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PREFACE

Th is  r e p o r t  i s  t h e  r e p r o d u c t i o n  o f  a  t h e s i s  s u b m i t t e d  i n  December,

1973, t o  t h e  U n i v e r s i t y  o f  V i c t o r i a  ( V i c t o r i a ,  B r i t i s h  C o l u m b i a )  i n  p a r t i a l

f u l f i l l m e n t  o f  t h e  r e q u i r e m e n t s  f o r  t h e  d e g r e e  o f  m a s t e r  o f  S c i e n c e  i n  B i o l o g y .
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ABSTRACT

Simpson, K .  S .  1 9 7 9 .  O r i e n t a t i o n  d i f f e r e n c e s  b e t w e e n  p o p u l a t i o n s  o f  j u v e n i l e
sockeye s a l m o n .  F i s h .  M a r .  S e r v .  Te c h .  R e p .  7 1 7 :  11 4  p .

B r i t i s h  C o l u m b i a ' s  B a b i n e  L a k e  s y s t e m  h a s  t h r e e  p o p u l a t i o n s  o f
sockeye s a l m o n  s m o l t s  w h i c h  t r a v e l  d i f f e r e n t  r o u t e s  t o  t h e  o u t l e t  o n  t h e i r
seaward m i g r a t i o n .  T h e  o b j e c t i v e  o f  t h i s  s t u d y  was  t o  d e t e r m i n e  i f  t h e
d i r e c t i o n a l  p r e f e r e n c e s  o f  t h e s e  p o p u l a t i o n s  a r e  i n n a t e l y  d i f f e r e n t .  S m o l t s
f rom f i v e  s t r e a m s  w h i c h  c o n t r i b u t e  t o  t h e  l a k e  p o p u l a t i o n s  w e r e  r a i s e d  f r o m
the  e g g  i n  s i m i l a r  c o n d i t i o n s  a n d  t h e i r  d i r e c t i o n a l  p r e f e r e n c e s  t e s t e d .

Most i n d i v i d u a l s  w e r e  s t r o n g l y  o r i e n t e d .  T h e s e  p r e f e r e n c e s  w e r e
d i v e r s e  b u t  n o t  random w i t h i n  e a c h  s t r e a m  s a m p l e .  O r i e n t a t i o n  t e s t e d  i n d o o r s
and o u t d o o r s  was  s t r o n g l y  a f f e c t e d  b y  p o s i t i v e  a n d  n e g a t i v e  p h o t o t a x i s  a n d
p h o t o n e g a t i v i t y ,  r e s p e c t i v e l y .  H o w e v e r ,  t h e  M o r r i s o n  i n d o o r s  g r o u p  h a d
m i g r a t o r y  o r i e n t a t i o n ,  c h a n g i n g  p r e f e r e n c e s  c l o c k w i s e  f r o m  s o u t h  a l m o s t  3 6 0 °
around t o  s o u t h e a s t  a t  a  r a t e  o f  3 . 0 °  p e r  d a y ,  i n  a p p r o x i m a t e  c o r r e s p o n d e n c e
to  t h e  l a k e  r o u t e .

Observed o r i e n t a t i o n s  w e r e  s i g n i f i c a n t l y  d i f f e r e n t  b e t w e e n  m o s t
samples,  s u p p o r t i n g  t h e  h y p o t h e s i s  t h a t  p r o g e n y  f r o m  t h e s e  s t r e a m s  a r e
g e n e t i c a l l y  d i s t i n c t .  T h e  s t u d y ' s  o b j e c t i v e  o f  w h e t h e r  t h e  m i g r a t i o n -
a d a p t i v e  o r i e n t a t i o n  o b s e r v e d  a t  B a b i n e  L a k e  h a s  i n n a t e  d i f f e r e n c e s  r e m a i n s
t o  b e  shown .

Key w o r d s :  O r i e n t a t i o n ,  b e h a v i o u r ,  Onco rhynchus  n e r k a ,  s m o l t s ,  B a b i n e  L a k e ,
m i g r a t i o n ,  p o p u l a t i o n  c h a r a c t e r i s t i c s ,  i n n a t e  d i f f e r e n c e s .

•
RESUME

Simpson, K . S .  1 9 7 9 .  O r i e n t a t i o n  d i f f e r e n c e s  b e t w e e n  p o p u l a t i o n s  o f  J u v e n i l e
sockeye s a l m o n .  F i s h .  M a r .  S e r v .  Te c h .  R e p .  7 1 7 :  1 1 4  p .

Le b a s s i n  d u  l a c  B a b i n e  ( C .  -  B . )  r e n f e r m e  t r o i s  p o p u l a t i o n s  d e
smo l t s  d e  s o c k e y e  q u i  e m p r u n t e n t  d e s  v o i e s  d i f f e r e n t e s  p o u r  m i g r e r  v e r s
l a  m e r.  L ' A .  a  v o u l u  d e t e r m i n e r  s i  c e t t e  p r e f e r e n c e  e t a i t  i n n e e .  D e s  s m o l t s
de c i n q  c o u r s  d ' e a u ,  a p p e l e s  a  s e  r e n d r e  d a n s  l e  l a c ,  o n t  e t e  e l e v e s  d a n s
des c o n d i t i o n s  i n d e n t i q u e s  d e p u i s  l e u r  i n c u b a t i o n  a f i n  d e  v e r i f i e r  s ' i l s
p r e n a i e n t  e n s u i t e  u n e  d i r e c t i o n  d e t e r m i n e e .

La p l u p a r t  d ' e n t r e  e u x  o n t  o p t s  p o u r  u n e  d i r e c t i o n  p r e c i s e .  D a n s
chaque e c h a n t i l l o n ,  c e s  p r e f e r e n c e s ,  v a r i e e s ,  n ' o n t  c e p e n d a n t  p a s  e t e  l e
f a i t  d u  h a s a r d .  L ' o r i e n t a t i o n ,  e t u d i e e  a  l ' i n t e r i e u r  e t  sa. l ' e x t e r i e u r ,
dependa i t  f o r t e m e n t  d ' u n e  p h o t o t a x i e  p o s i t i v e  e t  n e g a t i v e  d a n s  l e  p r e m i e r
cas e t  d e  l a  p h o t o n e g a t i v i t e  d a n s  1 ' a u t r e .  P a r  c o n t r e ,  l e  g r o u p e  M o r r i s o n
situe a l ' i n t e r i e u r  a  modif ie sa route en se deplacant, a  ra ison de 3° ,0



par  J o u r  v e r s  l a  d r o i t e ,  d e  p r e s q u e  3 6 0 °  a  p a r t i r  d u  s u d  j u s q u ' a u  s u d - e s t ,
de m a n i e r e  a  s u i v r e  a  p e u  p r e s  l a  r o u t e  v e r s  l e  l a c .

En t re  l a  p l u p a r t  d e s  e c h a n t i ] l o n s ,  l ' o r i e n t a t i o n  a  v a r i e
c o n s i d e r a b l e m e n t ,  c e  q u i  t e n d  a  c o n f i r m e r  l ' h y p o t h e s e  s e l o n  l a q u e l l e  c e s
cours d ' e a u  h e b e r g e r a i e n t  d e s  p o p u l a t i o n s  g e n e t i q u e m e n t  d i s t i n c t e s .

Quant a  s a v o i r  d i  l ' o r i e n t a t i o n  a d a p t i v e  o b s e r v e e  c h e z  l e  saumon
du l a c  S a b i n e  e n  v u e  d e  s a  m i g r a t i o n  compo r t e  d e s  d i f f e r e n c e s  i n n e e s ,  i t
r e s t e  a  l e  p r o u v e r .

Mots c l e f s :  O r i e n t a t i o n ;  c o m p o r t e m e n t ;  O n c o r h y n c h u s  n e r k a ;
s m o l t s ;  l a  B a b i n e ;  m i g r a t i o n ;  t r a i t s  d i s t i n c t i f s  d e s  p o p u l a t i o n s ;
d i f f e r e n c e s  i n n e e s .



INTRODUCTION

Sockeye s a l m o n  (Onco rhynchus  n e r k a )  t y p i c a l l y  spawn i n  o u t l e t  a n d
i n l e t  s t r e a m s  o f  S a b i n e  L a k e  f r o m  September  t o  November.  T h e  s p a w n i n g  s t r e a m s
are  c l u s t e r e d  i n  t h r e e  r e g i o n s  ( F i g .  1 ) ;  ( 1 )  a t  t h e  o u t l e t  ( U p p e r  a n d  Lower
Sabine r i v e r s ) ,  ( 2 )  n e a r  M o r r i s o n  L a k e ,  a n d  ( 3 )  i n  t h e  " M a i n  L a k e "  a r e a  o f
s o u t h e r n  B a b i n e  L a k e  ( F u l t o n  R i v e r  a n d  P i n k u t  C r e e k  a r e  t h e  p r i n c i p a l  s t r e a m s ) .
By e a r l y  s p r i n g ,  f r y  l e a v e  t h e  g r a v e l  b e d s  a n d  m i g r a t e  t o  t h e  l a k e .  P r o g e n y
f rom t h e  t h r e e  r e g i o n s  r e m a i n  e s s e n t i a l l y  s e p a r a t e d  d u r i n g  t h e i r  l a k e  l i f e
( F i g .  1 )  ( J o h n s o n  1 9 5 6 ,  1 9 5 8 ;  McDona ld  1 9 6 9 ) .  V i r t u a l l y  a l l  l e a v e  a f t e r  I
y e a r ,  b e t w e e n  t h e  b e g i n n i n g  o f  May a n d  m i d - J u n e .

