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ABSTRACT

Sockeye u n d e r y e a r l i n g s  a t  B a b i n e  L a k e .  B . C .  w e r e  o b s e r v e d  t o
undergo d i e l  v e r t i c a l  movement f r o m  J u l y  t h r o u g h  t o  O c t o b e r  1 9 6 7 .  T h i s
movement was  more  p ronounced  i n  A u g u s t  when t h e  l a k e  was m o s t  d i s t i n c t l y
t h e r m a l l y  s t r a t i f i e d .  T h e  p r e s e n c e  o f  a  s h a r p  t h e r m o c l i n e  ( a b o u t  8  C  i n
10 m) d i d  n o t  a p p e a r  t o  impede  t h e i r  movement i n  a n y  s u b s t a n t i a l  w a y.
By d a y  t h e  s o c k e y e  i n h a b i t e d  c o l d  ( 5 - 6  C ) ,  d e e p  ( 3 5 - 5 5  m) w a t e r  a n d  a t
n i g h t  t h e  warm w a t e r  ( a b o u t  1 6  C )  o f  t h e  e p i l i m n i o n .  V e r t i c a l  movement
was c l o s e l y  a s s o c i a t e d  w i t h  change  i n  l i g h t  l e v e l s .  T h e  s o c k e y e  r o s e  t o
the s u r f a c e  a t  e v e n i n g  t w i l i g h t ,  t h e n  s e t t l e d  t o  r e m a i n  a t  a b o u t  1 0  m
th roughou t  m o s t  o f  t h e  n i g h t .  T h e y  w e r e  o n c e  a g a i n  a t  t h e  s u r f a c e  a t
morn ing t w i l i g h t  b u t  t h e n  q u i c k l y  descended t o  t h e i r  d a y t i m e  l e v e l
between 3 5  a n d  5 5  m.  T h e  f o o d  o f  t h e  u n d e r y e a r l i n g s  c o n s i s t e d  m a i n l y  o f
C ladocera  ( D a p h n i a )  a n d  C a l a n o i d a  ( m a i n l y  H e t e r o c o p e  b u t  somet imes
s u b s t a n t i a l  amounts  o f  D i a p t o m u s ) .  V e r y  s m a l l  amounts  o f  t h e  C y c l o p o i d a
were f o u n d  i n  t h e  f o o d .  S o m e  i n s e c t s  w e r e  e a t e n - - m o s t l y  Hymenoptera  a n d
t e r r e s t r i a l  D i p t e r a  b u t  a l s o  a  f e w  c h i r o n o m i d s .  A l l ,  o r  a t  l e a s t  m o s t
f e e d i n g ,  t o o k  p l a c e  a t  o r  n e a r  t h e  s u r f a c e  f o r  a  s h o r t  p e r i o d  a t  e v e n i n g
and a t  m o r n i n g  t w i l i g h t .  G a s t r i c  d i g e s t i o n  was e s s e n t i a l l y  c o m p l e t e d
between m e a l s .  R a t e s  w e r e  e s t i m a t e d  t o  b e  14% o f  t h e  s t o m a c h  c o n t e n t s
per  h o u r  f o r  t h e  m o r n i n g  mea l  a n d  2 2  a n d  3 0 7  f o r  t h e  e v e n i n g  m e a l .  T h e
d i f f e r e n c e  was a t t r i b u t e d  p a r t l y  t o  t h e  d i f f e r e n c e  i n  t e m p e r a t u r e
(up t o  1 0  C )  a t  w h i c h  d i g e s t i o n  o f  t h e  m o r n i n g  a n d  e v e n i n g  m e a l s  t o o k
p l a c e .  D a i l y  r a t i o n  was e s t i m a t e d  o n  t h r e e  s e p a r a t e  o c c a s i o n s  t o  b e
4 . 1 .  5 . 1 .  a n d  6 . 9 7  o f  b o d y  w e i g h t .  T h e  l a r g e s t  r a t i o n  ( 6 . 9 % )  w a s
a s s o c i a t e d  w i t h  a n  i n c r e a s e  i n  w e i g h t  o f  a b o u t  2 . 9 %  p e r  d a y.  I t  i s
suggested t h a t  t h e  b e h a v i o u r  o b s e r v e d  a t  B a b i n e  L a k e  may b e  t y p i c a l  o f
t h a t  i n  o t h e r  l a k e s  w h i c h  become t h e r m a l l y  s t r a t i f i e d  i n  t h e  summer.
The s i g n i f i c a n c e  o f  c e r t a i n  f e a t u r e s  o f  t h e  s o c k e y e ' s  d i e l  a c t i v i t i e s
i s  d i s c u s s e d .



INTRODUCTION

Babine L a k e  s u p p o r t s  o n e  o f  t h e  m a j o r  s o c k e y e  s t o c k s  i n  B r i t i s h
Columbia ( L a r k i n  a n d  McDonald 1 9 6 8 ) .  T h e  f i s h  s p a w n  i n  t h e  o u t l e t  r i v e r ,  o r
streams t r i b u t a r y  t o  t h e  l a k e ,  i n  t h e  l a t e  summer a n d  f a l l .  T h e i r  p r o g e n y
emerge a s  f r y  f r o m  t h e  g r a v e l  t h e  f o l l o w i n g  s p r i n g  a n d  b e g i n  a  p e r i o d  o f  l a k e
r e s i d e n c e .  A f t e r  1  y e a r ,  a n d  somet imes  2  y e a r s  i n  t h e  l a k e ,  t h e y  m i g r a t e  t o
sea. A l t h o u g h  t h i s  p e r i o d  o f  l a k e  r e s i d e n c e  h a s  l o n g  b e e n  t h e  s u b j e c t  o f
s tudy  ( F o e r s t e r  1 9 6 8  p r o v i d e s  a  comprehens ive  r e v i e w  o f  t h e  l i t e r a t u r e ) ,  much
remains t o  b e  l e a r n e d  o f  t h e  d a i l y  o r  s e a s o n a l  a c t i v i t i e s  o f  t h e  u n d e r y e a r l i n g
sockeye. T h i s  h a s  b e e n  due  l a r g e l y  t o  t h e  p a s t  d i f f i c u l t y  o f  o b t a i n i n g
specimens r e a d i l y  a n d  c o n s i s t e n t l y .  R i c k e r  a n d  F o e r s t e r  ( 1 9 4 8 )  i n  t h e i r
p i o n e e r i n g  s t u d i e s  a t  C u l t u s  L a k e .  B . C . ,  depended  m a i n l y  o n  spec imens  t a k e n
from t h e  s tomachs  o f  p r e d a t o r  f i s h e s .  W i t h  t h e  deve lopmen t  o f  t o w n e t t i n g
(Johnson 1 9 5 6 ) ,  u n d e r y e a r l i n g  s o c k e y e  c o u l d  b e  c a p t u r e d  r e a d i l y  t h r o u g h o u t
the summer b u t  u s u a l l y  f o r  o n l y  a n  h o u r  o r  s o  e a c h  e v e n i n g .  T h e s e  c a t c h e s
p r o v i d e d  n o t  o n l y  samp les  f o r  f o o d  a n d  g r o w t h  s t u d i e s  b u t  a l s o  a  r e l a t i v e
measure o f  d e n s i t y .  S t i l l ,  t h e  w h e r e a b o u t s  o f  t h e  s o c k e y e  a n d  t h e i r  a c t i v -
i t i e s  f o r  m o s t  o f  e v e r y  2 4  h o u r s  r e m a i n e d  unknown,  a n d  s i n c e  t h e r e  was l a r g e
v a r i a b i l i t y  i n  c a t c h  p e r  u n i t  e f f o r t  ( J o h n s o n  1 9 5 8 ) ,  o n l y  g r o s s  d i f f e r e n c e s
i n  d e n s i t y  c o u l d  b e  d e t e c t e d .

Renewed i n t e r e s t  i n  t h e  q u e s t i o n  o f  t h e  c a p a c i t y  o f  l a k e s  t o
s u p p o r t  y o u n g  sockeye  g r e w  o u t  o f  t h e  w o r k  o f  Johnson  ( 1 9 5 6 ,  1 9 5 8 ,  1 9 6 1 ,
MS 1961 )  a t  B a b i n e  L a k e  a n d  B u r g n e r  ( 1 9 5 8 ,  1 9 6 2 ,  1 9 6 4 )  i n  A l a s k a .  A t  B a b i n e
Lake i n  1 9 6 5 ,  a  l a r g e  deve lopment  p r o j e c t  i n v o l v i n g  a r t i f i c i a l  s p a w n i n g
channels  a n d  f l o w  c o n t r o l  was  l a u n c h e d  w i t h  t h e  i n t e n t i o n  o f  i n c r e a s i n g
sockeye p r o d u c t i o n  b y  i n c r e a s i n g  f r y  o u t p u t  a n d  mak ing  f u l l e r  u s e  o f  t h e  l a k e
n u r s e r y  a r e a  ( D e p a r t m e n t  o f  F i s h e r i e s  o f  Canada 1 9 6 5 ) .  A  p r o g r a m  t o  a s s e s s
the  r e s u l t s  o f  t h i s  p r o j e c t  a n d  t o  a s s e s s  t h e  u l t i m a t e  c a p a c i t y  o f  t h e  l a k e
to  p r o d u c e  s o c k e y e  was i n i t i a t e d  a t  t h e  same t i m e .  I n  1 9 6 6 ,  t h e  l a k e  p o p u l a -
t i o n  o f  s o c k e y e  was samp led  b y  p u r s e  s e i n e .  S o c k e y e  w e r e  c a p t u r e d  r e a d i l y
t h roughou t  t h e  n i g h t  ( b u t  n o t  b y  d a y )  b u t  v a r i a b i l i t y  i n  c a t c h  p e r  u n i t
e f f o r t  was  s t i l l  l a r g e  (McDona ld  1 9 6 9 ) .  S o u n d  i n f o r m a t i o n  a b o u t  t h e i r
eco logy  was needed  n o t  o n l y  t o  i m p r o v e  e x i s t i n g  t e c h n i q u e s ,  o r  t o  d e v i s e
new ones  w h i c h  w o u l d  p r o v i d e  t h e  d e s i r e d  p r e c i s i o n ,  b u t  a l s o  t o  d e f i n e  t h e
c o n d i t i o n s  n e c e s s a r y  f o r  g o o d  g r o w t h  a n d  s u r v i v a l .

Two s e p a r a t e  s t u d i e s  w e r e  b e g u n  i n  1 9 6 7 ,  w h i c h  p r o v i d e  p e r t i n e n t
i n f o r m a t i o n .  O n e  s t u d y  ( N a r v e r  1 9 7 0 )  c o n f i r m e d  t h e  g e n e r a l  p a t t e r n  o f  d i e l
v e r t i c a l  movement deduced  f r o m  1966 s e i n e  c a t c h e s  a n d  i n  a d d i t i o n  r e v e a l e d
i n  d e t a i l  o t h e r  a s p e c t s  o f  d i e l  a c t i v i t y ,  p a r t i c u l a r l y  i n  t h e  l a k e ' s  N o r t h
Arm a r e a  ( F i g .  1 ) .  T h e  s t u d y  r e p o r t e d  h e r e  was c a r r i e d  o u t  i n  t h e  r e l a t i v e l y
l a r g e  a n d  deep  m a i n  b a s i n  o f  t h e  l a k e .  T h e  o b s e r v a t i o n s  complement  a n d
extend t h o s e  r e p o r t e d  p r e v i o u s l y .

METHODS

Catch a n d  d e t e c t i o n  o f  u n d e r y e a r l i n g s

u n d e r y e a r l i n g  s o c k e y e  w e r e  c a p t u r e d  w i t h  a  p u r s e  s e i n e  a n d  a
midwater  t r a w l .  T h e  s e i n e  was h a l f - p u r s e ,  1 5 0  f m  l o n g  ( 2 7 4 . 4  m) a n d  h u n g  t o
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a d e p t h  o f  a b o u t  8 . 6  f m  ( 1 6  m ) .  T h e  mesh s i z e  v a r i e d  f r o m  3 / 1 6  i n c h  ( 0 . 4 8  cm)
s t r e t c h e d  measure  i n  t h e  " b u n t "  t o  1 - 1 / 2  i n c h e s  ( 3 . 8 1  cm) i n  t h e  l e a d .  T w e n t y
to  3 0  m i n u t e s  e l a p s e d  b e t w e e n  " s h o o t i n g "  a n d  p u r s i n g  t h e  n e t .  T h e  n e t  p r o b a b l y
caught s o c k e y e  w h i c h  were  a s  d e e p  a s  1 6  m b u t  i t  w o u l d  b e  e x p e c t e d  t h a t  o n l y  a
sma l l  p r o p o r t i o n  o f  t h o s e  p r e s e n t  n e a r  t h e  b o t t o m  o f  t h e  n e t  w o u l d  b e  e n c l o s e d .
As t h e  n e t  was  d r a w n  u p  a n d  p u r s e d ,  t h e  p r o p o r t i o n  c a p t u r e d  w o u l d  i n c r e a s e  a n d
p r o b a b l y  m o s t  o f  t h o s e  c l o s e  t o  t h e  s u r f a c e  w o u l d  b e  t a k e n .  F u r t h e r  d e t a i l  o f
methods a n d  t h e  c a t c h  f o r  i n d i v i d u a l  s e t s  i s  g i v e n  b y  S c a r s b r o o k  a n d  McDonald
MS 1 9 7 0 ) .

Sockeye w e r e  c a u g h t  f r o m  n e a r  t h e  s u r f a c e  t o  a s  d e e p  a t  5 8 . 6  m w i t h
an I s a a c s - K i d d  t r a w l .  T h e  mou th  o f  t h e  t r a w l  was  6  f t  ( 1 . 8 3  m) w i d e  a n d  8  f t
( 2 . 4 4  m) h i g h  b u t  when u n d e r  t o w  t h e  h e i g h t  o f  t h e  o p e n i n g  was c o n s i d e r a b l y
reduced.  T w o  mesh s i z e s  w e r e  u s e d :  3 / 1 6  i n c h  ( 0 . 4 8  cm) a n d  3 / 8  i n c h  ( 0 . 9 6  cm)
s t r e t c h e d  measure .  T h e  s m a l l  mesh was  u s e d  t o  c a t c h  t h e  s m a l l e r  e a r l y -summer
f i s h  a n d  t h e  l a r g e  mesh t o  c a t c h  f i s h  i n  t h e  l a t e  summer a n d  f a l l .

Both s e i n e  a n d  t r a w l  w e r e  f i s h e d  f r o m  a  3 5 - f t  ( 1 0 . 7  m)  d r u m - s e i n e r .
Tr a w l i n g  was d o n e  a t  a  s p e e d  o f  a b o u t  4  m i l e s  p e r  h o u r  ( 6 . 4  k m / h r )  w i t h  b o t h
mesh s i z e s .  A l l  t o w s  w e r e  made a t  m i d -Lake  a n d  p a r a l l e l  t o  t h e  s h o r e .  T r a w l
dep th  was s e t  b y  a d j u s t i n g  t h e  l e n g t h  o f  t h e  t o w i n g  c a b l e  a c c o r d i n g  t o  a
l e n g t h - d e p t h  r e l a t i o n s h i p  b a s e d  o n  a  number  o f  t r i a l s  u s i n g  a  F u r a n o  P i l o t o -
graph e c h o  s o u n d e r  t o  r e c o r d  t r a w l  d e p t h .  B y  u s i n g  t h e  m i d p o i n t  o f  t h e  e c h o ,
the d e p t h  o f  t h e  t r a w l  c o u l d  b e  d e t e r m i n e d  t o  t h e  n e a r e s t  f a t h o m  ( 1 . 8 3  m ) .

The p r o c e d u r e  f o r  o p e r a t i n g  t h e  t r a w l  was  a s  f o l l o w s .  T h e  n e t
was " s h o t "  o v e r  t h e  s i d e  o f  t h e  v e s s e l  w h i l e  i t  was  underway  a t  a  s p e e d  o f
about  2  mph ( 3 . 2  k m / h r ) .  T h e  t o w i n g  l i n e  was  l e t  o u t  t h e  a p p r o p r i a t e  l e n g t h
and t h e  v e s s e l  b r o u g h t  u p  t o  t o w i n g  s p e e d .  U s u a l l y ,  a  s e r i e s  o f  t o w s  was
made s t a r t i n g  n e a r  t h e  s u r f a c e  ( 4 . 6  m o r  9 . 2  m) a n d  t h e n  a t  d e p t h  i n t e r v a l s
o f  9 . 2  m down t o  5 4 . 9  m ,  o r  u n t i l  z e r o  o r  v e r y  s m a l l  c a t c h e s  w e r e  made. T h e
ne t  was  p i c k e d  u p  a n d  t h e  c a t c h  removed a n d  r e c o r d e d  a f t e r  e a c h  t o w  w h i c h
was u s u a l l y  1 5  m i n u t e s  l o n g  ( i . e . ,  f r o m  t h e  t i m e  t o w i n g  s p e e d  was r e a c h e d
u n t i l  p i c k - u p  b e g a n ) .  T h e  t i m e s  t a k e n  t o  s e t  a n d  r e t r i e v e  t h e  n e t  v a r i e d
w i t h  t h e  d e p t h  o f  t h e  t o w .  A t  4 . 6  m ,  t h e  s h a l l o w e s t  t o w i n g  d e p t h ,  t h e
average t i m e  t a k e n  t o  s e t  a n d  r e t r i e v e  was  3  m i n u t e s ;  a t  5 4 . 9  m  i t  t o o k
about  11 . 5  m i n u t e s .  O n e  s e r i e s  o f  t o w s  a t  9 . 6 - m  i n t e r v a l s  t o  a  d e p t h  o f
54.9 m  t o o k  a b o u t  2 . 5  h o u r s  t o  c o m p l e t e .

There w e r e  f o u r  p e r i o d s  o f  o b s e r v a t i o n  a n d  c o l l e c t i o n  i n  1967 .
These w e r e  J u l y  1 - 7 ,  A u g u s t  1 8 - 2 9 ,  Sep tember  2 4 - O c t o b e r  1 ,  a n d  O c t o b e r  2 2 - 2 7 .
A l l  f i s h i n g  w a s  d o n e  a t  t w o  s i t e s  i n  A r e a s  2  a n d  3 ,  e x c e p t  f o r  a  f e w  s e i n e
sets  made d u r i n g  t h e  O c t o b e r  2 2 - 2 7  p e r i o d  i n  A r e a s  1  a n d  4  ( F i g .  I ) .  A r e a s
2 a n d  3  we re  c h o s e n  because  t h e y  w e r e  c o n v e n i e n t  t o  s h o r e  f a c i l i t i e s  a n d
because p r e v i o u s  w o r k  h a d  i n d i c a t e d  t h a t  u n d e r y e a r l i n g s  w e r e  a b u n d a n t  i n
these a r e a s  t h r o u g h o u t  t h e  s e a s o n .  A d d i t i o n a l  i n f o r m a t i o n  o n  d i g e s t i o n
r a t e s  a n d  d a i l y  r a t i o n  was o b t a i n e d  f r o m  1968  s e i n e  c a t c h e s .  T w o  s e r i e s  o f
10 s e t s  e a c h  w e r e  made o n  t h e  n i g h t s  o f  A u g u s t  1 7 - 1 8  a n d  A u g u s t  1 8 - 1 9 ,  1 9 6 8 ,
i n  A r e a  3 .

