .  A male ,  p o s i t i o n e d  ups t r eam o f  a n o t h e r  f i s h  
w i t h  h i s  d o r s a l  f i n  e r e c t e d ,  p r e s e n t e d  a  l a t e r a l  body view 
t o  t h e  o t h e r  f i s h .  The d i s p l a y i n g  male  g l i d e d  a c r o s s  
u p s t r e a m  and  i n  f r o n t  o f  t h e  o t h e r  f i s h ,  t h e n  t u r n e d  and  
r e p e a t e d  t h e  a c t i o n  moving l a t e r a l l y  i n  t h e  o p p o s i t e  
d i r e c t i o n  ( S c h r o d e r  1981a)  . 
T e s t  ( c r o u c h  o r  feel ,  J o n e s  and B a l l  1954; p r o b e ,  Tau tz  
and  Groot  1 9 7 5 ; ) .  A f ema le  s a lmon id  "tested" by r e s t i n g  
h e r  t a i l  on t h e  up-s lope  o f  t h e  downstream e n d  o f  t h e  
d e p r e s s i o n ,  a r c h i n g  h e r  back and  e x t e n d i n g  h e r  a n a l  f i n  
down i n t o  t h e  g r a v e l .  She may o r  may n o t  have  opened h e r  
mouth d u r i n g  t h e  tes t .  Females  a l s o  moved l a t e r a l l y  
t h r o u g h  t h e i r  n e s t  w h i l e  i n  t h i s  p o s t u r e ,  p r o b i n g  t h e  
bo t tom w i t h  t h e i r  a n a l  f i n .  



into four categories: 1) dig, 2) nudge or move parallel, 

3) chase or bite, and 4) no reaction (Table 2). 

Female behavior toward males of different relative 

size was analyzed separately for each day of the first 

three days females spent on their redds. Behavioral 

frequency data summarized from focal-female samples 

collected during the first day females spent on their redd 

were combined for analysis of behavior during day one. 

Likewise, frequency data from focal-female samples 

collected during the second and third days females spent on 

their redd were combined with other data from days two and 

three, respectively, and analyzed separately. Only data 

from one focal-female sample for each female was used in 

the analysis for a given day. No focal-female samples 

which included a spawning were used in these analyses. 

Although some females only interacted with only one 

male or with males of a single size group during 20-minute 

focal-female samples, each female probably encountered 

males of all sizes during her spawning period. 

Furthermore, inter-female similarity in behavioral response 

toward males of different relative size was assumed for 

females at the same stage of their reproductive period, and 

interacting with the same number and combination of 

different sized males. Given these assumptions, focal- 

female samples collected from different females during the 

same day after redd initiation could be legitimately 



combined. These a s s u m p t i o n s  c o u l d  n o t  b e  t e s t e d  u s i n g  

unman ipu la t ed  g r o u p s  o f  r e p r o d u c t i v e  ch inook  sa lmon .  

The number of ma le s  i n t e r a c t i n g  w i t h  a  f e m a l e  was 

c a l c u l a t e d  a s  an  a v e r a g e  o f  t h e  number o f  i n d i v i d u a l  m a l e s  

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

c o l l e c t e d  i n  1984 .  Foca l - f ema le  s amples  f rom 1984 a l s o  

were u s e d  t o  d e t e r m i n e  f ema le  d i g g i n g  r a t e s  d u r i n g  non- 

spawning  o b s e r v a t i o n s  ( d i g s / m i n  a v e r a g e d  o v e r  20 min)  and  

t h e  number o f  b i t e  exchanges  p e r  f ema le - f ema le  a g g r e s s i v e  

i n t e r a c t i o n .  A l l  s ample s  t a k e n  d u r i n g  t h e  f i r s t  t h r e e  d a y s  

e a c h  t a g g e d  o r  known f e m a l e  s p e n t  on h e r  r e d d  were u s e d  f o r  

t h e s e  c a l c u l a t i o n s .  

F o c a l e  S a m p l i n g  - . I n  1985,  10 m i n u t e  f o c a l - m a l e  

s a m p l e s  were conduc ted  on t a g g e d  ma le s  w i t h i n  t h e  s t u d y  

a r e a .  A t  a  random sampl ing  time and  l o c a t i o n  w i t h i n  t h e  

s t u d y  a r e a  t h e  f i r s t  t a g g e d  male  found  u p s t r e a m  o f  t h e  

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

randomized  t h e  same a s  f o r  f e m a l e .  The l o c a t i o n  t o  b e g i n  a  

s e a r c h  was randomized  by g e n e r a t i n g  a  random number ( 0  < r 

< 1) and  m u l t i p l y i n g  by t h e  s t u d y  a r e a  l e n g t h  (460 m ) .  Two 

t o  f o u r  f o c a l - m a l e  s amples  per o b s e r v e r  p e r  day  were 

a t t e m p t e d .  An i n d i v i d u a l  male  was sampled  a t  most  once  by 

e a c h  o b s e r v e r  d u r i n g  a  g i v e n  d a y .  

Foca l -male  s amples  f rom 1985 were summarized i n t o  

f r e q u e n c i e s  o f  male  b e h a v i o r  t oward  o t h e r  ma le s  o f  



d i f f e r e n t  s i z e  r e l a t i v e  t o  t h e  s i z e  of  f o c a l - m a l e s .  Male 

b e h a v i o r s  t oward  o t h e r  ma le s  were a s s i g n e d  t o  one  of  f i v e  

c a t e g o r i e s :  1) s w i m  away o r  d r i f t  downstream ( i . e .  moving 

away from t h e  o t h e r  m a l e ) ,  2 )  c h a s e  o r  b i t e ,  3 )  T - d i s p l a y ,  

4 )  nudge o r  push ,  o r  5) no r e a c t i o n  ( T a b l e  2 )  . Behav io r  

s amples  i n  which t h e  f o c a l - m a l e s  were i n  p r i m a r y  o r  

s a t e l l i t e  p o s i t i o n s  f o r  a t  l e a s t  s even  o f  t h e  10 m i n u t e s  

were u s e d  f o r  t h i s  a n a l y s i s .  Only t h e  f i r s t  sample ,  

c h r o n o l o g i c a l l y ,  o f  e a c h  male t h a t  m e t  t h e  c r i t e r i a  was 

u s e d  i n  t h e  a n a l y s i s .  

Dbserved  Spawnin-. A l l  f o c a l - a n i m a l  s amples  which 

i n c l u d e d  a  spawning were t r e a t e d  a s  comparable  i n  terms of  

male  and f e m a l e  b e h a v i o r .  When f i s h  b e h a v i o r  and  r e d d -  

s t a g e  i n d i c a t e d  t h a t  spawning was imminent,  o b s e r v e r s  

i n i t i a t e d  f o c a l - f e m a l e  s ampl ing  r e g a r d l e s s  of  w h e t h e r  t h e  

r e p r o d u c t i v e  h i s t o r y  o f  t h e  f ema le  was known. Foca l - f ema le  

( and  ma le )  s amples  from f i s h  o f  known and  unknown 

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

p r i m a r y  ma le s  behaved immed ia t e ly  p r i o r  t o  and  a f t e r  

spawning .  

When spawnings were o b s e r v e d  w i t h  i i t t l e  o r  no 

warn ing ,  d a t a  c o l l e c t e d  i n c l u d e d  d a t e ,  t i m e ,  e s t i m a t e d  o r  

known fema le  l e n g t h ,  r e l a t i v e ,  e s t i m a t e d  o r  known s i z e  of  

a l l  ma le s  i n  t h e  c o u r t i n g  g roup ,  t h e  number o f  males i n  

a t t e n d a n c e ,  t h e  number e n t e r i n g  t h e  n e s t  a t  t h e  t i m e  o f  



spawning a n d  t h e i r  r a n k  o r d e r  of  e n t r y .  Complete  r e c o r d s  

were n o t  o b t a i n e d  f o r  e v e r y  spawning o b s e r v e d .  

Male spawning s u c c e s s  was e s t i m a t e d  i n  two ways. 

F i r s t ,  a l l  u n d i s t u r b e d  spawnings were c a t e g o r i z e d  b a s e d  

upon t h e  number o f  ma le s  i n  t h e  c o u r t i n g  g roup .  Fo r  e a c h  

c a t e g o r y  o f  two o r  more ma le s ,  t h e  p r o p o r t i o n  o f  t o t a l  

spawnings i n  which t h e  p r i m a r y  male e n t e r e d  t h e  n e s t  

b e f o r e ,  a t  t h e  same t i m e  a s  o r  j u s t  a f t e r  t h e  f i r s t  

s a t e l l i t e  male  a t  spawning were c a l c u l a t e d  t o  d e t e r m i n e  i f  

p r i m a r y  s t a t u s  r e s u l t e d  i n  e a r l y  e n t r y  i n t o  redds a t  

spawning.  

Second, a minimum t o t a l  number o f  spawnings  was 

e s t i m a t e d  f o r  e a c h  t a g g e d  male  i n  1985 a s  t h e  sum o f  a c t u a l  

spawnings  o b s e r v e d  and t h e  number o f  o b s e r v a t i o n s  i n  which 

t h e  male  was w i t h  a r e p r o d u c t i v e  f ema le  whose b e h a v i o r  

i n d i c a t e d  imminent o r  r e c e n t  spawning.  When a t a g g e d  male  

and  t h e  same r e p r o d u c t i v e  f ema le  were o b s e r v e d  t o g e t h e r  

d u r i n g  c o n s e c u t i v e  o b s e r v a t i o n s  o v e r  an  e i g h t  h r  p e r i o d  

( t h e  l e n g t h  o f  t i m e  between c o n s e c u t i v e  spawnings  of  one  

known f e m a l e )  a n o t h e r  spawning was added t o  t h e  sum. 

C a r c a s s  s u r v e y s  were conduc ted  on a d a i l y  b a s i s  f rom 

16  September  t o  2 November 1984, e x c e p t  f o r  27-29 Oc tobe r ,  

and  c o v e r e d  t h e  e n t i r e  s t u d y  a r e a .  Every dead  ch inook 

salmon l o c a t e d  was i n s p e c t e d .  Data  r e c o r d e d  were s e x ,  j ack  



o r  a d u l t  f o r  ma le s ,  t a g s  o r  marks,  and a  s u b j e c t i v e  

e s t i m a t e  o f  t i m e  s i n c e  d e a t h  ( f r e s h  m o r t a l i t y ,  1 day o l d  o r  

o l d  m o r t a l i t y ) .  P o s t o r b i t a l  t o  h y p u r a l  p l a t e  (POHP) l e n g t h  

measurements  were t a k e n  from c a r c a s s e s  t h a t  showed 

d i s t i n c t i v e  s c a r s  of l o s t  d i s c  t a g s .  P o s i t i v e  

i d e n t i f i c a t i o n s  o f  a l l  f i s h  t h a t  had  l o s t  t a g s  were made 

b a s e d  on f i s h  s i z e  (POHP - f o r k  l e n g t h  r e l a t i o n s h i p s ) ,  

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

A f t e r  e x t e r i o r  i n s p e c t i o n ,  c a r c a s s e s  were c u t  i n  

h a l f  w i t h  a  machete  t o  p r e v e n t  r e c o u n t  on s u b s e q u e n t  

s u r v e y s .  Sex p r o d u c t s  r e t a i n e d  a t  d e a t h  were r e c o r d e d  i n  

one o f  t h r e e  c a t e g o r i e s :  1) most o r  a l l  ( p re spawning  

m o r t a l i t y )  ; 2 )  some ( p a r t i a l l y  s p e n t )  ; o r  3 )  l i t t l e  o r  none 

( s p e n t  ) . 
I n  1985, t h e  t a g g i n g  w e i r  was l e f t  i n  t h e  s t r e a m  on 

non- t agg ing  d a y s  and used  t o  r e t a i n  c a r c a s s e s  and  morbid 

f i s h  t h a t  o t h e r w i s e  would have  f l o a t e d  o u t  o f  Bogus Creek .  

C a r c a s s  c o u n t s  were conduc ted  e v e r y  two d a y s  f rom 1 t o  28 

Oc tobe r  by p r o j e c t  p e r s o n n e l  and  on 4 and 11 November 1985 

by F i s h  and  Game p e r s o n n e l .  Data  r e c o r d e d  were t h e  same a s  

f o r  1984, e x c e p t  t h a t  c a r c a s s e s  r e c o v e r e d  on t h e  t a g g i n g  

w e i r  were s e p a r a t e d  from t h o s e  r e c o v e r e d  ups t r eam.  I n  

November 1985, c a r c a s s  c o u n t s  d i d  n o t  d i s t i n g u i s h  c a r c a s s e s  

c o l l e c t e d  on t h e  t a g g i n g  w e i r  from t h o s e  c o u n t e d  ups t r eam,  

o r  p re spawning  m o r t a l i t i e s  from s p e n t  c a r c a s s e s .  



RESULTS 

a c t e r l z a t i o n  o f  t h e  S ~ a a a  - Run 

C h i n o o k  s a l m o n  were l a r g e r  a n d  more  a b u n d a n t  i n  1 9 8 5  

t h a n  i n  1 9 8 4  ( T a b l e  3 ) .  J a c k  c h i n o o k  s a l m o n  c o m p r i s e d  

a b o u t  1 5  p e r c e n t  a n d  a b o u t  30  p e r c e n t  o f  t h e  r u n  i n  1984 

a n d  1 9 8 5 ,  r e s p e c t i v e l y .  T i m i n g s  o f  m i g r a t i o n  f o r  a d u l t  

males, f e m a l e s  a n d  j a c k s  were s i m i l a r  f o r  b o t h  y e a r s  

( F i g u r e  6 ) .  A d u l t  males a n d  f e m a l e s  e n t e r e d  Bogus  C r e e k  i n  

a p p r o x i m a t e l y  e q u a l  numbers  a t  a b o u t  t h e  same t i m e ,  w h e r e a s  

j a c k s  e n t e r e d  l a t e r  a n d ,  i n  1 9 8 5 ,  o u t n u m b e r e d  a d u l t  males 

d u r i n g  t h e  l a t t e r  p o r t i o n  o f  t h e  r u n  ( F i g u r e  6 ) .  A l l  means  

r e p o r t e d  i n  t h e  t e x t  a re  f o l l o w e d  b y  s t a n d a r d  d e v i a t i o n s  

a n d  s a m p l e  s i z e  i n  t h e  f o r m :  mean f s t a n d a r d  d e v i a t i o n  

( s a m p l e  s i z e ) .  

D u r i n g  1984  a n d  1 9 8 5 ,  1 6 3  a n d  286  c h i n o o k  s a l m o n ,  

r e s p e c t i v e l y ,  were t r a p p e d  a n d  t a g g e d  a s  t h e y  e n t e r e d  Bogus 

C r e e k .  I n  1984 a n d  1 9 8 5 ,  t a g g e d  males l a r g e r  t h a n  72 c m  i n  

l e n g t h  spawned  a n d  d i e d  i n  t h e  s t u d y  a r e a  i n  p r o p o r t i o n a l l y  

h i g h e r  numbers  t h a n  smal ler  males ( F i g u r e  7 ) .  I n  1984 ,  1 7  

o f  79  ( 2 2  p e r c e n t )  t a g g e d  males r e m a i n e d  i n  t h e  s t u d y  a r e a ,  

i n c l u d i n g  1 o f  6  ( 1 7  p e r c e n t )  t a g g e d  j a c k s  (2 5 5  c m ) ,  1 2  o f  

5 9  ( 2 0  p e r c e n t )  t a g g e d  males b e t w e e n  5 6  a n d  72 c m ,  a n d  4 o f  
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Figure 6 .  Counts, by Calendar Week, o f  Adult Male (White 
Bar),  Female (Hatched Bar) and Jack (Black Bar) 
Chinook Salmon Passing Bogus Creek Counting Weir 
during 1984 (a)  and 1985 (b) . 





1 4  ( 2 9  p e r c e n t )  males l a r g e r  t h a n  72 c m .  I n  1 9 8 5 ,  2 5  o f  

164  ( 1 5  p e r c e n t )  t a g g e d  males r e m a i n e d  w i t h i n  t h e  s t u d y  

a rea ;  h o w e v e r ,  t h i s  i n c l u d e d  o n l y  2  o f  4 1  ( 5  p e r c e n t )  j a c k s  

(5  60 c m )  a n d  1 o f  20  ( 5  p e r c e n t )  t a g g e d  males i n  t h e  61-72 

c m  s i z e  c a t e g o r y ,  w h e r e a s  22 o f  1 0 3  ( 2 1  p e r c e n t )  t a g g e d  

males l a r g e r  t h a n  72 c m  r e m a i n e d  w i t h i n  t h e  s t u d y  a r ea  

( F i g u r e  7 )  . 
T a g g e d  f e m a l e s  r e m a i n e d  w i t h i n  t h e  s t u d y  a rea  i n  

h i g h e r  p r o p o r t i o n s  t h a n  males d u r i n g  b o t h  y e a r s  ( F i g u r e s  7  

a n d  8 )  . I n  1 9 8 4 ,  32  o f  84 ( 3 8  p e r c e n t )  t a g g e d  f e m a l e s  

r e m a i n e d  i n  t h e  s t u d y  a r ea .  T h e s e  f e m a l e s  were d i s t r i b u t e d  

t h r o u g h o u t  t h e  r a n g e  o f  f e m a l e  l e n g t h s .  I n  1 9 8 5 ,  3 9  o f  1 2 2  

( 3 2  p e r c e n t )  t a g g e d  f e m a l e s  r e m a i n e d  w i t h i n  t h e  s t u d y  a r ea .  

Of t h e  smaller  t h a n  a v e r a g e  f e m a l e s  (< 7 5  c m ,  T a b l e  3 )  o n l y  

9  o f  42 ( 2 1  p e r c e n t )  r e m a i n e d ,  w h e r e a s  30  o f  8 0  ( 3 8  

p e r c e n t )  t a g g e d  f e m a l e s  o f  7 5  c m  o r  l a r g e r  r e m a i n e d  w i t h i n  

t h e  s t u d y  a r e a  ( F i g u r e  8 ) .  

B e h a v i o r  o f  Ch inook  Salmon o n  t h e  S p a w n i n u  G r o u n d s  

T h r e e  b e h a v i o r a l  s t a g e s  were o b s e r v e d  i n  c h i n o o k  

s a l m o n  r e t u r n i n g  t o  Bogus  C r e e k :  m i g r a t o r y ,  r e p r o d u c t i v e ,  

a n d  p o s t - r e p r o d u c t i v e  ( t e r r i t o r i a l  s t a g e  i n  f e m a l e s ) .  E a c h  

s t a g e  w a s  c h a r a c t e r i z e d  b y  s p e c i f i c  b e h a v i o r s ,  some o f  

w h i c h  were r e s t r i c t e d  t o  t h a t  s t a g e .  
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The m i g r a t o r y  s t a g e  was c h a r a c t e r i z e d  b y  l i t t l e  

p h y s i c a l  i n t e r a c t i o n  b e t w e e n  i n d i v i d u a l s .  Ch inook  sa lmon  

b e g a n  e n t e r i n g  Bogus C r e e k  i n  mid-September ,  m i g r a t i o n  

p e a k e d  i n  t h e  f i r s t  t h r e e  weeks o f  O c t o b e r ,  a n d  new f i s h  

c o n t i n u e d  t o  e n t e r  t h r o u g h  t h e  f i r s t  week i n  November. 