The s e a w a r d  m i g r a t i o n  o f  B a b i n e  s m o l t s  i s  p r e c i s e l y  t i m e d  a n d  w e l l
d i r e c t e d  ( J o h n s o n  a n d  G r o o t  1 9 6 3 ;  G r o o t  1 9 6 5 ,  1 9 7 2 ) .  G r o o t  f o u n d  t h a t  s m o l t s
kep t  i n  t a n k s  p r e f e r r e d  d i r e c t i o n s  a p p r o x i m a t i n g  t h o s e  e x p e c t e d  i n  t h e i r  l a k e
p o p u l a t i o n ' s  m i g r a t i o n .  M o r r i s o n  s m o l t s  even changed  d i r e c t i o n s  d u r i n g  t h e i r
c a p t i v i t y  a s  t h e y  w o u l d  i f  t h e y  w e r e  t r a v e l l i n g  t h e  r o u t e  ( s e e  b e l o w ) .  H i s
s u b j e c t s  p r o b a b l y  u s e d  t h e  s u n  a n d  p o l a r i z e d  l i g h t  a s  o r i e n t a t i o n  c u e s  u n d e r
c l e a r  s k i e s  a n d  a n  unknown mechanism was u s e d  i n  o v e r c a s t  ( G r o o t  1 9 6 5 ) .
Recent s o p h i s t i c a t e d  s t u d i e s  show  t h a t  l a k e  c u r r e n t s  i n  t h e  M a i n  Lake  b a s i n
are  l a r g e l y  w i n d - d r i v e n  ( D .  F a r m e r ,  p e r s o n a l  c o m m u n i c a t i o n )  a n d  t o o  v a r i a b l e
t o  b e  u s e f u l  a s  a  c u e .

Th is  s t u d y  a s k s  t h e  q u e s t i o n ;  w h a t  d e t e r m i n e s  t h e  d i r e c t i o n  o f
seaward m i g r a t i o n  i n  t h e s e  l a k e  p o p u l a t i o n s ?  M y  h y p o t h e s i s  i s  t h a t  e a c h
p o p u l a t i o n  h a s  g e n e t i c a l l y  d i s t i n c t  d i r e c t i o n a l  t e n d e n c i e s  w h i c h  c o r r e s p o n d
t o  t h e  r o u t e s  n e c e s s a r y  t o  r e a c h  t h e  o u t l e t .  I t  i s  b a s e d  o n  t h e  f o l l o w i n g
o b s e r v a t i o n s ;

(1 )  E a c h  l a k e  p o p u l a t i o n  t a k e s  a  d i f f e r e n t  r o u t e  t o  t h e  o u t l e t
( F i g .  1 ) .  M o r r i s o n  f i s h  t r a v e l  SSE t h r o u g h  M o r r i s o n  A r m
and t h e n  a l m o s t  r e v e r s e  d i r e c t i o n  t o  g o  u p  t h e  N o r t h  A r m .
Main L a k e  f i s h  m i g r a t e  NW a n d  t h e n  N w h i l e  N i l k i t k w a  L a k e -
N o r t h  A rm s m o l t s  make a  s h o r t  n o r t h w a r d  j o u r n e y .

(2)  M a i n  a n d  M o r r i s o n  l a k e  g r o u p s  make t h e  j o u r n e y  f o r  t h e  f i r s t
t i m e .

To c h e c k  t h i s  h y p o t h e s i s ,  I  r a i s e d  samp les  f r o m  t h e  t h r e e  l a k e
p o p u l a t i o n s  u n d e r  i d e n t i c a l  c o n d i t i o n s  a n d  t e s t e d  t h e  s m o l t s  f o r  o r i e n t a t i o n
d i f f e r e n c e s .  T h e r e  a r e  t h r e e  q u e s t i o n s  r e l a t e d  t o  t h i s  o b j e c t i v e ;

(1)  D o  s o c k e y e  s m e l t s  s h o w  d i r e c t i o n a l  t e n d e n c i e s  u n d e r
e x p e r i m e n t a l  c o n d i t i o n s ?

(2 )  D o  samp les  f r o m  d i f f e r e n t  l a k e  p o p u l a t i o n s  r e v e a l  s i g n i f i c a n t l y
d i f f e r e n t  d i r e c t i o n a l  t e n d e n c i e s ?

(3)  D o  t h e  d i r e c t i o n a l  t e n d e n c i e s  c o r r e s p o n d  t o  t h e o r e t i c a l
m i g r a t i o n  d i r e c t i o n s  f r o m  n u r s e r y  a r e a s  t o  o u t l e t ?
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F i g .  1 .  B a b i n e  L a k e  a n d  i t s  m a i n  s o c k e y e  s p a w n i n g  s t r e a m s .  S h a d e d  a r e a s
show t h e  t h r e e  l a k e  p o p u l a t i o n s  o f  s o c k e y e  s m o l t s  b e f o r e  m i g r a t i o n .  T h e
degree o f  s h a d i n g  i s  a p p r o x i m a t e l y  p r o p o r t i o n a l  t o  p o p u l a t i o n  d e n s i t y .  T h e
N o r t h  A rm a n d  M o r r i s o n  p o p u l a t i o n s  a r e  p r i m a r i l y  l o c a t e d  i n  N i l k i t k w a  a n d
M o r r i s o n  l a k e s ,  r e s p e c t i v e l y .
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DEFINITIONS

I n n a t e .  M o r p h o l o g i c a l  o r  b e h a v i o u r a l  d i f f e r e n c e s  b e t w e e n
i n d i v i d u a l s  o r  p o p u l a t i o n s  n o t  a f f e c t e d  b y  t h e  e n v i r o n m e n t  d u r i n g  o n t o g e n e t i c
deve lopment .

Lake p o p u l a t i o n  ( i n  S a b i n e  L a k e ) .  J u v e n i l e  s o c k e y e  i n  one  o f  t h e
t h r e e  n u r s e r y  a r e a s .  E a c h  p o p u l a t i o n  c o n t a i n s  s e v e r a l  g e n e t i c a l l y  s e m i -
i s o l a t e d  r i v e r  s t o c k s .

D i r e c t i o n a l  p r e f e r e n c e .  T h e  mean d i r e c t i o n  t a k e n  b y  a n  a n i m a l
when t h e  d i s t r i b u t i o n  o f  d i r e c t i o n s  i s  s i g n i f i c a n t l y  d i f f e r e n t  f r o m  u n i f o r m .

O r i e n t a t i o n .  "  .  .  .  a  s e l e c t i v e  p r o c e s s  i n  w h i c h  c e r t a i n  s t i m u l i
i n  t h e  e n v i r o n m e n t  i l l i c i t  a  r e s p o n s e  sequence  t h a t  r e s u l t s  i n  a  non - random
p a t t e r n  o f  l o c o m o t i o n ,  d i r e c t i o n  o f  t h e  b o d y  a x i s ,  o r  b o t h . "  ( A d l e r  1 9 7 0 ) .

P h o t o t a x i s .  D i r e c t e d  o r i e n t a t i o n  r e a c t i o n  t o w a r d s  o r  away  f r o m  a
l i g h t  s t i m u l u s  ( F r a e n k e l  a n d  Gunn 1 9 6 1 ) .

MATERIALS AND METHODS

I  r a n  e x p e r i m e n t s  i n  A p r i l ,  M a y,  a n d  J u n e  o f  1970  a n d  1 9 7 1 ( Ta b l e  1 ) .
The m a i n  t e x t  o n l y  d e a l s  w i t h  t h e  1971  e x p e r i m e n t s .  T h e  1 9 7 0  methods  a n d
r e s u l t s  a r e  i n  A p p e n d i x  A  ( p .  7 5 ) .

A.  EXPERIMENTAL ANIMALS

1. C o l l e c t i o n

I n  s p r i n g  1 9 7 0  ( M a r c h  3 - 8 )  I  c o l l e c t e d  s a m p l e s  f r o m  P i n k u t  C r e e k ,
F u l t o n  R i v e r ,  M o r r i s o n  R i v e r ,  a n d  U p p e r  a n d  L o w e r  B a b i n e  r i v e r s  ( Ta b l e  2 )
by s h o v e l l i n g  i n t o  t h e  g r a v e l  a n d  n e t t i n g  a l e v i n s  o r  e g g s  a s  t h e y  d r i f t e d
downstream. T h e y  w e r e  t a k e n  i n  l a r g e  p l a s t i c  b a g s ,  o n e - t h i r d  f u l l  o f  w a t e r
and s u p p l i e d  w i t h  o x y g e n ,  t o  t h e  F i s h e r i e s  R e s e a r c h  B o a r d  o f  Canada (FRBC)
Rosewal l  H a t c h e r y  o n  Va n c o u v e r  I s l a n d .  T h i s  f a c i l i t y  i s  8 0  km NW o f  t h e
FRBC P a c i f i c  B i o l o g i c a l  S t a t i o n  a t  Nana imo,  B . C .  T h e  t r i p  t o o k  3 6  h r .

I n  a d d i t i o n ,  e g g s  a n d  m i l t  f r o m  t w o  f e m a l e s  a n d  t h r e e  m a l e s  w e r e
c o l l e c t e d  i n  F u l t o n  R i v e r  d u r i n g  t h e  p r e v i o u s  f a l l  ( e a r l y  O c t o b e r ,  1 9 6 9 ) .
H a l f  t h e  e g g s  w e r e  f e r t i l i z e d  w i t h  t h e  comb ined  m i l t  a t  R o s e w a l l  H a t c h e r y
40 h r  a f t e r  c o l l e c t i o n .