V e r t i c a l  d i s t r i b u t i o n  was s t u d i e d  b y  u s i n g  a  S i m r a d  " S k i p p e r "
model 5 1 2 - 1 5  W:L .  w h i c h  o p e r a t e d  a t  a  f r e q u e n c y  o f  3 8  k H z .  T r a n s d u c e r  s i z e
was 8  x  1 0  cm.  I n  o r d e r  t o  r e c o r d  echoes  f r o m  u n d e r y e a r l i n g  s o c k e y e ,  w h i c h
are s m a l l  t a r g e t s ,  t h e  s o u n d e r  was o p e r a t e d  a t  a  h i g h  l e v e l  o f  s e n s i t i v i t y
( g a i n  8  o n  a  1 - 1 0  s c a l e ) .
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Measurements o f  w a t e r  tempera ture

Four tempera ture  s e r i e s  were  made f r o m  e a r l y  summer t o  f a l l ,  1 9 6 7 ,
w i t h  a n  e l e c t r i c  thermis te r - thermometer  which was a c c u r a t e  t o  t h e  n e a r e s t
0.1  C  (McDonald and  Scarsbrook MS 1 9 6 9 ) .  I n  each  s e r i e s ,  t h e  tempera ture
was t a k e n  1 5  cm below t h e  s u r f a c e  a n d  t h e n  a t  e v e r y  met re  down t o  a  maximum
of 8 0  m.  U p  t o  1 4  mid - l a k e  s t a t i o n s  were  occupied i n  each s e r i e s .

Processing o f  specimens

Fish were preserved  i n  a  10% f o r m a l i n  s o l u t i o n .  P r o c e s s i n g  began
a f t e r  2  t o  5  months i n  t h e  p r e s e r v a t i v e .  E x c e s s  m o i s t u r e  was removed f r o m
each f i s h  b y  b l o t t i n g  l i g h t l y  w i t h  a n  absorbent  p a p e r  t o w e l .  C a r e  was t a k e n
to ensure  t h a t  no  m o i s t u r e  was l e f t  o n  o r  around t h e  f i n s .  T o  min imize  t h e
e f f e c t  o f  d e h y d r a t i o n ,  f o r k  l e n g t h  and we igh t  were  recorded  immedia te ly  a f t e r
b l o t t i n g .  N e x t ,  t h e  whole g u t  was removed and weighed w i t h  i t s  c o n t e n t s .  I t
was t h e n  c u t  i n t o  t h r e e  s e c t i o n s  corresponding t o  t h e  c a r d i a c  and p y l o r i c
port ions o f  t h e  stomach ( s e c t i o n s  I  and I I )  a n d  t h e  i n t e s t i n e  ( s e c t i o n  I I I ) .
Each s e c t i o n  was weighed w i t h  i t s  c o n t e n t s  a n d  t h e n  s e c t i o n s  a n d  c o n t e n t s
were weighed s e p a r a t e l y.  T h e  c o n t e n t s  were  p l a c e d  under  w a t e r  i n  a  g l a s s
dish f o r  i n s p e c t i o n .  F o o d  i t e m s  were  grouped a s  t o  k i n d  and percentage  o f
t o t a l  c o n t e n t s  ( b y  volume) e s t i m a t e d  b y  i n s p e c t i o n  f o r  each  g u t  s e c t i o n  and
f o r  t h e  g u t  a s  a  who le .

Contents o f  t h e  g u t  w e r e  c l a s s i f i e d  o n  t h e  b a s i s  o f  t h e i r  s t a g e  o f
d iges t ion :  s t a g e  1  when food  i t e m s  were  i n  a  f r e s h  c o n d i t i o n ;  s t a g e  2  when
some breakdown o f  i n d i v i d u a l  organisms was observed;  a n d  s t a g e  3  when t h e
food was b r o k e n  up and c o n t e n t s  w e r e ,  f o r  t h e  most p a r t ,  u n i d e n t i f i a b l e .

RESULTS

Die l  v e r t i c a l  d i s t r i b u t i o n

Evidence f r o m  s e i n e  ca tches

Catch d a t a  f r o m  each f i s h i n g  p e r i o d  a r e  a r r a y e d  i n  2 4 -hour
sequences i n  F i g .  2 .  T i m e s  o f  sunset  and  s u n r i s e  ( P a c i f i c  D a y l i g h t  S a v i n g
Time) h a v e  been used t o  d i s t i n g u i s h  between n i g h t  a n d  day  s e t s .  F o r  t h e
f i s h i n g  p e r i o d s  i n  J u l y ,  A u g u s t ,  a n d  September,  1 9 6 7 ,  most  o f  t h e  s e t s  were
in  cont inuous s e r i e s  made a t  t h e  same l o c a t i o n s .  D u r i n g  J u l y  a  s e r i e s  o f
11 s e t s  were  made b e g i n n i n g  1 3 4 4  h r  J u l y  5 ,  a n d  end ing  0327  h r  J u l y  6 .  I n
August, a  s e r i e s  o f  1 3  s e t s  was made between 1846  h r  August 2 7  and  0 7 2 8  h r
August 2 8 .  A n o t h e r  s e r i e s  o f  1 3  s e t s  was made f r o m  1022  h r  September 2 8  t o
0059 h r  September 2 9 .  I n  t h i s  l a s t  c a s e  t h e r e  was a  l a r g e  gap i n  t h e  s e r i e s
spanning t h e  a f t e r n o o n  o f  September 2 8 .  T w o  s e r i e s  o f  s e t s  e a c h  spanning
about 9  hours  were  made o n  consecut ive  days f r o m  October  2 2  t o  2 4 .

Seining r e s u l t s  were  s i m i l a r  t o  t h o s e  o f  t h e  p rev ious  y e a r
(McDonald 1 9 6 9 ) .  U n d e r y e a r l i n g  sockeye were seldom t a k e n  i n  t h e  s e i n e
during t h e  d a y,  e x c e p t  o n  occasions b o r d e r i n g  even ing  o r  morning t w i l i g h t ,
but t h e y  c o u l d  b e  caught  a t  a n y  t i m e  o f  t h e  n i g h t .  I n  b o t h  1966  and 1 9 6 7 ,
s u b s t a n t i a l  numbers o f  o l d e r  O .  n e r k a  (anadromous and  non-anadromous forms
in t h e i r  second y e a r  o r  o l d e r )  w e r e  cap tured  d u r i n g  t h e  d a y.  I n  1 9 6 6 ,  2 9 6
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o f  t h e s e  f i s h  w e r e  t a k e n  i n  7  o f  1 3  d a y t i m e  s e t s ,  a n d  i n  1 9 6 7 ,  2 6 7  w e r e  c a u g h t
i n  8  o f  2 0  d a y t i m e  s e t s .  T h e  r e a d y  c a p t u r e  o f  t h e s e  o l d e r  f i s h  s u g g e s t s  t h a t
by d a y  t h e  u n d e r y e a r l i n g s  w e r e  b e l o w  t h e  r a n g e  o f  t h e  n e t  r a t h e r  t h a n  a v o i d i n g
i t .

The number  o f  u n d e r y e a r l i n g s  c a u g h t  t h r o u g h o u t  t h e  n i g h t  v a r i e d
c o n s i d e r a b l y.  T h e  s e r i e s  made o n  A u g u s t  2 7 - 2 8  i s  t h e  m o s t  c o m p l e t e  a n d
catches show a  d e f i n i t e  p a t t e r n .  T h e  l a r g e s t  c a t c h  ( 1 , 1 9 4 )  w a s  made s h o r t l y
a f t e r  s u n s e t .  T h i s  i s  t h e  t i m e  when ,  o n  c a l m  n i g h t s ,  u n d e r y e a r l i n g s  c a n  b e
seen a t  t h e  s u r f a c e  a n d  when t h e y  c a n  b e  t a k e n  r e a d i l y  i n  s u r f a c e  t o w  n e t s
(Johnson 1 9 5 6 ,  1 9 5 8 ) .  A f t e r  2037 h r  t h e  c a t c h  dec reased  p r o g r e s s i v e l y  u n t i l
about  0 2 0 0  h r ,  a n d  t h e n  i t  i n c r e a s e d  t o  r e a c h  a  second  b u t  s m a l l e r  p e a k
(686 f i s h )  a t  m o r n i n g  t w i l i g h t  ( 0 5 2 8  h r ) .  T h e  n e x t  s e t ,  w h i c h  was s h o r t l y
a f t e r  s u n r i s e ,  p r o d u c e d  a  r e d u c e d  c a t c h  w h i l e  t h e  s e t  made a  l i t t l e  more
than  1 . 5  h o u r s  a f t e r  s u n r i s e  r e s u l t e d  i n  a  z e r o  c a t c h - - t h e  t y p i c a l  d a y t i m e
r e s u l t .

These o b s e r v a t i o n s  s u g g e s t  t h a t  u n d e r y e a r l i n g s  r i s e  t o  t h e  s u r f a c e
at  a b o u t  s u n s e t ,  s u b s e q u e n t l y  s e t t l e  t o  a  l o w e r  d e p t h ,  b u t  n o t  c o m p l e t e l y
ou t  o f  r a n g e  o f  t h e  s e i n e .  S o m e  a t  l e a s t ,  r i s e  t o  t h e  s u r f a c e  a g a i n  a t
morn ing  t w i l i g h t  b u t  s h o r t l y  a f t e r  t h e y  descend  b e l o w  t h e  d e p t h  o f  t h e  n e t
(16 m ) .  A s c e n t  a n d  d e s c e n t  a p p e a r  t o  o c c u r  f a i r l y  r a p i d l y .  T h e  e v e n i n g
c a t c h  r o s e  f r o m  0  t o  1 , 1 9 4  i n  a n  i n t e r v a l  o f  l e s s  t h a n  2  h o u r s .  A t  dawn ,
a c a t c h  o f  6 8 6  was made a t  0 5 2 8  h r .  C a t c h  d e c r e a s e d  t o  1 3 2  i n  a b o u t  1  h o u r ,
and t o  z e r o  a f t e r  a b o u t  2  h o u r s .

Fewer o b s e r v a t i o n s  w e r e  made a t  o t h e r  p e r i o d s  o f  t h e  s e a s o n .
Catches made d u r i n g  t h e  n i g h t  o f  J u l y  5 - 6  w e r e  more  c o n s i s t e n t  t h a n  t h o s e
made i n  A u g u s t  ( F i g .  2 ) .  T h e  c a t c h  a t  e v e n i n g  t w i l i g h t  was  n o t  t h e  l a r g e s t ,
and c a t c h e s  r e m a i n e d  f a i r l y  s t e a d y  t h r o u g h  mos t  o f  t h e  n i g h t .  N o  i n f o r m a t i o n
i s  a v a i l a b l e  f o r  t h e  m o r n i n g  t w i l i g h t  p e r i o d .

Catches made i n  l a t e  September  s u g g e s t  a  p a t t e r n  s i m i l a r  t o  t h a t
observed i n  A u g u s t .  L a r g e  c a t c h e s  r e s u l t e d  f r o m  t w o  s e t s  made a t  e v e n i n g
t w i l i g h t .  T h e r e a f t e r ,  c a t c h e s  w e r e  s m a l l .  N o  i n f o r m a t i o n  was o b t a i n e d  a t
morn ing  t w i l i g h t .

Ev idence f r o m  t r a w l  c a t c h e s

U n d e r y e a r l i n g  s o c k e y e  w e r e  p r e s e n t  i n  t h e  s u r f a c e  l a y e r  a t  n i g h t
and w e r e  f o u n d  a t  c o n s i d e r a b l e  d e p t h  b y  d a y  ( F i g .  3 ) .  B e f o r e  e x a m i n i n g  t h e s e
da ta  i n  d e t a i l ,  t w o  s o u r c e s  o f  e r r o r  s h o u l d  b e  examined .  C a t c h e s  f r o m  n e a r
s u r f a c e  t o w s  a n d  p a r t i c u l a r l y  t h o s e  made a t  4 . 6  m and  9 . 2  m p r o b a b l y  d o  n o t
r e f l e c t  a b u n d a n c e  a t  t h e s e  l e v e l s  because  t h e  t r a w l  was  t o w e d  b e h i n d  t h e
s t e r n  o f  t h e  b o a t  a n d  t h e  h u l l ,  p r o p e l l o r  wash ,  a n d  wake p r o b a b l y  f r e i g h t e n e d
some f i s h  a w a y,  a n d  t h e r e b y  r e d u c e d  t h e  e f f i c i e n c y  o f  t h e  n e t .  A l s o ,  t h e
p o s s i b i l i t y  o f  s o c k e y e  b e i n g  c a u g h t  a t  o t h e r  t h a n  t h e  d e s i r e d  t o w i n g  d e p t h
w h i l e  t h e  n e t  was  b e i n g  s e t  a n d  r e t r i e v e d  m u s t  b e  c o n s i d e r e d .  I t  i s
e x t r e m e l y  u n l i k e l y  t h a t  a n y  f i s h  w o u l d  b e  c a u g h t  w h i l e  t h e  n e t  was  b e i n g  s e t
as i t  was  l o w e r e d  w i t h  i t s  m o u t h  c o l l a p s e d .  P r o b a b l y  some w e r e  c a u g h t  d u r i n g
r e t r i e v a l .  T h e  n e t  was  h a u l e d  i n  a s  r a p i d l y  a s  p o s s i b l e ,  b u t  i t  r e m a i n e d  i n
an o p e r a t i n g  c o n d i t i o n .  R e t r i e v a l  t o o k  a b o u t  1  m i n u t e  p e r  1 0  m o f  d e p t h  a n d
f o r  d e e p  t o w s  ( 5 4 . 9  m) i t  t o o k  a b o u t  5  o r  6  m i n u t e s .  T h e  c a t c h  d u r i n g
r e t r i e v a l  a p p e a r e d  t o  b e  s m a l l  b o t h  i n  numbers  a n d  i n  p r o p o r t i o n  t o  t h e  t o t a l
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f o r  a n y  o n e  s e r i e s .  O n  J u l y  1 ,  a  s e r i e s  o f  tows was made t o  a  d e p t h  o f  5 8 . 6  m.
Most f i s h  w e r e  c a u g h t  a t  3 6 . 6  m o r  l e s s .  A t  t h e  c o n c l u s i o n  o f  t h i s  s e r i e s  o f
tows,  t h e  n e t  w a s  l o w e r e d  t w i c e  t o  3 6 . 6  m and  i m m e d i a t e l y  r e t r i e v e d .  T h r e e
f i s h  w e r e  t a k e n  i n  t h e  f i r s t  t e s t  a n d  1  f i s h  i n  t h e  s e c o n d  ( Ta b l e  1 ) .  T h e
ca tch  o f  3  f i s h  r e c o r d e d  a t  5 8 . 6  m c o u l d  h a v e  b e e n  made a t  a  l e s s e r  d e p t h
d u r i n g  r e t r i e v a l .  A n o t h e r  a n d  b e t t e r  assessment  o f  c a p t u r e  d u r i n g  r e t r i e v a l
i s  g a i n e d  f r o m  d a t a  shown i n  F i g .  3 .  C a t c h e s  a t  t h e  g r e a t e s t  d e p t h  i n  e a c h
s e r i e s  w e r e  e i t h e r  z e r o  o r  j u s t  a  f e w  f i s h  w h i c h  u s u a l l y  r e p r e s e n t e d  a  v e r y
sma l l  p r o p o r t i o n  o f  t h e  t o t a l  f o r  t h e  s e r i e s .  R e s u l t i n g  e r r o r  w o u l d  n o t  c a u s e
any s u b s t a n t i a l  m i s i n t e r p r e t a t i o n  o f  v e r t i c a l  d i s t r i b u t i o n  e x c e p t  when t h e
t o t a l  c a t c h  i n  a  s e r i e s  was  v e r y  s m a l l - - s u c h  a s  i n  some s e r i e s  i n  t h e  September
and O c t o b e r  p e r i o d s .  I n  t h e s e  c a s e s ,  h o w e v e r ,  m o s t  d e e p  t o w s  r e s u l t e d  i n  z e r o
ca tches  a n d  t h e r e f o r e  a r e  n o t  m i s l e a d i n g  w i t h  r e s p e c t  t o  c a p t u r e s  d u r i n g
r e t r i e v a l .

Trawl  c a t c h e s  f r o m  J u l y  1  t o  7  ( F i g .  3 a )  i n c l u d e  4  d a y t i m e  s e r i e s
made o n  3  d i f f e r e n t  d a y s  a n d  2  n i g h t t i m e  s e r i e s  made t h e  n i g h t  o f  J u l y  6 - 7 .
By d a y ,  m o s t  u n d e r y e a r l i n g  sockeye  w e r e  c a u g h t  b e l o w  2 0  m b u t  a b o v e  4 0  m.
They appea red  t o  b e  m o s t  c o n c e n t r a t e d  a t  c l o s e  t o  3 0  m.  A t  n i g h t  m o s t  w e r e
caught  a b o v e  2 0  m a n d  t h e  g r e a t e s t  p r o p o r t i o n  o f  t h e m  w e r e  c a u g h t  a r o u n d  1 0  m.

The same p a t t e r n  was a p p a r e n t  i n  A u g u s t  ( F i g .  3 b ) .  D u r i n g  t h e  d a y
most s o c k e y e  w e r e  t a k e n  b e l o w  3 5  m a n d  a t  n i g h t  a b o v e  1 5  m.  T h e  s e r i e s  o f
tows b e t w e e n  0407 a n d  0817  h r  s p a n s  t h e  t i m e  o f  d e s c e n t  o f  t h e  s o c k e y e  f r o m
the  s u r f a c e  l a y e r  t o  t h e i r  d a y t i m e  l e v e l s  a n d  t h e  c a t c h  changed l i t t l e  w i t h
dep th .  A p p a r e n t l y  t h e  t o w i n g  d e p t h  was i n c r e a s e d  a t  a b o u t  t h e  same r a t e  a s
the  f i s h  d e s c e n d e d .

A c l o s e r  c o m p a r i s o n  o f  t h e  c a t c h e s  made i n  t h e  J u l y  1 - 7  a n d
August  1 8 - 2 9  p e r i o d s  r e v e a l s  t h a t  t h e  f i s h  w e r e  c o n c e n t r a t e d  a t  g r e a t e r
depths d u r i n g  t h e  d a y  i n  A u g u s t  t h a n  t h e y  w e r e  i n  J u l y  ( 3 5  t o  5 5  m i n s t e a d
o f  2 0  t o  4 0  m ) .

A l t h o u g h  c a t c h e s  i n  t h e  f a l l  p e r i o d s  w e r e  u s u a l l y  s m a l l ,  t h e y
were c o n s i s t e n t  enough  t o  i n d i c a t e  t h a t  b y  d a y  t h e  s o c k e y e  w e r e  c o n c e n t r a t e d
at  a b o u t  2 0 - 3 0  m ,  a n d  b y  n i g h t .  a b o v e  1 5  m ( F i g .  3 c ) .  T h e  d a y t i m e  l e v e l  was
much s h a l l o w e r  t h a n  i n  A u g u s t  a n d  somewhat l e s s  t h a n  t h a t  o b s e r v e d  i n  e a r l y
J u l y .  T h e  s i n g l e  n i g h t  s e r i e s  made Sep tember  2 4  does  n o t  s u g g e s t  a n y  s u b -
s t a n t i a l  change  f r o m  t h e  n i g h t  d i s t r i b u t i o n  o b s e r v e d  e a r l i e r  i n  t h e  s e a s o n .