I n i t i a l l y ,  f i s h  h e l d  i n  p o o l s  d u r i n g  t h e  m i d d l e  o f  t h e  d a y ,  

a n d  moved e a r l y  a n d  l a t e  i n  t h e  d a y .  As t h e  s e a s o n  

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

1 7 . 8  OC i n  mid-September  t o  h i g h s  o f  less  t h a n  1 4 . 5  O C  b y  

e a r l y  O c t o b e r ,  f i s h  moved t h r o u g h o u t  t h e  d a y .  W a t e r  

t e m p e r a t u r e s  f r o m  Sep tember  22 t h r o u g h  O c t o b e r  24 a v e r a g e d  

1 0 . 3 ' ~  f 2 . 6 ' ~  a n d  10.O°C f 3.7OC f o r  1984 a n d  1 9 8 5 ,  

r e s p e c t i v e l y .  F i s h  r e m a i n e d  i n  t h e  d e e p e s t  w a t e r  a v a i l a b l e  

when n o t  moving u p s t r e a m .  

B e p r o d u c t i v e  S t a q e  

The r e p r o d u c t i v e  s t a g e  f o r  a f e m a l e  b e g a n  when s h e  

i n i t i a t e d  e x c a v a t i o n  o f  h e r  f i r s t  n e s t .  T h i s  s t a g e  e n d e d  

a f t e r  a p p r o x i m a t e l y  t h r e e  d a y s  on h e r  r e d d .  Among f e m a l e s  

whose h i s t o r y  o n  t h e  s p a w n i n g  g r a v e l s  w a s  known, a l l  

o b s e r v e d  s p a w n i n g s  o c c u r r e d  w i t h i n  t h r e e  d a y s  o f  r e d d  

i n i t i a t i o n  ( T a b l e  4 )  . The m a l e  r e p r o d u c t i v e  s t a g e  began  

when males e x h i b i t e d  ( a )  p r o l o n g e d  i n t e r e s t  (more  t h a n  5  

m i n u t e s )  i n  a  f e m a l e  a n d  ( b )  c o u r t i n g  b e h a v i o r  ( i . e .  nudge ,  

q u i v e r ,  move p a r a l l e l  o r  move s i d e  t o  s i d e ,  T a b l e  2 ) ,  o r  
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4 .  Number of  Spawnings That  Occurred  w i t h i n  L e s s  t h a n  
One ( I ) ,  One t o  Less  t h a n  Two ( 2 ) ,  Two t o  Less  
t h a n  Three ( 3 ) ,  and o v e r  Three  (>3) Days a f t e r  
t h e  I n i t i a t i o n  o f  Redd Digging  among Females  of  
Known Redd I n i t i a t i o n  Dates Observed t o  Spawn i n  
Bogus Creek d u r i n g  1984 and  1985.  

Year T o t a l  Number 

of  Spawnings 

T o t a l  11 4 5 0 20  



( c )  remained i n  o r  r e tu rned  t o  a  s a t e l l i t e  p o s i t i o n  i n  t h e  

f ace  of aggress ion  by a  primary male. 

Both sexes became reproduc t ive  soon a f t e r  e n t e r i n g  

t h e  creek i f  t hey  spawned low i n  t h e  d ra inage .  In  1984 and 

1985, r e s p e c t i v e l y ,  over 88 percen t  and 90 percen t  of t h e  

tagged females t h a t  spawned i n  t h e  s tudy a r e a  began redd 

excavat ion wi th in  four  days of e n t e r i n g  Bogus Creek (Table 

5 ) .  A s  a  group, males i n i t i a t e d  cou r t i ng  i n  a  temporal  

p a t t e r n  s i m i l a r  t o  t h a t  of females (Table 5 ) .  

Female Reproductive Behavior.  The a c t  of d igging has  

been wel l  descr ibed  f o r  o the r  spec i e s  of salmonids (Jones  and 

B a l l  1954, Sheridan 1960, McCart 1 9 6 9 ,  Hartman 1970, Tautz 

and Groot 1975) and was t h e  same f o r  female chinook salmon. 

In between d ig s ,  females r e s t e d  i n  o r  t e s t e d  (F igu re  9 )  t h e i r  

n e s t s  t o  determine p rog re s s .  

A l l  females t h a t  spawned wi th in  t h e  s tudy a r e a  and 

whose a c t i v i t y  was followed u n t i l  they d i ed  (n=84, both 

yea r s  combined), dug a  s i n g l e  redd .  No females were 

observed t o  move elsewhere a f t e r  apparen t ly  spawning i n  

t h e i r  f i r s t  n e s t ,  a l though 2 of 84 (about 2 p e r c e n t )  were 

d i sp l aced  wi th in  l e s s  than one day on t h e i r  f i r s t  n e s t .  

Because each of t he se  females was p e r i o d i c a l l y ,  i f  not 

cont inuously ,  a t t a c k e d  by ad jacen t  females while s t a r t i n g  

t h e i r  f i r s t  n e s t ,  it was un l ike ly  t h a t  e i t h e r  spawned 

be fo re  l o s i n g  t h e i r  redd s i t e .  Each female subsequent ly  



4 4 
Tab le  5 .  Days from St ream E n t r y  u n t i l  t h e  I n i t i a t i o n  o f  

C o u r t i n g  Behavior  o r  The S t a r t  o f  Redd E x c a v a t i o n  
i n  Tagged Male and Female Chinook Salmon, 
R e s p e c t i v e l y .  Based on F i s h  Observed i n  Bogus 
Creek d u r i n g  1984 and 1985.  P e r c e n t  of T o t a l  i n  
P a r e n t h e s e s .  

Number of N u n h r  of 
Days a f t e r  E n t r y  Males Courting Females Digging 



F i g u r e  9 .  a .  Female i n  H e r  N e s t  w i th  Primary Male 
Downstream and t o  One Side;  b. L a t e r a l  V i e w  of  a  
Female Test ing;  c .  Top V i e w  o f  a  Female Tes t i ng  
w i th  H e r  Mouth Closed. 



e s t a b l i s h e d  another  redd within  t h e  s tudy a r e a  and remained 

i n  o r  c l o s e  t o  t h e  redd u n t i l  near  d e a t h .  

During t h e  reproduc t ive  per iod ,  females a s s o c i a t e d  

with a  success ion  of males. Some males cour ted  t h e  female, 

whereas o t h e r s  simply held  p o s i t i o n  next t o  o r  near  t h e  

female.  Ind iv idua l  female chinook salmon encountered an 

average of 5 .4  males f 4 . 6  males (n=51, 1984 d a t a )  dur ing 

20 minute focal-female sample pe r iods .  

Female cour t ing  behavior was not a s  o v e r t  a s  t h a t  of 

males.  Courting behavior involved females nudging males 

(F igure  l O a ) ,  moving a longs ide  a  male and holding a  

p a r a l l e l  p o s i t i o n  c lo se  t c  o r  touching t h e  male (F igure  

l o b ) ,  o r  swimming from one s i d e  of t h e  male underneath it 

t o  t h e  o t h e r  when both f i s h  were i n  t h e  nes t  (F igure  1 0 c ) .  

Nudging and move p a r a l l e l  were s e p a r a t e  behaviors ,  both 

expressed toward primary males when t h e  males were holding 

away from t h e  n e s t  of a  female o r  r e tu rn ing  a f t e r  chasing 

another  f i s h .  A female a l s o  expressed t h e s e  behaviors  

toward primary males upon he r  r e t u r n  t o  t h e  nes t  when t h e  

male was p r e s e n t .  Females crossed under males when both 

male and female were i n  t h e  n e s t .  

Females showed aggress ion toward males by b i t i n g ,  

chasing,  o r  pushing them with body o r  t a i l .  Females 

expressed t h e s e  behaviors i n  t h e  same manner a s  males.  

Females were observed t o  push s a t e l l i t e  males downstream 



Figure 10. a. Female Nudges Primary Male; b. Female Moves 
Parallel to the Primary Male; c. Female Crosses 
Under Primary Male while in Her Nest 



o u t  o f  t h e  r e d d  o r  t h e  p r i m a r y  male l a t e r a l l y  t o  a n o t h e r  

p o s i t i o n  w i t h i n  t h e  r e d d .  

Lone r e p r o d u c t i v e  f e m a l e s  e x h i b i t e d  a g g r e s s i v e  

b e h a v i o r  t o w a r d  new males i n i t i a l l y ,  r e g a r d l e s s  o f  t h e  

r e l a t i v e  s i z e  o f  t h e  male. A t  t h e i r  f i r s t  e n c o u n t e r  a l o n e  

female,  on  h e r  r e d d ,  b i t  o r  c h a s e d  i n t r u d i n g  males 4 1  

p e r c e n t  o f  t h e  t i m e  (n=200)  a n d  t h e r e  was n o  d i f f e r e n c e  i n  

t h e  p r o p o r t i o n  o f  b i t e  o r  c h a s e  b e h a v i o r s  e x p r e s s e d  t o w a r d  

males o f  d i f f e r e n t  r e l a t i v e  s i z e s  (x2 t e s t ) .  Even p r i m a r y  

males which  h a d  b e e n  w i t h  a f e m a l e  more t h a n  f i v e  m i n u t e s  

f a c e d  some f e m a l e  a g g r e s s i o n .  Ten o f  27 f e m a l e s  ( 3 7  

p e r c e n t )  s a m p l e d  w h i l e  b e i n g  c o u r t e d  were o b s e r v e d  t o  b i t e  

e s t a b l i s h e d ,  p r i m a r y  males d u r i n g  t h e  20 m i n u t e  s a m p l e  

p e r i o d .  

D u r i n g  e a c h  o f  t h e  f i r s t  t h r e e  d a y s  on t h e i r  r e d d ,  

f e m a l e  c h i n o o k  sa lmon e x h i b i t e d  s t a t i s t i c a l l y  s i g n i f i c a n t  

d i f f e r e n c e s  i n  b e h a v i o r  t o w a r d  males o f  d i f f e r e n t  r e l a t i v e  

s i z e s  ( d a y  o n e :  x2 = 1 5 9 . 3 0 8 ,  p  < 0 . 0 0 1 ,  6 d f ;  d a y  t w o :  x2 

= 1 5 . 2 5 1 ,  p  < 0 . 0 2 5 ,  6 d f ;  d a y  t h r e e :  X* = 3 6 . 0 0 8 ,  p  < 

0 . 0 0 1 ,  6 d f ,  T a b l e  6 ) .  D u r i n g  t h e i r  f i r s t  d a y  on t h e  r e d d  

f e m a l e s  e x h i b i t e d  s i g n i f i c a n t l y  more d i g s  when on a r e d d  

w i t h  males o f  t h e  l a r g e r  s i z e  c a t e g o r y  a n d  f e w e r  when w i t h  

males o f  t h e  smaller s i z e  c a t e g o r y  i n  e v e r y  c o m p a r i s o n  

( T a b l e  7 ) .  C o n v e r s e l y ,  f e m a l e s  were s i g n i f i c a n t l y  more 

a g g r e s s i v e  t o w a r d  males i n  t h e  smaller s i z e  c a t e g o r y  i n  

e v e r y  c o m p a r i s o n  a n d  less a g g r e s s i v e  



T a b l e  6. Female Behavior  toward  Males of  D i f f e r e n t  R e l a t i v e  S i z e s  E x h i b i t e d  d u r i n g  Her 
F i r s t  Three  Days on H e r  Redd (1984 and 1 9 8 5 ) ,  and  t h e  Number ( n )  o f  D i f f e r e n t  
Males of  Each S i z e  Group Encoun te red .  Based upon a Summary o f  22, 1 7  and  19 
Focal-Female Samples f o r  Days One, Two and Three ,  R e s p e c t i v e l y .  

Female Behav io r  
Male Size 

Day on Relative t o  Nudge or  Chase o r  No Total 
Redd Female D i q  Move Pa ra l l e l  B i t e  React ion 

One Smal l e r  n = 49 9 0 4 1  52 102 
Equal  n = 4 1  66 8 2 27 119  2 94 
Large r  n = 25 116 5 1  1 5  1 9 1  373 

T o t a l  1 9 1  133 83 362 769 

Two Smal l e r  n = 34 9 7 25 54 9 5 
Equal n = 58 40 3 4 4 2 129 245 
Larger  n = 3 1  7 11 27 38 83 

T o t a l  56 5 2 9 4 2 2 1  423 

Three  Sma l l e r  n = 34 5 3 
Equal  n = 6 1  32 42 
Large r  n = 1 5  11 8 

T o t a l  48 53 96 1 0 1  38 1 



Table 7 .  Chi-square Values for Two by Two Contingency Analyses Comparing Individual 
Female Behaviors Exhibited toward Males in Two Size Categories. Data Are from 
Table 5. Significant Differences (p < 0 . 0 5 )  in Female Behavior toward Males in 
Different Size Categories Are Indicated by an Asterisk ( * ) .  

Day on Male Size 
Redd Categories 

Female Behavior 

Nudge or Chase or No 
Dig Move Parallel Bite React ion 

One Smaller vs Equal 9 . 1 5 8 *  3 5 . 8 7 8 *  5 1  . 2 0 7 *  3 . 4 0 6  

Equal vs Larger 6 . 2 0 0 *  20 .820*  7 . 4 2 6 *  7 . 6 1 0 "  

Smaller vs Larger 2 0 . 4 9 7 *  1 5 . 6 2 4 *  1 0 0 . 7 8 8 *  0 .002  

Two Smaller vs Equal 2 . 6 0 6  2 . 3 7 5  3 . 6 4 0  0 . 4 8 3  

Equal vs Larger 3 . 1 4 6  0 . 0 2 0  8 . 8 3 7 *  1 . 1 7 1  

Smaller vs Larger 0 . 0 5 6  1 . 6 8 8  0 . 8 2 7  2 . 1 7 0  

Three Smaller vs Equal 3 . 0 3 9  9 . 5 4 2 *  2 2 . 4 5 1 *  0 . 9 7 2  

Equal vs Larger 1 . 5 4 9  0 .294  1 . 9 2 4  0 . 3 8 5  

Smaller vs Larger 5 . 9 5 6 *  5 . 1 2 3 *  1 8 . 4 0 7 *  1 . 5 8 3  



toward males of t h e  l a r g e r  s i z e  category (Table 7 ) .  Equal 

s i z e d  and l a r g e r  males received s i g n i f i c a n t l y  more nudges 

o r  move p a r a l l e l s  from t h e  female than smal le r  males, and 

equal  s i z e d  males s i g n i f i c a n t l y  more than l a r g e r  males 

(Table 7 ) .  

During t h e i r  second day on t h e  redd t h e  only  

s i g n i f i c a n t  pair-wise comparison ind ica t ed  t h a t  females 

exh ib i t ed  s i g n i f i c a n t l y  more aggress ive  behavior toward 

l a r g e r  males and l e s s  toward equal  s i z e d  males (Table 7 ) .  

During t h e i r  t h i r d  day on t h e  redd, females e x h i b i t e d  

s i g n i f i c a n t l y  more d igs ,  nudges and move p a r a l l e l  behaviors  

toward equal  s i z e d  o r  l a r g e r  males and l e s s  toward smal le r  

males (Table 7 ) .  Females exh ib i t ed  s i g n i f i c a n t l y  more 

agg res s ive  behavior toward smal le r  males and less  toward 

equal  s i z e d  o r  l a r g e r  males (Table 7 ) .  

Reproductive females a l s o  defended t h e i r  redd s i t e  

from i n t r u s i o n  by newly a r r i v e d  females search ing  f o r  a  

redd s i t e  and by females on ad jacen t  redds .  Female 

aggress ion  toward neighboring females was expressed by 

b i t e s  (F igure  11) .  In 4 4  pe rcen t  of such a t t a c k s  (n=61) ,  

t h e  t e r r i t o r i a l  females exchanged a  r a p i d  s e r i e s  of two o r  

more b i t e s  t h a t  appeared t o  involve hard s t r i k e s  t o  t h e  

s i d e  of t h e  opponent, before  one o r  both withdrew. I n  t h e  

o t h e r  5 6  percen t  of such a t t a c k s ,  only a s i n g l e  b i t e  was 

observed.  Both females re turned  t o  t h e i r  redds wi th in  f i v e  

minutes i n  9 3  percent  of a l l  such encounters  observed 



F i g u r e  11. a .  One Female i n  H e r  N e s t  w h i l e  t h e  Other  Digs; 
b. F i r s t  Female Moves L e f t  t o  B i t e  t h e  Other ;  c .  
F i r s t  Female B i t e s  t h e  Other .  



( n = 6 1 ) ;  o t h e r s  may h a v e  r e t u r n e d  a f t e r  t h e  s a m p l e s  

c o n c l u d e d .  

9. F e m a l e  b e h a v i o r  j u s t  

b e f o r e  s p a w n i n g  d i d  n o t  i n d i c a t e  a p r e f e r e n c e  f o r  males o f  a 

p a r t i c u l a r  s i z e .  B a s e d  upon  n i n e  f o c a l  f e m a l e  s a m p l e s  w h e r e  

f e m a l e  b e h a v i o r  was r e c o r d e d  f o r  8 t o  20 m i n u t e s  b e f o r e  a 

s p a w n i n g ,  o n l y  o n e  a g g r e s s i v e  a c t  (a  p u s h )  w a s  e x h i b i t e d  b y  a 

f e m a l e  t o w a r d  a n y  male d u r i n g  t h e s e  o b s e r v a t i o n s .  A t  l e a s t  

t w o  males were p r e s e n t  i n  e a c h  o f  t h e s e  o b s e r v a t i o n s  a n d  

smal ler  males were i n  t h e  c o u r t i n g  g r o u p s  o f  7 o f  9 f e m a l e s .  

W i t h i n  e i g h t  m i n u t e s  o f  s p a w n i n g ,  f e m a l e  c h i n o o k  s a l m o n  

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

o c c a s i o n a l l y  d i g g i n g .  

The  t e s t i n g  p o s t u r e  w a s  i d e n t i c a l  t o  t h a t  u s e d  when 

s p a w n i n g ,  e x c e p t  t h a t  t h e  f e m a l e ' s  mouth  may o r  may n o t  

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

0 . 6 1  t e s t s  f 0 . 6 4  t e s t s  p e r  m i n u t e  ( n = 9 )  d u r i n g  t h e  e i g h t  

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

n o t  t e s t  a t  a l l  w i t h i n  e i g h t  m i n u t e s  o f  s p a w n i n g .  

D u r i n g  s i x  b e h a v i o r  s a m p l e s  o f  f e m a l e s  who b o t h  

t e s t e d  a n d  spawned  w h i l e  u n d e r  o b s e r v a t i o n ,  a t o t a l  o f  63 

t e s t s  were r e c o r d e d  p r i o r  t o  s p a w n i n g .  D u r i n g  14  o f  t h e s e  

t e s t s  ( 2 2  p e r c e n t ) ,  a l l  males p r e s e n t  r e s p o n d e d  b y  r u s h i n g  

i n t o  t h e  n e s t  a l o n g s i d e  t h e  female ( i . e .  moved p a r a l l e l ) .  