2.  C u l t u r e

A l l  f i s h  w e r e  r a i s e d  a t  R o s e w a l l  H a t c h e r y .  T a n k s  w e r e  s u p p l i e d
w i t h  w e l l  w a t e r ,  v a r y i n g  i n  t e m p e r a t u r e  f r o m  7 . 0  t o  9 . 0  C  i n  1 9 7 0 ,  a  r a n g e
l e s s  t h a n  t h e y  w o u l d  n o r m a l l y  e x p e r i e n c e  ( f r o m  n e a r  0  t o  a b o u t  1 8  C ) .  T h e
f i s h  w e r e  i n  a n  e n c l o s e d  b u i l d i n g  a n d  c o u l d  n o t  s e e  t h e  s k y .
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Ta b l e  1 .  D i s t r i b u t i o n  o f  e x p e r i m e n t s .  T h e  f i g u r e s  i n  b r a c k e t s  f o r  o u t d o o r
t e s t s  a r e  t h e  a c t u a l  number  o f  t e s t  s e s s i o n s .  T h r e e  s m o l t s  w e r e  examined
a t  e a c h  s e s s i o n  f o r  m o s t  o f  t h e  s e a s o n .

Lake
p o p u l a t i o n

R i v e r
p o p u l a t i o n

1970 1971

Indoo r I n d o o r Outdoor

N i l k i t k w a -
No r t h  A rm

Upper S a b i n e 18 33 78(33)
Lower B a b i n e 19 5 15(5 )

S u b t o t a l 37 38 93(38)

M o r r i s o n
Lake

M o r r i s o n 13 35 73(33)
M o r r i s o n ' 6 17(6)
M o r r i s o n b 61(29)

S u b t o t a l 13 41 151(68)

Main  L a k e
F u l t o n 18 35 75(35)
F u l t o n ' 6 16 (6 )
F u l t o n " 6 18(6)
P i n k u t 6 17(6 )

S u b t o t a l 18 53 126(53)

To t a l 68 132 370(159)

' C o m p l e t e l y  r a i s e d  i n  s m a l l  t a n k s .

b l i o l d i n g  g r o u p  ( r e t e s t e d  e v e r y  w e e k ) .

` c o l l e c t e d  a s  e g g s  i n  t h e  f a l l .
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Ta b l e  2 .  S u m m a r y  o f  1 9 7 0  s a m p l i n g  o p e r a t i o n s .

S tock Date L o c a t i o n Development
App rox .
number

P i n k u t  C r e e k March 3 200 m f r o m  mou th A l e v i n s - y o l k  s a c s
11 2 - 3 / 4  a b s o r b e d

1,000

M o r r i s o n  R i v e r March 4 50 m b e l o w
M o r r i s o n  L a k e

A l e v i n s - y o l k  s a c s
1 /2  a b s o r b e d

1,000

Lower S a b i n e
R i v e r

March 5 - 6 1-2 km b e l o w
N i l k i t k w a  L a k e

Immature a l e v i n s 1,000

Upper B a b i n e
R i v e r

March 6 1.5 k m  b e l o w
Babine L a k e

607 i m m a t u r e
a l e v i n s ,  407.  e g g s

1,000

F u l t o n  R i v e r March 8 300 m f r o m  mouth A l e v i n s - y o l k  s a c s
1 /2  a b s o r b e d

1,200
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A p p r o x i m a t e l y  n a t u r a l  p h o t o p e r i o d s  w e r e  m a i n t a i n e d  m a n u a l l y  u n t i l  November 1 6 ,
1970. T h e r e a f t e r ,  a  n a t u r a l  L D  was a u t o m a t i c a l l y  c o n t r o l l e d  b y  p h o t o c e l l .  A l l
sockeye w e r e  f e d  Oregon  M o i s t  P e l l e t  c o m m e r c i a l  f o o d .

From e g g s  a n d  a l e v i n s  c o l l e c t e d  i n  s p r i n g  1 9 7 0 ,  4 0 0  s u r v i v e d  f r o m
each o f  t h e  U p p e r  a n d  Lower  B a b i n e ,  P i n k u t ,  a n d  F u l t o n  samp les  a n d  2 5 0  f r o m
M o r r i s o n .  E a c h  g r o u p  was  r a n d o m l y  a l l o c a t e d  t w o  c y l i n d r i c a l  t a n k s ,  5 1  c m
deep a n d  3 6  cm w i d e .  J u v e n i l e s  f r o m  o n e  o f  t h e  t w o  t a n k s  i n  e a c h  g r o u p  w e r e
pu t  i n t o  l a r g e r  t a n k s  ( 1 0 7  c m  l o n g ,  4 8  cm w i d e ,  a n d  4 1  cm d e e p )  o n  November 1 6 ,
1970. O n e  l a r g e  t a n k  was  r a n d o m l y  a s s i g n e d  t o  e a c h  g r o u p .  T h e s e  " l a r g e - t a n k "
f i s h  w e r e  h o u s e d  i n  a  l i g h t - p r o o f  r oom w i t h  p h o t o c e l l - c o n t r o l l e d  l i g h t s .
Those r e m a i n i n g  ( " s m a l l - t a n k  g r o u p s " )  w e r e  a l s o  g i v e n  a  p h o t o c e l l - c o n t r o l l e d
n a t u r a l  LD  c y c l e .

I n  summary,  1 1  g r o u p s  e x i s t e d  p r i o r  t o  t h e  t e s t s ,  c l a s s i f i e d  b y
t h e i r  o r i g i n  a n d  r a i s i n g  t r e a t m e n t :  U p p e r  B a b i n e ,  L o w e r  B a b i n e ,  M o r r i s o n ,
F u l t o n ,  a n d  P i n k u t ,  r a i s e d  f r o m  t h e  f i n g e r l i n g  s t a g e  i n  l a r g e  t a n k s  ( " M a i n
Stock  g r o u p s " ) ;  t h e  same o r i g i n  g r o u p s  b u t  r a i s e d  c o m p l e t e l y  i n  s m a l l  t a n k s ;
and F u l t o n  e g g  s t o c k  ( t h e  g r o u p  c o l l e c t e d  i n  au tumn ,  p .  5 )  a l s o  r a i s e d
e n t i r e l y  i n  s m a l l  t a n k s .

3. H o l d i n g

Smol ts  w e r e  t r a n s p o r t e d  t o  t h e  B i o l o g i c a l  S t a t i o n  o n  F r i d a y  o f
each week  a n d  t e s t e d  t h e  f o l l o w i n g  Monday t o  T h u r s d a y.  T h i s  g a v e  t h e m
a t  l e a s t  2  d a y s  t o  r e c o v e r  b e f o r e  t e s t s  b e g a n .  T h e y  w e r e  r e t u r n e d  o n  t h e
n e x t  t r i p  t o  t h e  h a t c h e r y  o n  F r i d a y .  B y  r e t u r n i n g  s u b j e c t s ,  some  w e r e
p r o b a b l y  t e s t e d  more  t h a n  o n c e .  T h i s  was  a c c e p t a b l e  s i n c e  o n l y  a  f e w
i n d i v i d u a l s  w o u l d  b e  r e t e s t e d .  P  =  0 . 1 6  t o  0 . 2 1  t h a t  a n  i n d i v i d u a l  o f  o n e  o f
t h e  t h r e e  m o s t  f r e q u e n t l y  s a m p l e d  g r o u p s  w o u l d  b e  t e s t e d  t w i c e .  P l a s t i c  b a g s
c o n t a i n i n g  t h e  f i s h  w e r e  k e p t  i n  c o o l e r  c o n t a i n e r s  w i t h  i c e  f o r  t h e  1 . 5 - h r
t r i p .

Smol ts  w e r e  h e l d  i n  1 2 0 - t .  g l a s s  a q u a r i a  a t  t h e  S t a t i o n ,  o n e
aquar ium f o r  e a c h  g r o u p .  S h i e l d s  o n  t h e  s i d e s  p r e v e n t e d  undue  d i s t u r b a n c e .
A u t o m a t i c  f e e d e r s  w e r e  t i m e d  t o  g i v e  d r y  f o o d  a t  dawn a n d  d u s k ;  h o w e v e r ,  m o s t
f i s h  d i d  n o t  f e e d .  A  p h o t o c e l l  k e p t  a  n a t u r a l  L D .