Evidence f r o m  t r a w l  and s e i n e  ca tches  combined

S u f f i c i e n t  d a t a  a r e  a v a i l a b l e  f r o m  t h e  A u g u s t  1 8 - 2 9  p e r i o d  t o  show
i n  c o n s i d e r a b l e  d e t a i l  t h e  changes  i n  v e r t i c a l  d i s t r i b u t i o n  w h i c h  o c c u r r e d
a t  t h i s  t i m e  ( F i g .  4 ) .  S e i n e  c a t c h e s  shown  i n  F i g .  4  w e r e  made o v e r  3  d a y s ,
August  2 6 - 2 8 ,  b u t  s e t s  b e g i n n i n g  a t  1 8 4 6  h r  t h r o u g h  t o  0 7 2 8  h r  w e r e  made
c o n s e c u t i v e l y  o n  A u g u s t  2 7 - 2 8 .  T r a w l  c a t c h e s  w e r e  made o v e r  s e v e r a l  d a y s .
The d o t t e d  l i n e s  a r e  d r a w n  b y  i n s p e c t i o n  a n d  a r e  u s e d  o n l y  t o  i n d i c a t e  d e p t h
d i s t r i b u t i o n  g e n e r a l l y .  S o m e  d a y - t o - d a y  d i f f e r e n c e s  i n  v e r t i c a l  d i s t r i b u -
t i o n  may b e  e x p e c t e d  b u t  t h e  c o n s i s t e n c y  shown b y  t h e  t r a w l  c a t c h e s  s u g g e s t s
t h a t  d a y - t o - d a y  d i f f e r e n c e s  a r e  n o t  l a r g e ;  h e n c e  a r r a y i n g  s e v e r a l  d a y s '  d a t a
w i t h i n  o n e  2 4 - h r  sequence  s h o u l d  p r o v i d e  a  u s e f u l  d e s c r i p t i o n  o f  d i e l
d i s t r i b u t i o n .  A l m o s t  a l l  u n d e r y e a r l i n g s  w e r e  be tween  3 5  a n d  5 5  m d u r i n g
most o f  t h e  d a y.  A s c e n t  p r o b a b l y  began  a b o u t  1 8 0 0  h r  o r  s h o r t l y  a f t e r .
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Be fo re  1800  h r  f e w  s o c k e y e  we re  above  3 5  m.  W i t h i n  2  h o u r s  s o c k e y e  w e r e  t a k e n
a t  1 0  m t o  2 0  m ,  a n d  a f t e r  2 . 5  h o u r s ,  t h e  p e a k  s e i n e  c a t c h  was made.  D e s c e n t
to  d a y t i m e  l e v e l s  a p p e a r s  t o  t a k e  a b o u t  t h e  same t i m e .  T h e  p e a k  m o r n i n g  c a t c h
was made a t  0 5 2 8  h r .  A t  0 6 5 6  h r ,  a  c a t c h  o f  3 1  f i s h  w a s  made a t  2 0  m ,  a n d  b y
0800 h r ,  r o u g h l y  2 . 5  h o u r s  a f t e r  t h e  p e a k  m o r n i n g  s e i n e  c a t c h ,  t h e  f i s h  a p p e a r e d
to  have  e s t a b l i s h e d  t h e i r  d a y t i m e  l e v e l .  B o t h  d e s c e n t  a n d  a s c e n t  t o o k  u p  t o
2.5 h o u r s ,  r e v e a l i n g  a n  a v e r a g e  r a t e  o f  v e r t i c a l  movement o f  a b o u t  1 8  m p e r
h r .

Sockeye d i s t r i b u t i o n  d i d  n o t  r e m a i n  s t a t i c  be tween  d u s k  and  dawn.
Seine c a t c h e s  d e c r e a s e d  a f t e r  t h e  e v e n i n g  t w i l i g h t  p e r i o d  a n d  when examined
t o g e t h e r  w i t h  t r a w l  c a t c h e s  s u g g e s t  t h a t  some f i s h  s e t t l e d  t o  a  d e p t h  o f  a t
l e a s t  1 2  m.  I n c r e a s i n g  s e i n e  c a t c h e s  a f t e r  0 2 0 0  h r  s u g g e s t  t h a t  some f i s h
began t o  move c l o s e r  t o  t h e  s u r f a c e .  B y  m o r n i n g  t w i l i g h t  many f i s h  w e r e
aga in  a t  o r  c l o s e  t o  t h e  s u r f a c e .  S o m e  r e m a i n e d  w i t h i n  t h e  r a n g e  o f  t h e  n e t
a f t e r  s u n r i s e  a s  shown b y  t h e  c a t c h  made a t  0 6 3 1  h r  o r  3 4  m i n u t e s  a f t e r
s u n r i s e .  H o w e v e r ,  n o  f i s h  w e r e  c a u g h t  i n  t h e  s e i n e  s e t  made a t  0 7 2 8  h r ,  o r
about 2 . 5  h o u r s  a f t e r  s u n r i s e .  T r a w l  c a t c h e s  a t  t h i s  t i m e  c o n f i r m  t h a t
sockeye w e r e  c o n c e n t r a t e d  a t  t h e i r  d a y t i m e  l e v e l  o f  be tween  3 5  a n d  5 5  m .

Evidence f r o m  echo - s o u n d i n g

The S i m r a d  3 8  kHz  s o u n d e r  was u s e d  a t  B a b i n e  L a k e  i n  1966  a n d  1967
i n  c o n j u n c t i o n  w i t h  s e i n i n g .  T h i s  e x p e r i e n c e  h a d  shown t h a t  t h e  s o u n d e r
would  i n d i c a t e  t h e  p r e s e n c e  o r  absence  o f  f i s h  o f  t h e  s i z e  o f  u n d e r y e a r l i n g
sockeye be tween  r o u g h l y  5  a n d  2 0  m d e p t h .  O b j e c t s  a b o v e  5  m w e r e  n o t
r e c o r d e d .  B e l o w  a b o u t  2 0  m,  o r  p e r h a p s  a  l i t t l e  d e e p e r ,  t h e  r e c o r d e r
a p p a r e n t l y  c a n n o t  d e t e c t  u n d e r y e a r l i n g s .  S e n s i t i v i t y  changes  w i t h  d e p t h ,
and u n d e r y e a r l i n g s  w h i c h  p r o d u c e  dense  echoes  a t  1 0  m w o u l d  p r o d u c e  v e r y
l i g h t  a n d  s c a t t e r e d  echoes  a t  2 0  m,  a n d  f e w  o r  n o  echoes  a t  g r e a t e r  d e p t h s .

Tr a c i n g s  f r o m  s o u n d i n g s  made o n  A u g u s t  2 2 - 2 3 ,  1 9 6 7  ( F i g .  5 )  i n  t h e
same l o c a t i o n  a s  s e i n e  a n d  t r a w l  f i s h i n g ,  i n d i c a t e  t h e  same d i e l  v e r t i c a l
movement p a t t e r n  o f  s o c k e y e  a s  was  i n t e r p r e t e d  f r o m  t h e  n e t  c a t c h e s .  T h e
t r a c i n g s  w e r e  made w h i l e  c r u i s i n g  b a c k  a n d  f o r w a r d  o n  a  f i x e d  c o u r s e  o v e r
a d i s t a n c e  o f  a b o u t  1  m i l e .  T h e  f i r s t  t r a c i n g  i n  t h e  s e r i e s  ( 1 9 4 8  t o
2203 h r )  s p a n s  t h e  t i m e  o f  e v e n i n g  t w i l i g h t .  A t  t h e  s t a r t ,  a n  e c h o  l a y e r
was c e n t e r e d  a t  a b o u t  1 5  m.  I t  r o s e  p r o g r e s s i v e l y  a n d  b y  2040  h r  echoes
were s e e n  a t  t h e  5  m  l e v e l .  A p p a r e n t l y  some f i s h  h a d  r i s e n  i n t o  t h e  t o p
5 m.  F r o m  2100  t o  2 1 4 0  h r  f e w  echoes  w e r e  r e c o r d e d  i n d i c a t i n g  t h a t  t h e
f i s h  w e r e  m o s t l y  i n  t h e  t o p  5  m .  B y  2149  h r ,  a n  e c h o  l a y e r  began  t o  f o r m
aga in  a t  a b o u t  1 0  m a n d  t h e n  r e m a i n e d  s t a t i c  t h r o u g h o u t  m o s t  o f  t h e  2216  t o
0206 p e r i o d .  F r o m  0206  t o  0347  h r  a  r e d u c t i o n  i n  t h e  d e n s i t y  o f  t h i s  e c h o
l a y e r  was  s e e n .  A t  a b o u t  0 5 0 0  t o  0 5 4 8  h r ,  f e w  echoes  w e r e  r e c o r d e d .  A f t e r
0548 h r  t h e  e c h o  l a y e r  appea red  o n c e  a g a i n  a n d  t h e n  p r o g r e s s i v e l y  moved
deeper a n d  d i s a p p e a r e d  b e l o w  2 0  m.  T h e  absence  o f  t h e  e c h o  l a y e r  f r o m  0500
t o  0 5 4 8  h r  c a n  b e  a t t r i b u t e d  t o  t h e  r i s e  o f  f i s h  i n t o  t h e  t o p  5  m  w h i l e  t h e
d isappearance  o f  t h e  e c h o  l a y e r  b e l o w  2 0  m o c c u r r e d  a s  a  r e s u l t  o f  t h e
d e c r e a s i n g  e f f i c i e n c y  o f  t h e  r e c o r d e r  w i t h  d e p t h .

There seems l i t t l e  d o u b t  t h a t  t h e  s o u n d e r  t r a c i n g s  r e f l e c t
movement o f  u n d e r y e a r l i n g s  w i t h i n  d e p t h s  o f  5  t o  1 5  m.  T h e  t r a c i n g s  show
ascent  f r o m  1 5  m t o  a b o v e  5  m f r o m  1948  t o  2 0 4 0  h r .  T h i s  c o r r e s p o n d s  t o
the t i m e  when  t r a w l  c a t c h e s  o f  s o c k e y e  b e l o w  3 0  m f e l l  s h a r p l y  w h i l e  t h o s e
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i n  t h e  t o p  1 5  m i n c r e a s e d .  T h e  r i s e  o f  t h e  t o p  o f  t h e  e c h o  l a y e r  t o  5  m
cor responds c l o s e l y  w i t h  t h e  t i m e  ( 2 0 3 7  h r )  when  t h e  l a r g e s t  s e i n e  c a t c h  was
made a n d  t h e  e v e n i n g  t w i l i g h t  p e r i o d  when u n d e r y e a r l i n g s  c a n  be  s e e n  a t  t h e
s u r f a c e .  T h e  subsequen t  d e s c e n t  a n d  f o r m a t i o n  o f  a  s t a t i c  e c h o  l a y e r  a t  1 0  m
cor responds  t o  t h e  d e c r e a s e  i n  s e i n e  c a t c h e s  a f t e r  e v e n i n g  t w i l i g h t .  D i s i n -
t e g r a t i o n  o f  t h e  e c h o  l a y e r  began  a f t e r  a b o u t  0 2 0 0  h r .  I n c r e a s e d  s e i n e  c a t c h e s
i n d i c a t e  f i s h  w e r e  mov ing  s l o w l y  t o w a r d  t h e  s u r f a c e .  B e t w e e n  0500  h r  a n d
0548 h r  mos t  f i s h  w o u l d  h a v e  b e e n  above  t h e  min imum r a n g e  o f  t h e  s o u n d e r  a n d
a t  t h i s  t i m e  t h e  m o r n i n g  p e a k  s e i n e  c a t c h  was made.  T h e  d e s c e n t  o f  t h e  e c h o
l a y e r  a f t e r  0605  h r  c o r r e s p o n d s  t o  t h e  t i m e  t h a t  s e i n e  c a t c h e s  d r o p p e d  t o
zero a n d  t r a w l  c a t c h e s  showed s o c k e y e  t o  b e  p r e s e n t  a t  t h e i r  d a y t i m e  l e v e l
o f  b e t w e e n  3 5  a n d  5 5  m .

D i e l  v e r t i c a l  d i s t r i b u t i o n  and  t e m p e r a t u r e

Ma jo r  changes  i n  t h e  t h e r m a l  s t r u c t u r e  o f  B a b i n e  L a k e ' s  m a i n  b a s i n
were o b s e r v e d  t h r o u g h o u t  t h e  summer a n d  f a l l  ( F i g .  6 ) .  B y  e a r l y  J u l y  t h e
t h e r m o c l i n e  was n o t  y e t  w e l l  d e v e l o p e d .  S u r f a c e  t e m p e r a t u r e s  v a r i e d  f r o m
about 8  t o  1 3  C .  T h e  l a k e  was n e a r l y  i s o t h e r m a l  b e l o w  3 0  m.  A  p r o m i n e n t
f e a t u r e  was a  wedge o f  r e l a t i v e l y  warm w a t e r  e x t e n d i n g  f r o m  t h e  s o u t h e a s t
end o f  t h e  l a k e  ( s t a t i o n  1 2 )  i n t o  t h e  n o r t h w e s t  e n d  ( t o  s t a t i o n  3 ) .

I n  l a t e  A u g u s t ,  t h e  t h e r m a l  s t r u c t u r e  o f  t h e  l a k e  was f a i r l y  u n i f o r m .
The s u r f a c e  w a t e r  was a b o u t  1 7  C  a n d  d e c r e a s e d  t o  a b o u t  1 5  C  a t  1 0  m. A  v e r y
w e l l  d e f i n e d  t h e r m o c l i n e  ( 1 5  t o  7  C )  o c c u r r e d  be tween  1 0  a n d  2 0  m.  B e l o w
20 m t h e  w a t e r  was 7  C  o r  l e s s  a t  m o s t  s t a t i o n s .

By l a t e  Sep tembe r,  t h e  l a k e  h a d  c o o l e d  c o n s i d e r a b l y .  S u r f a c e  w a t e r
was 1 3  t o  1 4  C .  T h e  t h e r m o c l i n e  was much r e d u c e d  f r o m  t h e  mon th  p r e v i o u s .
The warmest  w a t e r  was  i n  t h e  n o r t h w e s t  e n d  o f  t h e  b a s i n .  A t  s t a t i o n s  1  t o  5 ,
wa te r  8  C o r  h i g h e r  e x t e n d e d  down t o  3 0  o r  4 0  m.  F u r t h e r  u p l a k e ,  8  C w a t e r
extended down t o  o n l y  2 0  m.

By l a t e  O c t o b e r ,  t h e  l a k e  was n e a r i n g  a n  i s o t h e r m a l  c o n d i t i o n .  T h e
s u r f a c e  h a d  c o o l e d  t o  be tween  7  a n d  9  C ,  b u t  a  r e l a t i v e l y  warm and  d e e p  l a y e r
o f  w a t e r  was s t i l l  e v i d e n t  i n  t h e  n o r t h w e s t  e n d  o f  t h e  b a s i n .

When t h e  d i e l  movements o f  u n d e r y e a r l i n g  s o c k e y e  a r e  examined
t o g e t h e r  w i t h  l a k e  t e m p e r a t u r e s  ( F i g .  7 )  i t  c a n  b e  s e e n  t h a t  t h e  f i s h ,  w h e n
moving f r o m  d a y t i m e  t o  n i g h t t i m e  d e p t h s  a n d  b a c k  a g a i n ,  e x p e r i e n c e d  changes
i n  t e m p e r a t u r e  t h e  e x t e n t  o f  w h i c h  depended u p o n  t h e  t i m e  o f  s e a s o n .  J u l y  3 - 4
tempera tu res  a t  s t a t i o n  8  show a  g r a d u a l  d e c r e a s e  f r o m  a  s u r f a c e  t e m p e r a t u r e
o f  11  C  t o  a b o u t  4  C a t  4 0  m.  S o c k e y e  d u r i n g  t h e  d a y  w e r e  f o u n d  be tween  2 0  m
and 4 0  m i n  w a t e r  o f  4  t o  7  C .  T h e y  w e r e  m o s t  c o n c e n t r a t e d  a t  3 0  m where  t h e
tempera tu re  was a b o u t  6  C .  M o v e m e n t  t o  a n d  f r o m  t h e  s u r f a c e  a t  t w i l i g h t
b rough t  t h e  f i s h  i n t o  w a t e r  be tween  8  a n d  11  C  o r  2  t o  5  C  d e g r e e s  warmer
than t h e  w a t e r  a t  t h e i r  d a y t i m e  l e v e l .

I n  l a t e  A u g u s t .  s o c k e y e  w e r e  c o n c e n t r a t e d  b y  d a y  w e l l  b e l o w  t h e
t h e r m o c l i n e  i n  w a t e r  o f  5  t o  6  C .  M o v e m e n t  t o  t h e  s u r f a c e  b r o u g h t  t h e m
i n t o  w a t e r  a s  warm a s  1 7  C .  T h e  t e m p e r a t u r e  a t  1 0  m ,  t h e  d e p t h  a t  w h i c h
most s o c k e y e  appea red  t o  s p e n d  much o f  t h e  n i g h t ,  w a s  a b o u t  1 6  C w h i c h  i s
10 t o  11  C  d e g r e e s  warmer  t h a n  t h e  w a t e r  i n h a b i t e d  d u r i n g  t h e  d a y .
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The s o c k e y e  w e r e  c o n c e n t r a t e d  a t  a b o u t  2 0  m b y  d a y  i n  l a t e  Sep tember.
The w a t e r  a t  t h i s  d e p t h  was 6  t o  7  C .  B y  n i g h t ,  w a t e r  be tween  7  a n d  11 . 5  C
was o c c u p i e d .

By l a t e  O c t o b e r ,  t h e  w a t e r  a t  s t a t i o n  6  was n e a r l y  i s o t h e r m a l  a t
c l o s e  t o  8  C down t o  3 0  m.  T r a w l i n g  d u r i n g  t h e  d a y  i n d i c a t e d  s o c k e y e  be tween
15 a n d  3 0  m.  N o  s e i n i n g  was c a r r i e d  o u t  a t  n i g h t  a t  t h i s  s i t e  b u t  s e i n e  s e t s
made a t  o t h e r  l o c a t i o n s  r e v e a l e d  s o c k e y e  n e a r  t h e  s u r f a c e .  E v i d e n t l y ,  a t  t h i s
t ime,  v e r t i c a l  movement r e s u l t e d  i n  v e r y  l i t t l e  change  i n  w a t e r  t e m p e r a t u r e .