D u r i n g  1 0  f e m a l e  t e s t s  ( 1 6  p e r c e n t )  o n l y  t h e  p r i m a r y  male 



moved p a r a l l e l  t o  t h e  female,  whereas du r ing  t h r e e  o t h e r  

female t e s t s  ( 9  p e r c e n t )  on ly  a  s i n g l e  s a t e l l i t e  male moved 

p a r a l l e l  t o  t h e  female.  S a t e l l i t e  males were chased away 

by t h e  primary male du r ing  10 female t e s t s  ( 1 6  p e r c e n t ) ,  o r  

d i d  not  respond while t h e  primary male nudged o r  moved s i d e  

t o  s i d e  over  t h e  female du r ing  11 and 15 female t e s t s  (17 

and 24 p e r c e n t ) ,  r e s p e c t i v e l y .  

Of t h e  27 female t e s t s  i n  which one o r  more males 

moved i n t o  t h e  n e s t  and p a r a l l e l  t o  t h e  female,  t h e  males 

involved moved away from t h e  female immediately a f t e r  

moving p a r a l l e l ,  moved away a f t e r  remaining nex t  t o  t h e  

female f o r  two o r  more seconds,  o r  moved away a f t e r  one o r  

more males r e l e a s e d  m i l t  du r i ng  63, 1 8 . 5  and 1 8 . 5  pe r cen t  

of such t e s t s ,  r e s p e c t i v e l y .  The t e s t s  du r ing  which males 

r e l e a s e d  m i l t  were cons ide red  f a l s e  spawnings and each 

occur red  between 5  and 8  minutes p r i o r  t o  t h e  r e a l  

spawning. 

The d igg ing  behavior  females used t o  f i l l  t h e i r  

n e s t s  was c h a r a c t e r i s t i c  of a l l  observed spawnings and was 

used t o  d i s t i n g u i s h  an a c t u a l  spawning from premature  male 

r e l e a s e  of  gametes ( f a l s e  spawning, Table  2 ) .  F a l s e  

spawnings occur red  when one o r  more males moved a longs ide  a  

t e s t i n g  female and r e l e a s e d  m i l t ,  but  t h e  female d i d  no t  

begin  f i l l i n g  h e r  n e s t  a f t e r w a r d .  

A t  t h e  t ime  of spawning t h e  female moved i n t o  t h e  

n e s t  and he ld  a pos tu r e  i d e n t i c a l  t o  t e s t i n g ,  wi th  he r  t a i l  



on t h e  bo t tom,  h e r  body a r c h e d  e x t e n d i n g  h e r  a n a l  f i n  i n t o  

t h e  g r a v e l ,  and  h e r  mouth open ( F i g u r e  1 2 a ) .  The p r i m a r y  

male  immed ia t e ly  moved p a r a l l e l  t o  t h e  f ema le  and  i n t o  a  

s i m i l a r  p o s t u r e  ( F i g u r e  1 2 b ) ,  sometimes t i l t i n g  t o  t h e  s i d e  

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

S a t e l l i t e  males  ru shed  i n t o  t h e  n e s t  i n  some, b u t  n o t  a l l  

spawnings when such  males  were p r e s e n t  ( F i g u r e s  1 2 c  and  

1 2 d ) .  I n  3 o f  35 obse rved  spawnings t h e  f e m a l e  moved 

p a r a l l e l  t o  t h e  p r imary  male ,  a l r e a d y  i n  t h e  n e s t ,  and 

began spawning .  

Female d i g g i n g  r a t e  and  o r i e n t a t i o n  w i t h i n  t h e  n e s t  

d i f f e r e d  between p r e -  and pos t spawning .  P r i o r  t o  spawning,  

t h e  f ema le  c o n c e n t r a t e d  most o f  h e r  d i g g i n g  t h r o u g h  t h e  

d e e p e s t  p o r t i o n  o f  h e r  n e s t  and dug w i t h  h e r  body p a r a l l e l  

t o  s t r e a m  f l o w .  The l a s t  e x c a v a t i o n a l  d i g s  o c c u r r e d  a t  a  

r a t e  o f  0 . 5  d i g s  p e r  min f 0 . 2  d i g s  p e r  min ( n  = 8 )  d u r i n g  

t h e  f i v e  m i n u t e s  p r i o r  t o  spawning.  Once t h e  f ema le  

spawned, s h e  immedia te ly  began t o  f i l l  i n  h e r  n e s t .  She 

moved t o  t h e  ups t r eam edge  of  t h e  d e p r e s s i o n  t o  one s i d e  o f  

t h e  c e n t e r  a x i s ,  f a c e d  a t  a n  a n g l e  t o  t h e  c u r r e n t  and dug 

i n t o  t h e  upper  edge  o f  t h e  n e s t .  T h i s  was r e p e a t e d  a lmos t  

immed ia t e ly  on t h e  o p p o s i t e  s i d e  of  t h e  ups t r eam edge  o f  

t h e  n e s t  and  c o n t i n u e d  w i t h  t h e  f ema le  a l t e r n a t i n g  s i d e s  

u n t i l  t h e  eggs  were cove red  w i t h  g r a v e l .  

The d i g g i n g  r a t e  which f e m a l e s  u s e d  t o  c o v e r  t h e i r  

n e s t s  v a r i e d  f rom 4 t o  1 0  d i g s  ( e a c h  d i g  c o n s i s t e d  o f  a  



Figure 12. a. Female Tests in Her Nest while Primary Male 
Holds Downstream; b. Primary Male Moves Parallel 
to the Female in Her Nest; c. The Female and 
Primary Male Begin to Spawn while a Satellite 
Male Moves up from Downstream; d. The Satellite 
Male Moves Parallel to the Female and Begins to 
Spawn. 



ser ies  o f  f l e x u r e s )  p e r  m i n u t e  f o r  t h e  f i r s t  m i n u t e  a n d  

w i t h i n  s e v e r a l  m i n u t e s  t a p e r e d  o f f  t o  1 t o  3  d i g s  p e r  

m i n u t e .  The  a v e r a g e  d i g g i n g  ra tes  f o r  m i n u t e s  o n e  t h r o u g h  

f i v e  p o s t s p a w n i n g  w e r e :  5 . 6  + 1 . 8 ,  4 . 7  + 1 . 4 ,  3 . 1  + 0 . 9 ,  

2 . 7  + 1 . 3 ,  a n d  2 . 6  d i g s / m i n  + 0 . 8  d i g s / m i n  ( n  = 7 ) ,  

r e s p e c t i v e l y .  I n  c o n t r a s t ,  a n  a v e r a g e  d i g g i n g  r a t e  o f  0 . 5 1  

d i g s / m i n  -1 0 . 2 8  d i g s / m i n  ( n  = 2 2 )  w a s  c a l c u l a t e d  f o r  

f e m a l e s  d u r i n g  t h e i r  f i r s t  d a y  o n  t h e  r e d d  f r o m  b e h a v i o r  

s a m p l e s  i n  w h i c h  n o  s p a w n i n g  o c c u r r e d .  T h i s  was s i m i l a r  t o  

t h e  d i g g i n g  ra te  c a l c u l a t e d  f o r  f e m a l e s  i m m e d i a t e l y  p r i o r  

t o  s p a w n i n g .  

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

a t  7  h o u r s  49  m i n u t e s  a p a r t  f o r  o n e  f e m a l e  c h i n o o k  s a l m o n ,  

a n d  1 8  h o u r s  1 6  m i n u t e s  a p a r t  f o r  a n o t h e r .  I n  t h e  f i r s t  

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

i n d i c a t e d  t h a t  t h e  s p a w n i n g s  were c o n s e c u t i v e .  I n  t h e  

s e c o n d  case, t h e  s p a w n i n g s  were o n  s u c c e s s i v e  d a y s .  

P r e s u m a b l y ,  a n  u n o b s e r v e d  s p a w n i n g  o c c u r r e d  b e t w e e n  

o b s e r v e d  s p a w n i n g s  i n  t h e  s e c o n d  case. B a s e d  o n  t h e s e  d a t a  

it t o o k  a p p r o x i m a t e l y  n i n e  h o u r s  f o r  t h i s  s e c o n d  f e m a l e  t o  

p r e p a r e  s e c o n d  a n d  t h i r d  n e s t s ,  i f  e a c h  t o o k  a p p r o x i m a t e l y  

t h e  same t i m e  t o  c o n s t r u c t .  

B a s e d  upon  o b s e r v a t i o n s  o f  known s p a w n i n g s  a n d  o n  

r e c o r d s  o f  f e m a l e  " f i l l i n g  b e h a v i o r "  a n d  d i g g i n g  r a t e s ,  

t i m e  o f  s p a w n i n g  was e s t a b l i s h e d  f o r  1 8  s p a w n i n g s  i n  1984  



and  2 1  i n  1985 .  Spawning t i m e s  were a p p r o x i m a t e l y  e v e n l y  

d i s t r i b u t e d  t h r o u g h o u t  d a y l i g h t  h o u r s  ( T a b l e  8 ) .  

a v i o r .  Four  o f  36 t a g g e d  m a l e s  

i n  1985 ( a l l  o v e r  80 c m  FL) w e r e  o b s e r v e d  t o  g o  t h r o u g h  a 

s h o r t ,  1 t o  2  day ,  p r e r e p r o d u c t i v e  p h a s e .  T h i s  p h a s e  w a s  

c h a r a c t e r i z e d  b y  males e x h i b i t i n g  T - d i s p l a y s  t o w a r d  f e m a l e s  

and  o t h e r  males, b u t  no  c o u r t i n g  b e h a v i o r  t o w a r d  f e m a l e s .  

Dur ing  t h i s  p h a s e ,  p a i r s  o f  m a l e s  were o b s e r v e d  t o  go 

t h r o u g h  s e q u e n c e s  o f  d i s p l a y s  and  c h a r g e - b i t e s  t h a t  l a s t e d  

o v e r  a n  h o u r  ( T a b l e  2 ) .  These  s e q u e n c e s  were n o t  e x p r e s s e d  

i n  c o n j u n c t i o n  w i t h  a male  d e f e n d i n g  a  f e m a l e ,  a l t h o u g h  

s i m i l a r  b e h a v i o r s  were o b s e r v e d  be tween  r e p r o d u c t i v e  males. 

Male ch inook  salmon u s e d  a number o f  b e h a v i o r s  when 

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

b e h a v i o r s  f rom a  " h o l d i n g  p o s i t i o n "  l o c a t e d  a l m o s t  b e h i n d  

and  t o  o n e  s i d e  of  t h e  f e m a l e  ( F i g u r e  1 3 a ) .  

Nudging was t h e  s i m p l e s t  male c o u r t i n g  b e h a v i o r .  

From a  h o l d i n g  p o s i t i o n ,  t h e  male moved f o r w a r d  a n d  nudged 

t h e  f e m a l e  n e a r  h e r  a n a l  f i n  ( F i g u r e  1 3 b ) .  The nudge  a n d  

q u i v e r  was a n  e l a b o r a t i o n  o f  t h e  nudge c o n s i s t i n g  o f  t h e  

nudge f o l l o w e d  by  t h e  male e r e c t i n g  h i s  d o r s a l  f i n  and  

p r o d u c i n g  h i g h  f r e q u e n c y ,  low a m p l i t u d e ,  l a t e r a l  

u n d u l a t i o n s  w i t h  h i s  body w h i l e  r e m a i n i n g  a l o n g s i d e  t h e  

f e m a l e  ( F i g u r e  1 3 c ) ;  males a p p e a r e d  t o  v i b r a t e .  



5 9 
Table 8. Distribution of Spawnings by Hourly Intervals 

over Time (24 Hr Scale) for Spawnings Observed 
(37) and Inferred (2) from Female Behavior during 
1984 and 1985. 

Hour of Dav 

Year 8 .9 10 11 12 13 14 15 16 17 18 Total 



Figure 13. a. Primary Male Holds just Downstream and to One 
Side of the Female; b. Primary Male Moves up and 
Nudges the Female; c. Primary Male Quivers 
alongside the Female; d. Primary Male Moves 
Parallel to the Female. 



Courting males a l s o  moved up from t h e  holding 

p o s i t i o n  t o  a  p o s i t i o n  head-to-head and p a r a l l e l  with t h e  

female ( i . e .  move p a r a l l e l ,  F igure  1 3 d ) .  This  was a  r a p i d  

movement and was a l s o  used by males e n t e r i n g  t h e  nes t  t o  

spawn. One o r  more of t h e  males i n  a t t endance  moved 

p a r a l l e l  t o  t h e  female when she t e s t e d  dur ing  43 percen t  of 

t h e  63 female t e s t s  used i n  t h i s  a n a l y s i s  ( s e e  Female 

Behavior a t  Spawning). On two occasions  when females 

t emporar i ly  l e f t  t h e  n e s t ,  primary males who remained 

s t a t i o n a r y  touching t h e  bottom of t h e  nes t  were cour ted  

(move p a r a l l e l  and nudge) b r i e f l y  by a  s a t e l l i t e  male. 

Males used t h e  move s ide- to -s ide  behavior  (F igure  

14a)  when they  cour ted a  female and t o  p o s i t i o n  themselves 

between a  female and i n t r u d i n g  males.  Once a  s ide - to - s ide  

movement was completed, a  male could T-display t o  (F igure  

14b) o r  push (Figure  14c) o t h e r  males t h a t  had encroached 

on t h e  redd .  Males a l s o  defended females by b i t i n g  o r  

chasing-off  i n t r u d i n g  males (F igure  15a and 1 5 b ) .  Smaller  

males comprised 78 percent  of t h e  males (n=74) nudged, 

pushed, chased o r  b i t  by primary males.  

Reproductive males swam around over  spawning g r a v e l s  

u n t i l  t hey  l oca t ed  a  reproduc t ive  female approaching t h e  

t ime of spawning. Male behavior a t  t h i s  po in t  depended 

upon a  number of f a c t o r s :  1) t h e  response of t h e  female t o  

h i s  presence,  2 )  whether o t h e r  males were c o u r t i n g  t h e  



Figure 14. a. Primary Male Moves Side to Side over the Tail 
of the Testing Female while a Satellite Remains 
Downstream; b. Primary Male T-Displays to the 
Satellite Downstream; c. Primary Male Pushes the 
Satellite Male Downstream while Displaying. 





f e m a l e ,  a n d  3 )  t h e  r e l a t i v e  s i z e  o f  a n y  o t h e r  m a l e ( s )  

p r e s e n t .  

When a  m a l e  l o c a t e d  a  l o n e ,  r e p r o d u c t i v e  f e m a l e  o n  

h e r  n e s t ,  h i s  most  f r e q u e n t l y  o b s e r v e d  b e h a v i o r  was t o  

s i m p l y  move o n t o  t h e  r e d d  a n d  h o l d  p o s i t i o n  (102 o f  233 

e n c o u n t e r s ,  4 4  p e r c e n t ) .  I n  a b o u t  65 p e r c e n t  o f  t h e s e  

e n c o u n t e r s  (n=102)  m a l e s  l e f t  t h e  r e d d  w i t h o u t  e x h i b i t i n g  

a n o t h e r  b e h a v i o r ;  i n  a n o t h e r  22 p e r c e n t ,  m a l e s  a t t e m p t e d  t o  

c o u r t  t h e  f e m a l e  a f t e r  h o l d i n g  b r i e f l y  ( d a t a  f o r  1 3  p e r c e n t  

o f  t h e s e  102 e n c o u n t e r s  n o t  p r e s e n t e d ) .  M a l e s  c o u r t e d  

( n u d g e ,  nudge  a n d  q u i v e r ,  move p a r a l l e l  a n d  move s i d e  t o  

s i d e )  l o n e  f e m a l e s  a s  a  f i r s t  b e h a v i o r  i n  a b o u t  25  p e r c e n t  

o f  t h e  e n c o u n t e r s  a n d  swam t h r o u g h  t h e  r e d d  w i t h o u t  

s t o p p i n g  i n  a n o t h e r  25 p e r c e n t  ( n  = 2 3 3 ) .  M a l e s  a l s o  T- 

d i s p l a y e d  t o  ( 4  p e r c e n t ) ,  p u s h e d  (1 p e r c e n t )  o r  b i t  (1 

p e r c e n t )  l o n e  r e p r o d u c t i v e  f e m a l e s  a s  a  f i r s t  b e h a v i o r  ( n  = 

2 3 3 ) .  

When a  w a n d e r i n g  male  f i r s t  e n c o u n t e r e d  a  c o u r t i n g  

p a i r  ( n = 6 4 ) ,  h i s  i n i t i a l  b e h a v i o r  was t o  e i t h e r  move 

t h r o u g h  t h e  r e d d  a n d  away (22 p e r c e n t ) ,  move o n t o  t h e  r e d d  

a n d  h o l d  ( 4 8  p e r c e n t ) ,  c o u r t  t h e  f e m a l e  ( 1 9  p e r c e n t )  o r  T- 

d i s p l a y  j u s t  u p s t r e a m  o f  t h e  r e d d  (11 p e r c e n t  o f  s u c h  

e n c o u n t e r s ) .  Whether  t h e  f e m a l e  was a l o n e  o r  n o t ,  

i n i t i a l l y ,  new m a l e s  u s u a l l y  moved n e a r  a  f e m a l e  a n d  

r e a c t e d  t o  h e r  b e h a v i o r  r a t h e r  t h a n  d i r e c t i n g  a  b e h a v i o r  

t o w a r d  h e r .  



When a s s o c i a t e d  w i t h  f e m a l e s ,  males r e s p o n d e d  

d i f f e r e n t l y  t o  o t h e r  males o f  d i f f e r e n t  r e l a t i v e  s i z e  (x2 = 

1 2 9 . 9 8 4 ,  p  < 0 . 0 0 1 ,  8  d f ,  T a b l e  9 )  . Males s w a m  away o r  

d r i f t e d  d o w n s t r e a m  s i g n i f i c a n t l y  more  f r e q u e n t l y  when 

c o n f r o n t e d  b y  a l a r g e r  male, a n d  less f r e q u e n t l y  t h a n  

e x p e c t e d  when c o n f r o n t e d  b y  e q u a l  s i z e d  o r  smal le r  males 

( T a b l e  1 0 )  . 
Males T - d i s p l a y e d  s i g n i f i c a n t l y  more  f r e q u e n t l y  t h a n  

e x p e c t e d  when c o n f r o n t e d  b y  e q u a l  s i z e d  males a n d  less 

f r e q u e n t l y  when c o n f r o n t e d  b y  e i t h e r  smal ler  males o r  

l a r g e r  males ( T a b l e  1 0 ) .  Males n u d g e d  o r  p u s h e d  e q u a l  

s i z e d  o r  smal ler  males s i g n i f i c a n t l y  m o r e  f r e q u e n t l y  t h a n  

l a r g e r  males ( T a b l e  1 0 ) .  T h e r e  were s i g n i f i c a n t  

d i f f e r e n c e s  i n  t h e  r e l a t i v e  f r e q u e n c i e s  o f  c h a s e / b i t e  

r e s p o n s e s  i n  e v e r y  c o m p a r i s o n .  L a r g e r  males were a l w a y s  

c h a s e d  o r  b i t  less  f r e q u e n t l y  a n d  smal ler  males m o r e  

f r e q u e n t l y  t h a n  e x p e c t e d  ( T a b l e  1 0 )  . 