B. EXPERIMENTAL PROCEDURE

I  h a d  t o  c o n s i d e r  o r i e n t a t i o n  c u e s  i n  d e s i g n i n g  t h e  e x p e r i m e n t s .
F i s h ,  i n c l u d i n g  s o c k e y e ,  a r e  a b l e  t o  u s e  t h e  s u n  a s  a n  o r i e n t a t i o n  c u e  f o r
d i r e c t i o n  f i n d i n g  ( H a s l e r  e t  a l .  1 9 5 8 ;  B r a e m e r  1 9 6 0 ;  Schwassmann 1 9 6 2 ;
Winn, S a l m o n ,  a n d  R o b e r t s  1 9 6 4 ;  G r o o t  1 9 6 5 ;  H e a l e y  1 9 6 7 ;  G o o d y e a r  a n d  F e r g u s o n
1969; G o o d y e a r  1 9 7 0 ) .  F o r  t h i s  r e a s o n ,  1  g a v e  s u b j e c t s  a  v i e w  o f  t h e  s k y  i n
o u t d o o r  t e s t s  a n d  p r o v i d e d  a  s i m u l a t e d  s u n  f o r  t e s t s  i n  t h e  l a b o r a t o r y .  T h e
"sun "  i n  t h e  i n d o o r  t e s t s  was  a  s t a t i o n a r y  i n c a n d e s c e n t  l i g h t .  S e v e r a l  w o r k e r s
have u s e d  t h i s  me thod  f o r  o t h e r  s p e c i e s  ( K r a m e r  1 9 5 2 ;  Schwassmann 1 9 6 0 ,  1 9 6 2 ;
L a n d r e t h  a n d  F e r g u s o n  1 9 6 8 ) .  S i n c e  a  r e s p o n d i n g  a n i m a l  c o n s t a n t l y  s h i f t s  i t s
ang le  w i t h  t h e  s u n  t o  compensa te  f o r  t h e  s u n ' s  movement ,  a  s t a t i o n a r y  s u b s t i t u t e
w i l l  c a u s e  p r e d i c t a b l e  d e v i a t i o n s  i n  i t s  p r e f e r r e d  d i r e c t i o n .  I f  t h i s  compensa-
t i o n  o c c u r s ,  i n d o o r  e x p e r i m e n t s  w i l l  c o n f i r m  t h a t  s o c k e y e  h a v e  a  s u n -compass
mechanism.
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I r a n  i ndoo r  and outdoor  t e s t s  3  t imes  a  day ( 1 2 : 0 0 ,  16 :00 ,  and
dusk), a t  l e a s t  4  days a  week, f r o m  A p r i l  13  t o  J u l y  1 .  D u s k  observat ions
were 45 min  be fo re  GMT o f  sunse t .  I  t e s t e d  one group a  day and used f r e s h
ind i v i dua l s  f o r  each t e s t .  T h e  Main Stock  groups t e s t e d  every  week were:
(1) F u l t o n  ( o n  Monday); ( 2 )  Upper Babine (Tuesday) ;  ( 3 )  Mor r i son  (Wednesday);
and ( 4 )  Ho ld ing  (Thursday) .  T h e s e  were Main Stocks,  r a i s e d  f rom f i n g e r l i n g s
in  l a r g e  t a n k s .  G r o u p s  1  t o  3  a r e  r e f e r r e d  t o  as  "Ma jo r  Groups" i n  t h e  r e s t
of  t h e  t e x t .  H o l d i n g  smol ts  were Morr ison f i s h  f r o m  group 3 ,  b u t  h e l d  i n  t h e
labora tory  and r e t e s t e d  every  week. I  t e s t e d  seve ra l  o t h e r  groups o n  Saturday
and Sunday a f t e r  May 29 .  E a c h  t e s t  l a s t e d  15 m in .

1. Te s t i n g  apparatus

The outdoor  apparatus ( F i g .  2 )  c o n s i s t e d  o f  t h r e e  c y l i n d r i c a l
a c r y l i c  drums r e s t i n g  on  a  s tand  w i t h  a  movie camera mon i to r i ng  behav ior  o f
the f i s h  f r o m  underneath . '  I t  was on  t h e  r o o f  o f  a  f o u r - s t o r e y  b u i l d i n g  a t
the P a c i f i c  B i o l o g i c a l  S t a t i o n .  T h e  drums ( 3 0  cm i n  d iameter  and 30 cm h igh )
had c l e a r  bottoms b u t  p a i n t e d  s i des  t o  p revent  v i s u a l  i n t e r a c t i o n  between
smolts ( F i g .  3 ) .  E i g h t  v e r t i c a l  b l a c k  s t r i p e s  r i s i n g  15 cm f rom t h e  bot tom
and symmet r i ca l l y  p laced  i n s i d e  t h e  drums gave a  more pa t t e rned  environment.
Temperatures were p a r t i a l l y  c o n t r o l l e d  by  p u t t i n g  t h e  drums i n  a  l a r g e  a c r y l i c
tank f i l l e d  w i t h  water  and t h i s  t a n k  f i t t e d  o v e r  a  h o l e  i n  a  p l a t f o r m .  T h e
p la t fo rm a l s o  supported meta l  s h i e l d s  around t h e  t anks  and a  b l a c k  p l a s t i c
cu r ta in ,  c l o s e d  a t  t h e  bot tom,  hung down f rom t h e  h o l e .  T h e  p l a t f o r m  w i t h  i t s
tanks, s h i e l d s ,  and  c u r t a i n ,  c o u l d  be r o t a t e d  on  t h e  s tand .  T h e  l e n s  o f  t h e
movie camera (Braun-Nizo  S-56 Super 8 )  p r o j e c t e d  th rough a  c e n t r a l  h o l e  i n  t h e
c u r t a i n ' s  bot tom s h i e l d  and t o o k  t ime- lapse  p i c t u r e s :  o n e  f rame/sec ( F i g .  4 ) .
The camera t o p ,  hence t h e  t o p  o f  t h e  f i l m  f r ames ,  p o i n t e d  t o  True No r th .

The f o l l o w i n g  changes i n  apparatus were made f o r  l a b o r a t o r y  t e s t s :

(1) O n l y  one drum tank  was used ( 3 0  cm d iamete r ) .

(2) T h e  drum s i d e s  were t ransparen t  and o n l y  20  cm h igh  ( F i g .  5 ) .

(3) T h e  meta l  s h i e l d s  were removed and room f e a t u r e s  occ luded by
a t r a n s l u c e n t  a c r y l i c  hood over  t h e  drum tank  ( F i g .  6 ) .  T h e
hood was 1 / 8  i n  P l e x i g l a s s ,  W2067, w i t h  72 '  l i g h t  t r ansm i t t ance .

(4) A  1000 W medium-wide f l o o d  lamp ( S y l v a n i a  1000/R60/MWFL)
simulated t h e  sun .  I t  was clamped on  an a r c -shaped r a c k ,
147 cm f rom t h e  drum and a t  t h e  s o l a r  a l t i t u d e  f o r  t h e  t i m e
of day ( F i g .  6 ) .  F i g u r e  7  shows t h e  l i g h t  i n t e n s i t y
pat terns i n  t h e  c e n t e r  o f  t h e  drum f o r  mid-May. T h e  l i g h t
gradua l ly  l o s t  power,  s o  i n t e n s i t i e s  averaged 6X. g rea te r  a t
the s t a r t  o f  t e s t s  i n  A p r i l  and 6% less  a t  t h e  end o f  t h e  season
in June.

'Only one t a n k  was used be fo re  May 10 .





F i g .  2 .  O u t d o o r  t e s t  a p p a r a t u s  o n  t h e  r o o f  o f  t h e  F. R . B . C .  P a c i f i c
B i o l o g i c a l  S t a t i o n .  T h e  c a n v a s  c o v e r  w h i c h  e n c l o s e d  t h e  b a s e  o f  t h e
tank  h a s  b e e n  removed t o  show t h e  p l a s t i c  c u r t a i n  s h i e l d  a n d  camera
moun t i ng .  A p p r o x i m a t e  s c a l e :  1 : 3 0 .
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F i g .  3 .  T e s t  t a n k s  i n  o u t d o o r  t e s t s .  A p p r o x i m a t e  s c a l e :  1 : 1 0 .
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F i g .  4 .  M o u n t i n g  o f  m o v i e  camera .  T h e  p l a s t i c  s h i e l d  h a s  b e e n  r a i s e d
so t h e  l e n s  c a n  b e  s e e n .  T h e  t o p  o f  t h e  camera  p o i n t s  t o w a r d s  T r u e
N o r t h .  T h e  c o r d  i s  t h e  power  s u p p l y  a n d  g o e s  t o  a n  e l e c t r i c  t i m e r .
Approx imate  s c a l e :  1 : 4 . 6 .
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F i g .  5 .  I n d o o r  t e s t  a p p a r a t u s  w i t h o u t  t a n k  c o v e r .  A  f i s h  w a s  p l a c e d
i n  t h e  c l e a r  a c r y l i c  d r u m  t a n k  i n  t h e  c e n t e r .  T h e  l a m p  i n  t h e  backg round
i s  t h e  a r t i f i c i a l  s u n .  A p p r o x i m a t e  s c a l e :  1 : 1 0 .
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F i g .  6 .  I n d o o r  a p p a r a t u s  w i t h  t r a n s l u s c e n t  c o v e r  i n  p l a c e .  A p p r o x i m a t e
s c a l e :  1 : 1 0 .
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F i g .  7 .  D i s t r i b u t i o n  o f  l i g h t  i n t e n s i t i e s  i n  t h e  i n d o o r  t e s t  t a n k  a t  d i f f e r e n t  t e s t  t i m e s .
A b s c i s s a :  a n g l e  b e t w e e n  a  h o r i z o n t a l l y  d i r e c t e d  l i g h t  m e t e r  ( p l a c e d  a t  t a n k  c e n t e r )  a n d
t h e  a r t i f i c i a l  s u n .  L i g h t  i n t e n s i t y  f r o m  a b o v e :  m e t e r  d i r e c t e d  v e r t i c a l l y  f r o m  c e n t e r  o f
t h e  t a n k .  L i g h t  i n t e n s i t y  f r o m  l a m p :  m e t e r  d i r e c t e d  t o w a r d s  t h e  l a m p  f r o m  c e n t e r  o f  t h e
t a n k .
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2. T e s t i n g  p r o c e d u r e

Outdoor  t e s t s

Marks o n  t h e  t e s t  a p p a r a t u s  may a f f e c t  d i r e c t i o n a l  p r e f e r e n c e s
( H a s l e r  1 9 5 6 )  s o  t h e  a p p a r a t u s  was  r o t a t e d  r a n d o m l y  b e f o r e  i n t r o d u c i n g  t h e
f i s h .  B e f o r e  May 1 0 ,  when  o n l y  o n e  d rum  ( a n d  o n e  s m o l t )  w a s  u s e d ,  I  t u r n e d
t h e  w h o l e  p l a t f o r m  w i t h  i t s  m e t a l  s h i e l d s  a n d  p l a s t i c  c u r t a i n .  W h e n  t e s t i n g
t h r e e  s m o l t s ,  I  r o t a t e d  t h e  d rum  t a n k s  b e f o r e  e v e r y  t e s t  a n d  o n l y  t u r n e d  t h e
p l a t f o r m  t w i c e .  R o t a t i o n s  d i d  n o t  seem t o  i n f l u e n c e  p r e f e r r e d  d i r e c t i o n s .