Feeding h a b i t s

Kinds o f  f o o d

The r e l a t i v e  amounts  ( b y  vo lume)  o f  t h e  v a r i o u s  f o o d  i t e m s  c o n t a i n e d
i n  t h e  c a r d i a c  p o r t i o n  o f  t h e  s tomach  h a v e  b e e n  used  t o  p r o v i d e  a  g e n e r a l
d e s c r i p t i o n  o f  t h e  d i e t  o f  u n d e r y e a r l i n g  s o c k e y e  i n  t h e  s t u d y  a r e a  t h r o u g h o u t
the  1967  s e a s o n  ( F i g .  8 a ,  b ,  c ,  d ) .  N o t e  t h a t  i n  t h e  f i g u r e ,  d a t a  r e s u l t i n g
f rom o b s e r v a t i o n s  made o v e r  a  p e r i o d  o f  d a y s  h a v e  b e e n  a r r a y e d  i n  one  2 4 - h r
sequence. A l s o ,  p e r c e n t a g e s  shown a r e  mean v a l u e s  f o r  samp les  o f  u s u a l l y
10 f i s h  d r a w n  f r o m  s e i n e  a n d  t r a w l  c a t c h e s .  N o t  a l l  c a t c h e s  w e r e  samp led .
I n s t e a d ,  s a m p l e s  w e r e  s e l e c t e d  o n  t h e  f o l l o w i n g  b a s i s :  ( 1 )  t h e  samp les  w o u l d
p r o v i d e  a s  much a s  p o s s i b l e  a n  h o u r l y  d e s c r i p t i o n  o f  s tomach  c o n t e n t s  o v e r  a
24- h r  p e r i o d ;  ( 2 )  s a m p l e s  w o u l d  b e  d r a w n  f r o m  c a t c h e s  made a t  d e p t h s  w h e r e
young s o c k e y e  w e r e  m o s t  a b u n d a n t ;  a n d  ( 3 )  a  minimum sample  was 1 0  f i s h  ( c a t c h e s
o f  l e s s  t h a n  1 0  w e r e  u s e d  when n o  a l t e r n a t i v e  s o u r c e  o f  i n f o r m a t i o n  was
a v a i l a b l e  f o r  a  p a r t i c u l a r  t i m e  o r  d e p t h ) .

The d a t a  shown i n  F i g .  8  r e v e a l  t h e  k i n d s  o f  f o o d  i n g e s t e d  b u t  n o t
the amount  i n  t h e  s t o m a c h  o r  f e e d i n g  t i m e - - e x c e p t  t h a t  t h e  l a t t e r  i s  i n d i c a t e d
by t h e  number  i n  e a c h  samp le  w i t h  e m p t y  s t o m a c h s ,  a n d  b y  t h e  p r o p o r t i o n  o f
d i g e s t e d  m a t e r i a l .  T h e  f e w  f i s h  w h i c h  w e r e  f o u n d  w i t h  c o m p l e t e l y  e m p t y
stomachs w e r e  a l m o s t  a l l  c a u g h t  a t  d e p t h  d u r i n g  t h e  d a y .  T h i s  f a c t ,  t o g e t h e r
w i t h  t h e  r e l a t i v e l y  h i g h  p r o p o r t i o n  o f  d i g e s t e d  m a t e r i a l  f o u n d  i n  t h e  d a y t i m e
samples,  i n d i c a t e d  t h a t  f e e d i n g  was  a s s o c i a t e d  m a i n l y  w i t h  n i g h t t i m e  a n d  t h e
s u r f a c e  l a y e r .  F u r t h e r  i n f o r m a t i o n  r e g a r d i n g  f e e d i n g  t i m e s  i s  r e p o r t e d  i n
the  f o l l o w i n g  s e c t i o n .

The f o o d  o f  s o c k e y e  u n d e r y e a r l i n g s  t h r o u g h o u t  t h e  summer a n d  f a l l
o f  1967 c o n s i s t e d  m a i n l y  o f  C l a d o c e r a  ( D a p h n i a )  a n d  C a l a n o i d a  ( m a i n l y
Heterocope a n d  a t  t i m e s  s u b s t a n t i a l  amounts  o f  D i a p t o m u s ) .  V e r y  s m a l l
amounts o f  t h e  C y c l o p o i d a  w e r e  i n  t h e  f o o d .  I n  a d d i t i o n  t o  t h e  C r u s t a c e a ,
some i n s e c t s  w e r e  e a t e n - - m o s t l y  Hymenoptera  a n d  t e r r e s t r i a l  D i p t e r a ,  b u t
a l s o  a  f e w  c h i r o n o m i d s .

Diet  changed  w i t h  t h e  s e a s o n - - p r o b a b l y  i n  r e s p o n s e  t o  a v a i l a b i l i t y
o f  d i f f e r e n t  f o o d  o r g a n i s m s  a n d  f r o m  changes i n  f o o d  p r e f e r e n c e s  a s s o c i a t e d
w i t h  t h e  i n c r e a s i n g  s i z e  o f  t h e  y o u n g  s o c k e y e .  S i z e  d a t a  a r e  summar ized
be low:
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J u l y  1 - 7 123 33.4 4 .14 0.390 0 .194

Aug. 1 8 - 2 9 165 52.4 5 .63 1.678 0.471

Sept .  2 4 - O c t . 1 87 63.6 7.95 2.952 0.993

Oct .  2 2 - 2 7 80 67.2 7 .90 3.375 1.156

Average A v e r a g e
Sampl ing N o .  i n  l e n g t h  S t a n d a r d  w e i g h t  S t a n d a r d

p e r i o d  s a m p l e  ( m m )  d e v i a t i o n  ( g )  d e v i a t i o n

I n  e a r l y  J u l y ,  s t o m a c h  c o n t e n t s  ( F i g .  8 a )  c o n s i s t e d  m a i n l y  o f
Heterocope ( a b o u t  80% o f  t h e  n o c t u r n a l  c o n t e n t s ) .  S m a l l  amoun ts  o f  D a p h n i a
and E p i s c h u r a  we re  e a t e n  a n d  o n l y  t r a c e s  o f  o t h e r  i t e m s  w e r e  f o u n d .

By l a t e  A u g u s t .  D a p h n i a  w e r e  t h e  m a j o r  f o o d ,  a n d  t h e y  c o m p r i s e d
about 80% o f  t h e  c o n t e n t s  ( F i g .  8 b ) .  H e t e r o c o p e  w e r e  s t i l l  p r e s e n t  b u t
r e l a t i v e l y  u n i m p o r t a n t .  O n l y  s m a l l  amounts  o f  o t h e r  i t e m s  w e r e  t a k e n .

Daphnia r ema ined  t h e  m a j o r  f o o d  i t e m  u n t i l  l a t e  Sep tember  ( F i g .  8 c ) ,
bu t  t h e  d i e t  was  more  v a r i e d  t h a n  i t  h a d  b e e n  e a r l i e r ,  a n d  s u b s t a n t i a l
p r o p o r t i o n s  o f  D iap tomus  a n d  E p i s c h u r a  w e r e  n o t e d .

I n  l a t e  O c t o b e r ,  a l m o s t  n o  D a p h n i a  w e r e  f o u n d  i n  t h e  s tomachs
( F i g .  8 d ) .  H e t e r o c o p e  o n c e  a g a i n  p r e d o m i n a t e d .  T h e  o n l y  o t h e r  f o r m  t a k e n
i n  a n y  s u b s t a n t i a l  amount  was D i a p t o m u s .  N o  i n s e c t s  w e r e  f o u n d  a l t h o u g h
they  h a d  b e e n  p r e s e n t  i n  a l l  p r e v i o u s  s a m p l i n g  p e r i o d s .

Times o f  f e e d i n g

Both t h e  q u a n t i t y  a n d  c o n d i t i o n  o f  t h e  s tomach  c o n t e n t s  h a v e  b e e n
used t o  r e v e a l  f e e d i n g  t i m e s  ( A p p e n d i x  I ) .  C o n t e n t s  o f  t h e  w h o l e  s t o m a c h
( s e c t i o n s  I  a n d  I I )  a r e  g i v e n  a s  a  p e r c e n t a g e  o f  t h e  b o d y  w e i g h t  ( t o t a l  f i s h
w e i g h t  l e s s  c o n t e n t s  o f  t o t a l  g u t ) .  M e a n ,  m in imum,  a n d  maximum v a l u e s  a r e
f o r  samp les  o f  u s u a l l y  1 0  f i s h .  A  r e l a t i v e  measure  o f  t h e  s t a g e  o f  d i g e s t i o n
o f  t h e  s t o m a c h  c o n t e n t s  ( c a l l e d  " s c o r e " )  w a s  d e r i v e d  b y  a s s i g n i n g  1 ,  2 ,  a n d
3 p o i n t s  t o  d i g e s t i o n  s t a g e s  I ,  I I ,  a n d  I I I ,  r e s p e c t i v e l y ,  a n d  summing t h e
p o i n t s  f o r  t h e  1 0 - f i s h  s a m p l e .  W h e n  t h e  samp le  was l e s s  t h a n  1 0 ,  t h e  s c o r e
was w e i g h t e d  a p p r o p r i a t e l y .  A n  empty  s t o m a c h  was c o n s i d e r e d  t o  b e  t h e
e q u i v a l e n t  t o  s t a g e  I I I ,  a n d  g i v e n  3  p o i n t s .  F o r  a  samp le  o f  1 0  f i s h ,  t h e
minimum s c o r e  w o u l d  b e  1 0 ,  i . e . .  t h e  c o n t e n t s  o f  a l l  1 0  f i s h  w o u l d  b e  i n  a
f r e s h  s t a t e  ( s t a g e  I ) .  A  s c o r e  o f  2 0  w o u l d  mean t h a t  o n  t h e  a v e r a g e  t h e
con ten ts  w e r e  p a r t i a l l y  d i g e s t e d  ( s t a g e  I I ) ,  w h i l e  a  maximum s c o r e  o f  3 0
would mean t h a t  d i g e s t i o n  was w e l l  advanced  ( s t a g e  I I I )  f o r  a l l  f i s h  i n  t h e
sample. D a t a  f r o m  e a c h  f i s h i n g  p e r i o d  h a v e  b e e n  a r r a y e d  i n  2 4 - h r  sequences
( F i g .  9 ) .

I n  J u l y ,  s t o m a c h  c o n t e n t s  b y  d a y  a v e r a g e d  l e s s  t h a n  1% o f  t h e
body w e i g h t  a n d  t h a t  o f  i n d i v i d u a l s  n e v e r  exceeded  1 . 5 % .  A l s o ,  d u r i n g  t h e
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day,  t h e  c o n t e n t s  w e r e  f o u n d  t o  b e  i n  a n  advanced  s t a g e  o f  d i g e s t i o n  ( s c o r e s
o f  2 3  t o  3 0 ) .  A f t e r  e v e n i n g  t w i l i g h t ,  a v e r a g e  c o n t e n t s  r o s e  t o  be tween  3 . 0
and 4 .0%,  a n d  o n e  i n d i v i d u a l  s t o m a c h  c o n t a i n e d  7 .0%.  W i t h  t h i s  i n c r e a s e  i n
con ten t  t h e r e  was  a n  accompany ing  d e c r e a s e  i n  t h e  s t a g e  o f  d i g e s t i o n .  N o
samples w e r e  o b t a i n e d  i n  J u l y  t o  show w h e t h e r  f e e d i n g  o c c u r r e d  a t  t h e  t i m e  o f
morn ing t w i l i g h t  a l t h o u g h  t h i s  o c c u r r e d  i n  A u g u s t .

The m o s t  c o m p l e t e  s e r i e s  o f  o b s e r v a t i o n s  was made A u g u s t  1 8 - 2 9 ,
and e v e n i n g  a n d  m o r n i n g  f e e d i n g  p e r i o d s  w e r e  c l e a r l y  d e f i n e d  b y  changes  i n
t h e  q u a n t i t y  a n d  c o n d i t i o n  o f  s tomach  c o n t e n t s .  I n  t h e  e v e n i n g ,  t h e  a v e r a g e
c o n t e n t s  i n c r e a s e d  o v e r  a  p e r i o d  o f  a b o u t  2  h o u r s  f r o m  a b o u t  1 . 2 %  o f  b o d y
w e i g h t  a t  1 8 2 1  h r  t o  5 .6% a t  2037  h r .  T h e r e a f t e r ,  t h e r e  was a  r a p i d  a n d
p r o g r e s s i v e  d e c l i n e  t o  t h e  m i d - n o c t u r n a l  l o w  o f  l e s s  t h a n  1% a t  0 3 2 9  h r .
W i t h  m o r n i n g  t w i l i g h t ,  c o n t e n t s  i n c r e a s e d  t o  3 . 3 %  o f  t h e  b o d y  w e i g h t  a t
0631 h r  f r o m  t h e  1 . 2 %  o f  a b o u t  1  h o u r  e a r l i e r .  A f t e r  0631  h r  c o n t e n t s
decreased t o  1 .4% b y  m i d d a y.

The e v i d e n c e  a r r a y e d  i n  F i g .  9  s u g g e s t s  t h a t  l i t t l e  f e e d i n g
occu r red  o t h e r  t h a n  a t  t h e  t w i l i g h t  p e r i o d s .  H o w e v e r ,  when  t h e  c o n t e n t s
o f  i n d i v i d u a l  f i s h  w e r e  examined  ( Ta b l e  2 )  some d a y t i m e  a n d  n i g h t t i m e  f e e d i n g
was i n d i c a t e d .  D a y t i m e  samp les  i n c l u d e d  some f i s h  w h i c h  c o n t a i n e d  f r e s h -
appea r i ng  f o o d  ( s t a g e  I )  i n  t h e  c a r d i a c  s e c t i o n  o f  t h e  s t omach .  T h e s e  s a m p l e s
were t a k e n  u p  t o  1 2  h o u r s  o r  more  a f t e r  m o r n i n g  t w i l i g h t ;  i f  n o  f e e d i n g  h a d
occu r red  s i n c e  t w i l i g h t ,  i t  w o u l d  b e  e x p e c t e d  t h a t  t h e  c o n t e n t s  w o u l d  b e  i n
a more advanced  s t a g e  o f  d i g e s t i o n .  A  f e w  f i s h  w i t h  f r e s h  f o o d  w e r e  t a k e n
up t o  0129  h r ,  o r  a b o u t  4  h o u r s  a f t e r  e v e n i n g  t w i l i g h t ,  s u g g e s t i n g  some
f e e d i n g  d u r i n g  t h i s  t i m e .  I n  b o t h  d a y  a n d  n i g h t  f e e d i n g  i t  seems t h a t  o n l y
a f r a c t i o n  o f  t h e  f i s h  m a y  b e  f e e d i n g  a n d  t h a t  t h e  q u a n t i t y  o f  f o o d  i n g e s t e d
i s  e x t r e m e l y  s m a l l  r e l a t i v e  t o  t h a t  i n g e s t e d  a t  t h e  t w i l i g h t  p e r i o d s .

Times o f  f e e d i n g  i n  t h e  f a l l  a r e  l e s s  c l e a r  because  o f  i n f r e q u e n t
sampl ing .  I n  Sep tember,  i t  a p p e a r s  a s  i f  f e e d i n g  s t i l l  r e m a i n s  a s s o c i a t e d
w i t h  e v e n i n g  t w i l i g h t  a t  l e a s t .  S t o m a c h  c o n t e n t s  w e r e  m i n i m a l  ( a b o u t  1 . 0 %
or  l e s s  o f  b o d y  w e i g h t )  d u r i n g  t h e  d a y  a n d  r e a c h e d  a  maximum o f  a b o u t  3 . 0 %
a f t e r  e v e n i n g  t w i l i g h t .  N o  d a t a  w e r e  o b t a i n e d  a t  m o r n i n g  t w i l i g h t .

I n  l a t e  O c t o b e r ,  t h e  l a r g e s t  a v e r a g e  amount  o f  f o o d  was f o u n d  i n
f i s h  s a m p l e d  a t  a b o u t  e v e n i n g  t w i l i g h t  ( 2 . 1 %  o f  b o d y  w e i g h t ) ,  b u t  c o n t e n t s
a t  0 2 4 5  h r  w e r e  a l m o s t  a s  g r e a t .  T h e  q u a n t i t y  a n d  c o n d i t i o n  o f  t h e  c o n t e n t s
were f a i r l y  s t a t i c  t h r o u g h o u t  t h e  n i g h t  s u g g e s t i n g  e i t h e r  t h a t  some f e e d i n g
may h a v e  o c c u r r e d  o r  t h a t  d i g e s t i o n  was e x t r e m e l y  s l o w.

D i g e s t i o n  r a t e s

Samples w e r e  o b t a i n e d  i n  t h e  A u g u s t  1 8 - 2 9  p e r i o d  w i t h  s u f f i c i e n t
f requency  t o  show peaks  a n d  t r o u g h s  i n  mean s tomach  c o n t e n t  ( F i g .  9 ) .  T h e s e
changes c a n  b e  u s e d  t o  e s t i m a t e  r a t e s  o f  g a s t r i c  d i g e s t i o n ,  i . e . ,  r a t e  o f
empty ing  o f  t h e  s tomach .  F o l l o w i n g  t h e  e v e n i n g  a n d  m o r n i n g  m e a l s ,  s t o m a c h
c o n t e n t s  d e c r e a s e d  p r o g r e s s i v e l y  i n  q u a n t i t y  u n t i l  m i n i m a l  v a l u e s  w e r e
observed b e g i n n i n g  5  t o  8  h o u r s  l a t e r .  A t  n o  t i m e  i n  A u g u s t  ( a n d  o n l y
o c c a s i o n a l l y  a t  o t h e r  s a m p l i n g  p e r i o d s )  w e r e  a n y  s tomachs  f o u n d  c o m p l e t e l y
empty be tween  m e a l s .  F o r  i n s t a n c e ,  o n  t h e  n i g h t  o f  A u g u s t  2 7 - 2 8 ,  t h e
average c o n t e n t  d e c r e a s e d  t o  1 .19% o f  b o d y  w e i g h t  a t  0 1 2 9  h r  a n d  s u b s e q u e n t
samples s h o w  l i t t l e  change  u n t i l  t h e  m o r n i n g  meal  a t  a b o u t  0 6 3 1  h r .



S i m i l a r l y,  a f t e r  t h e  morning m e a l ,  a v e r a g e  c o n t e n t s  dropped t o  1 .52% a t
1058 h r ,  a n d  changed l i t t l e  u n t i l  t h e  even ing  meal  n e a r l y  1 0  hours  l a t e r .
A cont inuous i n t a k e  o f  s m a l l  q u a n t i t i e s  o f  f r e s h  f o o d  would account  f o r  t h i s
near- s t a t i c  c o n d i t i o n ,  a s  would  a  s low ing  down o f  d i g e s t i o n  r a t e  a s  t h e
stomach empt ied .  E a r l i e r  i t  was suggested t h a t  a  s m a l l  amount o f  f e e d i n g
occurred "between m e a l s . "  H o w e v e r ,  t h e  p r o g r e s s i v e  advancement o f  d i g e s t i o n
stage f o l l o w i n g  t h e  meals  suggests  t h a t  a  s l o w i n g  o f  d i g e s t i o n  r a t e  i s
probably t h e  more i m p o r t a n t  f a c t o r .