When more  t h a n  t w o  males l o c a t e d  a f e m a l e  p r i o r  t o  

s p a w n i n g  ( n = l l ) ,  t h e  males a p p e a r e d  t o  e s t a b l i s h  

h i e r a r c h i e s  w i t h  s a t e l l i t e  males a r r a n g e d  l i n e a r l y  ( F i g u r e  

1 6 a ) ,  i n  a c r e s c e n t  s h a p e  ( F i g u r e  1 6 b ) ,  o r  l i n e a r l y  w i t h  a 

p e r i p h e r a l  s a t e l l i t e  ( F i g u r e  1 6 c )  i n  5 ,  5  a n d  1 

o b s e r v a t i o n s  r e s p e c t i v e l y .  The  p r i m a r y  male a t t e m p t e d  t o  

d r i v e  o t h e r  males away f r o m  t h e  r e d d ,  w h i l e  s a t e l l i t e  males 

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

S a t e l l i t e  males d i r e c t e d  c o u r t i n g  b e h a v i o r  t o w a r d  t h e  
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Table 1 0 .  Chi-square Values for Two By Two Contingency Analyses Comparing Individual Male 
Behaviors Exhibited toward Males in Two Size Categories. Data Are from Table 8. 
Significant Differences (p < 0 .05 )  in Male Behavior toward Males in Different 
Size Categories Are Indicated by an Asterisk ( * ) .  Not Valid Indicates 
Inadequate Frequencies for Valid Comparison. 

Male Size 
Categories 
Compared 

Taaaed Male Behavior 

Swim Away or No Nudge or Chase or 
Drift Down Reaction T-Display Push Bite 

Smaller vs Equal Not Valid 0 .129  5 . 3 6 2 *  0.577 8.739"  

Equal vs Larger 58.565" 0 .039  3 .941*  7 .928"  9.134"  

Smaller vs Larger 78.959*  0 .001  0 .229  5 .725*  22  .207*  



Figure 1 6 .  a .  Linear Hierarchy of Males Downstream of a Female ( i n s i d e  Rectangle);  b. 
Crescent Shaped Hierarchy of Males ( i n s i d e  Polygon); c .  Location of a 
Peripheral  S a t e l l i t e  Male behind a Rock i n  Relat ion t o  t h e  Primary Male and 
Female. 



female when t h e  primary male was away from t h e  r edd .  In  

one case ,  when t h e  primary male was scared  o f f  by t h e  

observer ,  a  s a t e l l i t e  jack moved i n ,  cour ted  t h e  female f o r  

about two minutes, and then f e r t i l i z e d  a  l a r g e  spawning of 

eggs by h imse l f .  

Unlike females t h a t  s tayed  wi th in  a  l i m i t e d  

geographic a r e a  once they  became reproduc t ive ,  males tended 

t o  roam. In  1985, 2 7  tagged males were observed e x h i b i t i n g  

some reproduc t ive  behavior while wi th in  t h e  s tudy a r e a ;  of 

t h e s e  males, 1 7  were observed from t h e  onset  of c o u r t i n g  

behavior through dea th .  For t h e s e  1 7  males, reproduc t ive  

l i f e t i m e s  averaged 8 . 9  days f 2 . 7  days (n=17) .  Male fo rk  

leng th  was not  s i g n i f i c a n t l y  c o r r e l a t e d  with reproduc t ive  

l i f e t i m e  (r, = 0.181, 0.20 < p < 0.50)  . The average male 

l i f e t i m e  on t h e  spawning grounds, from i n i t i a t i o n  of t h e  

reproduc t ive  s t a g e  u n t i l  dea th ,  was 10 .2  days f 2 . 6  days 

(n=17) .  The smal l  sample s i z e  f o r  males precluded 

comparison of p o s s i b l e  d i f f e r e n c e s  i n  reproduc t ive  

l i f e t i m e s  between e a r l y  and l a t e  spawners. 

m l e  Behavior a t  Spawning. A s  spawning approached, 

male c o u r t s h i p  involved body contac t  with t h e  female us ing 

nudge, nudge and quiver ,  move p a r a l l e l  o r  move s i d e  t o  s i d e  

behaviors .  Courting males averaged 4 .2  cou r t i ng  behaviors  f 

2 . 4  c o u r t i n g  behaviors  pe r  min (n=8) d i r e c t e d  toward t h e  

female dur ing  t h e  e i g h t  minutes p r i o r  t o  spawning. A s  



spawning approached, a d d i t i o n a l  males were a t t r a c t e d  t o  t h e  

group.  Primary male agg re s s ive  behavior  t e m p o r a r i l y  r e p e l l e d  

s a t e l l i t e  males from t h e  v i c i n i t y  of t h e  n e s t .  

A t o t a l  of 35 und i s tu rbed  spawnings were observed 

du r ing  1984 and 1985. The number of males a s s o c i a t e d  wi th  

a  female a t  t h e  t ime of spawning v a r i e d  from 1 t o  7 ,  w i t h  

two-male spawnings observed on 18 occas ions  (Tab le  11). 

Twenty-nine of 35 spawnings involved more t han  one male.  

Primary males always spawned and t hey  e n t e r e d  t h e  n e s t  

f i r s t  (79 p e r c e n t )  o r  a t  t h e  same t ime ( 1 4  p e r c e n t )  a s  t h e  

f i r s t  s a t e l l i t e  i n  2 7  (93 p e r c e n t )  of t h e s e  29 spawnings 

(Table  11) . One o r  more s a t e l l i t e  m a l e ( s )  d i d  no t  spawn i n  

11 of 29 (38 p e r c e n t )  mult iple-male spawnings. I n  g e n e r a l ,  

t h e  more males p r e s e n t  t h e  l e s s  l i k e l y  a l l  were a b l e  t o  

spawn (Table  11) . 

I n  21 of 29 spawnings (72 p e r c e n t )  i nvo lv ing  more 

t h a n  one male, male o r d e r  of e n t r y  i n t o  t h e  n e s t  and 

p o s i t i o n  i n  r e l a t i o n  t o  t h e  female and pr imary male were 

r eco rded .  Lone s a t e l l i t e  males d i d  no t  e n t e r  t h e  n e s t  i n  

t h r e e  spawnings ( 1 4  p e r c e n t ,  n=21) . I n  two spawnings ( 9 . 5  

p e r c e n t )  t h e  primary male e n t e r e d  t h e  n e s t  a f t e r  t h e  f i r s t  

s a t e l l i t e  male ( i . e .  s a t e l l i t e  male c l o s e s t  t o  t h e  p a i r  

j u s t  p r i o r  t o  spawning) and on t h e  oppos i t e  s i d e  of  t h e  

female .  In  t h e  remaining 16 spawnings, t h e  f i r s t  s a t e l l i t e  

male e n t e r e d  t h e  n e s t  a f t e r  t h e  primary male and e i t h e r  

spawned a l o n g s i d e  t h e  female (12,  57 p e r c e n t ) ,  a l ongs ide  
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T a b l e  11. Number o f  Males I n v o l v e d  i n  C o u r t i n g  Groups and  
T h e i r  "Success"  i n  E n t e r i n g  t h e  N e s t  o f  a Female 
a t  t h e  T i m e  o f  Spawning. These  Da ta  Were Based 
on Und i s tu rbed  Chinook Salmon Spawnings Observed  
i n  Bogus Creek d u r i n g  1984 and  1985. Number o f  
Obs. R e f e r s  t o  t h e  Number o f  O b s e r v a t i o n s  F a l l i n g  
i n t o  a Ca tegory  (e. g . , Number o f  O b s e r v a t i o n s  i n  
which A l l  Males Spawned Was 24 o f  35). 

Pumber of Males i n  C o u r t i n g  Group 

Number 
o f  1 2 3 4 5 7 T o t a l  
Obs . F r e q .  

Frequency 
Observed : 

Proportion of 
Spawnings i n  which 
A l l  Males Spawned: 1.00 0.78 0.50 0.50 0.00 0.00 24 

Proportion of 
Spawnings Involving 
Two o r  More Males i n  
which t h e  Primary Male 
Entered N e s t  F i r s t :  - 0.83a 1.00 0.83b 0.50 0.00 2 3 

Proportion of 
Spawnings Involving 
Two o r  More Males i n  
which t h e  Primary Male 
Entered N e s t  a t  Same 
Time As S a t e l l i t e :  - 0.06 0 

Proportion of 
Spawnings Involving 
Two o r  More Males i n  
which The Primary Male 
Entered N e s t  Second: - 0.11 0.00 0.00 0.00 0.00 2 

a Two spawning r e c o r d s  were u n c l e a r  r e g a r d i n g  r a n k  o r d e r  
of e n t r y  i n t o  n e s t ,  t h e r e f o r e  it was assumed t h a t  t h e  
p r i m a r y  male  e n t e r e d  f i rs t  s i n c e  it was n o t  r e c o r d e d  
o t h e r w i s e .  

One spawning r e c o r d  was u n c l e a r  r e g a r d i n g  r a n k  o r d e r  of  
e n t r y  i n t o  n e s t ,  t h e r e f o r e  it was assumed t h a t  t h e  p r i m a r y  
male  e n t e r e d  f i rs t  s i n c e  it was n o t  r e c o r d e d  o t h e r w i s e .  



t h e  p r i m a r y  m a l e  ( 2 ,  9 . 5  p e r c e n t )  o r  i n  b e t w e e n  t h e  f e m a l e  

a n d  p r i m a r y  m a l e  ( 2 ,  9 . 5  p e r c e n t )  . 

T e r t i a r y  a n d  q u a t e r n a r y  spawning  m a l e s  moved i n  

b e t w e e n  t h e  f e m a l e  a n d  p r i m a r y  m a l e  upon e n t e r i n g  t h e  n e s t  

i n  3  o f  11 s p a w n i n g s  i n v o l v i n g  more t h a n  two  m a l e s .  T h i s  

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

p r o x i m i t y  t o  a n y  u n f e r t i l i z e d  e g g s  l e f t  i n  t h e  n e s t  when 

t h e y  r e l e a s e d  t h e i r  m i l t .  

I n  a l l  o b s e r v e d  s p a w n i n g s ,  p r i m a r y  m a l e s  were a t  

l e a s t  a s  l a r g e  ( 4 3  p e r c e n t )  o r  l a r g e r  t h a n  t h e  f e m a l e s  w i t h  

whom t h e y  spawned (n=35,  T a b l e  1 2 ) .  I n  t h r e e  c a s e s ,  

p r i m a r y  m a l e s ,  a f t e r  t h e y  h a d  r e l e a s e d  m i l t ,  a t t e m p t e d  t o  

d r i v e  o n e  o r  more s a t e l l i t e  m a l e s  f rom t h e  n e s t .  A l l  o f  

t h e s e  s a t e l l i t e  m a l e s  were s u c c e s s f u l  i n  e n t e r i n g  t h e  n e s t  

a n d  none were d r i v e n  away b e f o r e  t h e y  h a d  t i m e  t o  r e l e a s e  

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

n e s t  f o r  a b o u t  o n e  m i n u t e  p o s t s p a w n i n g ,  w h i l e  t h e  f e m a l e  

b e g a n  c o v e r i n g  h e r  e g g s .  

I n  1 0  s p a w n i n g  o b s e r v a t i o n s  where  m a l e  b e h a v i o r  was 

n o t e d  f o r  a t  l e a s t  1 0  m i n u t e s  p o s t s p a w n i n g ,  p r i m a r y  m a l e s  

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

o f  t h e s e  c a s e s .  A l l  s a t e l l i t e  m a l e s  t h a t  a p p e a r e d  t o  spawn 

r e m a i n e d  w i t h  t h e  f e m a l e  a s  s h e  f i l l e d  h e r  n e s t ,  e v e n  a f t e r  

t h e  p r i m a r y  m a l e  l e f t .  

Male-male c o m p e t i t i o n  f o r  a c c e s s  t o  r e p r o d u c t i v e  

f e m a l e s  i n c r e a s e d  i n  t h e  l a t t e r  h a l f  o f  b o t h  1984 a n d  1 9 8 5  



T a b l e  1 2 .  R e l a t i v e  S i z e  o f  P r i m a r y  Males As Compared t o  F e m a l e s  o f  Known o r  E s t i m a t e d  
S i z e  I n v o l v e d  i n  Spawnings  O b s e r v e d  on Bogus C r e e k  d u r i n g  1 9 8 4  a n d  1985 .  The 
Number o f  O b s e r v a t i o n s  I n v o l v i n g  F i s h  of  Known S i z e  A r e  I n d i c a t e d  b e l o w  Female 
S i z e  Known, Male S i z e  Known, o r  B o t h  Know. O t h e r w i s e  F i s h  S i z e  Was V i s u a l l y  
E s t i m a t e d .  

Female Size Rela t ive  Size  of Primarv Male Female Size  Male Size  Both 

Year I n t e r v a l  ( c m )  S m a l l e r  E q u a l  L a r g e r  Known Known Known 

1 9 8 5  60 .0  - c69 .9  0 1 2 

7 0 . 0  - c79.9  0 3 3 

80.0 - c89.9  0 2 3 

No Size  Recorded 0 0 2 

T o t a l  0 1 5  20  9 4 2 



s p a w n i n g  s e a s o n s  b a s e d  upon t h e  number o f  males a s s o c i a t e d  

w i t h  a female j u s t  p r i o r  t o  s p a w n i n g .  However,  t h e  

d i f f e r e n c e  i n  t h e  number o f  males a s s o c i a t e d  w i t h  

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

e a c h  s e a s o n  w a s  o n l y  s i g n i f i c a n t  d u r i n g  1984  (1984  - U 8,11 

= 7 5 . 5 ,  p  < 0 . 0 1 ;  1 9 8 5  - U 6,10 = 40,  0 . 2 0  < p < 0 . 5 0 ) .  I n  

1 9 8 4 ,  a n  a v e r a g e  o f  1 . 9  males f 1.1 males ( n = l l )  w e r e  

a s s o c i a t e d  w i t h  f e m a l e s  o b s e r v e d  t o  spawn p r i o r  t o  1 0  

O c t o b e r  ( t h e  m i d - p o i n t  o f  t h e  s p a w n i n g  r u n ) ;  a f t e r  t h a t  

d a t e  a n  a v e r a g e  o f  4 . 0  males f 1 . 6  males ( n = 8 )  were 

a s s o c i a t e d  w i t h  f e m a l e s  o b s e r v e d  t o  s p a w n .  I n  1 9 8 5 ,  a n  

a v e r a g e  o f  2 . 0  males f 1.1 males ( n = 6 )  w e r e  a s s o c i a t e d  w i t h  

females t h a t  spawned  p r i o r  t o  8 O c t o b e r ;  a f t e r  t h a t  d a t e ,  

a n  a v e r a g e  o f  2 . 4  m a l e s  f 0 . 7  males ( n = 1 0 )  w e r e  a s s o c i a t e d  

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

S u c c e s s  o f  I n d l v l d u a l  Males 0 8 . I n  1 9 8 5 ,  t a g g e d  males 

l a r g e r  t h a n  8 0  c m  were o b s e r v e d  i n  p r i m a r y  s t a t u s  

p r o p o r t i o n a l l y  more  o f t e n  t h a n  t h o s e  smaller  t h a n  8 0  cm, 

w h e r e a s  t h e  r e v e r s e  w a s  t r u e  f o r  s a t e l l i t e  s t a t u s  ( F i g u r e  

1 7 ) .  F o r  males i n  e x c e s s  o f  8 0  c m  f o r k  l e n g t h ,  a n  a v e r a g e  o f  

4 4  p e r c e n t  f 1 9  p e r c e n t  o f  o b s e r v a t i o n s  w e r e  o f  p r i m a r y  

s t a t u s ,  w h e r e a s  f o r  males less t h a n  8 0  c m  f o r k  l e n g t h  a n  

a v e r a g e  8 p e r c e n t  f 9 p e r c e n t  o f  o b s e r v a t i o n s  w e r e  o f  p r i m a r y  

s t a t u s .  P r o p o r t i o n s  o f  o b s e r v a t i o n s  i n  w h i c h  males were i n  a 

s u b o r d i n a t e  s t a t u s  a v e r a g e d  27 p e r c e n t  f 11 p e r c e n t  f o r  males 



Days 
Reprod- 4.0 13.0 

Tag 
Number 043 099 

Primary 
a Satellite 
m w/Female 

Alone 

Fork Length (cm) 

F i g u r e  17.  The P r o p o r t i o n  o f  O b s e r v a t i o n s  i n  which Each Tagged Male Was a  P r imary ,  a 
S a t e l l i t e ,  wi th  a  Female ( N o n - c o u r t i n g ) ,  and  ~ o l d i n g  Alone o r  Wandering 
Arranged i n  Order of  ~ n c r e a s i n g  Male Fork  Length .  Tag Number and Number o f  
Days Reproduc t ive  A r e  P r e s e n t e d  f o r  Each Male (1985  D a t a ) .  4 

wl 



l ess  t h a n  80 c m ,  whereas  m a l e s  l a r g e r  t h a n  80  c m  were r a r e l y  

o b s e r v e d  i n  a  s u b o r d i n a t e  s t a t u s  ( a v e r a g e  9  p e r c e n t  f 1 0  

p e r c e n t )  . 

I n  1984,  male  number 2 and  male number 3  became 

r e p r o d u c t i v e  e a r l y  i n  t h e  s e a s o n  a n d  were o b s e r v e d  t o  

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

and  t h r e e  spawn ings  w i t h  two  d i f f e r e n t  f e m a l e s ,  

r e s p e c t i v e l y  ( T a b l e  1 3 ) .  Fou r  spawn ings  were t h e  most  

o b s e r v e d  f o r  a s i n g l e  male d u r i n g  e i t h e r  y e a r .  S i m i l a r l y ,  

i n  1985 ,  t a g g e d  male  059 became r e p r o d u c t i v e  e a r l y  i n  t h e  

s e a s o n  a n d  d u r i n g  h i s  10 d a y  r e p r o d u c t i v e  l i f e t i m e  male  059 

was o b s e r v e d  t o  spawn o n e  t i m e  e a c h  w i t h  t h r e e  d i f f e r e n t  

f e m a l e s  ( T a b l e  1 3 ) .  Male 059 was i n  p r i m a r y  ma le  s t a t u s  

d u r i n g  64 p e r c e n t  o f  h i s  o b s e r v a t i o n s  ( F i g u r e  1 7 ) .  Male 

059 i n t e r a c t e d  w i t h  two o t h e r  l a r g e r  t h a n  a v e r a g e - s i z e d  

t a g g e d  males; b o t h  035 and  063 were s u b o r d i n a t e  t o  him and  

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

Male 063 had  t h e  l o n g e s t  r e p r o d u c t i v e  l i f e t i m e  o f  

a n y  t a g g e d  male  i n  t h e  s t u d y  a r e a ,  1 5 . 5  d a y s  ( F i g u r e  1 7 )  . 

H e  was a p r i m a r y  male i n  34 p e r c e n t  o f  h i s  o b s e r v a t i o n s  

( F i g u r e  1 7 ) ,  b u t  was n e v e r  o b s e r v e d  t o  spawn.  