A s m o l t  w a s  p u t  i n  e a c h  d rum t a n k  2  h r  b e f o r e  t h e  o b s e r v a t i o n s
began. T h e  d rums  w e r e  f i l l e d  1 5  cm deep  w h i c h  gave  t h e  s m o l t  a  9 0 °  v i e w  o f
the s k y  f r o m  t h e  c e n t e r  o f  t h e  w a t e r  s u r f a c e .  Te m p e r a t u r e  d i f f e r e n c e s  b e t w e e n
h o l d i n g  a q u a r i a  a n d  d rums  w e r e  m i n i m i z e d  b y  f i r s t  c o o l i n g  w a t e r  f o r  t h e  d rums
i n  a  2 0 5 - t  r e s e r v o i r  b e s i d e  t h e  s t a n d  ( F i g .  2 ,  p .  1 1 ) .  T h e r e  was  n o  w a t e r
c i r c u l a t i o n  s o  t e m p e r a t u r e s  u s u a l l y  r o s e  d u r i n g  a  t e s t  (mean  c h a n g e  =  2 . 8 °  +
2 . 0 ) .  T h e  i n c r e a s e  v a r i e d  w i t h  t e s t  t i m e :  4 . 4 °  ( t  2 . 1 )  a t  1 2 : 0 0 ,  3 . 4 °  ( +  1 . 7 )
a t  1 6 : 0 0 ,  a n d  1 . 5 °  ( ±  1 . 0 )  a t  d u s k .  A f t e r  t h e  a d a p t a t i o n  p e r i o d ,  I  s t a r t e d
the  camera  f r o m  o u t s i d e  t h e  s t a n d  a n d  l e t  i t  r u n  1 5  m i n .

Weather o b s e r v a t i o n s  w e r e  made a t  t h e  b e g i n n i n g  o f  t h e  a d a p t a t i o n
p e r i o d  a n d  d u r i n g  t h e  t e s t  ( Ta b l e  3 ) .  T h e  r a d i a t i o n  s e n s o r  was  a b o u t  2 0  m
from t h e  s t a n d  a n d  t h e  t h e r m o g r a p h  was a t  a n  A t m o s p h e r i c  E n v i r o n m e n t  S e r v i c e
wea the r  s t a t i o n ,  1 0 0  m a w a y.  " P a s t  w e a t h e r "  means t h e  w e a t h e r  c o n d i t i o n s
( e . g .  r a i n )  i n  t h e  l a s t  6  h r  o r  s i n c e  t h e  l a s t  o b s e r v a t i o n ,  w h i c h e v e r  was  l e s s .

I n d o o r  t e s t s

P r e p a r a t i o n  f o r  i n d o o r  t e s t s  i n v o l v e d  f i l l i n g  a n d  r o t a t i n g  t h e
tanks  a n d  a d j u s t i n g  t h e  l i g h t  a l t i t u d e .  W a t e r  i n  t h e  c o o l i n g  t a n k  a n d  d rum
(15 c m  deep )  w a s  pumped f r o m  a n  a q u a r i u m  w h i c h  h a d  t h e  same w a t e r  s u p p l y  a s
t h e  h o l d i n g  a q u a r i a .  T h e  mean t e m p e r a t u r e  d i f f e r e n c e  was  0 . 8  C  a  0 . 4 ) .
I  r o t a t e d  t h e  p l a t f o r m  b e f o r e  p u t t i n g  f i s h  i n  t h e  d r u m .  R o t a t i o n s  d i d  n o t
seem t o  a f f e c t  p r e f e r r e d  d i r e c t i o n s  i n  t h e s e  t e s t s  e i t h e r .  T h e  l i g h t ' s
a l t i t u d e  w a s  a d j u s t e d  u s i n g  a l t i t u d e  t a b l e s  ( U . S .  N a v y  H y d r o g r a p h i c  O f f i c e
1952) a n d  r a n g e d  d u r i n g  t h e  s e a s o n  f r o m  4 9  t o  6 3 °  a t  n o o n  a n d  2 6  t o  3 7 °  a t
16 :00 .  A l t i t u d e s  w e r e  l e s s  t h a n  5 °  a t  d u s k .

A f r e s h  s m o l t  was  p u t  i n  t h e  d r u m  a n d  c o v e r e d  w i t h  t h e  t r a n s l u c e n t
hood. N o  o n e  e n t e r e d  t h e  r o o m  u n t i l  a f t e r  t h e  t e s t  a n d  t h e  s i m u l a t e d  s u n  was
the o n l y  l i g h t  s o u r c e  d u r i n g  t h i s  t i m e .  W a t e r  t e m p e r a t u r e s  r o s e  5 . 2  C  ( +  0 . 5 )
a t  n o o n ,  3 . 0  C  a  0 . 6 )  a t  1 6 : 0 0 ,  a n d  4 . 2  C  (  0 . 5 )  a t  d u s k .  A f t e r  2  h r  I
s t a r t e d  t h e  camera  f r o m  n e x t  d o o r .

C. D IRECTIONAL MEASUREMENTS

F i l m s  w e r e  a n a l y z e d  w i t h  a  t i m e - m o t i o n  p r o j e c t o r  ( K o d a k  E k t a g r a p h i c
MFS-8) a n d  T r i l a t e r a l  R e a d e r  ( F i g .  8  a n d  9 ) .  T h e  R e a d e r  was  u s e d  t o  measure
head a n d  t a i l  p o s i t i o n s  o f  t h e  f i s h .  T h e  d o r s a l  f i n  w a s  u s e d  i n s t e a d  o f  t h e
t a i l  when t h e  b o d y  a x i s  was  b e n t ,  a s s u m i n g  t h a t  t h e  o r i e n t a t i o n  o f  t h e  a n t e r i o r
body was m o s t  i m p o r t a n t .  P o s i t i o n s  w e r e  r e c o r d e d  o n  p a p e r  t a p e  a s  s t r i n g - l e n g t h s
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Ta b l e  3 .  O b s e r v a t i o n  a n d  r e c o r d i n g  o f  w e a t h e r .

Va r i a b l e I n s t r u m e n t Reco rd ing  me thod

1.

2 .

A i r  t e m p e r a t u r e

Wind d i r e c t i o n '

A t m o s p h e r i c  E n v i r o n m e n t  S e r v i c e
thermograph

Compass

Degrees F a h r e n h e i t

To n e a r e s t  1 0 ° N

3. Wind s p e e d Anemometer ( S i m s  " B B K " ) B e a u f o r t  s c a l e

4. Cloud t y p e ' 0 -9  number  c o d e

5. Cloud h e i g h t 1-6 s c a l e

6. Cloud c o v e r ' 0 -8  o k t a s

7. Sun v i s i b i l i t y 0 -4  s c a l e

8. Moon v i s i b i l i t y B r i g h t n e s s  ( 0 - 3 ) x
phase ( 0 - 3 )

9 . S t a r  v i s i b i l i t y 0 -4  s c a l e

10. P resen t  w e a t h e r ' 0-99 number  c o d e

11. Past w e a t h e r 0 -9  number  c o d e

12. L i g h t  i n t e n s i t y L i g h t  m e t e r  ( G o s s e n  " T r a a s i x " ) F o o t - c a n d l e s

13. A t m o s p h e r i c  r a d i a t i o n A t m o s p h e r i c  E n v i r o n m e n t  S e r v i c e L a n g l e y s / h o u r
Epp ley  P y r a n o m e t e r

'Coded a s  i n  t h e  C a n a d i a n  O c e a n o g r a p h i c  D a t a  C e n t e r ' s  " D a t a  Summary C o d i n g
Form" ( M T S - 1 4 9 - F e b . - 6 5 ) .



1

F ig .  8 .  A p p a r a t u s  f o r  m e a s u r i n g  d i r e c t i o n s .  T h e  p r o j e c t o r  i s  o n  t h e  l e f t ,  t h e  T r i l a t e r a l
Reader s c r e e n  o n  t h e  r i g h t .  P o s i t i o n s  a r e  measured w i t h  t h e  e l e c t r o n i c  d e v i c e s  b e l o w  t h e  s c r e e n
and a r e  t r a n s m i t t e d  t o  t h e  t e l e t y p e  u n i t  ( f a r  r i g h t )  f o r  o u t p u t .  A p p r o x i m a t e  s c a l e :  1 : 1 7 .