Estimates o f  t h e  r a t e s  o f  d i g e s t i o n  o f  t h e  even ing  meal  h a v e  been
made u s i n g  d a t a  o b t a i n e d  f r o m  samples drawn f r o m  catches  made i n  consecut ive
hours o n  t h e  n i g h t  o f  August 2 7 - 2 8 .  1 9 6 7 .  T h e s e  d a t a  have been  supplemented
by samples f r o m  s e i n e  ca tches  made a t  t h e  same l o c a t i o n  on  t h e  n i g h t s  o f
August 1 7 - 1 8  and August 1 8 - 1 9 ,  1 9 6 8 .  A  cont inuous s e r i e s  o f  samples was
not a v a i l a b l e  f o l l o w i n g  t h e  morning mea l .  I n s t e a d ,  samples were  drawn f r o m
catches made o v e r  s e v e r a l  days  and  a r r a y e d  o v e r  consecut ive  hours .  I n s t a n -
taneous r a t e s  o f  d i g e s t i o n  a r e  e s t i m a t e d  f r o m  t h e  s l o p e s  o f  t h e  r e g r e s s i o n
o f  t h e  l o g e  o f  mean we igh t  o f  stomach c o n t e n t s  ( a s  %. o f  body w e i g h t )  o n
time a f t e r  f e e d i n g  ( F i g .  1 0 ) .  I n  each  case  t h e  t i m e  p e r i o d  beg ins  w i t h  t h e
evening o r  morning meal  and  ends when conten ts  f i r s t  r e a c h e d  t h e  l o w ,  s t a t i c ,
between-meals l e v e l .  D u r i n g  t h i s  i n t e r v a l  r a t e s  o f  d i g e s t i o n  g e n e r a l l y
appeared c o n s t a n t .  F o l l o w i n g  each o f  t h e  t h r e e  even ing  mea ls ,  d i g e s t i o n
occurred a t  r a t e s  o f  22% p e r  h o u r  ( 1  mea l )  a n d  30% p e r  h o u r  ( 2  m e a l s ) .
D igest ion o f  t h e  morning meal  appeared t o  b e  s l o w e r  and  t h e  r e g r e s s i o n  l i n e
ind ica tes  a  r a t e  o f  about  14% p e r  h o u r.  T h i s  r a t e  ( s l o p e )  w a s  s i g n i f i c a n t l y
less t h a n  t h e  30% r a t e  f o r  two  even ing  meals b u t  n o t  d i f f e r e n t  f r o m  t h e
evening meal  r a t e  o f  22 ' ,  ( F  =  3 . 3 8 .  P > . 0 5 ) .

Once t h e  between meal l o w  o f  about  1% o f  body we igh t  was reached
the d i g e s t i o n  process appeared t o  rema in  s t a t i c .

D a i l y  r a t i o n

Di f ferences  i n  stomach c o n t e n t  i m m e d i a t e l y  b e f o r e  and  a f t e r
feeding (Appendix  I )  may a l s o  b e  used t o  p r o v i d e  some i d e a  o f  t h e  d a i l y
intake o f  f o o d .  o r  d a i l y  r a t i o n .  I n  c a l c u l a t i n g  t h e  r a t i o n  i t  h a s  been
assumed t h a t  n o  f e e d i n g  occur red  o t h e r  t h a n  a t  t h e  even ing  and morning
t w i l i g h t  p e r i o d s .  S i n c e  t h i s  was n o t  s t r i c t l y  t r u e ,  t h e  e s t i m a t e s  a r e
minimal .

On t h e  even ing  o f  August 2 7 - 2 8 ,  1 9 6 7 ,  t h e  average  c o n t e n t s  r o s e
w i t h  t h e  even ing  meal  f r o m  t h e  o r d e r  o f  1 . 0  t o  5 .6% o f  body w e i g h t - - a  n e t
intake o f  4 . 6%.  I n c r e a s e  w i t h  t h e  morning meal  was f r o m  t h e  o r d e r  o f  1 . 0
to 3 .3% o r  a  n e t  i n t a k e  o f  2.3%.. T o t a l  i n t a k e  o v e r  t h e  2 4 - h r  p e r i o d  would
t h e r e f o r e  h e  about  4 . 6 %  ( e v e n i n g  mea l )  p l u s  2 . 3 %  (morning meal )  o r  6 . 9 %  o f
body w e i g h t .  L o o k i n g  a t  maximum v a l u e s ,  t h e  h i g h e s t  c o n t e n t  observed a f t e r
the even ing  meal  was 8 . 5 % ,  a n d  a f t e r  t h e  morning meal  i t  was 4 . 7 % .  A s s u m i n g
res idua l  f o o d  p r i o r  t o  e a t i n g  amounted t o  1 . 0 % ,  t h e  maximum i n t a k e  f o r  a n y
i n d i v i d u a l  wou ld  be  7 . 5 %  +  3 .7% o r  11 . 2 %  o f  body w e i g h t .

In  1 9 6 8 ,  minimum day  v a l u e s  a r e  n o t  a v a i l a b l e  because t h e  f i r s t
sample was t a k e n  i n  t h e  s u r f a c e  l a y e r  j u s t  p r i o r  t o  even ing  t w i l i g h t ,  a n d
probably some f e e d i n g  had a l r e a d y  t a k e n  p l a c e .  T o  c a l c u l a t e  t h e  e v e n i n g
r a t i o n ,  i t  was assumed t h a t  t h e  d a i l y  minimum c o n t e n t  was 1 . 0 % - - t h e  same
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50 33.4 52 .4 0 .390 1.678 0.00897 0.02919
Aug. 24

34 52.4 63.6 1.678 2.952 0.00570 0.01635
Sept . 27

27 63.6 67.2 2.952 3.375 0.00207 0.00533
Oct . 24

as i n  1967 .  F o r  t h e  t w o  n i g h t s  i n  1 9 6 8 ,  t h e  i n t a k e  o f  t h e  e v e n i n g  mea l
amounted t o  2 . 5 %  ( 3 . 5 - 1 . 0 % )  a n d  3 .5% ( 4 . 5 - 1 , 0 % )  o f  b o d y  w e i g h t .  W i t h  t h e
morn ing m e a l ,  c o n t e n t s  a r o s e  f r o m  t h e  o r d e r  o f  1 . 0  t o  2 .6% o n  b o t h  o c c a s i o n s
f o r  a  n e t  g a i n  o f  1 .6% o f  b o d y  w e i g h t .  O v e r  t h e  t w o  2 4 - h r  p e r i o d s  t h e  t o t a l
i n t a k e  was  4 . 1  a n d  5 .1% o f  b o d y  w e i g h t ,  compared  w i t h  6 .9% f o r  A u g u s t  1 9 6 7 .
The d i f f e r e n c e  may r e f l e c t  d i f f e r e n c e s  i n  t i m e s  o f  s a m p l i n g  i n  r e l a t i o n  t o
meal t i m e s  r a t h e r  t h a n  a n y  r e a l  d i f f e r e n c e  i n  f o o d  i n t a k e  o r  p e r h a p s  changes
i n  f o o d  s u p p l y .

Data f o r  e a r l y  summer a n d  f a l l  p e r i o d s  a r e  t o o  s c a n t  t o  w a r r a n t
even r o u g h  e s t i m a t e s  o f  d a i l y  r a t i o n .  I n f o r m a t i o n  a t  h a n d  ( F i g .  9 )  s u g g e s t s
t h a t  i n  b o t h  p e r i o d s  t h e  r a t i o n  was s m a l l e r  t h a n  i t  was  i n  A u g u s t .

D a i l y  r a t i o n  a n d  growth

Size  d a t a  f r o m  t h e  t h r e e  s a m p l i n g  p e r i o d s  i n  1967 p r o v i d e  a n
o p p o r t u n i t y  t o  examine  r a t e s  o f  g r o w t h  i n  r e l a t i o n  t o  d a i l y  r a t i o n .  U s i n g
the c e n t r a l  d a t e s  o f  e a c h  s a m p l i n g  p e r i o d  a n d  t h e  mean l e n g t h s  a n d  w e i g h t s
o f  a l l  f i s h  s a m p l e d ,  t h e  i n s t a n t a n e o u s  r a t e s  o f  g r o w t h  were  c a l c u l a t e d  u s i n g
the f o r m u l a :

Loge s 2  — Loge s l

g 3W

t

where g  =  i n s t a n t a n e o u s  r a t e  i n  g r o w t h ,  s i  =  i n i t i a l  s i z e ,  s 2  =  f i n a l  s i z e ,
and t  =  t i m e  i n  d a y s .

P e r t i n e n t  d a t a  a n d  c a l c u l a t i o n s  a r e  shown b e l o w :

Mean l e n g t h  M e a n  w e i g h t
(mm) ( g )

C e n t r a l
da te  ( d a y s )  s l  S 2  S 1

g t
l e n g t h

gw
w e i g h t

J u l y  5

F a s t e s t  g r o w t h  o c c u r r e d  d u r i n g  t h e  5 0  d a y s  b e t w e e n  J u l y  5  a n d
August  2 4 .  G r o w t h  i n  w e i g h t  was  2 . 9 %  p e r  d a y  a s  compared w i t h  1 .6% i n  t h e
August  2 4 -September  2 7  p e r i o d  a n d  o n l y  0 .5% i n  t h e  Sep tember  2 7 - O c t o b e r  2 4
p e r i o d .

The e s t i m a t e d  d a i l y  r a t i o n  o f  6 .9% o f  b o d y  w e i g h t  i s  b a s e d  o n  d a t a
o b t a i n e d  be tween  A u g u s t  1 9  a n d  2 9 ,  o r  a t  a b o u t  t h e  e n d  a n d  b e g i n n i n g  o f  t w o
p e r i o d s  o f  g r o w t h  i n  w e i g h t  o f  2 . 9  a n d  1 .6% p e r  d a y.  F o r  t h e  p u r p o s e  o f
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e s t i m a t i n g  g r o w t h  i n  a b s o l u t e  t e r m s  a n  i n t e r m e d i a t e  r a t e  o f  2 . 3 %  h a s  b e e n  u s e d .
Mean b o d y  w e i g h t  ( t o t a l  w e i g h t  l e s s  w e i g h t  o f  t h e  g u t  c o n t e n t s )  o f  A u g u s t  f i s h
was 1 . 6 7 8  g .  A  d a i l y  i n t a k e  o f  6 .9% o f  b o d y  w e i g h t  i s  t h e  e q u i v a l e n t  o f  11 6  mg
o f  f o o d .  T h e  g r o w t h  r a t e  o f  2 . 3 %  w o u l d  b e  t h e  e q u i v a l e n t  o f  a n  i n c r e m e n t  i n
w e i g h t  o f  3 9  mg p e r  d a y.  T h e s e  c a l c u l a t i o n s  s u g g e s t  a n  e f f i c i e n c y  o f  c o n v e r s i o n
from f o o d  t o  f l e s h  o f  a b o u t  3 3 7 .

DISCUSSION

These o b s e r v a t i o n s  c o n f i r m  t h e  d e s c r i p t i o n  o f  d i e l  v e r t i c a l
d i s t r i b u t i o n  deduced f r o m  s e i n e  c a t c h e s  i n  1966  (McDona ld  1 9 6 9 ) ,  a n d  a g r e e
c l o s e l y  w i t h  t h e  d e t a i l e d  o b s e r v a t i o n s  b y  N a r v e r  ( 1 9 7 0 ) .  H o w e v e r ,  some
d i f f e r e n c e s  i n  b e h a v i o u r  w e r e  a p p a r e n t .  F o r  i n s t a n c e ,  N a r v e r  d e t e c t e d  t w o
separa te  l a y e r s  o f  u n d e r y e a r l i n g s  b y  d a y.  T h e  f i r s t  w a s  b e t w e e n  2 1 - 3 0  m,
and t h e  s e c o n d  more  dense  l a y e r  was b e t w e e n  4 1 - 4 7  m.  O n l y  one  l a y e r  was
e v i d e n t  i n  t h e  l a k e ' s  m a i n  b a s i n  f r o m  o b s e r v a t i o n s  r e p o r t e d  h e r e  a n d  t h i s
l a y e r  c o r r e s p o n d e d  r o u g h l y  i n  d e p t h  w i t h  N a r v e r ' s  s e c o n d  l a y e r .  T h e r e  was
a d i f f e r e n c e  a l s o  i n  t h e  o b s e r v e d  t i m e s  o f  a s c e n t  f r o m  t h e  n i g h t t i m e  l e v e l
t o  t h e  s u r f a c e  a t  m o r n i n g  t w i l i g h t .  I n c r e a s e d  s e i n e  c a t c h e s  ( F i g .  4 )  a n d
echo s o u n d i n g s  ( F i g .  5 )  showed  t h a t  a s c e n t  b e g a n  s e v e r a l  h o u r s  b e f o r e  dawn.
However, N a r v e r  r e p o r t e d  t h a t  a s c e n t  b e g a n  s o o n  a f t e r  t h e  f i r s t  l i g h t  o f
dawn.

These d i f f e r e n c e s  may b e  more  a p p a r e n t  t h a n  r e a l  a n d  m e r e l y  r e f l e c t
the u s e  o f  somewhat d i f f e r e n t  g e a r ,  t e c h n i q u e s  a n d  d i f f e r e n t  t i m e s  a n d
p laces  o f  o b s e r v a t i o n .  I t  i s  q u i t e  p o s s i b l e  t h a t  a  n a r r o w  a n d  s p a r s e l y
p o p u l a t e d  u p p e r  l a y e r  i n  t h e  m a i n  l a k e  was m i s s e d  because  o f  t h e  c o n s i d e r a b l e
v e r t i c a l  g a p  ( u s u a l l y  9 . 6  m)  b e t w e e n  m i d w a t e r  t o w s ,  a n d  t h a t  f u r t h e r  e c h o
sound ing  i n  t h e  p r e -dawn p e r i o d  may h a v e  d i s c l o s e d  t h e  p r e -dawn a s c e n t  o f
t he  u n d e r y e a r l i n g s .

But e v e n  i f  t h e s e  d i f f e r e n c e s  a r e  r e a l ,  t h e  b a s i c  p a t t e r n  o f  d i e l
v e r t i c a l  a c t i v i t y  d u r i n g  t h e  p e r i o d  o f  summer t h e r m a l  s t r a t i f i c a t i o n  h a s
been c l e a r l y  e s t a b l i s h e d .  T h e r e  o c c u r r e d  a  r e g u l a r  a n d  e x t e n s i v e  d i e l
v e r t i c a l  movement t o  a n d  f r o m  t h e  l a k e  s u r f a c e .  T h i s  movement was  mo re
pronounced i n  A u g u s t  when t h e  l a k e  was  m o s t  h i g h l y  s t r a t i f i e d .  B y  d a y ,  t h e
u n d e r y e a r l i n g  s o c k e y e  w e r e  c o n c e n t r a t e d  i n  d e e p ,  c o o l  w a t e r  a n d  b y  n i g h t
i n  r e l a t i v e l y  warm w a t e r  a t  o r  n e a r  t h e  s u r f a c e .  M o s t  f e e d i n g  o c c u r r e d
i n  t h e  s u r f a c e  l a y e r  a t  e v e n i n g  a n d  m o r n i n g  t w i l i g h t .  E a r l i e r  ( J u l y )  a n d
l a t e r  ( O c t o b e r ) ,  when  t h e  l a k e  was n o t  h i g h l y  s t r a t i f i e d ,  l e s s  e x t e n s i v e
v e r t i c a l  movement w a s  o b s e r v e d .

There i s  i n s u f f i c i e n t  i n f o r m a t i o n  a v a i l a b l e  t o  e s t a b l i s h  t h a t
t h i s  b e h a v i o u r  i s  t y p i c a l  o f  s o c k e y e  i n  t h e  l i m n e t i c  z o n e  o f  o t h e r  l a k e s
wh ich  become t h e r m a l l y  s t r a t i f i e d  i n  t h e  summer- - b u t  i t  seems l i k e l y .
Narver  ( 1 9 7 0 )  p o i n t s  o u t  t h a t  o b s e r v a t i o n s  o n  t h e  Wood R i v e r  l a k e s  a n d
I l i a m n a  L a k e  i n  A l a s k a ,  a n d  G r e a t  C e n t r a l  L a k e  i n  B r i t i s h  C o l u m b i a ,
i n d i c a t e  a  s i m i l a r  b e h a v i o u r  p a t t e r n .  D i f f e r e n c e s  h a v e  b e e n  o b s e r v e d  i n
lakes  w h i c h  a p p e a r  t o  p r e s e n t  g r e a t l y  d i f f e r e n t  s u r r o u n d i n g s  o r  p e r h a p s
e n v i r o n m e n t a l  e x t r e m e s .  N a r v e r  ( 1 9 7 0 )  r e p o r t e d  t h a t  y o u n g  s o c k e y e  a r e
sometimes p r e s e n t  a t  t h e  s u r f a c e  b y  d a y  i n  t h e  e x t r e m e l y  t u r b i d  p a r t s  o f
Naknek L a k e ,  A l a s k a .  a n d  i n  Owikeno L a k e ,  B r i t i s h  C o l u m b i a .  P r e s u m a b l y
l i g h t  p e n e t r a t i o n  i n f l u e n c e s  t h e  a m p l i t u d e  o f  v e r t i c a l  movement .  H e
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notes t h a t  t u r b i d i t y  a l s o  appears  t o  i n f l u e n c e  v e r t i c a l  d i s t r i b u t i o n  i n  B l a c k
Lake, A l a s k a ,  b u t  h e r e ,  v e r t i c a l  movement must b e  d r a s t i c a l l y  reduced a s  a
r e s u l t  o f  v e r y  s h a l l o w  w a t e r  (maximum depth  o f  6  m ) .  A  p o s s i b l e  example o f
the i n f l u e n c e  o f  tempera ture  i s  a l s o  no ted  b y  N a r v e r.  H e  suggests  t h a t  h i g h
ep i l imnion  temperatures  i n  Lake Washington ( t h e y  f r e q u e n t l y  exceed 2 0  C i n
midsummer) may r e s t r i c t  t h e  a s c e n t  o f  underyear l ings  t o  depths  n o  l e s s  t h a n
15 m below t h e  s u r f a c e .

From J u l y  t h r o u g h  October t h e  sockeye f e d  m a i n l y  o n  zooplankton.
Major f o o d  i t e m s  changed w i t h  t h e  season.  D u r i n g  J u l y  most ly  Heterocope
were e a t e n .  I n  August ,  Daphn ia  were dominant b u t  b y  October  Heterocope
were a g a i n  t h e  m a j o r  i t e m .  I n s e c t s  were  e a t e n  i n  J u l y  and August b u t  t h e y
never formed a  l a r g e  p a r t  o f  t h e  d i e t  a s  was observed b y  N a r v e r  f o r  f i s h
from t h e  main  b a s i n  i n  August ( N a r v e r  1 9 7 0 ) .

Feeding t o o k  p l a c e  m a i n l y  a t  even ing  and morning t w i l i g h t  A
comparison o f  t h e  q u a n t i t i e s  o f  f o o d  con ta ined  i n  t h e  stomachs a t  t h e s e
times r e v e a l e d  t h a t  a  l a r g e r  r a t i o n  was e a t e n  i n  t h e  even ing  t h a n  i n  t h e
morning. T h e r e  was some ev idence  o f  day t ime  f e e d i n g .  T h i s  l e n d s  suppor t
to N a r v e r ' s  o b s e r v a t i o n  o f  a  sparse  upper  l a y e r  o f  u n d e r y e a r l i n g s  i n  t h e
main b a s i n  between 2 1 - 3 0  m t h a t  may f e e d  d u r i n g  t h e  d a y.  H o w e v e r ,  a v a i l a b l e
evidence suggests  t h a t  f e w  f i s h  occupy t h i s  l a y e r  r e l a t i v e  t o  t h e  deeper  one
and t h a t  t h e  amount o f  f o o d  i n g e s t e d  b y  d a y  i s  s m a l l .