Male 035 was a s a t e l l i t e  t o  059 on two  o c c a s i o n s  

when n o  spawning  was o b s e r v e d ,  a n d  t o  a n  84 c m  t a g g e d  m a l e  

on  a n o t h e r  o c c a s i o n .  Males  059 and  035 s w a m  i n  t h e  same 

a r e a  o f  spawn ing  g r a v e l .  Male 035 was o n l y  o b s e r v e d  i n  

p r i m a r y  s t a t u s  a f t e r  059 began  t o  l o o s e  s t r e n g t h  a b o u t  two  



7 7  
T a b l e  1 3 .  Number o f  Spawnings Observed,  Spawning Da te ,  

Days Reproduc t ive ,  Fo rk  Length  (FL) i n  c m ,  a n d  
H i e r a r c h y  S t a t u s  p r i o r  t o  Spawning o f  
R e c o g n i s a b l e  Male Chinook Salmon d u r i n g  1984 a n d  
1985.  T o t a l  Number o f  Males  a n d  Fo rk  Length  o f  
t h e  Female I n v o l v e d  i n  Each Spawning A r e  
I n c l u d e d .  Non-Tagged Males  A r e  S i g n i f i e d  by One 
D i g i t  Numbers and  Tagged Males  by T h r e e  D i g i t  
Numbers. Days Reprod.  Is t h e  Number of  Days 
a f t e r  t h e  S t a r t  o f  C o u r t i n g  f o r  t h e  Male Tha t  
t h e  Spawning Took P l a c e .  E s t i m a t e d  L e n g t h s  A r e  
I n d i c a t e d  by 11 - l1  . P r i  Deno te s  P r imary  Male 
S t a t u s  a t  t h e  T i m e  o f  Spawning; S a t  Deno te s  
S a t e l l i t e  S t a t u s .  

spawning Days Male Total of 
Male # Date Reprbctive FL Status Males Involved Ferrrale FL 

2 8  Sep. 

2 Oct. 

2 Oct. 

2 Oct. 

2 Oct. 

2 Oct. 

2 Oct. 

3 Oct. 

3 0  Sep. 

4 Oct. 

4 Oct. 

1 0  Oct. 

4 Oct. 

1 0  o c t .  

1 2  oc t .  

1 9  Oct. 

1 3  Oct. 

1 7  Oct. 

1 8  Oct. 

P r i  

S a t  

Sat 

Sat 

P r i  

P r i  

P r i  

P r i  

P r i  

P r i  

P r i  

P r i  

S a t  

S a t  

P r i  

P r i  

P r i  

sat 
P r i  



days be fo re  dea th .  Male 035 was a  primary male dur ing  h i s  

one observed spawning (Table 1 3 ) ,  which occurred t h e  day 

male 059 d i ed .  

Male 2 7 2 ,  t h e  l a r g e s t  tagged male observed ( 9 4  cm) , 

became reproduc t ive  dur ing t h e  peak of spawning, 10 October 

1985. He was never observed i n  s a t e l l i t e  s t a t u s ,  had t h e  

h ighes t  p ropo r t i on  of observa t ions  i n  primary s t a t u s  of any 

tagged male (75 percen t ,  F igure  1 7 ) ,  and was observed t o  

spawn a s  a  primary on two occasions  (Table 1 3 ) .  

Male 295 a l s o  became reproduc t ive  dur ing  t h e  peak of 

spawning ( 1 2  October)  and was t h e  only tagged male observed 

t o  loose  primary s t a t u s  j u s t  be fo re  spawning and spawn a s  a  

s a t e l l i t e  (Table 1 3 ) .  The new primary male was 

approximately t h e  same s i z e  a s  male 295, and took over 

without any aggress ive  behavior two minutes be fo re  spawning 

occu r r ed .  Nonetheless,  male 295 was of primary s t a t u s  i n  

about 37 percen t  of h i s  observa t ions  (F igure  1 7 )  and 

spawned a s  such i n  h i s  o t h e r  observed spawning (Table 1 3 ) .  

Two tagged males were observed t o  spawn a s  

s a t e l l i t e s :  males 020 and 099 (Table 1 3 ) .  Each of t h e s e  

males en t e r ed  t h e  nes t  a t  spawning a f t e r  t h e  primary male 

(020 was t h e  second s a t e l l i t e  male t o  e n t e r  t h e  n e s t )  and 

each moved i n  between t h e  primary male and t h e  female from 

a  downstream p o s i t i o n .  

Although t h e  mean es t imated  number of spawnings was 

h igher  f o r  tagged males l a r g e r  than  80 cm ( 7 . 1  spawnings k 



4 . 1  s p a w n i n g s ,  n=10)  t h a n  f o r  t h o s e  less  t h a n  80  c m  ( 4 . 1  

s p a w n i n g s  f 3 . 1  s p a w n i n g s ,  n = 7 ) ,  t h e  d i f f e r e n c e  w a s  n o t  

s i g n i f i c a n t  (U 7,10 = 50,  0 . 1 0  < p  < 0 . 2 0 ,  T a b l e  1 4 )  . The 

e s t i m a t e d  number o f  s p a w n i n g s  f o r  a s i n g l e  male r a n g e d  f r o m  

1 t o  1 2 .  Males i n  p r e d o m i n a n t l y  s a t e l l i t e  s t a t u s  were 

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

t h r e e  d i f f e r e n t  p r i m a r y  males spawned  a n  e s t i m a t e d  12  t i m e s  

e a c h  ( T a b l e  1 4 ) .  A l t h o u g h  male 063  w a s  n o t  o b s e r v e d  a s  a 

p r i m a r y  p r o p o r t i o n a l l y  a s  o f t e n  a s  males 059  o r  272 ,  h e  

was, n o n e t h e l e s s ,  e s t i m a t e d  t o  spawn t h e  same number  o f  

t i m e s  a s  t h e  l a t e r  t w o  males ( F i g u r e  1 7 ,  T a b l e  1 4 ) .  The 

number  o f  e s t i m a t e d  s p a w n i n g s  f o r  males 0 6 3  a n d  0 9 9  c a n  i n  

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

g r o u n d s  ( F i g u r e  1 7 ,  T a b l e  1 4 )  . 

Male r e p r o d u c t i v e  b e h a v i o r  o f t e n  l a s t e d  u n t i l  males 

were a l m o s t  d e a d .  S i x  o f  1 7  ( 3 5  p e r c e n t )  t a g g e d  males ( a l l  

o v e r  8 0  c m )  were o b s e r v e d  c o u r t i n g  f e m a l e s  t o  w i t h i n  o n e  

d a y  o f  d e a t h ,  a n d  a n o t h e r  29  p e r c e n t  c o u r t e d  f e m a l e s  t o  

w i t h i n  t w o  d a y s  o f  d e a t h .  A l l  males e v e n t u a l l y  weakened  

a n d  s t a r t e d  moving  s l o w l y  d o w n s t r e a m  b o t h  p a s s i v e l y  a n d  

a c t i v e l y .  

A f t e r  s p a w n i n g ,  mos t  f e m a l e  c h i n o o k  s a l m o n  a c t i v e l y  

d e f e n d e d  t h e i r  r e d d s  ( " t e r r i t o r i a l "  b e h a v i o r )  u n t i l  t h e y  

were c l o s e  t o  d e a t h .  I n  1984  a n d  1 9 8 5 ,  29  o f  3 8  f e m a l e s  
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Table 1 4 .  Observed and  E s t i m a t e d  Number o f  Spawnings 

(Spw.) P e r  Tagged Male Chinook Salmon d u r i n g  
1985. Male # Is t h e  Male's Tag Number. A l l  
Lengths  Measured a s  Fork Length  (FL) i n  c m .  P r i  
Denotes  Pr imary  Male S t a t u s  a t  t h e  T i m e  of 
Spawning and  S a t  Denotes  S a t e l l i t e  S t a t u s .  
P r i / S a t  Denotes  a Male That  ( P r o b a b l y )  Spawned 
as a Pr imary  and  a S a t e l l i t e  i n  S e p a r a t e  
Spawnings, b u t  Was More Of ten  P r i m a r y .  The 
Reve r se  Is True f o r  S a t / P r i .  

Male # Male F'L Status Obs. Spw. Est . Spw . Total 
spw . 

P r i  

P r i / S a t  

P r i / S a t  

P r i / S a t  

P r i  

P r i  

P ri 

P r i  

P r i / S a t  

P r i / S a t  

Sa t  

S a t  

S a t  

S a t / P r i  

S a t  / P r i  

S a t / P r i  

S a t  



( 7 6  p e r c e n t )  a n d  3 8  o f  46  f e m a l e s  ( 8 3  p e r c e n t ) ,  

r e s p e c t i v e l y ,  w e r e  o b s e r v e d  b e h a v i o r a l l y  p r o t e c t i n g  t h e i r  

r e d d s  b y  c h a s i n g  o r  b i t i n g  i n t r u d i n g  f i s h .  T w e l v e  o f  2 9  

( 4 1  p e r c e n t )  a n d  1 3  o f  3 8  ( 3 4  p e r c e n t )  o f  t h e  t e r r i t o r i a l  

f e m a l e s ,  i n  1984  a n d  1 9 8 5  r e s p e c t i v e l y ,  a c t i v e l y  d e f e n d e d  

t h e i r  r e d d s  t o  w i t h i n  o n e  d a y  o f  d e a t h .  The  a v e r a g e  number  

o f  d a y s  t e r r i t o r i a l  ( s t a r t  o f  r e d d  e x c a v a t i o n  t o  l a s t  

o b s e r v e d  r e d d  d e f e n c e )  f o r  t h e s e  f e m a l e s  w a s  6 . 4  d a y s  k 2 . 2  

d a y s  ( n = 2 9 )  a n d  7 . 3  d a y s  f 2 . 6  d a y s  ( n = 3 8 )  f o r  1984  a n d  

1 9 8 5  r e s p e c t i v e l y .  

N i n e  o f  3 8  ( 2 4  p e r c e n t )  a n d  8  o f  46  ( 1 7  p e r c e n t )  

female c h i n o o k  o b s e r v e d  t h r o u g h o u t  t h e i r  t i m e  o n  t h e  

s p a w n i n g  g r o u n d  i n  1984 a n d  1 9 8 5 ,  r e s p e c t i v e l y ,  were n e v e r  

o b s e r v e d  t o  e x h i b i t  t e r r i t o r i a l  b e h a v i o r .  D e s p i t e  s u c h  

l a c k  o f  o v e r t  t e r r i t o r i a l  b e h a v i o r ,  o t h e r  f e m a l e s  d i d  n o t  

r e - e x c a v a t e  t h e i r  r e d d s  w h i l e  t h e s e  f e m a l e s  o c c u p i e d  t h e m .  

T h u s ,  t h e  p r e s e n c e  o f  a f e m a l e  k e p t  o t h e r  f e m a l e s  f r o m  re- 

e x c a v a t i n g  a r e d d ,  e v e n  when t e r r i t o r i a l  b e h a v i o r  w a s  n o t  

e x p r e s s e d .  M o r e o v e r ,  s i n c e  f e m a l e  f o r k  l e n g t h  was n o t  

c o r r e l a t e d  w i t h  number  o f  d a y s  o n  t h e  r e d d  i n  1984  ( r s  = 

0 . 2 6 0 ,  n = 2 8 )  o r  i n  1 9 8 5  ( rS = 0 . 1 6 9 ,  n = 4 1 ) ,  f e m a l e  s i z e  d i d  

n o t  a f f e c t  h e r  a b i l i t y  t o  p r o t e c t  h e r  r e d d .  

A f t e r  s t a r t i n g  a r e d d  a f e m a l e  r e m a i n e d  w i t h i n  t h e  

n e s t ,  j u s t  b e l o w  t h e  t a i l i n g s  o r  i n  a n e a r b y  p o o l  u n t i l  s h e  

was n o  l o n g e r  ab le  t o  resis t  t h e  c u r r e n t .  I n  1984  a n d  

1985,  f e m a l e s  s p e n t  a n  a v e r a g e  o f  7 . 6  d a y s  k 2 . 3  d a y s  



( n = 3 8 )  a n d  8 . 8  d a y s  f 2 . 5  d a y s  ( n = 4 6 ) ,  r e s p e c t i v e l y ,  o n  

t h e i r  r e d d s  b e f o r e  d e a t h .  Measu remen t  e r r o r s  i n  t h e  r a w  

d a t a  u s e d  t o  c a l c u l a t e  t h e s e  a v e r a g e s  were less  t h a n  o n e  

d a y  i n  1 9 8 4  a n d  less t h a n  0 . 5  d a y  i n  1 9 8 5 .  

C a r c a s s  R e c o v e r i e s  

I n  1 9 8 4 ,  v e r y  f e w  (13) j a c k  carcasses were r e c o v e r e d  

r e l a t i v e  t o  a d u l t  males ( 1 2 4 )  o r  f e m a l e s  ( 4 0 9 1 ,  a n d  t h e  

p e a k  r e c o v e r y  o f  j a c k  carcasses came j u s t  a f t e r  t h o s e  o f  

a d u l t  males a n d  f e m a l e s  ( F i g u r e  1 8 a ) .  I n  1 9 8 5 ,  t h e r e  w a s  a 

d i s t i n c t  d i f f e r e n c e  i n  t h e  r e c o v e r y  d a t e s  o f  j a c k  carcasses 

a n d  t h o s e  o f  a d u l t  males a n d  f e m a l e s ;  j a c k  carcasses were 

r e c o v e r e d  l a t e r  i n  t h e  s e a s o n  t h a n  e i t h e r  a d u l t  males o r  

females ( F i g u r e  1 8 b ) .  

I n  1 9 8 5 ,  when t h e  t a g g i n g  w e i r  r e t a i n e d  a l l  d e a d  a n d  

m o r b i d  s p a w n e r s ,  t h e  j a c k  t o  a d u l t  m a l e  carcass r a t i o  f o r  

t h e  s t u d y  area w a s  1 : 1 . 9 3  ( 1 3 0 : 2 5 1 ) ,  w h e r e a s  t h e  j a c k  t o  

a d u l t  male r a t i o  among l i v e  f i s h  p a s s i n g  t h e  c o u n t i n g  w e i r  

w a s  1 : 1 . 0 7  ( 1 1 3 2 : 1 2 1 4 ) .  T h e s e  f r e q u e n c i e s  were 

s i g n i f i c a n t l y  d i f f e r e n t  (x2 = 2 5 . 7 6 3 ,  p 5 0 . 0 0 1 ,  1 d . f  . )  

i n d i c a t i n g  t h a t  j a c k s  moved a b o v e  t h e  c o u n t i n g  w e i r  i n  a 

g r e a t e r  p r o p o r t i o n  t h a n  a d u l t  males. 

T h e r e  w a s  a s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  number  o f  

j a c k ,  a d u l t  m a l e  a n d  f e m a l e  carcasses r e c o v e r e d  o n  t h e  

t a g g i n g  w e i r  as  c o m p a r e d  t o  u p s t r e a m  i n  t h e  s t u d y  area i n  

1 9 8 5  (x2 = 2 7 . 4 6 3 ,  p  < 0 . 0 0 1 ,  2  d . f . ;  T a b l e  1 5 ) .  





Table 15. Frequencies of Jack, Adult Male and Adult Female 
Carcasses Recovered on the Tagging Weir and 
Those Recovered Upstream in the Study Area, and 
Frequencies of Jack, Adult Male and Adult Female 
Carcasses Recovered Spent or as Prespawning 
Mortalities on the Tagging Weir or within the 
Bogus Creek Study Area from October 3 through 
October 28, 1985. 

Jack Adult Male Adult Female Total 

Upstream 20 110 305 435 

Prespawning 9 39 50 98 
Mortality 

Spent 52 1 7 1  421 644 

Total 6 1 210 471 742 



Approximately 67 percent of jack carcasses, 48 percent of 

adult male carcasses and 35 percent of female carcasses 

were recovered on the weir. Pair-wise comparisons showed 

significant differences between weir recovery rates of each 

group: Jack vs Adult Male - x 2 =  6.507, 0.01 < p < 0.02, 1 

d.f. ; Jack vs Female - x2 = 21.895, p < 0.001, 1 d. f.; Adult 

Male vs Female - x2 = 14.686, p < 0.001, 1 d.f. 

Carcass surveys in 1985 also revealed a significant 

difference in the relative frequencies of spent and 

prespawning mortalities among jack, adult male and adult 

female carcasses (x2 = 8.158, p < 0.025, 2 d.f . ,  Table 15). 

Prespawning mortality was 14.8, 18.6 and 10.6 for jacks, 

adult males, and adult females, respectively (Table 15) . 

Pair-wise comparisons showed that adult males suffered a 

significantly higher prespawning mortality rate than 

females (x2 = 7.406, p < 0.01, 1 d.f . ) ,  but that jacks had 

an intermediate rate, not significantly different from 

adult males (x2 = 0.247, 0.50 < p < 0.70, 1 d. f.) or females 

(x2 = 0.565, 0.30 < p < 0.50, 1 d.f.). 



DISCUSSION 

v l o r  on t h e  S~a-a Grounds  

The b e h a v i o r  of  ch inook salmon on t h e  spawning 

g rounds  o f  Bogus Creek was s i m i l a r  t o  t h a t  o f  most o t h e r  

s t r e a m  d w e l l i n g  sa lmon ids  ( A t l a n t i c  salmon - B e l d i n g  1934; 

brown t r o u t  - Green ley  1932, J o n e s  and  B a l l  1954; chum 

salmon - Tau tz  and  Groot  1975,  S c h r o d e r  1981a and  1981b; 

coho  salmon - B r i g g s  1953, Shapovalov  and  T a f t  1954; p i n k  

salmon - S h e r i d a n  1960; ra inbow t r o u t  - G r e e n l e y  1932, 

Shapovalov  and  T a f t  1954,  Tau tz  and  Groot  1975; sockeye  

salmon - S c h u l t z  1937, Math isen  1962,  Hanson a n d  Smith 

1 9 6 7 ) .  No p r e v i o u s l y  undocumented b e h a v i o r s  were e x h i b i t e d  

by ch inook salmon on Bogus Creek .  

Chinook salmon spawning b e h a v i o r  d a t a  c o l l e c t e d  a t  

Bogus Creek  s u g g e s t e d  t h a t  male  s i z e  ( l e n g t h )  may have  been  

u s e d  by f e m a l e s  t o  a s s e s s  p o t e n t i a l  m a t e s  and  by m a l e s  t o  

a s s e s s  p o t e n t i a l  r i v a l s  d u r i n g  i n t e r a c t i o n s  on t h e  spawning 

g rounds .  Fu r the rmore ,  s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  

b e h a v i o r  o f  r e p r o d u c t i v e  f ema le  and male  ch inook  salmon 

t o w a r d  males o f  d i f f e r e n t  r e l a t i v e  s i z e  were i n t e r p r e t e d  t o  

r e f l e c t  f ema le  and  male a s s e s s m e n t s  of  t h e s e  m a l e s  a s  

p o t e n t i a l  mates and  r i v a l s ,  r e s p e c t i v e l y  . 

During  n e s t  c o n s t r u c t i o n ,  t h e  b e h a v i o r  o f  

r e p r o d u c t i v e  f ema le  ch inook  salmon i n d i c a t e d  a p r e f e r e n c e  

86 



f o r  e q u a l  s i z e d  and l a r g e r  males  a s  ma tes .  R e p r o d u c t i v e  

f ema le  ch inook salmon were more a g g r e s s i v e  toward  s m a l l e r  

males  and  less a g g r e s s i v e  toward  e q u a l  s i z e d  and  l a r g e r  

ma les .  Moreover,  t h e s e  f e m a l e s  e x p r e s s e d  more c o u r t i n g  

b e h a v i o r s  t oward  e q u a l  s i z e d  and l a r g e r  males ,  and less 

toward  s m a l l e r  males  (see Tab le  6 ) .  