.
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11

1 1 .  ■  M I N I M ,

Fig. 9 .  C l o s e - u p  o f  t h e  T r i l a t e r a l  Reader screen.  T h e  p o s i t i o n  o f  t h e
po in te r  i n  t h e  person 's  hand i s  q u a n t i f i e d  b y  measuring t h e  l e n g t h s  o f
the two s t r i n g s .



lo  a n  h e e l  Derr . D 9 , 5 7 3 8  7 . b $ 0 1  s A l  l u  qu-bac,13
adignsI  s d l  s n i l u a e s  b e t i l l n a r u p  t i  t r n o R l D c ;  n !  131rar,c

. a g n i l l e  -Ao;
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between t h e  p o i n t e r  a n d  t w o  p o t e n t i o m e t e r s  ( S i m p s o n  a n d  G r o o t  1 9 7 2 ) .
Accu racy  was + 1  mm o v e r  6 0 0  mm ( t h e  d i a g o n a l  o f  t h e  s c r e e n ) .

The o p e r a t o r  r e c o r d e d  h e a d  a n d  t a i l  p o s i t i o n s  o f  t h e  s m o l t  a f t e r
i t  h a d  b e e n  s t a t i o n a r y  f o r  3  s e c  ( 3  f r a m e s ) .  G r o o t  ( 1 9 6 5 )  u s e d  t h e  same
" p o i n t i n g "  c r i t e r i o n  t o  d e t e r m i n e  d i r e c t i o n a l  t e n d e n c i e s .  M e a s u r e m e n t s  w e r e
taken  a t  3 - f r a m e  i n t e r v a l s  u n t i l  t h e  s u b j e c t  moved a g a i n .  T h i s  i n v o l v e d  some
s u b j e c t i v e n e s s  s i n c e  a  s m o l t  o f t e n  s l o w l y  changed  d i r e c t i o n  o r  s l o w l y  moved
fo rwa rds  o r  b a c k w a r d s .  I t s  d i r e c t i o n  was r e c o r d e d  i f  t h e  h e a d  moved l e s s  t h a n
1 t o  2  cm i n  t h e  3 - s e c  p e r i o d .

T h i s  s u b j e c t i v e  e v a l u a t i o n  h a d  l i t t l e  e f f e c t  o n  r e s u l t s ,  h o w e v e r .
Two t e s t s  a n a l y z e d  f i r s t  i n  A p r i l  a n d  a g a i n  i n  J u n e  showed a  r e d u c t i o n  i n
p o i n t i n g s  o f  4 4 1  a n d  72.5% b e c a u s e  t h e  o b s e r v e r  was  much more  s e l e c t i v e .
However, t h e  s t r e n g t h s  o f  o r i e n t a t i o n ,  s t r o n g  i n  o n e  f i s h  a n d  weak  i n  t h e
o t h e r ,  a s  w e l l  a s  t h e  mean d i r e c t i o n s  w e r e  v i r t u a l l y  unchanged .  P e r s o n a l
e x p e c t a t i o n s  a b o u t  t h e  s m o l t s '  o r i e n t a t i o n  ( s e e  H a r d e n -Jones  1 9 6 8 )  p r o b a b l y
d i d  n o t  b i a s  t h e  r e s u l t s  t o w a r d  t h e  h y p o t h e s i z e d  d i r e c t i o n s  b e c a u s e  ( 1 )  t h e
o p e r a t o r  d i d  n o t  k n o w  wha t  t h e  d i r e c t i o n  s h o u l d  b e  f o r  a  p a r t i c u l a r  g r o u p  a t
t he  t e s t  d a t e ,  a n d  ( 2 )  g e o g r a p h i c  d i r e c t i o n s  a r e  d i f f i c u l t  t o  d e t e r m i n e  o n
the  f i l m .

D. S TAT I S T I C A L  ANALYSIS

I  w r o t e  s e v e r a l  c o m p u t e r  p r o g r a m s  t o  d o  t h e  f o l l o w i n g  o p e r a t i o n s
(Simpson a n d  G r o o t  1 9 7 2 ) :

(a)  P r e p a r a t i o n  o f  d a t a

1. D a t a  r e t r i e v a l  f r o m  p a p e r  t a p e .

2. C a l c u l a t i o n  o f  C a r t e s i a n  c o o r d i n a t e s .

3. C a l c u l a t i o n  o f  compass d i r e c t i o n s  o f  p o i n t i n g s .

4 .  D e t e r m i n a t i o n  o f  i n d e p e n d e n t  d i r e c t i o n s .

(b)  S t a t i s t i c a l  a n a l y s i s

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

2. C o m p a r i s o n  w i t h  v a r i o u s  t h e o r e t i c a l  d i s t r i b u t i o n s
and d i r e c t i o n s  u s i n g  s i g n i f i c a n c e  t e s t s .

Programs a l s o  summar ized  g r o u p s  o f  t e s t s ,  u s i n g  t h e  r e s u l t a n t
v e c t o r  o f  e a c h  t e s t  a s  d a t a .
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1. D e t e r m i n a t i o n  o f  independent da ta

When measurements o f  a  dynamic o b j e c t  a r e  taken  c l o s e  t oge the r
tempora l ly,  success ive  va lues  may depend on  prev ious  va lues .  M i s l e a d i n g
i n t e r p r e t a t i o n s  obv i ous l y  f o l l o w :  i n  o r i e n t a t i o n ,  t h e  s u b j e c t ' s  i n e r t i a
biases t h e  r e s u l t s  towards s t r o n g e r  o r i e n t a t i o n .  W o r k e r s  u s u a l l y  t ake  t h e
mean d i r e c t i o n  o f  an  exper iment as  one da ta  p o i n t  (sample s i z e  =  number o f
experiments). T h e r e  a r e  two  disadvantages t o  t h i s :  ( 1 )  i t  r e q u i r e s  many
experiments t o  o b t a i n  adequate sample s i z e s ,  and  ( 2 )  i t  o n l y  cons iders  one
s t a t i s t i c ,  t h e  mean d i r e c t i o n .  T h e  f i r s t  l i m i t a t i o n  i s  p a r t i c u l a r l y  se r i ous
because most o r i e n t a t i o n  s t u d i e s  must be  completed w i t h i n  a  r e l a t i v e l y  s h o r t
migra t ion  p e r i o d .  T h e  second disadvantage means t h a t  t h e  s t r e n g t h  o f  t h e
i n d i v i d u a l ' s  o r i e n t a t i o n  i s  n o t  cons idered,  and  s t r o n g l y  o r i e n t e d  animals a r e
not g i v e n  g r e a t e r  we igh t .  S o m e  workers p a r t l y  r e c t i f y  t h i s  b y  e l i m i n a t i n g
experiments w i t h  o r i e n t a t i o n  weaker t h a n  some a r b i t r a r y  l e v e l ,  l e a d i n g  t o
f u r t h e r  l osses  o f  i n f o r m a t i o n .

i  used a  techn ique developed by  Hami l ton  (Hami l ton  1966; M a r l e r
and Hami l ton  1966) t o  f i n d  wha t  t h e  minimum tempora l  spac ing had t o  be
before d i r e c t i o n a l  p re ferences  became independent .  T h e  l o n g e r  t h e  t i m e
i n t e r v a l  between dependent d i r e c t i o n a l  cho ices ,  t h e  more d i f f e r e n t  t hese
choices a r e .  A n  i n t e r v a l  i s  f i n a l l y  reached ,  however,  a f t e r  wh ich d i f f e r e n c e s
no l onge r  i nc rease  app rec iab l y  because t h e  d i r e c t i o n s  a r e  independent o f  each
o ther.  T h e  f i r s t  s t e p  i s  t o  c a l c u l a t e  t h e  average d i f f e r e n c e  between succes-
s ive d i r e c t i o n s ,  t h e n  between d i r e c t i o n s  two  spaces a p a r t ,  e t c .  T h i s  i s  g i v e n
by t h e  equa t ion

=

N t
E X I  X t + t

N -  t

where t h e  d a t a  p o i n t s  a r e  X1, X2 ,  .  .  XN and  t h e  equa t ion  i s  so l ved  f o r
t  =  1 ,  2 ,  3  .  .  .  spaces.  Te m p o r a l  spaces between t h e  da ta  p o i n t s  v a r i e d
i n  l e n g t h  because p o i n t i n g s  were n o t  recorded when t h e  f i s h  was a c t i v e .
The procedure i s  s t i l l  a p p l i c a b l e ,  however.  T h e  second s t e p  i s  t o  determine
when t h e  average d i f f e r e n c e s  a r e  n o t  i n c r e a s i n g  s u b s t a n t i a l l y.  I  used
Hami l ton 's c r i t e r i o n  t h a t  independence i s  assumed when Xt  does n o t  change b y
more t h a n  107 i n  two success ive increments o f  t h e  i n t e r v a l .

P l o t t i n g  t h e  average d i f f e r e n c e  f o r  each i n t e r v a l  g i v e s  a  u s e f u l
desc r i p t i on  o f  t h e  i n d i v i d u a l ' s  o r i e n t a t i o n .  Measurements become independent
near t h e  p o i n t  o f  i n f l e c t i o n .  I f  t h e  i n f l e c t i o n  occu rs  a t  about  90°  average
d i f f e rence ,  and  e s p e c i a l l y  i f  t  i s  s t i l l  s m a l l ,  t h e  an imal  p robab ly  o r i e n t e d
randomly. T h i s  i s  because random d i s p e r s i o n  o f  d i r e c t i o n s  o v e r  t h e  complete
range (180° )  w i l l  have a  mean near  9 0 ° .  I f  average d i f f e r e n c e s  i nc rease
slowly t h e  smo l t  w i l l  have t i g h t l y  grouped p o i n t i n g s .  Randomness o f
preferences i s  found  more e a s i l y  u s i n g  methods descr ibed  below bu t  t hese
graphs can  g i v e  a  more d e t a i l e d  p i c t u r e  o f  o r i e n t a t i o n  w i t h  respec t  t o  t i m e .
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Once t h e  independence i n t e r v a l  ( e q u a l  t o  t h e  number o f  i n t e r v e n i n g
measurements p l u s  o n e )  i s  f o u n d  t h e  d a t a  a r e  d i v i d e d  i n t o  groups o f  t h i s
i n t e r v a l  s i z e .  T h e  program c a l c u l a t e d  t h e  mean d i r e c t i o n  b y  v e c t o r  a d d i t i o n
(see be low)  f o r  each  i n t e r v a l  group and  t h e s e  became t h e  independent  d a t a .