Johnson ( 1 9 6 1 )  when c o n s i d e r i n g  t h e  a s s o c i a t i o n  o f  u n d e r y e a r l i n g
sockeye and t h e i r  f o o d  supp ly  b e l i e v e d  t h a t  t h e  f i s h  a t  Bab ine  Lake remained
close t o  t h e  s u r f a c e  (above  5  m) d u r i n g  t h e  d a y,  t o g e t h e r  w i t h  t h e  zoop lankton .
Consequently, b o t h  f i s h  a n d  food  were  s u b j e c t  t o  h o r i z o n t a l  t r a n s p o r t  b y
wind- d r i v e n  s u r f a c e  c u r r e n t s  w i t h  t h e  r e s u l t  t h a t  f o o d  and  f e e d e r  were  i n
cont inuing c o n t a c t .  A l t h o u g h  most z o o p l a n k t e r s  were  concent ra ted  n e a r  t h e
surface throughout  2 4  hours (Johnson 1965;  N a r v e r  1 9 7 0 ) ,  t h e  young sockeye
were i n  t h i s  l a y e r  o n l y  a t  n i g h t  and  f e e d i n g  u s u a l l y  f o r  o n l y  a  s h o r t  p e r i o d
at t w i l i g h t .  O b v i o u s l y  t h e  a s s o c i a t i o n  o f  f o o d  and  f e e d e r  must b e  r e -
examined. T h e  r e l a t i v e  s t r e n g t h s  and  d i r e c t i o n s  o f  t h e  c u r r e n t s  i n  t h e
epi l imnion and  a t  t h e  depths  occupied  b y  sockeye d u r i n g  t h e  day  have  n o t
been measured, b u t  p r o b a b l y  t h e  deeper  c u r r e n t  would  b e  t h e  l e s s e r  a n d ,
in  t h e  c l a s s i c  c a s e ,  would  f l o w  i n  t h e  r e v e r s e  d i r e c t i o n .  I n  any  e v e n t ,
i t  wou ld  b e  e x t r e m e l y  u n l i k e l y  t h a t ,  u n d e r  t h e  c i rcumstances ,  a n y  p a r t i c u l a r
bodies o f  sockeye and  zooplankton  would remain  i n  c l o s e  c o n t a c t  f o r  more
than one n i g h t .  R a t h e r ,  o n e  might  e x p e c t  t h e  sockeye t o  b e  r e l a t i v e l y
s t a t i c  ( t h e y  a r e  exposed t o  s u r f a c e  c u r r e n t s  o n l y  about  1 / 4  t o  1 / 3  t h e  t i m e ) .
I n  t h i s  c a s e  t h e y  would ascend each  evening  i n t o  a n  e n t i r e l y  "new" f o o d
supply. O n e  p o s s i b l e  advantage o f  t h i s  b e h a v i o u r  would b e  t o  min imize  t h e
search f o r  f o o d .  M o v e m e n t  t o  and f r o m  t h e  s u r f a c e  may r e q u i r e  a  s m a l l e r
expenditure o f  e n e r g y  t h a n  would l a t e r a l  sea rches  f o r  f o o d .  O f  c o u r s e ,  e a c h
n i g h t ' s  "new" s u p p l y  may have been  grazed  upon by  f i s h e s  " u p s t r e a m , "  b u t
t h i s  would  a l s o  happen i f  l a t e r a l  s e a r c h  was employed.

Rates o f  d i g e s t i o n  and d a i l y  r a t i o n  es t ima ted  f r o m  t h e  August
data a r e  n o t  cons idered  t o  b e  p r e c i s e  b u t  may b e  u s e f u l  i n  t h a t  t h e y
i n d i c a t e  t h e i r  magnitude i n  a  n a t u r a l  s i t u a t i o n .  S t u d i e s  e lsewhere  have
involved m a i n l y  l a b o r a t o r y  o r  h a t c h e r y  environments w i t h  f i s h  h e l d  a t  n e a r
constant t e m p e r a t u r e .  D i r e c t  comparison w i t h  Sab ine  r e s u l t s  a r e  t h e r e f o r e
d i f f i c u l t .  R i c k e r  ( 1 9 3 7 )  f o u n d  t h a t  h a t c h e r y - r e a r e d  u n d e r y e a r l i n g  sockeye,
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when h e l d  a t  1 1 . 5  t o  1 3 . 5  C ,  h a d  m o s t l y  emp ty  s tomachs  8  h o u r s  a f t e r  f e e d i n g
upon l i v e  z o o p l a n k t e r s .  H e  s p e c u l a t e d  t h a t  i n  t h e  w i l d ,  d i g e s t i o n  w o u l d  t a k e
about a  d a y  because  w i l d  s o c k e y e  a t e  more  a n d  s p e n t  m o s t  o f  t h e i r  t i m e  i n
c o l d e r  w a t e r .  T h e  w o r k  o f  K r o g i u s  a n d  K r o k h i n  ( 1 9 4 8 )  o n  Lake  D a l n e e  s o c k e y e
i n d i c a t e d  a  r a n g e  o f  d i g e s t i o n  t i m e  f r o m  a b o u t  5  h o u r s  a t  1 5  C  t o  2 0  h o u r s
a t  5  C .  A t  B a b i n e ,  t h e  r a t e  o f  d i g e s t i o n  appeared  t o  v a r y  be tween  t h e  e v e n i n g
and m o r n i n g  m e a l s ,  b u t  i n  b o t h  c a s e s  d i g e s t i o n  was e s s e n t i a l l y  c o m p l e t e d
(stomach c o n t e n t s  t h e  o r d e r  o f  1% o r  l e s s  o f  b o d y  w e i g h t )  b e f o r e  t h e  n e x t
meal w a s  t a k e n .  D i g e s t i o n  o f  t h e  e v e n i n g  m e a l  o c c u r r e d  i n  5 - 7  h o u r s  a t
11 t o  1 7  C ,  w i t h  mos t  o f  t h e  f i s h  i n  w a t e r  o f  a b o u t  1 5  C  mos t  o f  t h e  t i m e .
D i g e s t i o n  o f  t h e  m o r n i n g  mea l  t o o k  p l a c e  w h i l e  t h e  t e m p e r a t u r e  o f  t h e
s u r r o u n d i n g  w a t e r  changed  f r o m  17C a t  t h e  s u r f a c e  t o  b e t w e e n  5  a n d  6  C  a t
the  f i s h e s  d a y t i m e  l e v e l ;  a  d i f f e r e n c e  o f  11 - 1 2  C .  I n  v i e w  o f  t h e  much l o w e r
tempera tu re  a t  w h i c h  a t  l e a s t  some p a r t  o f  d i g e s t i o n  o f  t h e  m o r n i n g  mea l
o c c u r r e d ,  t h e  r a t e  o f  d i g e s t i o n  o f  t h i s  m e a l  w o u l d  b e  e x p e c t e d  t o  b e  l e s s
than  t h a t  f o r  t h e  e v e n i n g  m e a l .

One o f  t h e  f i r s t  s t u d i e s  o f  d a i l y  r a t i o n  o f  s o c k e y e  was made b y
R i c k e r  and  F o e r s t e r  ( 1 9 4 8 )  w h o  e s t i m a t e d  t h a t  C u l t u s  L a k e  s o c k e y e  i n g e s t e d
about 7 -8%  o f  t h e i r  b o d y  w e i g h t  i n  f o o d  d a i l y  d u r i n g  t h e  summer p e r i o d  o f
f a s t  g r o w t h .  T h i s  i n t a k e  was  b a s e d  o n  t h e  s t o m a c h  c o n t e n t s  o f  s o c k e y e
taken  f r o m  p r e d a t o r  s t o m a c h s ,  t o g e t h e r  w i t h  a n  a r b i t r a r y  e s t i m a t e  t h a t  t h e
c o n t e n t s  a t  a n y  o n e  t i m e  r e p r e s e n t e d  a b o u t  o n e - q u a r t e r  o f  t h e  t o t a l  d a i l y
i n t a k e .  K r o k h i n  ( 1 9 5 7 )  e s t i m a t e d  t h e  d a i l y  r a t i o n  o f  L a k e  D a l n e e  s o c k e y e  b y
measur ing  t h e i r  o x y g e n  c o n s u m p t i o n  a n d  d e t e r m i n i n g  t h e  e q u i v a l e n t  c a l o r i c
con ten t  o f  f o o d  o r g a n i s m s .  H i s  e s t i m a t e s  o f  d a i l y  r a t i o n  we re  11 . 7 %  and
7.67 o f  b o d y  w e i g h t  f o r  J u l y  a n d  A u g u s t  when  t h e  f i s h  g r e w  f r o m  2 . 3  t o  4 . 3  g
(a r a t e  o f  2 . 1 1  p e r  d a y ) .  B r e t t  e t  a l .  ( 1 9 6 9 )  s t u d i e d  t h e  i n f l u e n c e  o f
tempera tu re  a n d  r a t i o n  (amoun t )  o n  t h e  g r o w t h  o f  l a b o r a t o r y - r e a r e d  L a k e l s e
Lake s o c k e y e .  W h e n  f e d  t o  e x c e s s  ( a b o u t  10% o f  d r y  b o d y  w e i g h t  p e r  d a y ) ,
5- t o  7 -mon th - o l d  f i s h  o f  a b o u t  5  g  g r e w  f a s t e s t  ( 2 . 6 %  p e r  d a y )  a t  1 5  C  a s
compared t o  1 ,  5 ,  1 0 ,  a n d  2 0  C .  O l d e r  ( 7  t o  1 2  mon ths )  a n d  l a r g e r  f i s h
grew more  s l o w l y  ( 1 . 6 %  p e r  d a y )  b u t  a g a i n  b e s t  a t  1 5  C .  I n  a n o t h e r  t e s t ,
groups o f  s o c k e y e  w e r e  s u b j e c t e d  t o  d i f f e r e n t  r a t i o n s  a n d  t e m p e r a t u r e s .
F a s t e s t  g r o w t h  ( a b o u t  1 . 4 %  p e r  d a y )  o c c u r r e d  a t  1 5  C  o n  t h e  t w o  l a r g e s t
r a t i o n s  o f f e r e d  (6% o f  b o d y  w e i g h t  a n d  a n  " e x c e s s "  r a t i o n ) .  T h e  e f f i c i e n c y
o f  f o o d  c o n v e r s i o n  a l s o  v a r i e d  w i t h  t e m p e r a t u r e  a n d  r a t i o n .  T h e  maximum
gross e f f i c i e n c y  ( r a t i o  o f  i n t a k e  t o  w e i g h t  g a i n )  w a s  257. a t  1 1 . 5  C  o n
a r a t i o n  o f  4% o f  d r y  b o d y  w e i g h t  p e r  d a y.  F o r  p u r p o s e s  o f  c o m p a r i s o n ,
the  B a b i n e  L a k e  r a t i o n  h a s  b e e n  c o n v e r t e d  t o  a  d r y  w e i g h t  b a s i s  b y  assum ing
a m o i s t u r e  c o n t e n t  o f  88% f o r  t h e  f o o d  a n d  80% f o r  t h e  f i s h .  T h e  887, was
the a v e r a g e  m o i s t u r e  c o n t e n t  o f  1 5  z o o p l a n k t o n  samp les  f r o m  B a b i n e  L a k e .
The m o i s t u r e  c o n t e n t  o f  B a b i n e  L a k e  s o c k e y e  h a s  n o t  b e e n  d e t e r m i n e d ,  b u t
B r e t t  e t  a l .  ( 1 9 6 9 )  f o u n d  t h a t ,  r o u g h l y ,  5 - 8  g  s o c k e y e  r a n g e d  f r o m
71.3-86.9% m o i s t u r e  d e p e n d i n g  u p o n  t e m p e r a t u r e  a n d  r a t i o n .  B a b i n e  L a k e
f i s h  b e i n g  y o u n g e r  a n d  s m a l l e r  w o u l d  p r o b a b l y  f a l l  i n t o  t h e  u p p e r  h a l f  o f
t h i s  r a n g e ,  a n d  f o r  p r e s e n t  p u r p o s e s  t h e  m o i s t u r e  c o n t e n t  h a s  b e e n  assumed
t o  b e  80%. O n  t h i s  b a s i s ,  t h e  w e i g h t  o f  B a b i n e  L a k e  f i s h  i n  A u g u s t  a v e r a g e d
336 mg a n d  t h e  d a i l y  i n t a k e  o f  f o o d  was 1 4  mg o r  4 . 2 7  o f  d r y  b o d y  w e i g h t .
Th is  r a t i o n  i s  c o n s i d e r a b l y  l e s s  t h a n  t h e  o b s e r v e d  maximum r a t i o n  f o r  t h e
two d a i l y  mea l s  ( 2 3  mg o r  7 .7% o f  d r y  b o d y  w e i g h t ) .  A p p a r e n t l y ,  o n  t h e
average,  t h e  s o c k e y e  w e r e  f e e d i n g  b e l o w  t h e i r  c a p a c i t y .  H o w e v e r ,  t h e  r a t i o n
was s u f f i c i e n t  f o r  g o o d  g r o w t h .  T h e  1 4  mg o f  f o o d  was accompan ied  b y  a
d a i l y  i n c r e m e n t  i n  w e i g h t  o f  8  mg- - a  g r o s s  e f f i c i e n c y  o f  f o o d  c o n v e r s i o n



- 1 6  -

of 56%. T h i s  i s  a  much h i g h e r  percentage  t h a n  t h e  h i g h e s t  (25%)  observed  b y
Bre t t  e t  a l .  ( 1 9 6 9 ) ,  a l t h o u g h  t h e  d a i l y  r a t i o n s  were  b o t h  about  4%. T h e
Babine f i g u r e  i s  p r o b a b l y  maximal ,  because s m a l l  amounts o f  f o o d  may have been
eaten between meals .  B u t  a  r a t e  o f  e f f i c i e n c y  approach ing  5 6 7  may n o t  b e
unreasonable s i n c e  Babine  f i s h  w e r e  younger and s m a l l e r  t h a n  B r e t t ' s  f i s h  a n d
a g r e a t e r  convers ion  e f f i c i e n c y  c o u l d  b e  expec ted .  A l s o ,  Bab ine  f i s h  b y
v i r t u e  o f  t h e i r  d i e l  v e r t i c a l  movement m a i n t a i n  l o w  l i g h t  l e v e l s  wh ich  may
serve t o  reduce  t h e i r  a c t i v i t i e s  and  min imize  maintenance requ i rements .  T h e i r
a c t i v i t i e s  appeared t o  i n v o l v e  m a i n l y  v e r t i c a l  movement between d a y  and n i g h t
depths and  two  s h o r t  f e e d i n g  p e r i o d s  e v e r y  2 4  hours .  T h e  remainder  o f  t h e
f i s h  may be  r e l a t i v e l y  s t a t i c .  C e r t a i n l y  l i t t l e  f e e d i n g  occurs  and  t h e r e  i s
no suggest ion  o f  e x t e n s i v e  v e r t i c a l  movements. E x t e n s i v e  h o r i z o n t a l  movement,
except f r o m  displacement  b y  c u r r e n t s ,  appears  u n l i k e l y  b u t  cannot  b e  d iscounted .

Fur ther  advantage would r e s u l t  f r o m  t h e  d i f f e r e n t  tempera tures  a t
which t h e  a c t i v i t i e s  t o o k  p l a c e .  M c L a r e n  ( 1 9 6 3 ) ,  a f t e r  examining t h e  r e l a t i o n
o f  temperature  a n d  growth  o f  zoop lankton ,  proposed t h a t  under  c e r t a i n  c o n d i t i o n s
of  t h e r m a l  s t r a t i f i c a t i o n ,  a n i m a l s  would  f e e d  most e f f i c i e n t l y  i n  t h e  warm
surface w a t e r s  b u t  would d i g e s t  t h e i r  f o o d  and  d i r e c t  i t  t o  growth  more
e f f i c i e n t l y  i n  t h e  c o l d e r,  deeper w a t e r .  T h e  s i t u a t i o n  a t  Bab ine  Lake  i n
August meets t h e  c o n d i t i o n s  s e t  b y  McLaren a l t h o u g h  o n l y  p a r t  o f  t h e  morning
meal i s  d i g e s t e d  i n  c o o l  w a t e r .  T h e r e  i s  n o  d o u b t ,  however,  t h a t  b y  rema in ing
f o r  much o f  t h e  day  ( n e a r l y  h a l f )  a t  t h i s  l o w  t e m p e r a t u r e ,  t h e  f i s h e s
metabol ic  r a t e ,  a n d  t h u s  maintenance r e q u i r e m e n t s ,  would  b e  min imized l e a v i n g
more energy  f o r  g rowth .