Spawning b e h a v i o r  s t u d i e s  o f  o t h e r  s a lmon id  s p e c i e s  

a l s o  have s u g g e s t e d  a f ema le  p r e f e r e n c e  f o r  l a r g e r  ma les  a s  

mates  (Hanson and  Smith 1967, Schrode r  1981a, 1981b, 

Semenchenko 1987)  . Schrode r  (1981a, 1981b) o b s e r v e d  t h a t  

f ema le  chum salmon p r e s e n t e d  w i t h  on ly  " s m a l l "  ma les  s lowed 

t h e i r  n e s t  c o n s t r u c t i o n  compared t o  when t h e y  were o n l y  

c o u r t e d  by l a r g e r  ma les .  S i m i l a r l y ,  Semenchenko (1987)  

n o t e d  t h a t  t h e  d u r a t i o n  of  f ema le  sockeye  salmon spawning 

was e x t e n d e d  when on ly  " sma l l "  males  were p r e s e n t .  

Sch rode r  (1981a)  su rmised  t h a t  by s l o w i n g  n e s t  c o n s t r u c t i o n  

when o n l y  s m a l l  males  were p r e s e n t  a f ema le  chum salmon 

i n c r e a s e d  h e r  chances  o f  b e i n g  found by a l a r g e r  male p r i o r  

t o  spawning, and  i n  t h i s  way a t t e m p t e d  t o  " s e l e c t "  a mate .  

Dur ing  o b s e r v a t i o n s  of  10 male and 10 f e m a l e  sockeye  

salmon p l a c e d  i n  a pen,  Hanson and Smith (1967)  found t h a t  

f e m a l e s  a t t a c k e d  s m a l l  males  more f r e q u e n t l y  t h a n  l a r g e  

ma les .  However, Sch rode r  (1981a)  obse rved  no d i f f e r e n c e  i n  

t h e  f r e q u e n c y  o f  female  chum salmon a g g r e s s i o n  toward  males  

o f  d i f f e r e n t  r e l a t i v e  s i z e  when o n l y  one male was p a i r e d  

w i t h  e a c h  female  (n=7)  . 



Although r e p r o d u c t i v e  f ema le  ch inook salmon a p p e a r e d  

t o  b e h a v i o r a l l y  "choose" ma te s  b a s e d  upon male  s i z e  when 

a l l  f ema le  i n t e r a c t i o n s  w i t h  males  e n c o u n t e r e d  d u r i n g  

o b s e r v a t i o n s  were c o n s i d e r e d ,  when o n l y  t h e  f i r s t  

i n t e r a c t i o n  between l o n e  r e p r o d u c t i v e  f e m a l e s  and  new ma les  

was a n a l y z e d ,  t h e s e  f e m a l e s  responded  a g g r e s s i v e l y  t o w a r d  

new ma les  i n  4 1  p e r c e n t  o f  s u c h  e n c o u n t e r s  ( n = 2 0 0 ) ,  

r e g a r d l e s s  o f  t h e  r e l a t i v e  s i z e  o f  t h e  ma le .  I t  was n o t  

d e t e r m i n e d  whe the r  t h i s  a g g r e s s i o n  r e s u l t e d  f rom t h e  

i n a b i l i t y  o f  t h e  f ema le  t o  immed ia t e ly  d i s t i n g u i s h  g e n d e r  

of t h e  new f i s h ,  whether  t h e  a g g r e s s i o n  was u s e d  by f e m a l e s  

a s  a " t e s t "  f o r  new ma les ,  o r  whether  t h e r e  was some o t h e r  

r e a s o n  t o  be a g g r e s s i v e ,  b u t  t h i s  a s p e c t  o f  b e h a v i o r  

w a r r a n t s  f u r t h e r  s t u d y .  

Moreover,  j u s t  p r i o r  t o  spawning f ema le  ch inook 

salmon were n o t  a g g r e s s i v e  toward  ma le s  of  any s i z e .  T h i s  

s t a t e m e n t  is  b a s e d  upon n i n e  f o c a l - f e m a l e  s amples  i n  which 

t h e  f e m a l e s  spawned a f t e r  b e i n g  c o u r t e d  by e q u a l  s i z e d  o r  

l a r g e r  p r i m a r y  males  w i t h  one o r  more s a t e l l i t e  ma le s  i n  

e a c h  c o u r t i n g  g roup .  Although t h e  l a c k  o f  a g g r e s s i o n  

toward  any male  j u s t  p r i o r  t o  spawning may have  i n d i c a t e d  a 

l a c k  o f  p r e f e r e n c e  a t  t h i s  p o i n t  i n  t h e  spawning sequence ,  

mate  s e l e c t i o n  by t h e s e  f e m a l e s  may have  o c c u r r e d  p r i o r  t o  

o b s e r v a t i o n .  Tha t  is ,  f e m a l e s  may have  been  a g g r e s s i v e  

toward  s m a l l e r  ma le s  w h i l e  t h e y  d e l a y e d  spawning l o n g  

enough t o  a t t r a c t  an e q u a l  s i z e d  o r  l a r g e r  male  (see 



Schroder  1981a, re female b e h a v i o r s  a t t r a c t i v e  t o  male chum 

salmon) . However, one o b s e r v a t i o n  i n d i c a t e d  t h a t  female 

chinook salmon, indeed,  were n o t  o r  c o u l d  n o t  be  s e l e c t i v e  

of  t h e i r  mates immediately p r i o r  t o  spawning. I n  t h i s  

i n s t a n c e  t h e  obse rve r  s c a r e d  o f f  t h e  pr imary  male.  A 

s a t e l l i t e  male of about  45 cm FL remained n e a r  an 

approximate ly  80 cm female,  c o u r t e d  h e r  f o r  two minutes  

t h e n  spawned w i t h  h e r  a s  t h e  on ly  male.  

Observed d i f f e r e n c e s  i n  male chinook salmon behav io r  

toward  o t h e r  males of  d i f f e r e n t  r e l a t i v e  s i z e  appeared  t o  

s i g n i f y  t h a t  s i z e  ( l e n g t h )  was used by males t o  a s s e s s  

r i v a l s .  I n  g e n e r a l ,  male e n c o u n t e r s  wi th  l a r g e r  and s m a l l e r  

males i n  a spawning group r e s u l t e d  i n  submiss ive  and 

a g g r e s s i v e  responses ,  r e s p e c t i v e l y ,  whereas e n c o u n t e r s  w i t h  

e q u a l  s i z e d  males e l i c i t e d  a more v a r i e d  response  (Tab les  9 

and 1 0 ) .  Males most o f t e n  responded by swimming o r  

d r i f t i n g  downstream away from e n c o u n t e r s  w i t h  l a r g e r  males 

(65  p e r c e n t  of such e n c o u n t e r s ) ,  whereas t h e y  most o f t e n  

chased o r  b i t  s m a l l e r  males encoun te red  (45 p e r c e n t  of such 

e n c o u n t e r s ,  Table  9 ) .  Behav io ra l  r e sponses  t o  e n c o u n t e r s  

w i t h  e q u a l  s i z e d  males c o n s i s t e d  p r i m a r i l y  of T-d i sp lays  

(27 p e r c e n t ) ,  nudges o r  pushes  (28 p e r c e n t )  and c h a s e s  o r  

b i t e s  (26 p e r c e n t  of such encoun te r s ,  Table  9 ) .  

If male dominance was s ize-dependent ,  a s  appeared  t o  

be t h e  c a s e  w i t h  chinook salmon on Bogus Creek, t h e n  

dominance s h o u l d  have been r a p i d l y  e s t a b l i s h e d  between 



d i s s i m i l a r  s i z e d  m a l e s .  However, when two ma le s  were 

a p p r o x i m a t e l y  e q u a l  s i z e d ,  dominance was p r o b a b l y  n o t  

immed ia t e ly  o b v i o u s  t o  e i t h e r  male  and h a d  t o  be d e t e r m i n e d  

b e h a v i o r a l l y .  T - d i s p l a y s  were more o f t e n  e x h i b i t e d  t o w a r d  

e q u a l  s i z e d  ma le s  (27  p e r c e n t  o f  e n c o u n t e r s )  t h a n  t o w a r d  

e i ther  s m a l l e r  ( 1 4  p e r c e n t )  o r  l a r g e r  m a l e s  (11 p e r c e n t ) .  

The l a t e r a l  body view w i t h  d o r s a l  f i n  e x t e n d e d  p r e s e n t e d  by 

t h e  T - d i s p l a y i n g  male e x h i b i t e d  h i s  s i z e  t o  best e f fec t .  

I n  t h i s  way t h e  d i s p l a y i n g  male  may have  t r i e d  t o  

i n t i m i d a t e  h i s  opponen t .  

P r o l o n g e d  series o f  T - d i s p l a y s ,  o c c a s i o n a l l y  

f o l l o w e d  by e s c a l a t i o n  t o  f i g h t i n g ,  were o n l y  o b s e r v e d  

be tween  a p p r o x i m a t e l y  e q u a l  s i z e d  male  ch inook  salmon.  

S c h r o d e r  (1981a)  a l s o  found  t h a t  d i s p l a y s  f o l l o w e d  by 

" r i t u a l i z e d  f i g h t i n g "  o n l y  o c c u r r e d  be tween  e q u a l  s i z e d  

chum salmon m a l e s .  Moreover,  S c h r o d e r  (1981a)  s t a t e d  t h a t  

s u c h  d i s p l a y s  f rom s m a l l e r  ma le s  were e i ther  i g n o r e d  o r  

r e s p o n d e d  t o  a g g r e s s i v e l y  by  r e s i d e n t  m a l e s .  S c h r o d e r  

(1981a )  a l l o w e d  s i n g l e  p a i r s  o f  male  and  f e m a l e  chum salmon 

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

i n d i v i d u a l  e n c l o s u r e s ,  and  t h e n  added  m a l e s  o f  d i f f e r e n t  

s i z e  t o  see how w e l l  and  how l o n g  r e s i d e n t  m a l e s  were a b l e  

t o  d e f e n d  f e m a l e s .  

A l though  d i s p l a y  b e h a v i o r  a p p e a r e d  t o  be a  non- 

comba t ive  means of  e s t a b l i s h i n g  dominance,  d i s p l a y s  a l o n e  

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



However, f i g h t i n g  would u s e  energy  t h a t  might  o t h e r w i s e  b e  

used  t o  s e a r c h  f o r ,  c o u r t  and spawn w i t h  f ema les ,  s o  

e s c a l a t i o n  t o  p h y s i c a l  "combat" s h o u l d  b e  a v o i d e d  if 

p o s s i b l e  (Semenchenko 1986, 1 9 8 7 ) .  P ro longed  combat among 

spawning male ch inook salmon was unusua l  i n  Bogus Creek .  

Pr imary  s t a t u s  was obse rved  t o  change w i t h o u t  

f i g h t i n g ,  even  when t h e  i n t r u d i n g  male was a p p r o x i m a t e l y  

t h e  same s i z e  a s  t h e  p r imary  (see, e . g .  t a g g e d  male 295, 

S u c c e s s  o f  I n d i v i d u a l  M a l e s ) .  The e a s e  o f  t a k e o v e r  i n  t h e  

c a s e  of t a g g e d  male 295 may have r e s u l t e d  from dominance 

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

s u b o r d i n a t e  r e l a t i o n s h i p s  among t a g g e d  male ch inook salmon, 

once  e s t a b l i s h e d ,  appea red  t o  b e  m a i n t a i n e d  t h r o u g h o u t  most 

o r  a l l  of t h e  r e p r o d u c t i v e  l i f e  of t h e  p r i m a r y  male ( e . g .  

t a g g e d  ma les  059 and 035, and  059 and 063, S u c c e s s  of 

I n d i v i d u a l  M a l e s ) .  Sch rode r  (1981a)  o b s e r v e d  t h a t  r e s i d e n t  

male  chum salmon were a b l e  t o  s u c c e s s f u l l y  d e f e n d  f e m a l e s  

from new males  90 p e r c e n t  of  t h e i r  s i z e  ( w e i g h t )  f o r  70 t o  

90 p e r c e n t  o f  t h e i r  r e p r o d u c t i v e  l i f e .  

E s t a b l i s h m e n t  o f  s u s t a i n e d  dominance may have  

r educed  some o f  t h e  spawning d i s r u p t i o n s  c a u s e d  by 

c o m p e t i t i o n  among ma les .  D i s r u p t i o n s  c a u s e d  by male 

c o m p e t i t i o n  a t  h i g h  male t o  female  r a t i o s  ( g r e a t e r  t h a n  3  

ma les  p e r  f ema le )  were i m p l i c a t e d  i n  f ema le  gamete 

r e t e n t i o n  i n  spawning e x p e r i m e n t s  i n v o l v i n g  p i n k  salmon 



(Chebanov 1 9 8 6 ) ,  and by i n c r e a s e d  t i m e  t o  c o m p l e t i o n  of a l l  

n e s t s  among chum salmon f e m a l e s  ( S c h r o d e r  1 9 8 1 a ) .  

ateaies f o r  R e ~ r o d u c t i v e  S u c c e s s  

P S t r a t e a l e s  

The re  a r e  a t  l e a s t  t h r e e  d i f f e r e n t  means whereby a  

male  ch inook salmon might  enhance  i t s  s u c c e s s f u l  a c c e s s  t o  

r e p r o d u c t i v e  f e m a l e s  on t h e  spawning g r o u n d s .  F i r s t ,  a  

male  migh t  d i f f e r  s u f f i c i e n t l y  f rom t h e  a v e r a g e  of  t h e  male  

p o p u l a t i o n  i n  r u n  t i m i n g  o r  i n  t i m i n g  o f  gonad r i p e n e s s  s o  

t h a t  c o m p e t i t i o n  from o t h e r  ma le s  might  b e  r e d u c e d .  

Second, a  male  might  adop t  s p e c i f i c  b e h a v i o r a l  s t r a t e g i e s  

o f  i n t e r a c t i o n  w i t h  o t h e r  ma le s  o r  w i t h  f e m a l e s  t h a t  might  

enhance  i t s  m a t i n g  s u c c e s s .  T h i r d ,  a  male  migh t  have  

i n c r e a s e d  l o n g e v i t y  on t h e  spawning g rounds ,  when compared 

t o  t h e  a v e r a g e  l o n g e v i t y  o f  o t h e r  ma le s  a n d  f e m a l e s ,  

p o s s i b l y  a l l o w i n g  him t o  f i n d  more spawning g r o u p s  w i t h  

which h e  c o u l d  s u c c e s s f u l l y  spawn. T h i s  s t u d y  p r o v i d e d  

e v i d e n c e  t h a t  a l l  t h e s e  means a r e  a d o p t e d  by male  ch inook 

salmon on Bogus Creek .  

. # , . n Tlmlng o r  T m n a  - o f  R e  r o d u c t i v e  Maturity. 

J a c k s ,  a s  a  g roup ,  e n t e r e d  Bogus Creek l a t e r  t h a n  a d u l t  ma le s  

i n  b o t h  1984 and  1985, and t h e y  a l s o  a p p e a r e d  t o  become 

r e p r o d u c t i v e l y  ma tu re  p r i m a r i l y  n e a r  t h e  end  o f  e a c h  spawning 



s e a s o n .  The p r o p o r t i o n  o f  j a c k s  p a s s i n g  t h e  F i s h  and  Game 

w e i r  was much h i g h e r  t h a n  f o r  a d u l t  m a l e s  and ,  s i n c e  most 

f i s h  r e m a i n i n g  below t h e  w e i r  spawned soon  a f t e r  c r e e k  e n t r y ,  

it seems r e a s o n a b l e  t o  c o n c l u d e  t h a t  j a c k s  e n t e r e d  Bogus 

Creek  less r i p e  t h a n  a d u l t  m a l e s .  S i m i l a r  r e l a t i v e  r u n  

t i m i n g  h a s  a l s o  been  o b s e r v e d  f o r  Klamath R i v e r  f a l l  c h i n o o k  

salmon e n t e r i n g  I r o n  Ga te  Ha tche ry  (Hiser 1 9 8 7 ) ,  and  f o r  

Kamchatka R i v e r ,  U.S.S.R., summer r u n  ch inook  salmon 

(Vronsk iy  1 9 7 2 ) .  R e l a t i v e  r u n  t i m i n g  o f  a d u l t s  a n d  j a c k s  

a p p e a r s  t o  be s t o c k - s p e c i f i c ,  however,  a n d  i n  o t h e r  s t o c k s  

e n t r y  of  j a c k s  o f t e n  p r e c e d e s  e n t r y  o f  a d u l t  m a l e s  ( e . g .  E l k  

a n d  S i x e s  R i v e r s ,  Oregon - Downey e t  a l .  1986,  1987; F e a t h e r  

R i v e r ,  C a l i f o r n i a  - S c h l i c h t i n g  1987; E e l  R i v e r ,  C a l i f o r n i a  - 

M i l l i g a n  1987; S c o t t  R i v e r ,  C a l i f o r n i a  - J. Hanson, p e r s .  

comm.) a n d  i n  some c a s e s  t h e r e  i s  no o b v i o u s  d i f f e r e n c e  i n  

r u n  t i m i n g  o f  j a c k s  a n d  a d u l t s  ( f a l l  c h i n o o k  sa lmon r e t u r n i n g  

t o  Mad R i v e r  Ha tche ry  - B a r n g r o v e r  1987; s p r i n g  and  f a l l  

c h i n o o k  salmon r e t u r n i n g  t o  T r i n i t y  R i v e r  H a t c h e r y  - Bedell  

1987;  S h a s t a  R i v e r ,  C a l i f o r n i a  - J.  Hanson, p e r s .  comm.). 

Delayed  r e p r o d u c t i v e  m a t u r a t i o n  o f  j a c k s  i n  Bogus 

Creek  may have  a l l o w e d  j a c k s  t o  min imize  d i r e c t  c o m p e t i t i o n  

w i t h  l a r g e  numbers o f  l a r g e r  m a l e s .  One consequence  o f  

s u c h  l a t e  m a t u r a t i o n  of  j a c k s  a s  compared t o  a d u l t  m a l e s ,  

however ,  was t h a t  fewer f e m a l e s  were p r e s e n t  f o r  p o t e n t i a l  

spawning  a n d  t h e  a v e r a g e  s i z e  o f  t h e s e  f e m a l e s  was s m a l l e r  



t h a n  t h a t  of  f ema les  p r e s e n t  e a r l i e r  i n  t h e  spawning 

s e a s o n .  

Adu l t  male  ch inook salmon e n t e r e d  Bogus Creek  and  

became r e p r o d u c t i v e  a t  approx ima te ly  t h e  same t i m e  a s  

f e m a l e s .  T h i s  s t r a t e g y  i n s u r e d  t h a t  a d u l t  ma les ,  

p a r t i c u l a r l y  t h e  l a r g e s t  males ,  were p r e s e n t  d u r i n g  t h e  

p e r i o d  when t h e  p o t e n t i a l  f o r  o b t a i n i n g  f e r t i l i z a t i o n s  was 

a t  a  maximum b a s e d  on f ema le  numbers. 