2. D e s c r i p t i v e  s t a t i s t i c s

convent ional  s t a t i s t i c s  w e r e  des igned t o  d e s c r i b e  l i n e a r  d i s t r i b u -
t ions  and  a r e  g e n e r a l l y  u n s a t i s f a c t o r y  when t h e  d a t a  a r e  c i r c u l a r .  S p e c i a l
methods have  been  developed t o  t r e a t  c i r c u l a r  d a t a  a s  r a d i u s  v e c t o r s
(Batschele t  1 9 6 5 ) .  T h e  d i r e c t i o n  ( a )  a n d  s t r e n g t h  ( a )  o f  t h e  mean v e c t o r
describe t h e  d i s t r i b u t i o n ' s  c e n t r a l  tendency  and d i s p e r s i o n .  T h e  mean v e c t o r
is  c a l c u l a t e d  b y  v e c t o r  a d d i t i o n  o f  t h e  d a t a  ( t i ,  i  =  1 ,  2 ,  .  .  .  n ,  w h e r e  n
is  t h e  number o f  independent  d i r e c t i o n s ) :

W =  E  s i n
t =  1

a =  a r c t a n  ( W / V ) .

V =  E  c o s  t i

a  i s  t h e  d i r e c t i o n  o f  t h e  r e s u l t a n t  v e c t o r  a n d  i t s  magni tude i s :

R =  V .

The mean v e c t o r  h a s  t h e  same d i r e c t i o n  b u t  i t s  magnitude i s :

a =  R / n .

a ranges  f r o m  0  t o  1 :  0  f o r  a  p e r f e c t l y  u n i f o r m  d i s t r i b u t i o n  and 1  i n d i c a t i n g
an unvary ing  d i r e c t i o n a l  p r e f e r e n c e .

Smolts may p r e f e r  d i r e c t i o n s  1 8 0 °  o p p o s i t e  and  t h e  r e s u l t i n g
d i s t r i b u t i o n  c r e a t e s  problems i n  v e c t o r  a n a l y s i s  s i n c e  t h e  modes t e n d  t o
cancel e a c h  o t h e r  i n  v e c t o r  a d d i t i o n .  A l l  d a t a  w e r e  checked f o r  b i m o d a l i t y
by Krumbein 's  ( 1 9 3 9 )  t r a n s f o r m a t i o n ,  i . e .  m u l t i p l y i n g  each d i r e c t i o n  b y  t w o
and s u b t r a c t i n g  3 6 0 °  f r o m  t h e  p r o d u c t  i f  i t  exceeds 3 6 0 ' .  T h i s  reduces  t h e
d ispers ion  i n  b imodal  d i s t r i b u t i o n s  b y  c r e a t i n g  a  s i n g l e  mode. I f  a  i s
g r e a t e r  a f t e r  t h e  t r a n s f o r m a t i o n  a  b imoda l  d i s t r i b u t i o n  i s  assumed ( G r o o t
1965) .  I f  a 2  i s  t h e  mean d i r e c t i o n  f o r  t h e  t rans formed  d i s t r i b u t i o n ,
d i r e c t i o n s  o f  t h e  modes a r e  a 2 / 2  a n d  4 / 2  +  1 8 0 ° .

Groups o f  t e s t s  w e r e  summarized b y  combining a l l  independent
d i r e c t i o n s  a n d  t h e  c i r c u l a r  s t a t i s t i c s ,  t r a n s f o r m a t i o n s ,  a n d  s i g n i f i c a n c e
tes ts  w e r e  r e c a l c u l a t e d .  G r o u p s  o f  t e s t s  were  a l s o  summarized b y  t h e
t r a d i t i o n a l  method u s i n g  o n l y  mean d i r e c t i o n s  f o r  e a c h  t e s t .
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3. S i g n i f i c a n c e  t e s t s 2

The f i r s t  q u e s t i o n  mentioned i n  t h e  I n t r o d u c t i o n  ( p .  1 )  c a n  be
rephrased as " A r e  t h e  d i r e c t i o n s  u n i f o r m l y  d i s t r i b u t e d ? " .  I  used t h e  mod i f i ed
Rayleigh t e s t  (Greenwood and Durand 1955) t o  t e s t  t h e  n u l l  hypothes is  t h a t
they have a  un i f o rm  d i s t r i b u t i o n .  T h e  s t a t i s t i c ,  Z  R 2 / n ,  was compared t o
c r i t i c a l  va lues  found  i n  Ba tsche le t  ( 1965 ) .

In t h e  second ques t i on ,  I  wanted t o  see i f  t h e  c e n t r a l  tendenc ies
of  t h e  d i s t r i b u t i o n s  were s i g n i f i c a n t l y  d i f f e r e n t .  M y  da ta  s e r i o u s l y  v i o l a t e d
the c o n d i t i o n s  o f  Watson and W i l l i a m  (1956) pa rame t r i c  F - t e s t  and t h e  l a r g e
sample s i z e s  p rec luded  u s i n g  non-parametr ic  t e s t s  (Ba t sche le t  1965) .  A
m u l t i -sample randomizat ion  t e s t  was designed i n s t e a d ,  wh i ch  used t h e  s t a t i s t i c :

B =  Z  Ri -  R

where R i  a r e  t h e  r e s u l t a n t  v e c t o r  l e n g t h s  o f  t h e  samples and R i s  t h e  r e s u l t a n t
vector  l e n g t h  f o r  t h e  combined samples. T h i s  i s  a  s i m p l i f i c a t i o n  o f  t h e
s t a t i s t i c  used b y  Watson and Wi l l i ams  (1 9 5 6 ) .  B  w i l l  be  0  ( E  Ri =  R) when a l l
r e s u l t a n t s  a r e  i n  t h e  same d i r e c t i o n .  I t  i nc reases  w i t h  g r e a t e r  d i s p e r s i o n
between groups (because R decreases) and  w i t h  l e s s  d i s p e r s i o n  w i t h i n  groups
(E R1 i n c r e a s e s ) .  S a m p l e  s i z e s  a r e  considered a l s o  s i nce  t h e  r e s u l t a n t  v e c t o r
length f o r  a  sample w i l l  t e n d  t o  i nc rease  w i t h  i n c r e a s i n g  n .

The samples a r e  pooled a f t e r  B i s  found .  D i r e c t i o n s  a r e  drawn a t
random and w i t h o u t  replacement f r om  t h i s  p o o l  t o  fo rm new groups o f  t h e  same
size and number as  t h e  o r i g i n a l s .  T h i s  i s  repeated f o r  a  f e w  hundred t r i a l s ,
r e c a l c u l a t i n g  B each t i m e .  I f  t h e  a c t u a l  B  va lue  exceeds 95% o f  t h e  B ' s  f o r
randomly se lec ted  samples, t h e  groups a r e  s i g n i f i c a n t l y  d i f f e r e n t  ( P  <  . 0 5 ) .

The t h i r d  ques t i on  asks i f  t h e  mean d i r e c t i o n s  d i f f e r  s i g n i f i c a n t l y
from t h e o r e t i c a l  d i r e c t i o n s .  A  t e s t  suggested by  Stephens (1962)  was used which
is  based on  X, t h e  component o f  t h e  r e s u l t a n t  v e c t o r  i n  t h e  t h e o r e t i c a l  d i r e c -
t i o n :

X =  R cos ( a  -  0 o )

where a  i s  t h e  mean d i r e c t i o n  and 8 „  i s  t h e  t h e o r e t i c a l  d i r e c t i o n .  A  c r i t i c a l
value Ro was found  f rom t h e  equa t ion :

Re =  61)(2 x f  a

2 In  t h i s  r e p o r t ,  a  s i g n i f i c a n c e  l e v e l  between 1  and 5% i s  denoted by  " * , "
less t h a n  1% by  " * * , " a n d  l e s s  t h a n  0.17. by  " * * * . "



- 3 3  -

(Stephens 1 9 6 2 ) .  X i  i s  t h e  u p p e r  c r i t i c a l  v a l u e  o f  t h e  c h i - s q u a r e  d i s t r i b u t i o n
w i t h  o n e  d e g r e e  o f  f r e e d o m  a n d  s i g n i f i c a n c e  l e v e l  o f  1% o r  5%. I f  t h e  l e n g t h
o f  t h e  r e s u l t a n t  v e c t o r  ( R )  i s  g r e a t e r  t h a n  R 0 ,  t h e  mean d i r e c t i o n  i s  s i g n i f i -
c a n t l y  d i f f e r e n t  f r o m  t h e  t h e o r e t i c a l  d i r e c t i o n  ( B a t s c h e l e t  1 9 6 5 ) .

RESULTS

Append ix  C  ( p .  1 0 3 )  summar i zes  t h e  r e s u l t s  f o r  e a c h  t e s t .  M e a n
d i r e c t i o n s ,  o r i e n t a t i o n  s t r e n g t h s ,  a n d  a c t i v i t y  w e r e  exam ined  i n  r e l a t i o n
t o  t h e s e  v a r i a b l e s :

(1) Stream o r i g i n  o f  s a m p l e s .