Other s t u d i e s  o f  tempera ture  and  growth  were  made b y  Donaldson and
Foster ( 1 9 4 1 )  a n d  R o u n s e f e l l  ( 1 9 5 8 ) .  D o n a l d s o n  and F o s t e r  found t h a t  B a k e r
Lake sockeye ( i n i t i a l  s i z e  about  2 . 3  g )  l o s t  w e i g h t  and  exper ienced  c o n s i d e r -
able m o r t a l i t y  when h e l d  a t  7 3  F  ( 2 2 . 8  C ) .  A t  7 0  F  ( 2 1 . 1  C ) ,  t h e  f i s h  w e r e
able m e r e l y  t o  m a i n t a i n  themselves.  O p t i m u m  c o n d i t i o n s  f o r  g rowth  and
s u r v i v a l  were  p r o v i d e d  b y  temperatures  a v e r a g i n g  between 4 8 . 5  F  and 5 2 . 4  F
( 9 . 2 - 11 . 3  C ) .  R o u n s e f e l l  used  t h e  Donaldson and F o s t e r  d a t a  t o  p l o t  a
dome-shaped c u r v e  r e l a t i n g  summer s u r f a c e  tempera ture  t o  growth  e f f i c i e n c y
( r a t i o  o f  f o o d  i n t a k e  t o  g r o w t h ) .  T h e  c u r v e  d e s c r i b e d  a  decrease  i n
e f f i c i e n c y  above  o r  below a n  optimum range o f  4 8 - 5 6  F  ( 8 . 9 - 1 3 . 3  C ) .
Rounsefel l  compared t h e  p r o d u c t i v e  c a p a c i t y  o f  K a r l u k  L a k e ,  A l a s k a ,  a n d
Cultus L a k e ,  B r i t i s h  Columbia,  a n d  concluded t h a t  C u l t u s  Lake  was l e s s
product ive due  t o  above-optimum s u r f a c e  t e m p e r a t u r e s .  F o e r s t e r  ( 1 9 6 8 )
compared a  number o f  l a k e s ,  i n c l u d i n g  Babine  L a k e ,  b y  u s i n g  R o u n s e f e l l ' s
curve. T h e  r e l a t i o n s h i p  appears  i n a p p l i c a b l e  t o  Babine Lake  o r  o t h e r  l a k e s
where sockeye undergo e x t e n s i v e  d i e l  v e r t i c a l  movements. I t  i s  p o s s i b l e
that  warm s u r f a c e  w a t e r  enhances,  r a t h e r  t h a n  l i m i t s ,  p r o d u c t i o n  by
increasing t h e  f i s h e s  f o o d  s u p p l y.  B e c a u s e  o f  t h e i r  d i e l  v e r t i c a l  movements,
the sockeye c a n  t a k e  advantage o f  t h e  f o o d  s u p p l y  b u t  a v o i d  cont inuous
contact w i t h  h i g h  temperatures  w h i c h  may i n h i b i t  g rowth  o r  even  prove  t o  b e
l e t h a l .  R i c k e r  ( 1 9 3 7 )  r e p o r t e d  a s  f o l l o w s :  " E x p e r i m e n t a l  r e t e n t i o n  o f
a r t i f i c i a l l y - f e d  f i n g e r l i n g s  i n  t h e  e p i l i m n i o n  f o r  l o n g  p e r i o d s  h a s  r e s u l t e d
in  t h e i r  d e a t h s .  presumably  f r o m  h i g h  t e m p e r a t u r e ,  b u t  t h i s  would  n o t
necessar i l y  p r e v e n t  t h e  w i l d  f i n g e r l i n g s  mak ing  f o r a g i n g  e x p e d i t i o n s  i n t o
the warm w a t e r  a s  t h e  f o o d  a v a i l a b l e  would w a r r a n t . "  O b s e r v a t i o n s  a t  Bab ine
Lake have  a l s o  suggested t h a t  c o n s t a n t  exposure  t o  h i g h  tempera ture  may b e
d e t r i m e n t a l  t o  f i n g e r l i n g s .  I n  1 9 6 7 ,  sockeye  were  h e l d  f o r  u p  t o  2  months
(June and J u l y )  i n  l a r g e  t a n k s  s u p p l i e d  w i t h  w a t e r  f r o m  F u l t o n  R i v e r  which
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d r a i n s  F u l t o n  L a k e ,  a  t r i b u t a r y  l a k e  t o  B a b i n e .  I n  J u l y ,  t h e  t e m p e r a t u r e  r o s e
as h i g h  a s  1 7  C - - c l o s e  t o  t h e  maximum ( 1 8  C)  o b s e r v e d  a t  t h e  s u r f a c e  o f  B a b i n e
Lake t h a t  summer.  A c c o m p a n y i n g  t h i s  t e m p e r a t u r e  was a  v e r y  h i g h  r a t e  o f
m o r t a l i t y  o f  t h e  s o c k e y e .  H o w e v e r ,  c o h o  f r y  ( 0 .  k i s u t c h )  h e l d  i n  t h e  same
tanks  t h r i v e d  a n d  g r e w  r a p i d l y ,  s u g g e s t i n g  t h a t  s o c k e y e  m o r t a l i t y  was r e l a t e d
to  t e m p e r a t u r e .  O n  t h e  o t h e r  h a n d ,  B r e t t  ( p e r s o n a l  c o m m u n i c a t i o n )  f o u n d
l i t t l e  d i f f i c u l t y  i n  h o l d i n g  s o c k e y e  a t  2 0  C f o r  c o n s i d e r a b l e  p e r i o d s .
O b v i o u s l y  f u r t h e r  w o r k  i s  needed  t o  d e t e r m i n e  i f  d e s c e n t  t o  c o o l e r ,  d e e p e r
wa te r s  b y  d a y  i s  i n  p a r t  a t  l e a s t  a  r e s p o n s e  t o  u n f a v o u r a b l e  e p i l i m n i a l
t e m p e r a t u r e s .

C e r t a i n l y  l i g h t  a p p e a r s  t o  b e  a  p r i m a r y  c o n t r o l l i n g  f a c t o r  o f
d i e l  a c t i v i t y ,  b u t  t e m p e r a t u r e  seems t o  h a v e  a  m o d i f y i n g  i n f l u e n c e  i n  t h a t
the  m o s t  e x t e n s i v e  v e r t i c a l  movements c o i n c i d e d  w i t h  t h e  g r e a t e s t  d e g r e e
o f  t h e r m a l  s t r a t i f i c a t i o n .  S e v e r a l  p o s s i b l e  advan tages  o f  d i e l  v e r t i c a l
movement h a v e  a l r e a d y  b e e n  t o u c h e d  o n .  T h e r e  a r e  o t h e r s - - a v o i d a n c e  o f
p r e d a t i o n  i s  a n  o b v i o u s  o n e  t o  c o n s i d e r - - b u t  p r e s e n t  i n f o r m a t i o n  i s  t o o
scant  t o  r e a l l y  a d d  t o  e x i s t i n g  t h e o r i e s  a b o u t  v e r t i c a l  m i g r a t i o n .
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Walbaum) o f  t h e  Wood R i v e r  l a k e s ,  B r i s t o l  B a y,  A l a s k a .  P h . D .  T h e s i s .
U n i v.  Wa s h i n g t o n ,  S e a t t l e .  2 0 0  p .

1962. S t u d i e s  o f  c a r r y i n g  c a p a c i t y  o f  r e d  s a l m o n  n u r s e r y  a r e a s .
I n  Resea rch  i n  F i s h e r i e s ,  1 9 6 1 .  C o n t r i b  N o .  1 3 9 ,  C o l l e g e  o f  F i s h e r i e s ,
U n i v.  Wa s h i n g t o n ,  S e a t t l e .  p .  5 - 7 .

1964. F a c t o r s  i n f l u e n c i n g  p r o d u c t i o n  o f  s o c k e y e  s a l m o n
(Oncorhynchus n e r k a )  i n  l a k e s  o f  s o u t h w e s t e r n  A l a s k a .  V e r h a n d l .
I n t e r n .  V e r .  L i m n o l .  1 5 :  5 0 4 - 5 1 3 .

Department o f  F i s h e r i e s  o f  Canada.  1 9 6 5 .  P r o p o s e d  s o c k e y e  s a l m o n
development p r o g r a m  f o r  B a b i n e  L a k e .  D e p .  F i s h .  C a n a d a ,  Va n c o u v e r ,
B.C. 5 3  p .

Donaldson,  L .  J . ,  a n d  F.  J .  F o s t e r .  1 9 4 1 .  E x p e r i m e n t a l  s t u d y  o f  t h e  e f f e c t s
o f  v a r i o u s  w a t e r  t e m p e r a t u r e s  o n  t h e  g r o w t h ,  f o o d  u t i l i z a t i o n ,  a n d
m o r t a l i t y  r a t e s  o f  f i n g e r l i n g  s o c k e y e  s a l m o n .  T r a n s .  A m .  F i s h .  S o c .
1940, 7 0 :  3 3 9 - 3 4 6 .
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F o e r s t e r ,  R .  E .  1 9 6 8 .  T h e  s o c k e y e  s a l m o n .  B u l l .  F i s h .  R e s .  B o a r d  Can.  1 6 2 :
422 p .

Johnson, W.  E .  1 9 5 6 .  O n  t h e  d i s t r i b u t i o n  o f  y o u n g  s o c k e y e  s a l m o n
(Oncorhynchus n e r k a )  i n  B a b i n e  a n d  N i l k i t k w a  L a k e ,  B . C .  J .  F i s h .  R e s .
Board Can.  1 3 :  6 9 5 - 7 0 8 .

1958. D e n s i t y  and  d i s t r i b u t i o n  o f  y o u n g  sockeye  s a l m o n
(Oncorhynchus n e r k a )  t h r o u g h o u t  a  m u l t i b a s i n  l a k e  s y s t e m .  J .  F i s h .  R e s .
Board Can.  1 5 :  9 6 1 - 9 8 2 .

1961. A s p e c t s  o f  t h e  e c o l o g y  o f  a  p e l a g i c ,  z o o p l a n k t o n - e a t i n g
f i s h .  V e r h a n d l .  I n t e r n .  V e r .  L i m n o l .  1 4 :  7 2 7 - 7 3 1 .

MS 1 9 6 1 .  O n  t h e  p o t e n t i a l  c a p a c i t y  o f  t h e  B a b i n e - N i l k i t k w a
Lake s y s t e m  a s  a  n u r s e r y  a r e a  f o r  s o c k e y e  s a l m o n .  P r e l i m .  R e p .  o n
f i l e  a t  F i s h .  R e s .  B o a r d  C a n . ,  B i o l o g i c a l  S t a t i o n ,  Nana imo ,  B . C .

MS 1 9 6 5 .  Q u a n t i t a t i v e  s t u d i e s  o f  p e l a g i c  e n t a m o s t r a c a n  z o o p l a n k t o n
o f  B a b i n e  L a k e  a n d  N i l k i t k w a  L a k e ,  1 9 5 5 - 1 9 6 3 :  M e t h o d s ,  s t a t i o n s  a n d
b a s i c  d a t a .  F i s h .  R e s .  B o a r d  Can .  MS Rep .  8 2 1 :  2 3 5  p .

K r o g i u s ,  F .  V . ,  a n d  E .  M  K r o k h i n .  1 9 4 8 .  O n  t h e  p r o d u c t i o n  o f  y o u n g  s o c k e y e
salmon (Oncorhynchus  n e r k a  W a l b . ) .  I z v e s t i i a  TINRO 2 8 :  3 - 4 8 .  F i s h .  R e s .
Board Can .  T r a n s l .  S e r .  1 0 9 .

K r o k h i n ,  E .  M .  1 9 5 7 .  D e t e r m i n a t i o n  o f  t h e  d a i l y  f o o d  r a t i o n  o f  young  s o c k e y e
and t h r e e - s p i n e d  s t i c k l e b a c k s  b y  t h e  r e s p i r a t i o n  method .  I z v e s t i i a  TINRO
44: 9 7 - 11 0 .  F i s h .  R e s .  B o a r d  Can.  T r a n s l .  S e r .  2 0 9 .

L a r k i n ,  P .  A . ,  a n d  J .  G .  McDona ld .  1 9 6 8 .  F a c t o r s  i n  t h e  p o p u l a t i o n  b i o l o g y
o f  t h e  s o c k e y e  s a l m o n  o f  t h e  Skeena R i v e r .  J .  A n i m .  E c o l .  3 7 :  2 2 9 - 2 5 8 .

McDonald, J .  G .  1 9 6 9 .  D i s t r i b u t i o n ,  g r o w t h ,  a n d  s u r v i v a l  o f  s o c k e y e  f r y
(Oncorhynchus n e r k a )  p r o d u c e d  i n  n a t u r a l  a n d  a r t i f i c i a l  s t r e a m
env i ronmen ts .  J .  F i s h .  R e s .  B o a r d  C a n .  2 6 :  2 2 9 - 2 6 7 .

McDonald, J .  G . ,  a n d  J .  R .  S c a r s b r o o k .  M S  1 9 6 9 .  T h e r m a l  s t r u c t u r e  o f
Sabine L a k e  ( m a i n  b a s i n )  i n  1 9 6 7 .  F i s h .  R e s .  B o a r d  Can .  MS Rep .  1 0 7 0 :
30 p .

McLaren, I .  A .  1 9 6 3 .  E f f e c t s  o f  t e m p e r a t u r e  o n  g r o w t h  o f  z o o p l a n k t o n  and
the  a d a p t i v e  v a l u e  o f  v e r t i c a l  m i g r a t i o n .  J .  F i s h .  R e s .  B o a r d  Can .  2 0 :
685-727.

N a r v e r,  D .  W.  1 9 7 0 .  D i e l  v e r t i c a l  movements a n d  f e e d i n g  o f  u n d e r y e a r l i n g
sockeye s a l m o n  a n d  t h e  l i m n e t i c  z o o p l a n k t o n  i n  B a b i n e  L a k e ,  B r i t i s h
Columbia.  J .  F i s h .  R e s .  B o a r d  Can .  2 7 :  2 8 1 - 3 1 6 .

R i c k e r ,  W.  E .  1 9 3 7 .  T h e  f o o d  a n d  t h e  f o o d  s u p p l y  o f  sockeye  s a l m o n
(Oncorhynchus n e r k a  Walbaum) i n  C u l t u s  L a k e ,  B r i t i s h  C o l u m b i a .
J .  B i o l .  B o a r d  Can.  3 ( 5 ) :  4 5 0 - 4 6 8 .

R i c k e r ,  W.  E . ,  a n d  R .  E .  F o e r s t e r .  1 9 4 8 .  C o m p u t a t i o n  o f  f i s h  p r o d u c t i o n .
B u l l .  B i n g h a m  Oceanog. C o l l e c t i o n  9 ( 4 ) :  1 7 3 - 2 11 .
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R o u n s e f e l l ,  C .  A .  1 9 5 8 .  F a c t o r s  c a u s i n g  d e c l i n e  i n  sockeye  s a l m o n  o f  K a r l u k
R i v e r ,  A l a s k a .  U . S .  F i s h  W i l d l i f e  S e r v .  F i s h .  B u l l .  5 8 :  7 6 - 1 6 9 .

Rugg les ,  C .  P .  1 9 6 5 .  J u v e n i l e  s o c k e y e  s t u d i e s  i n  Owikeno L a k e ,  B r i t i s h
Columbia,  C a n .  F i s h .  C u l t .  3 6 :  3 - 2 1 .

Sca rsb rook ,  J .  R . ,  a n d  J .  C .  McDona ld .  M S  1 9 7 0 .  P u r s e  s e i n e  c a t c h e s  o f
sockeye s a l m o n  (Oncorhynchus  n e r k a )  a n d  o t h e r  s p e c i e s  o f  f i s h  a t
Babine L a k e ,  B r i t i s h  Co lumb ia ,  1 9 6 6  t o  1 9 6 8 .  F i s h .  R e s .  B o a r d  Can .
MS Rep .  1 0 7 5 :  11 0  p .
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Depth o f  t o w
(m)

D u r a t i o n  o f  t o w
(m inu tes ) Catch

9 .2 15 0

18.3 15 3

23.8 15 31

29.3 15 6

36.6 15 21

47.6 15 0

58.6 15 3

36.6 0 3

36.6 0 1

Tab le  1 .  C a t c h  o f  u n d e r y e a r l i n g  sockeye  i n  t h e  m i d w a t e r  t r a w l ,
by d e p t h  a n d  d u r a t i o n  o f  t a w ,  f o r  t h e  s e r i e s  o f  J u l y  1 ,  1 9 6 7 .
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Time
( n i g h t )

No. i n
sample

No. w i t h
c o n t e n t s  i n

Stage I
c o n d i t i o n

Time
(day)

No. i n
sample

No. w i t h
c o n t e n t s  i n

Stage I
c o n d i t i o n

2037 10 10 0631 10 10

2129 10 10 0656 10 10

2329 10 3 0748 10 10

0129 10 3 0907 10 8

0329 10 0 1153 10 1

0541 10 0 1257 10 3

0528 10 6 1502 7 2

1606 10 4

1821 10 3

Tab le  2 .  N u m b e r  o f  s o c k e y e  u n d e r y e a r l i n g s  samp led  w h i c h  c o n t a i n e d
f r e s h  f o o d  ( S t a g e  I )  i n  t h e  c a r d i a c  s e c t i o n

o f  t h e  s t o m a c h ,  A u g u s t  1 8 - 2 9 ,  1 9 6 7 .



Append ix  I .  Q u a l i t y  a n d  q u a n t i t y  o f  t h e  s t o m a c h  c o n t e n t s  o f  u n d e r y e a r l i n g
sockeye a s  p e r c e n t  o f  b o d y  w e i g h t ,  B a b i n e  L a k e ,  1 9 6 7  a n d  1 9 6 8 .

P e r i o d Date Time (m)
No.
sample

Body w e i g h t (g)1

Stomach c o n t e n t s  a s
p e r c e n t  o f  b o d y

we igh ts

R e l a t i v e

stage o f

d i g e s t i o n D e p t h
( sco re )

i n
Mean Min. Max. Mean Min. Max.

J u l y  1 - 7 , 1967 J u l y  4 1218 36.6 9 0.389 0.186 0.703 0 .54 0.16 1.46 29

1417 18.3 7 0 .198 0.150 0.237 0.47 0.05 1.05 30

1513 27.5 10 0.306 0.177 0.818 0 .28 0 .00 0.71 27

1545 36.6 7 0.341 0.154 0.548 0.16 0 .00 0 .48 30

J u l y  5 2142 16.0 10 0.315 0.217 0.415 3.00 1.28 4 . 4 0 15

2246 12.8 10 0.613 0.429 1.012 3 .32 1.85 4 .53 15

2341 16.0 10 0.319 0.243 0.522 3.65 2.04 7.05 15

J u l y  6 0027 16.0 10 0.349 0.250 0.524 2.35 1.03 4 .76 15

0123 16.0 10 0.626 0.381 1.341 2.09 1.35 2.55 20

0235 16.0 10 0.517 0.343 0.649 1.96 1.22 3 .06 21

0327 16.0 10 0.378 0.275 0.577 1.32 0.62 2.81 17



Appendix  I  -  c o n e d .

Per iod Date Time
Depth

(m)
No.
sample

Body w e i g h t (g)1

Stomach c o n t e n t s  a s
p e r c e n t  o f  b o d y

w e i g h t '

R e l a t i v e

stage o f

d i g e s t i o n

( sco re )
i n

Mean Min. Max. Mean Min. Max.

J u l y  1 - 7 ,  1 9 6 7
( c o n t ' d . )

J u l y  4 1119 27.5 10 0.230 0.178 0.297 0.64 0 .00 1.42 24

1149 22.9 10 0.296 0.229 0.459 0.50 0 .00 1.21 23

O v e r a l l 123 0.396 0.150 1.341

Aug. 1 8 - 2 9 .  1 9 6 7 Aug. 25 1257 36.6 10 1.217 0.684 2.679 1.54 0.41 3.31 21

Aug. 19 1502 36.6 7 1.169 0.642 2.187 0.96 0.45 1 .68 22

Aug. 18 1606 36.6 10 1.435 0.839 2.265 0.99 0 .30 2.16 21

Aug. 29 1821 36.6 10 1.453 0.998 2.250 1.18 0.47 1.99 22

Aug. 27 2037 16.0 10 1.620 1.125 2.274 5.60 1.50 8 .49 15

2129 16.0 10 1.692 1.280 2.218 4 .52 3.09 6 .43 15

2329 16.0 10 1.714 1.109 2.054 2.00 1.39 2.85 19

Aug. 28 0129 16.0 10 1.799 1.416 2.624 1.19 0.39 1.79 21

0329 16.0 10 1.970 1.535 2.633 0.77 0 .44 1.19 24



Appendix I  -  c o n t ' d .

Period Date Time
Depth

(m)
No.
sample

Body we igh t (g)1

Stomach contents  a s
percent o f  body

weights
Relat ive
stage o f

d i g e s t i o n
(score)

in
Mean Min. Max. Mean Min. Max.