F e h a v i o r a l  S t r a t e a i e s .  Two s t r a t e g i e s  were employed 

by male ch inook salmon on Bogus Creek i n  a t t e m p t i n g  t o  g a i n  

f e r t i l i z a t i o n s  d u r i n g  spawning: f i g h t i n g  and  s n e a k i n g .  

However, t h e  d i s t i n c t i o n  between t h e  two t a c t i c s  among male 

ch inook salmon was n o t  a s  c l e a r  a s  t h a t  o b s e r v e d  f o r  coho 

salmon (Gross  1985)  o r  p i n k  salmon ( K e e n l e y s i d e  and  Dupuis 

1 9 8 8 ) .  T rue  s n e a k e r s ,  "males  t h a t  u sed  ' r e f u g e s '  t o  e s c a p e  

a g g r e s s i o n  from l a r g e r  males  w h i l e  r ema in ing  c l o s e  t o  t h e  

n e s t  s i te"  (Gross  1 9 8 5 ) ,  were n o t  commonly o b s e r v e d  among 

chinook salmon spawning g r o u p s .  O f  t h e  29 o b s e r v e d  spawnings 

i n v o l v i n g  more t h a n  one male,  on ly  one i n v o l v e d  a  j ack  i n  a 

t r u e  s n e a k e r  p o s i t i o n  ( i . e .  l a t e r a l  t o  t h e  f ema le  i n  wa te r  

t o o  s h a l l o w  f o r  t h e  p r imary  m a l e ) ,  and t h a t  j ack  missed t h e  

spawning. 

More o f t e n ,  s u b o r d i n a t e  male ch inook salmon t o o k  

p o s i t i o n  i n  an a p p a r e n t l y  l i n e a r  h i e r a r c h y  o r  a  c r e s c e n t  

shaped  g roup  downstream of  t h e  f ema le  and  p r imary  male .  



Some o f  t h e s e  ma le s  o c c a s i o n a l l y  had  r o c k s  o r ,  more o f t e n ,  

t h e  t a i l i n g s  o f  t h e  redd between t h e m s e l v e s  a n d  t h e  p r i m a r y  

male ,  b u t  t h e y  seldom remained  s t a t i o n a r y  b e h i n d  c o v e r  

u n t i l  spawning a s  d i d  " s n e a k e r "  coho  salmon (see Gross  

1 9 8 5 ) .  I n s t e a d ,  t h e y  c o n s t a n t l y  t r i ed  t o  s h o r t e n  t h e  

d i s t a n c e  be tween  t h e m s e l v e s  and  t h e  n e s t ,  w h i l e  t h e  p r i m a r y  

male  a t t e m p t e d  t o  d r i v e  them f a r t h e r  away. 

At t h e  t i m e  o f  spawning,  s a t e l l i t e  male  ch inook  

salmon r u s h e d  i n t o  t h e  n e s t  and  a t t e m p t e d  t o  " s t e a l "  

f e r t i l i z a t i o n s  a s  h a s  been  d e s c r i b e d  f o r  o t h e r  s a l m o n i d s  

(Hanson a n d  Smi th  1967, S c h r o d e r  1981a,  1981b, Chebanov e t  

a l .  1984, Gros s  1985, K e e n l e y s i d e  and  Dupuis  1 9 8 8 ) .  F o r  

male  ch inook  salmon,  p r o x i m i t y  t o  t h e  f e m a l e  was b a s e d  upon 

dominance and  was r e f l e c t e d  i n  o r d e r  o f  e n t r y  i n t o  t h e  n e s t  

a t  spawning .  L a t e r  e n t e r i n g  s a t e l l i t e  males p re sumab ly  

f e r t i l i z e d  f e w e r  eggs  t h a n  t h e  l a r g e r ,  p r i m a r y  ma le s  which 

u s u a l l y  e n t e r e d  t h e  n e s t  f i r s t  a t  spawning .  S c h r o d e r  

(1981a)  e l e c t r o p h o r e t i c a l l y  d e t e r m i n e d  t h a t  e a c h  chum 

salmon s a t e l l i t e  male  f e r t i l i z e d  a n  a v e r a g e  o f  

a p p r o x i m a t e l y  2 5  p e r c e n t  ( r a n g e  0-46 p e r c e n t ,  n=10)  o f  t h e  

e g g s  d e p o s i t e d  by a  f e m a l e  when compe t ing  w i t h  a  l a r g e  

male;  when two s a t e l l i t e s  were p r e s e n t  t h e y  f e r t i l i z e d  30 

and 17  p e r c e n t  o f  t h e  e g g s  r e s p e c t i v e l y .  I n  a  s i m i l a r  

s t u d y  i n v o l v i n g  sockeye  salmon,  two s a t e l l i t e  m a l e s  i n  

c o m p e t i t i o n  w i t h  a p r i m a r y  male f e r t i l i z e d  a p p r o x i m a t e l y  8  

a n d  2 p e r c e n t  o f  t h e  e g g s  d e p o s i t e d  by a  f e m a l e  (Chebanov 



e t  a l .  1984)  . Schroder  (1981a)  conc luded  t h a t  ". . . t h e  

c l o s e r  and  more a t t u n e d  a male was t o  t h e  f ema le  t h e  more 

e g g s  h e  was a b l e  t o  f e r t i l i z e . "  

The t a c t i c  o f  moving between t h e  p r i m a r y  male and  

f ema le  a s  t h e y  spawned was r e l a t i v e l y  common among 

s a t e l l i t e  male chinook salmon, e s p e c i a l l y  among t h e  t h i r d  

o r  f o u r t h  males  t o  e n t e r  t h e  n e s t  d u r i n g  spawning.  P r imary  

male ch inook salmon g e n e r a l l y  e n t e r e d  t h e  n e s t  f i r s t  o r  a t  

t h e  same t i m e  a s  t h e  f i r s t  s a t e l l i t e ,  s o  t h e y  were l i k e l y  

t o  r e l e a s e  m i l t  b e f o r e  o r  a t  t h e  same t i m e  a s  t h e  f i r s t  

s a t e l l i t e .  By moving between t h e  f ema le  and  p r i m a r y  male 

upon e n t e r i n g  a n e s t ,  a s a t e l l i t e  would b e  c l o s e  t o  any 

u n f e r t i l i z e d  e g g s  and c o u l d  p o s s i b l y  d i s r u p t  t h e  p r i m a r y  

male b e f o r e  h e  comple ted  spawning (see a l s o  Schrode r  

1 9 8 1 a ) .  T h i s  may have been t h e  o n l y  way a male  e n t e r i n g  

t h e  n e s t  f o u r t h  among males  a t  spawning c o u l d  o b t a i n  any 

f e r t i l i z a t i o n s .  

La rge  male chinook salmon were more d i r e c t  i n  t h e i r  

s t r a t e g y  t o  a t t a i n  f e r t i l i z a t i o n s .  They a t t e m p t e d  t o  g a i n  

p r i m a r y  s t a t u s  w i t h  r e p r o d u c t i v e  f ema les  t h r o u g h  d i s p l a y i n g  

( i n t i m i d a t i o n )  , o r  a g g r e s s i o n  ( b i t e s ,  c h a s e s ,  c h a r g e - b i t e s )  

t oward  any o t h e r  males  p r e s e n t .  L a r g e r  t h a n  a v e r a g e  male 

ch inook salmon were more s u c c e s s f u l  t h a n  s m a l l e r  males  i n  

a t t a i n i n g  p r i m a r y  s t a t u s  w i t h  f e m a l e s  ( F i g u r e  1 7 ) .   his 

a p p e a r e d  t o  b e  t r u e  f o r  l a r g e  males  o f  o t h e r  s a lmon id  

s p e c i e s  a s  w e l l  (chum salmon - Chebanov 1979, S c h r o d e r  



1981a; p i n k  salmon - Chebanov 1980, 1982; sockeye  salmon - 

Hanson and Smith 1967)  . 
Pr imary  chinook salmon males  n o t  o n l y  e n t e r e d  t h e  

n e s t  b e f o r e  s a t e l l i t e  males  a t  spawning, b u t  t h e y  a l s o  were 

o b s e r v e d  t o  l e a v e  t h e  n e s t  s o o n e r  t h a n  s a t e l l i t e s  a f t e r  

spawning,  o f t e n  w i t h i n  a  c o u p l e  of minu te s .  K e e n l e y s i d e  

and Dupuis  (1988)  found t h a t  p r i m a r y  male p i n k  salmon 

showed t h e  same tendency  t o  l e a v e  soon a f t e r  spawning,  

whereas  s a t e l l i t e  males  remained l o n g e r ,  sometimes t h r o u g h  

a  second spawning. Once a  chinook salmon fema le  spawned, 

o b s e r v a t i o n s  i n d i c a t e d  t h a t  s h e  would n o t  spawn a g a i n  u n t i l  

h e r  eggs  were cove red  and a  new n e s t  was e x c a v a t e d .  

I f  female  chinook salmon r e q u i r e d  7  t o  9  h o u r s  t o  

comple t e  a  n e s t  ( s e e  Female Behavior  a t  Spawning) ,  t h e n  

l a r g e  p r i m a r y  males ,  by l e a v i n g  soon a f t e r  spawning,  

p r o b a b l y  improved t h e i r  chances  of  spawning a g a i n  i n  a  

s h o r t  p e r i o d  of t ime ,  because  t h e i r  s i z e  a p p a r e n t l y  a l lowed  

them t o  q u i c k l y  and e a s i l y  a t t a i n  p r imary  s t a t u s  w i t h  

a n o t h e r  f ema le  (see a l s o ,  Chebanov 1979, 1980, 1982) . 
S m a l l e r  t h a n  ave rage  s i z e d  male ch inook salmon a p p e a r e d  

less l i k e l y  t o  e a s i l y  f i n d  a n o t h e r  f ema le  n e a r  spawning i n  

whose c o u r t i n g  group t h e y  c o u l d  e s t a b l i s h  t h e m s e l v e s  

( F i g u r e  17 ,  see a l s o ,  Chebanov 1979, 1980, 1982)  . 
Moreover, t h e r e  appeared  t o  b e  a  s l i g h t  t r e n d  toward  

i n c r e a s i n g  e x c l u s i o n  from spawning of  t h e  lowes t  s a t e l l i t e  

i n  t h e  h i e r a r c h y  w i t h  i n c r e a s i n g  s a t e l l i t e  number ( T a b l e  



11). F o r  t h e s e  r e a s o n s ,  it may have  been  a d v a n t a g e o u s  f o r  

an  e s t a b l i s h e d ,  s m a l l e r  male  ch inook salmon t o  remain  w i t h  

a  s i n g l e  f ema le  t h r o u g h  a l l  h e r  spawnings .  

J I o n a e v i t y  on The The l i m i t e d  

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

d e t e r m i n a t i o n  o f  any p o s s i b l e  r e l a t i o n s h i p  be tween  t h e  s i z e  

o f  ch inook  salmon ma les  and  t h e i r  r e p r o d u c t i v e  l o n g e v i t y  on 

t h e  spawning g rounds .  A l l  o t h e r  f a c t o r s  b e i n g  e q u a l ,  

however,  ma le s  t h a t  l i v e d  l o n g e r  on t h e  spawning g rounds  

s h o u l d  have  improved t h e i r  c h a n c e s  o f  f e r t i l i z i n g  e g g s  by 

v i r t u e  of  t h e i r  r ema in ing  r e p r o d u c t i v e  a s  new f e m a l e s  become 

r e p r o d u c t i v e ,  and  by o u t l i v i n g  t h e i r  c o m p e t i t o r s .  

The e f f e c t  of  l o n g e v i t y  on improving  c h a n c e s  f o r  

f e r t i l i z a t i o n s  was i l l u s t r a t e d  by t h e  l i f e  h i s t o r i e s  of  

t a g g e d  m a l e s  059 and 063 on t h e  spawning g r o u n d s .  Both 

were 8 7  cm and  became r e p r o d u c t i v e  a t  t h e  same t i m e  d u r i n g  

t h e  spawning p e r i o d .  Male 059 was i n  p r i m a r y  s t a t u s  d u r i n g  

64 p e r c e n t  o f  h i s  o b s e r v a t i o n s  a s  compared t o  34 p e r c e n t  

f o r  male  063. However, by v i r t u e  o f  h i s  l o n g e r  

r e p r o d u c t i v e  l i f e  (15 .5  d a y s )  a s  compared t o  male  059 ( 9 . 5  

d a y s ) ,  male  063 was e s t i m a t e d  t o  spawn a s  a  p r i m a r y  t h e  

same number of  times a s  male  059 (12 times, T a b l e  1 4 ) .  

Thus,  male  063 was able t o  w a i t  l o n g e r  f o r  spawning 

o p p o r t u n i t i e s  t h a n  male  059. Longev i ty  on t h e  spawning 

g r o u n d s  was a l s o  a  f a c t o r  i n  t h e  e q u a l  number o f  e s t i m a t e d  



spawnings f o r  tagged males 099 and 380 even though male 380 

was observed a s  a  primary o r  s a t e l l i t e  i n  a  h igher  

p ropor t ion  of observa t ions  than  male 099 ( s e e  Table 1 4  and 

Figure  1 7 ) .  

l e  S t r a t e a i e s  

A l l  female chinook salmon search ing  f o r  redd s i t e s  

i n  Bogus Creek appeared t o  adopt a  s t r a t e g y  of s e l e c t i n g  an 

accep tab le ,  unoccupied a r ea  of spawning grave l  from what 

was a v a i l a b l e  when and where they were ready t o  spawn. No 

d a t a  were c o l l e c t e d  on t h e  " q u a l i t y "  of redd s i t e s  s e l e c t e d  

by l a r g e  and small  females, o r  by e a r l y  and l a t e  spawners. 

Redd l o c a t i o n  and f r e d l e  index d a t a  c o l l e c t e d  by Neilson 

and Banford (1983) on a  s tock  of chinook salmon spawning i n  

t h e  Nechako River,  B r i t i s h  Colombia, i n d i c a t e d  t h a t  t h e  

f i r s t  females on t h e  spawning grounds s e l e c t e d  r e l a t i v e l y  

deeper,  s lower water spawning s i t e s  with high f r e d l e  

i n d i c e s .  These au thors  concluded t h a t  e a r l y  spawners 

s e l e c t e d  t h e  "bes t "  redd s i t e s  because h igher  f r e d l e  

i n d i c e s  probably ind i ca t ed  a g r e a t e r  p r o b a b i l i t y  of a l e v i n  

s u r v i v a l  t o  emergence, and deeper water reduced t h e  

p r o b a b i l i t y  of des i cca t ion  o r  i c e  scour .  

A l l  female chinook salmon on Bogus Creek 

cons t ruc t ed  and defended a  s i n g l e  redd.  The chinook salmon 

females observed by Neilson and Banford (1983) a l s o  dug 

s i n g l e  redds .  Construct ion of a  s i n g l e  redd allowed a  



f ema le  t o  p r o t e c t  a l l  h e r  e g g s  a f t e r  b u r i a l .  The l a r g e  

number of  f e m a l e  spawners  i n  Bogus Creek made r e - e x c a v a t i o n  

of  undefended  r e d d  s i tes  h i g h l y  p r o b a b l e ;  many r e d d s  of 

e a r l y  spawning f e m a l e s  were r e - e x c a v a t e d  a f t e r  t h e  f e m a l e s  

had d i e d .  Fu r the rmore ,  a s  P i p e r  e t  a l .  (1982)  s t a t e ,  

s a lmon id  e g g s  become " p r o g r e s s i v e l y  more f r a g i l e  d u r i n g  a  

p e r i o d  e x t e n d i n g  from 48 h o u r s  a f t e r  w a t e r  h a r d e n i n g  u n t i l  

t h e y  a r e  e y e d .  An e x t r e m e l y  c r i t i c a l  p e r i o d  f o r  s a lmon id  

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

Mechanica l  shock ,  such  a s  a  new fema le  d i g g i n g  n e a r  t h e  

e g g s ,  d u r i n g  t h i s  s t a g e  w i l l  k i l l  t h e  e g g s ,  s o  it would be 

advan tageous  f o r  f e m a l e s  t o  p r o t e c t  t h e i r  r e d d s  a t  l e a s t  

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

The development  r a t e  o f  s a lmon id  e g g  depends  upon 

t e m p e r a t u r e  and  by u s i n g  D a i l y  Tempera ture  U n i t s  (DTU,  one 

DTU e q u a l s  1°F above f r e e z i n g  f o r  a  24-hr  p e r i o d )  e s t i m a t e s  

can  be made o f  t h e  t i m e  r e q u i r e d  f o r  e g g s  t o  r e a c h  

d i f f e r e n t  deve lopmen ta l  s t a g e s  ( P i p e r  e t  a l .  1 9 8 2 ) .  

Donaldson (1955)  s t a t e d  t h a t  200 and  350 t h e r m a l  u n i t s  

( i . e .  D T U s )  were r e q u i r e d  by ch inook salmon e g g s  f o r  t h e  

c l o s u r e  o f  t h e  b l a s t o p o r e  and  t o  r e a c h  t h e  eyed  s t a g e ,  

r e s p e c t i v e l y .  I n  Bogus Creek ,  a t  a v e r a g e  w a t e r  

t e m p e r a t u r e s  o f  a p p r o x i m a t e l y  1 0 . 3  and  1 0 . 0  O C  d u r i n g  t h e  

spawning s e a s o n s  of 1984 and  1985, r e s p e c t i v e l y ,  ch inook 

salmon e g g s  s h o u l d  have  r e a c h e d  b l a s t o p o r e  c l o s u r e  a f t e r  



a b o u t  11 d a y s  and  t h e  eyed  s t a g e  a f t e r  a b o u t  1 4  days  d u r i n g  

e a c h  y e a r .  

On Bogus Creek,  v i r t u a l l y  a l l  f e m a l e  ch inook  salmon,  

r e g a r d l e s s  of s i z e ,  were a b l e  t o  p r o t e c t  t h e i r  r e d d s  u n t i l  

t h e y  w e r e  n e a r  d e a t h ,  s o  f e m a l e  r e d d  r e s i d e n c y  t i m e s  minus 

two d a y s  f o r  r e d d  c o n s t r u c t i o n  and  spawning were u s e d  t o  

r e p r e s e n t  t h e  amount o f  t i m e  f e m a l e s  were a b l e  t o  p r o t e c t  

t h e i r  e g g s  d u r i n g  deve lopment .  On a v e r a g e ,  f e m a l e  ch inook  

salmon p r o t e c t e d  t h e i r  e g g s  t h r o u g h  a p p r o x i m a t e l y  51  

p e r c e n t  ( 5 . 6  d a y s / l l  d a y s )  and  62 p e r c e n t  ( 6 . 8  d a y s / l l  

d a y s )  of t h e  t i m e  r e q u i r e d  f o r  b l a s t o p o r e  c l o s u r e  i n  1984 

and  1985,  r e s p e c t i v e l y  (see Female P o s t r e p r o d u c t i v e  S t a g e ) .  

O t h e r  s t u d i e s  which a d d r e s s e d  f e m a l e  r e d d  d e f e n c e  

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

u n t i l  t h e y  were n e a r  d e a t h  (Hanson and  Smi th  1967,  S c h r o d e r  

1981a,  N e i l s o n  and  Banfo rd  1 9 8 3 ) .  R e s e a r c h e r s  s t u d y i n g  

r e d d  r e s i d e n c e  times o f  f ema le  ch inook  salmon have  

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

Bogus Creek  f e m a l e s .  N e i l s o n  and  Banfo rd  (1983)  c a l c u l a t e d  

mean r e s i d e n c e  times o f  15 .4  d a y s  f 4.0  d a y s  (n=18)  a n d  

1 4 . 5  d a y s  f 4.0 d a y s  (n=29)  f o r  f ema le  ch inook salmon i n  

two s t u d y  a r e a s  i n  t h e  Nechako R i v e r ,  B r i t i s h  Colombia.  

These  a u t h o r s  added one day  t o  i n d i v i d u a l  r e s i d e n c e  t i m e s  

t o  a c c o u n t  f o r  t i m e  on t h e  r e d d  b e f o r e  t h e  f i r s t  s i t i n g  and  

a f t e r  t h e  l a s t .  An o v e r a l l  a v e r a g e  r e s i d e n c e  t i m e  o f  

female ch inook  salmon c a l c u l a t e d  u s i n g  d a t a  o f  N e i l s o n  and  



Geen (1981,  F i g u r e  1) from t h e  Mor ice  R i v e r ,  B r i t i s h  

Colombia was 1 2 . 0  d a y s  f 3.2  d a y s .  

I f  w a t e r  t e m p e r a t u r e s  d u r i n g  e a r l y  i n c u b a t i o n  i n  

e a c h  of  t h e s e  r i v e r s  w e r e  s i m i l a r  t o  t h o s e  o f  Bogus Creek  

( i t ' s  l i k e l y  t e m p e r a t u r e s  were lower  t h a n  t h o s e  of  Bogus 

Creek )  a n d  two days  were s u b t r a c t e d  t o  a c c o u n t  f o r  redd 

c o n s t r u c t i o n  and  spawning,  t h e n ,  on a v e r a g e ,  f e m a l e s  i n  t h e  

Nechako R i v e r s  would have  been  a b l e  t o  p r o t e c t  t h e i r  redds 

t h r o u g h  b l a s t o p o r e  c l o s u r e  o f  t h e  e g g s ,  whe reas  f e m a l e s  i n  

t h e  Mor i ce  R i v e r  would have  been  a b l e  t o  p r o t e c t  t h e i r  e g g s  

t h r o u g h  90 p e r c e n t  of t h e  p e r i o d  t o  b l a s t o p o r e  c l o s u r e .  

T h e r e  were s e v e r a l  p o s s i b l e  r e a s o n s  why f e m a l e  

ch inook  sa lmon on t h e  Nechako and  Morice  R i v e r s  l i v e d  

l o n g e r  t h a n  t h o s e  on Bogus Creek :  1) f e m a l e s  i n  t h e s e  

o t h e r  r i v e r s  expended less e n e r g y  i n  m i g r a t i o n ;  2 )  f e m a l e  

c o m p e t i t i o n  f o r  r e d d  s i tes  was less i n t e n s e  a n d  t h i s  

a l l o w e d  f e m a l e s  t o  l i v e  l o n g e r  (see van  den  Be rghe  and  

Gross  1 9 8 6 ) ;  3 )  f e m a l e s  on spawning g r o u n d s  i n  Bogus Creek  

d u r i n g  1984 may have  been  i n  p o o r e r  t h a n  a v e r a g e  c o n d i t i o n  

due  t o  e f f e c t s  a s s o c i a t e d  w i t h  t h e  E l  Nino e v e n t  of  1982- 

1983  (see Hayes and  Henry 1985)  ; o r  5 )  w a t e r  t e m p e r a t u r e  i n  

Bogus Creek  may have  been  warmer a t  t h e  t i m e  o f  spawning ,  

i n c r e a s i n g  t h e  m e t a b o l i c  r a t e  o f  Bogus Creek  f e m a l e s .  

The o n l y  e v i d e n c e  t h a t  s i z e  might  have  a f f e c t e d  t h e  

a b i l i t y  o f  a f e m a l e  ch inook  salmon t o  e s t a b l i s h  a redd s i t e  

was t h a t  p r o p o r t i o n a l l y  f ewer  s m a l l e r  t h a n  a v e r a g e - s i z e d ,  



tagged females spawned within  t h e  s tudy a rea  du r ing  1985. 

One p o s s i b l e  reason f o r  t h i s  was t h a t  l a r g e r  than  average 

females were b e t t e r  a b l e  t o  e s t a b l i s h  redd s i t e s  i n  

occupied spawning a r e a s .  A l t e r n a t i v e l y ,  sma l l e r  than 

average s i z e d  females may have en t e red  Bogus Creek l e s s  

r i p e  and migrated higher  i n  t h e  creek be fo re  s e l e c t i n g  a 

n e s t  s i t e  ( a s  d i d  j a c k s ) .  

l i c a t i o n s  of Carcass Su rvev  Data 

Carcass surveys have been used t o  ga the r  da t a  f o r  

e s t i m a t i n g  spawning popula t ions  of P a c i f i c  salmon 

(Oncorhyndus s p . )  i n  two d i f f e r e n t  ways. F i r s t ,  l i v e  

upstream migrants  have been t rapped  and tagged a t  some 

po in t  below t h e i r  a c t u a l  spawning l o c a t i o n ,  and then  

recovered a t  some l a t e r  d a t e  a s  ca rcas ses  on t h e  spawning 

grounds ( s e e  Eames and Hino ( 1 9 8 1 )  f o r  a quick review of 

t h i s  t ype  of s t u d y ) .  Second, surveys of t h e  spawning 

grounds have been used t o  bo th  mark and recover  ca rcas ses  

(Boydstun 1 9 8 7 ) .  The behavior of chinook salmon on t h e  

spawning grounds can r e s u l t  i n  b i a s e s  i n  e s t ima t ion  f o r  

each  of t h e s e  methods. 

In  t h e  f i r s t  case ,  when mark sampling i s  conducted 

below t h e  spawning grounds and ca rcas ses  a r e  sampled f o r  

recovery,  t h e  behavior of jack, a d u l t  male and female 

chinook salmon j u s t  before  dea th  r e s u l t s  i n  d i f f e r e n t  



r e c o v e r y  p r o b a b i l i t i e s .  Tha t  is ,  t h e  p r o b a b i l i t y  of  

r e c o v e r y  o f  j a c k s  i s  less t h a n  t h a t  o f  a d u l t  m a l e s ,  which 

i s  less t h a n  t h a t  o f  f e m a l e s  (see a l s o ,  Eames a n d  Hino 

1 9 8 1 ) .  T h i s  i n v a l i d a t e s  t h e  m a r k - r e c a p t u r e  r e q u i r e m e n t  

t h a t  e a c h  i n d i v i d u a l  i n  t h e  p o p u l a t i o n  h a s  t h e  same 

r e c o v e r y  p r o b a b i l i t y .  However, s e p a r a t e  e s t i m a t e s  f o r  

j a ck ,  a d u l t  male  and  f e m a l e  segments  of  t h e  p o p u l a t i o n  

would be v a l i d .  U n f o r t u n a t e l y ,  r e c o v e r i e s  o f  marked 

c a r c a s s e s  c a n  be q u i t e  low f o r  one o r  more o f  t h e s e  

s egmen t s .  

I n  t h e  s econd  c a s e ,  where s a m p l i n g  f o r  mark ing  and  

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

m a r k - r e c a p t u r e  t e c h n i q u e s  may p r o v i d e  v a l i d  e s t i m a t e s  of  

t h e  t o t a l  number o f  c a r c a s s e s  p r e s e n t  w i t h i n  a  s e c t i o n  o f  

s t r e a m .  However, c a r c a s s  numbers a r e  n o t  n e c e s s a r i l y  w e l l  

r e l a t e d  t o  t h e  spawning p o p u l a t i o n  t h a t  p r o d u c e d  them 

b e c a u s e  t h e  b e h a v i o r  o f  ch inook  salmon,  p a r t i c u l a r l y  j a c k s  

and  a d u l t  ma le s ,  may r e s u l t  i n  t h e i r  b e i n g  " l o s t "  f rom t h e  

p o p u l a t i o n  o f  c a r c a s s e s .  Thus,  c a r c a s s  b a s e d  e s t i m a t e s  may 

h a v e  s e r i o u s  n e g a t i v e  b i a s e s  r e l a t i v e  t o  t h e  t r u e  spawning  

p o p u l a t i o n s ,  e s p e c i a l l y  f o r  j a c k s  and  a d u l t  m a l e s .  

P o t e n t i a l  b i a s  i n  e s t i m a t e s  o f  f e m a l e  numbers may be 

p a r t i a l l y  o r  c o m p l e t e l y  o f f s e t  by t h e  t e c h n i q u e  o f  

" r e l e a s i n g "  t a g g e d  c a r c a s s e s  back  i n t o  t h e  w a t e r .  S i n c e  

t h i s  t e c h n i q u e  e m u l a t e s ,  t o  some e x t e n t ,  t h e  c i r c u m s t a n c e s  

o f  a  f e m a l e  d y i n g  on o r  n e a r  h e r  n e s t ,  t h e  l o s s  o f  t a g g e d  



f e m a l e  c a r c a s s e s  may app rox ima te  t h e  l o s s  o f  d y i n g  f e m a l e s  

t o  t h e  f e m a l e  c a r c a s s  p o p u l a t i o n .  The t e c h n i q u e  of 

r e l e a s i n g  t a g g e d  c a r c a s s e s  back  i n t o  t h e  s t r e a m  d o e s  n o t  

a p p r o x i m a t e  t h e  b e h a v i o r  o f  d y i n g  ma le s ,  which p r o b a b l y  

d i s t r i b u t e  f a r t h e r  f rom t h e i r  l a s t  spawning  s i tes  t h a n  

f e m a l e s ,  s o  n e g a t i v e  b i a s e s  s h o u l d  r e s u l t  f rom c a r c a s s  

b a s e d  mark ing  and  r e c a p t u r e  e s t i m a t i o n  o f  t h e  ma le  

p o p u l a t i o n .  

Boydstun ( 1 9 8 7 ) ,  r e p o r t i n g  on a  1981  c a r c a s s  mark- 

r e c a p t u r e  v a l i d a t i o n  s t u d y  c o n d u c t e d  on Bogus Creek  above  

t h e  c o u n t i n g  w e i r ,  n o t e d  t h a t  m o d i f i e d  S c h a e f e r  and  J o l l y -  

S e b e r  methods  r e s u l t e d  i n  w i d e l y  v a r i e d  e s t i m a t e s  ( b o t h  

above  and  be low t r u e  numbers) o f  t h e  t r u e  spawner  number.  

E s t i m a t e s  v a r i e d  b a s e d  upon whe the r  o n l y  f r e s h  o r  a l l  

c a r c a s s e s  were marked, and  b a s e d  upon w h e t h e r  j a c k  o r  a d u l t  

p o p u l a t i o n s  were b e i n g  e s t i m a t e d .  However, r e c o v e r y  r a t e s  

of c a r c a s s e s  by Boydstun (1987)  were c o n s i s t e n t  w i t h  t h o s e  

d e s c r i b e d  i n  t h i s  s t u d y :  t h e  r e c o v e r y  r a t e  f o r  j a c k s  was 

s i g n i f i c a n t l y  l ower  t h a n  t h a t  f o r  a d u l t s ,  and  t h e  c a r c a s s  

s u r v e y  i n d i c a t e d  t h a t  a d u l t  ma le s  a c c o u n t e d  f o r  38 p e r c e n t  

of  t h e  a d u l t  c a r c a s s e s  (776 o f  2 , 0 6 5  c a r c a s s e s )  whe reas  t h e  

w e i r  c o u n t  i n d i c a t e d  t h a t  4 1  p e r c e n t  ( 1 , 1 1 3  o f  2730 a d u l t  

f i s h )  were m a l e s  ( a  s i g n i f i c a n t  d i f f e r e n c e ) .  A l though  

Boydstun (1987)  s u g g e s t s  t h a t  m i s i d e n t i f i c a t i o n  of m a l e s  a t  

t h e  c o u n t i n g  w e i r  may have  been  p a r t l y  r e s p o n s i b l e  f o r  t h e  

d i f f e r e n c e ,  male  b e h a v i o r  ( d i s t r i b u t i n g  male  c a r c a s s e s  



f a r t h e r  from shal low spawning g r a v e l s )  may a l s o  have 

c o n t r i b u t e d  t o  t h i s  d i f f e r e n c e  i n  recovery .  These 

d i f f e r e n c e s  i n  recovery  would, on average ,  r e s u l t  i n  a  

n e g a t i v e  b i a s  i n  popu l a t i on  e s t i m a t e s .  

f o r  G e n ~ t i W v  Induced 
f t s  i n  A a e  of M u r i t y  due t o  F u e r i e s  

The behav io r a l  dominance of l a r g e  male chinook 

salmon over  sma l l e r  males r e s u l t i n g  i n  e a r l y  n e s t  e n t r y  a t  

spawning sugges t s  t h a t  l a r g e  males were more s u c c e s s f u l  

t h a n  s m a l l e r  males i n  o b t a i n i n g  f e r t i l i z a t i o n s ,  a s  has  been 

found t o  be t r u e  f o r  o t h e r  salmonid s p e c i e s  (see Schroder 

1981a, Chebanov e t  a l .  1984) . Moreover, r ep roduc t i ve  

female chinook salmon were more agg re s s ive  toward s m a l l e r  

males t h a n  toward l a r g e r  males,  sugges t i ng  a  p r e f e r e n c e  f o r  

l a r g e r  males.  Thus, behav ior  on t h e  spawning grounds 

i n d i c a t e d  t h a t  o l d e r ,  l a r g e r  male chinook salmon had a  

r e p r o d u c t i v e  advantage,  p o s s i b l y  r e s u l t i n g  i n  genes  f o r  

o l d e r  age a t  ma tu r i t y  and l a r g e r  s i z e  be ing  pa s sed  t o  t h e  

nex t  g e n e r a t i o n  a t  a  r a t e  g r e a t e r  t h a n  t h e  p r o p o r t i o n  of 

l a r g e  males i n  t h e  t o t a l  male popu l a t i on .  Although ocean 

t r o l l  f i s h e r i e s ,  through t h e i r  h a r v e s t  of  immature f i s h ,  

r e s u l t  i n  s h i f t s  of spawning runs  toward s m a l l e r  and 

younger f i s h  (Ricker  1980, Hankin and Healey 1986 ) ,  such a  

r ep roduc t i ve  advantage f o r  l a r g e  males may a c t  t o  main ta in  



t h e  g e n e s  f o r  o l d e r  a g e  a t  m a t u r i t y  and  l a r g e  s i z e  i n  t h e  

p o p u l a t i o n .  

A l though  spawning b e h a v i o r  may i n s u r e  c o n t i n u e d  

p r e s e n c e  of  g e n e s  f o r  o l d e r  a g e  a t  m a t u r i t y  a n d  l a r g e  s i z e  

f o r  male  ch inook  salmon,  R i c k e r  (1972)  and  more r e c e n t l y  

Hankin e t  a l .  (1990)  p r o v i d e  e v i d e n c e  t h a t  a g e  o f  male  

p a r e n t s  h a s  l i t t l e  e f f e c t  on a g e  o f  m a t u r a t i o n  of  f ema le  

o f f s p r i n g .  Thus,  f ema le  a g e  a t  m a t u r i t y  may d e c l i n e  u n l e s s  

l a r g e r  and  o l d e r  f e m a l e s  r e a l i z e  much g r e a t e r  r e p r o d u c t i v e  

s u c c e s s  t h a n  s m a l l e r  f e m a l e s .  

Female s i z e  d id  n o t  a p p e a r  t o  a f f e c t  t h e  a b i l i t y  o f  

a  f ema le  ch inook  salmon t o  e s t a b l i s h  o r  p r o t e c t  h e r  redd. 

However, i n  1985,  a  h i g h e r  p r o p o r t i o n  o f  s m a l l e r  t h a n  

a v e r a g e  t a g g e d  f ema le s  moved above t h e  c o u n t i n g  w e i r  t o  

spawn. T h i s  phenomenon may have  r e s u l t e d  f rom s m a l l e r  

f e m a l e s  e n t e r i n g  t h e  c r e e k  less r i p e  t h a n  l a r g e r  f e m a l e s ,  

b u t  s m a l l e r  f e m a l e s  a l s o  may have been  less s u c c e s s f u l  t h a n  

l a r g e r  f e m a l e s  i n  s e c u r i n g  redd sites among e s t a b l i s h e d  

t e r r i t o r i e s .  

Through t h e  spawning s e a s o n  numerous ch inook  salmon 

redds were r e - e x c a v a t e d  by s u b s e q u e n t  s p a w n e r s .  I f  l a r g e r  

f e m a l e  ch inook  salmon dug d e e p e r  n e s t s  t h a n  s m a l l e r  f e m a l e s  

(see van den  Berghe and  Gross  1984,  re coho s a l m o n ) ,  t h e n  

it was p r o b a b l e  t h a t  n e s t s  o f  l a r g e r  f e m a l e s  s u r v i v e d  i n  

g r e a t e r  p r o p o r t i o n  t h a n  t h o s e  o f  s m a l l e r  f e m a l e s .  



Large  f ema le  ch inook  salmon may have  an  a d v a n t a g e  on 

t h e  spawning g rounds ,  b u t  whe the r  it i s  b a s e d  upon 

s e l e c t i o n  o f  h i g h e r  q u a l i t y  spawning s i tes ,  d i g g i n g  d e e p e r  

n e s t s  o r  some o t h e r  f a c t o r  r e m a i n s  t o  be d e t e r m i n e d .  

F u t u r e  s t u d i e s  s h o u l d  f o c u s  on how f e m a l e  s i z e  i s  r e l a t e d  

t o  r e d d  s i t e  s e l e c t i o n  b a s e d  on g r a v e l  c o m p o s i t i o n  and  

p o t e n t i a l  f o r  s c o u r  o r  d e s i c c a t i o n ,  on n e s t  d e p t h  and on 

s u c c e s s  i n  e s t a b l i s h i n g  s u i t a b l e  redd s i tes  among 

p r e v i o u s l y  e s t a b l i s h e d  t e r r i t o r i e s .  C o n t r o l l e d  e x p e r i m e n t s  

a l s o  s h o u l d  be conduc ted  t o  d e t e r m i n e  whe the r  f e m a l e s  

b e h a v i o r a l l y  "choose"  t h e i r  ma te s  b a s e d  on male  s i z e  and  

whe the r  t h i s  c h o i c e  b r e a k s  down immed ia t e ly  p r i o r  t o  

spawning  a s  it a p p e a r e d  t o  i n  t h i s  s t u d y .  These s t u d i e s  

and e l e c t r o p h o r e t i c  a n a l y s i s  o f  t h e  f e r t i l i z a t i o n  s u c c e s s  

of  i n d i v i d u a l  ma le s ,  e s p e c i a l l y  l a r g e r  ma le s ,  compe t ing  i n  

c o n t r o l l e d  s i t u a t i o n s  u s i n g  a  number o f  male  s i z e  g r o u p s  

and  male  t o  f e m a l e  r a t i o s ,  s h o u l d  be t h e  n e x t  s t e p s  t o w a r d  

q u a n t i f y i n g  t h e  effects  t h a t  l a r g e  s i z e  h a s  on m a t i n g  

s u c c e s s  o f  ch inook  salmon.  
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