Aug. 24 0451 4.6 10 1.736 1.141 2.456 0.90 0.42 1.52 23

Aug. 28 0528 16.0 10 1.801 1.295 2.697 1.20 0.79 1.79 17

0631 16.0 10 1.905 1.192 2.429 3.30 1.91 4.69 15

Aug. 24 0656 20.1 10 1.542 1.174 2.083 2.98 2.05 4.20 15 nas -
1

0748 45.8 10 1.888 1.435 2.305 2.69 1.73 4.65 15

Aug. 29 0907 36.6 10 1.786 1.305 2.385 2.59 0.84 4.65 16

Aug. 25 1058 41.2 8 1.383 0.662 2.035 1.52 0.88 2.22 21

Aug. 19 1153 36.6 10 1.256 0.814 2.115 1.40 0.88 2.94 20

Overal l 165 1.658 0.642 2.697

Sept. 2 4 - Sep. 26 1416 18.3 7 2.326 0.813 3.478 0.59 0.00 1.16 27
Oct. 1 ,  1967

Sep. 29 1932 16.0 10 2.884 1.395 4.163 2.81 1.18 3.61 15

Sep. 24 2031 9.2 10 2.080 1.274 2.888 3.10 1.67 5.23 16



Append ix  I - c o n t ' d .

Pe r i od Date Time (m)
No.
sample

Body w e i g h t (g)1

Stomach c o n t e n t s  a s
pe rcen t  o f  b o d y

we igh ts

R e l a t i v e

s tage o f

d i g e s t i o n D e p t h
(score)

i n
Mean Min. Max. Mean Min. Max.

Oct . 22-27, 1967

Sep. 2 8

Sep. 2 9

Sep. 2 6

O v e r a l l

Oc t .  2 7

Oct .  2 2

2041

2147

2251

2352

0059

0943

1607

1849

1930

2024

2107

2156

16.0

16.0

16.0

16.0

16.0

18.3

18.3

16.0

16.0

16.0

16.0

16.0

10

10

10

10

10

10

87

10

10

10

10

10

10

2.997

2.659

2.747

3.040

3.021

3.802

2.840

3.577

2.903

3.275

3.406

3.606

2.892

1.591

1.347

1.328

1.076

1.388

2.915

0.813

1.584

1.958

1.919

1.802

1.555

1.470

4.830

3.810

4.105

4.839

5.524

4.442

5.524

5.190

4.297

5.066

4.876

4.545

4.759

2.60

1.89

2.45

1.85

1.71

1.13

0 .88

2.11

1.68

1.12

1.40

1.69

1.25

1.30

1.23

1.04

1.04

0.41

0.45

0.45

0.99

0.74

0.91

0.17

4 . 3 0

2.54

3 .94

3.19

3 .00

2.49

1.70

3.92

2.80

1.75

2.47

5 .40

15

15

16

18

19

16

19

18

19

19

16

18
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P e r i o d Date Time
Depth

(m)
No.
sample

Body w e i g h t (g)1

Stomach c o n t e n t s  a s
pe rcen t  o f  b o d y

we igh ts

R e l a t i v e

s tage o f

d i g e s t i o n

(sco re )
i n

Mean Min. Max. Mean Min. Max.

Aug. 17-18, 1968

Oc t .  2 4

O v e r a l l

Aug. 1 7

Aug. 1 8

0205

0245

2028

2127

2228

2328

0028

0128

0229

0328

0430

0530

16.0

16.0

16.0

16.0

16.0

16.0

16.0

16.0

16.0

16.0

16.0

16.0

10

10

80

10

10

10

10

10

10

10

10

10

10

3.860

3.447

3.371

1.592

1.734

2.506

1.851

1.578

1.612

1.609

1.624

1.596

1.604

2.048

1.886

1.470

0.663

0.726

0.987

0.898

1.174

0.854

1.097

1.159

0.873

1.118

6.343

5.713

6.343

2.627

3.626

4.286

2.552

2.055

3.693

2.181

2.211

2.600

2.006

1.13

1.97

1.58

3.47

2.86

2.68

2.18

1.61

1.34

0.91

0.79

2.55

0 .40

0.37

0.89

2.53

1.57

1.37

0.46

0 .64

0.70

0.54

0.40

1.57

2.08

5 .53

2 .94

5.31

5 .50

4 .11

3.37

2.23

2.20

1 .66

1.14

4 .90

17

17

17

15

17

17

18

20

22

21

22

16
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Period Date Time
Depth

(m)
No. i n
sample

d i g e s t i o n

(score)Mean Min. Max. Mean Min. Max.

Aug. 17-18, 1968 Overal l 100 1.731 0.663 4.286

Aug. 18-19, 1968 Aug. 1 8 2059 16.0 10 1.676 1.138 2.591 2.98 1.09 4.72 16

2158 16.0 10 1.746 1.400 2.197 4.52 2.59 6.52 15

2258 16.0 10 1.556 0.884 2.587 2.93 2.14 4.50 15

2358 16.0 10 1.686 1.336 2.020 2.57 1.50 3.71 18

0058 16.0 10 2.151 1.111 2.541 1.57 0.95 2.18 21

0158 16.0 10 1.924 1.416 2.609 1.37 0.77 1.71 20

0259 16.0 10 1.488 1.011 2.194 1.00 0.67 1.37 20

0358 16.0 10 1.735 1.186 3.130 1.14 0.43 1.92 20

0459 16.0 10 1.825 1.239 2.371 1.17 0.69 1.61 20

0559 16.0 10 1.874 1.091 2.354 2.57 1.44 4.08 15

Overa l l 100 1.766 0.884 3.130

Stomach contents  a s Relat ivepercent o f  body
Body weight  ( g ) 1  w e i g h t 2  s t a g e  o f

1To ta l  wet we igh t  l e s s  we igh t  o f  g u t  con ten ts
2Contents o f  sec t i ons  I  and I I
3Adjusted t o  sample o f  10  f i s h
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9 - NORTH
ARM

Fulton
Rive

2

3

4

Pinkut
Creek

Lows Selene Rtver

Nilkitkwo Lake

pper eabine River

8-MORRISON
ARM
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F i g .  1 .  S a b i n e  L a k e  s h o w i n g  l a k e  a r e a s  a n d  f i s h i n g  s i t e s  ( X '
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7 0 0 -

6 0 0 -

5 0 0 -

4 0 0 -

1 0 0 -

BOO

700

6 0 0

ULY r •  INDICATES A SET WITH ICI [ C C U

5 0 0 -

4 0 0

500 -

200- .

1 0 0 -

0

0 8 0 0

SEPTEMBER 2 4 - O C T O B E R  I

1500

IIIIIm!II
' 2 0 0  1 6 0 0  2 0 0 0  0 0 0 0

AUGUST 1 8 - 2 9

OCTOBER 2 2  - 27

I l L ) 1 1 1

0 4 0 0  0 8 0 0  1 2 E 4 0  1 6 6 0  2 0 0 0  o d o o  0 4 0 0

T I M E

F i g .  2 .  C a t c h e s  o f  u n d e r y e a r l i n g  s o c k e y e  i n  s e i n e  s e t s  made a t  d i f f e r e n t
t imes  o f  d a y  i n  f o u r  p e r i o d s ,  J u l y  t o  O c t o b e r ,  1 9 6 7 .

_ ■ 1
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S M A C K

a
JULY I

I2411.14411
A N Y 2  J U O 4

1415.1735 * W W I
JULY 4

1314-1647
JULY 6 .7  J U L Y  T
2144-0031 0 1 0 7 - 0 4 4 4

DAY N I G H T

•

1

•  63

AUG la
0452-1101

•

•

•
4 4

AUG IS
1336-1703

105 0 1

AUS
IPS-1252

DAY

62

•  INDICATES NO CATCH

I '  •  •

AUSM
13212-M00

AUS22
MI4 -2220

AU0 22 - 24
MST-0022

C

SEPT 24 S E P T  26 1 1 • 7  L1 O C T  I O C T  27
2005-2321 0 9 0 1 - 1 1 2 2  1 1 5 4 0 - 1 0 0 3  0 1 6 1 4 2 4 1  1 6 i 1 - 1 7 2 1

NIGHT D A Y

l a m

•

•

•

•  •
•  •

•  •

•

•

•

•  •
19

•  •  •  •

•  •  •  •
105 1 5  9  4

A t *  24
GO/13-0342

1410HT

LUG 24
0407-011/7

AUG 23
ION - 1367

AUG 29
0727-1011

DAY

AUG 29
*44-1111

5 6 74 4 0 2 '

Pt KENT Or CATCH

139 3e 4 4

F ig .  3 .  C a t c h e s  o f  u n d e r y e a r l i n g  sockeye i n  t r a w l  s e r i e s  a t  d i f f e r e n t  t i m e s
of  d a y,  J u l y  t o  O c t o b e r,  1 9 6 7 .  N u m b e r  be low t h e  v e r t i c a l  l i n e  i s

t o t a l  c a t c h  f o r  t h e  s e r i e s .  H o r i z o n t a l  b a r s  r e p r e s e n t
proport ions o f  t h e  c a t c h  made a t  t h e  v a r i o u s  d e p t h s .

36
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SEINE CATCH

N I G H T

MOO-.

600- ,

600

4 0 0

200-

0 -t& A  ASURFACE ,

t o -

20 -

30 -

40 -

5 0 -

6 0 .

•

0 0  0  0 I 3

0 o  0  M  0
o 1 5

7 6 1

O 1 4 10 6  2 I

29 2 4  10 16 113 13

45 0

0

3 1  0

1
31

1 0  0  2  i f  0  I  0  3  5  0  1 , 2 / /

/  /
1

0.0.0

0 . I

a

1? 7  5 1  3 0  i  1  0  0

4,50,10 9  6  1  0

5.5 1  5  6 /

1660

. . . . . . . . . . . .

9 3 7  0 , 1 6

tI n  7
i

\  1 :
\  I t

/

TOTAL DEPTH OF FISHING AREA Aeour  120  METRES

2000 o d o o 0400

TIME

0

0600 1 2 0 0 1600

F i g .  4 .  C a t c h e s  o f  u n d e r y e a r l i n g  s o c k e y e  b y  s e i n e  a n d  t r a w l  b y  t i m e  o f
day a n d  d e p t h ,  A u g u s t  1 8 - 2 9 ,  1 9 6 7 .  S u r f a c e  i s  u s e d  a s  z e r o

b a s e l i n e  f o r  s e i n e  c a t c h e s .  T r a w l  c a t c h e s  a r e  shown i n
the b o d y  o f  t h e  f i g u r e  b y  d e p t h  o f  t o w  a n d  b y  t i m e .
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TIME

1948
-2203

2216
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F ig .  5 .  E c h o  soundings a t  Bab ine  L a k e ,  August  2 2 - 2 3 ,  1 9 6 7 .
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DEPT H (METRES!

JULY 3

a •  a  a 0 1  0 1  M  M
- - - 1 1 - 5 - 7 ,- -4

• 0

se

SO -

ro

Fig. 6 .  T h e r m a l  structure o f  Babine Lake's main basin, 1967 as
indicated by observations a t  stat ions 1 - 1 4  (shown on the map).
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TEMPERATURE ' C

DEPTH (METRES'

3 4  5  6  7
0

I 0 -

2 0 -

4 0 -

5 0  -

GO

7 0 -

1 0 -

2 0 ,

3 0  -

4 0 -

5 0 -

TO-

9 1 0  I 1  1 2  1 3  1 4  1 5  1 6  1 7  1 p

f f  T e m p e r a t u r e  r a n g e

/

T

1

Night 8 6 - 11 °

Day 4 •  - 7 '  C

JULY I  - 7 ,  1 9 6 7

STATION 8

A

I Temperature range

tNight 7•-II.560

; .  D a y  6 '  - 7 •

SEPTEMBER 2 4 -OCTOBER 1,196
STATION 6

1 7 8  9  1 0  I I  I  1 3  1 4  1  1 6  I T

Temperature range

Night 1 1 6 - 1 7 '  C

Day 5 • - 6 • C

AUGUST 1 8 - 2 9 , 1 9 6 7

STATION

• 1  L  / -  1  •

No night data

Temperature range

♦  D o y  8 '  C

OCTOBER 2 2 - 2 7 , 1 9 6 7
STATION 6

F i g .  7 .  D a y  a n d  n i g h t  d i s t r i b u t i o n  o f  u n d e r y e a r l i n g  s o c k e y e  a n d  l a k e
t e m p e r a t u r e ,  J u l y  t o  O c t o b e r ,  1 9 6 7 .  V e r t i c a l  l i n e s  r e p r e s e n t  r a n g e
o f  d e p t h ,  a n d  " d i a m o n d s "  t h e  l e v e l  o f  g r e a t e s t  c o n c e n t r a t i o n .  D e p t h

ranges a r e  f r o m  i n s p e c t i o n  o f  n e t  c a t c h e s  ( F i g .  2 ,  3 ,  a n d  4 )  a n d
echo s o u n d i n g s  ( F i g .  5 ) .  Te m p e r a t u r e  p r o f i l e s  a r e  f r o m  s t a t i o n s

6 a n d  8  ( F i g .  6 )  w h i c h  a r e  l o c a t e d  a t  t h e  n e t t i n g  a n d
sounding s i t e s .
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F i g .  8 .  S t o m a c h  c o n t e n t s  o f  u n d e r y e a r l i n g  s o c k e y e  c a p t u r e d  a t  d i f f e r e n t
t imes a n d  d e p t h s  i n  f o u r  p e r i o d s ,  J u l y  t o  O c t o b e r ,  1 9 6 7 .

8 ( a ) .  J u l y  1 - 7

8 ( b ) .  A u g u s t  1 8 - 2 9

8 ( c ) .  S e p t e m b e r  2 4  t o  O c t o b e r  1

8 ( d ) .  O c t o b e r  2 2 - 2 7
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DEPTH OFTIME OF
CAPTURE

CAPTURE ( m

NO. IN

SAMPLE

NO
STOMACHS

EMPTY

1218 36.6 9 2

1417 18.3 7 2

1513 27.5 10 5

1545 36.6 7 6

2142 <16.5 10 0

2246 <16.5 10 0

2341 <16.5 10 0

0027 <16.5 10 0

0123 <16 5 10 0

0235 <16.5 10 0

0327 <16.5 10 0

1119 27.5 10 2

1149 22.9 10 4

OVERALL 123 21

JULY I -  7 , 1967

MEAN % OF CONTENTS BY VOLUME

100

0
100
0

100
0

100
0

100
0

100
0

ioo
0

100
0

100
0

100
0

100

100
0

100
0

100

0

DIAPTOMUS

HETEROCOPE

U)
0
—J

EPISCHURA

•

Fig. 8 ( a ) .
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TIME OF DEFM1OF
CAPTURE

CAPTURE ( m )

1257 3 6 . 6

1502 3 6 . 6

NO I N

SAMPLE

10

7

NO.
STOMACHS

EMPTY

0

0

1606 36.6 10 0

1821 36.6 10 0

2037 <16.5 10 0

2129 <16.5 10 0

2329 <16.5 10 0

0129 <16,5 10 0

0329 <16.5 10 0

0451 4 .6 10 1

0528 < 16.5 10 0

0631 <16.5 10 0

0656 20.1 10 0

0748 45.8 10 0

0907 36.6 10 0

1058 41.2 8 0

1153 36.6 10 0

AUGUST 18-29,1967

OVERALL 1 6 5

MEAN % CONTENTS BY VOLUME

100

io oo
0
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oioo
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100
0100
0

ioo
0

100
0

loo
0

100
0

100
0

ioo
0

loo
0

100
0

ioo
0

100
0

loo
0

100

0

4

a 0 oo m

DI APTOMUS
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(.0
-1
U

C.)

E PISCHURA

MI
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Fig. 8 ( b ) .
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TIME o r  DEPTH OF
CAPTURE

CAPTURE 0 , 1

NO.NO. IN
STOMACHS

SAMPLE E M P T Y

1416 18.3 7 3

1932 <16.5 10 1

2031 9.2 10 0

2041 <16.5 10 0

2147 <16.5 10 0

2251 <16.5 10 0

2352 <16.5 10 0

0059 <16.5 10 0

0943 18.3 10 0

OVERALL 87 4

SEPTEMBER 24-OCTOBER I
4

U)
4  2  X

0
Q.

o c o  E .
1 0 0 -

W o
100

0 0
i00

m 0
loo

W o  .
100
o ,

100
o

100
i  0  .

100
0

AN

1000-
100

HETEROCOPE

0

E  PI SCHURA

z
6-)

Fig. 8 ( c ) .
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TIME OF DEPTH OF
CAPTURE

CAPTURE , „  }

NO 1 N

SAMPLE

NO
STOMACHS

EMPTY

1607 18.3 10 0

1849 <16.5 10 0

1930 <16.5 10 0

2024 <16 5 10 0

2107 <16.5 10 0

2156 <16.5 10 I

0205 <16.5 10 0

0245 <16.5 10 0

OVERALL 80 1

OCTOBER 22-27
4

z

4

100

o
100

100
o

100
o

100
o

100

a o  _
100

100

ME

BOSMINA

DIAPTOMUS

HETEROCOPE

CI)
Cl
O
-J
U

U

EPISCHURA

Fig.  8 ( d ) .
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RELATIVE STAGE OF OICE 1111011 ISCORE I

V

at
4
•

•

nELATIVE STASI or ciourrioN ISAMU I

JULY I  -  7, 1967
10 -

3 0 - b  •  •
•

2 0 -

10-

10-

3 0 -

2 0

10

•

SEPTEMBER 2 4 -  OCTOBER 1 , 1 9 6 7

NIGHT

••
•  so •  • •

UI

b
AUGUST 1 8 - 2 9 , 1 9 8 7

NIGHT

•  ••  • S .  • •
•

•  •

d
OCTOBER 22 -27 ,1967

•

NIGHT

6 0 *  0
•  0 0

•  0

• •eo 1

0  1 1

1200 1 6 0 0  2 0 0 0  0 0 0 0  0 4 0 0  0 8 0 0  1 2 0 0  1 6 0 0  2 0 0 0  0 0 0 0  0 4 0 0  0 6 0 0  1 2 0 0

T IME

F i g .  9 .  Q u a n t i t i e s  a n d  c o n d i t i o n  o f  f o o d  c o n t a i n e d  i n  t h e  s tomachs  o f
u n d e r y e a r l i n g  sockeye  c a p t u r e d  a t  d i f f e r e n t  t i m e s ,  J u l y  t o  O c t o b e r ,

1967. M e a n  q u a n t i t i e s  a r e  i n d i c a t e d  b y  t h e  " d i a m o n d s , "  v e r t i c a l
l i n e s  i n d i c a t e  minimum a n d  maximum v a l u e s  f o r  i n d i v i d u a l s .
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2 . 0

no 1 . 0 -
26

6
0 5 -

0
0

0-1

- 0 . 5

AUGUST 2 7 - 2 8 , 1 9 6 7

EVENING M E A L

y•1.98548-  0 29752x

•

AUGUST 1 7 - 1 8 . 1 9 6 6

EVENING M E A L

y• 1 5 4 9 0 4  - 0.21928

•

I T

I 2  3  4  5  6  7  8  9  1 0  0  I  2
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AUGUST 18-29,1967

MORNING MEAL

Y 1 . 3 2 0 9 7 -  0.140251
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AUGUST 10-19,1968

EVENING M E A L

y•17485  - 0 29513.
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F i g .  1 0 .  R e g r e s s i o n s  o f  s tomach  c o n t e n t s  o n  t i m e  a f t e r  f e e d i n g  ( p l u s  1  h r ) ,
Augus t ,  1 9 6 7  a n d  1 9 6 8 .