(2)  T e s t  t i m e  ( d a t e  a n d  t i m e  o f  d a y ) .

(3) Te s t  t r e a t m e n t ,  e s p e c i a l l y  i n d o o r  v s .  o u t d o o r  t e s t s .

I  w i l l  o n l y  d i s c u s s  r e s u l t s  f o r  M a i n  S t o c k  g r o u p s .

A. QUESTION 1 :  D O  SUBJECTS ORIENT?

Since  t h i s  i s  t h e  f i r s t  a t t e m p t  t o  s t u d y  n o n - c o n d i t i o n e d  m i g r a t o r y
o r i e n t a t i o n  o f  a r t i f i c i a l l y  r e a r e d  s m o l t s ,  t h e  answer  t o  t h i s  c r u c i a l  q u e s t i o n
was p a r t i c u l a r l y  u n c e r t a i n .  T h e  f i r s t  r e q u i r e m e n t  i s  t h a t  i n d i v i d u a l  f i s h
o r i e n t  n o n - r a n d o m l y.  S e c o n d l y ,  f i s h  f r o m  t h e  same s t r e a m  m u s t  p r e f e r  s i m i l a r
d i r e c t i o n s .

1. I n d i v i d u a l  o r i e n t a t i o n

s t r e n g t h  o f  o r i e n t a t i o n  b y  i n d i v i d u a l s  was  exam ined  b y  u s i n g  a ,
a s t a t i s t i c  i n d i c a t i n g  d i s p e r s i o n  a r o u n d  t h e  mean ( p .  3 1 ) .  A c t i v i t y  a n d
a s s o c i a t i o n  be tween  s u c c e s s i v e  p o i n t i n g s  a r e  a l s o  r e l a t e d  t o  t h i s  q u e s t i o n
and a r e  d i s c u s s e d  i n  A p p e n d i x  B  ( p .  9 3 ) .

Ta b l e  4  shows h o w  many s m o l t s  w e r e  s i g n i f i c a n t l y  o r i e n t e d  ( P  <  . 0 5 ,
R a y l e i g h  t e s t )  i n  e a c h  o r i g i n / t i m e / l o c a t i o n  c a t e g o r y .  T h e r e  w e r e  3 0 0  s i g n i f i -
can t  o r i e n t a t i o n s  o u t  o f  4 3 1  M a i n  S t o c k  t e s t s  ( 7 0 % ) ,  i n d i c a t i n g  t h a t  s m o l t s
u s u a l l y  h a d  d e f i n i t e  d i r e c t i o n a l  p r e f e r e n c e s .

Time o f  d a y

The c o l u m n  t o t a l s  i n  Ta b l e  4 s h o w  t h a t  t h e  p r o p o r t i o n  o f
i n d o o r  t e s t s  w i t h  s i g n i f i c a n t l y  s t r o n g  p r e f e r e n c e s  was  76%, 84%,  a n d  84% f o r
12:00 ,  1 6 : 0 0 ,  a n d  d u s k ,  r e s p e c t i v e l y .  T e s t  t i m e  h a d  l i t t l e  e f f e c t  i n d o o r s
a p p a r e n t l y .  I n  o u t d o o r  t e s t s ,  h o w e v e r ,  t h e  c o r r e s p o n d i n g  p r o p o r t i o n s  ( 7 3 % ,
68%, a n d  56%) w e r e  s i g n i f i c a n t l y  d i f f e r e n t  f r o m  e a c h  o t h e r  ( ) C  =  6 . 9 7 * ) .



Table 4 .  F r e q u e n c y  o f  1971 Main Stock t e s t s  w i t h  s i g n i f i c a n t l y  s t r o n g  o r i e n t a t i o n  ( P  <  . 0 5 ) .  Numbers  i n
brackets a r e  t h e  pe rcen t  o f  t o t a l  number o f  t e s t s  i n  t h e  ca tegory  (shown i n  Tab le  5 ) .

Indoor Outdoor

Or ig in 12:00 16:00 Dusk To ta l 12:00 16:00 Dusk Tota l To ta l

Ful ton 10(91) 9(75) 10(83) 29(83) 19(73) 17(65) 12(50) 48(63) 77(69)

Upper Babine 7(64) 9(90) 10(83) 26(79) 18(69) 14(52) 15(63) 47(61) 73(66)

Morr ison 10(83) 10(91) 9(90) 29(88) 17(77) 17(68) 14(54) 48(66) 77(73)

Lower Babine 0(0) 2(100) 2(100) 4(67) 5(83) 6(100) 2(67) 13(87) 17(81)

Pinkut 2(100) 1(50) 1(50) 4(67) 6(100) 2(33) 3(60) 11(65) 15(65)

Morr ison (Ho ld ing ) 8(57) 21(88) 12(55) 41(68) 41(68)

To t a l 29(76) 31(84) 32(84) 92(81) 73(73) 77(68) 58(56) 208(65) 300(70)



- 3 5  -

The c o l u m n  t o t a l s  o f  Ta b l e  5  s h o w  t h a t  mean a  v a l u e s  f o l l o w  t h i s
p a t t e r n  a s  w e l l .  A  p r o p e r  a n a l y s i s  r e q u i r e s  e x a m i n a t i o n  o f  p o s s i b l e  i n t e r -
a c t i o n s  b e t w e e n  a l l  t h r e e  f a c t o r s  ( t i m e ,  l o c a t i o n ,  a n d  o r i g i n ) .  F o r  e x a m p l e ,
t h e  p r e v i o u s  r e s u l t s  s u g g e s t  t h a t  t i m e  e f f e c t s  a r e  d i f f e r e n t  i n  i n d o o r  a n d
ou tdoo r  t e s t  s e r i e s .  I  e x p l o r e d  t h i s  b y  d o i n g  a n  u n b a l a n c e d  a n a l y s i s  o f
v a r i a n c e  ( B r a m  1 9 7 0 )  u s i n g  t h e s e  t h r e e  f a c t o r s .  O n l y  t h e  M a j o r  G roups  w e r e
used s i n c e  t h e r e  w e r e  r e l a t i v e l y  f e w  Lower  S a b i n e  a n d  P i n k u t  t e s t s .  W  v a l u e s
had a  p l a t y k u r t i c  d i s t r i b u t i o n  s o  I  t r a n s f o r m e d  t h e m  t o  a r c s i n e  A r .  T h e  new
d i s t r i b u t i o n s  c l o s e l y  a p p r o x i m a t e d  n o r m a l  d i s t r i b u t i o n s  a n d  v a r i a n c e s  w e r e
homogenous ( B a r l e t t ' s  t e s t  P  > >  . 0 5 ) .

ANOVA r e s u l t s  a r e  g i v e n  i n  Ta b l e  6 .  T h e  n u l l  h y p o t h e s i s  t h a t  t i m e
a f f e c t s  s t r e n g t h  o f  o r i e n t a t i o n  t h e  same i n  b o t h  t e s t  s e r i e s ,  o r  t h e  e f f e c t
o f  l o c a t i o n  i s  t h e  same a t  a l l  t i m e s ,  c a n n o t  b e  r e j e c t e d  a t  t h e  5% l e v e l  ( F  =
2 . 5 1 ,  . 1 0  >  P  >  . 0 5 ) .  E v e n  t h o u g h  i t  i s  i n s i g n i f i c a n t  a t  t h e  5% l e v e l  t h e
s i z e  o f  t h i s  F  v a l u e  means t h a t  t h e  m a i n  e f f e c t  f o r  t i m e  s h o u l d  b e  i n t e r p r e t e d
c a u t i o u s l y .  I n d o o r s ,  mean IT v a l u e s  f o r  1 2 : 0 0 ,  1 6 : 0 0 ,  a n d  d u s k  w e r e  . 6 4 ,  . 6 5 ,
and . 7 0 ,  r e s p e c t i v e l y ,  b u t  t h e y  d e c l i n e d  i n  o u t d o o r  t e s t s :  . 6 0 ,  . 5 8 ,  a n d  . 5 5 .
As a  p r e c a u t i o n ,  I  a n a l y s e d  e a c h  t e s t  s e r i e s  s e p a r a t e l y ,  u s i n g  one -way  ANOVA,
and f o u n d  t h a t  t h e s e  means w e r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  b e t w e e n  t e s t  t i m e s
i n d o o r s  ( F  =  0 . 6 5 )  o r  o u t d o o r s  ( F  =  2 . 0 2 ) .

The e f f e c t  o f  t i m e  was  c o m p l i c a t e d ,  t h e r e f o r e .  T h e  p r o p o r t i o n  o f
s m o l t s  w i t h  s i g n i f i c a n t l y  s t r o n g  p r e f e r e n c e s  d e c l i n e d  t h r o u g h  t h e  d a y  when
they  w e r e  t e s t e d  o u t d o o r s  b u t  n o t  when t e s t e d  i n d o o r s .  M e a n  o r i e n t a t i o n
s t r e n g t h s  f o l l o w e d  t h e  same p a t t e r n  b u t  t h e  d i f f e r e n c e s  w e r e  n o t  s i g n i f i c a n t
i n  e i t h e r  s e r i e s .  N e i t h e r  c o u l d  I  a c c e p t  t h e  h y p o t h e s i s  t h a t  t i m e  a f f e c t e d
i n d o o r  a n d  o u t d o o r  s m o l t s  d i f f e r e n t l y  i n  t h i s  r e s p e c t .

L o c a t i o n

Ta b l e s  4  ( p .  3 4 )  a n d  5  show  t h a t  81% o f  a l l  i n d o o r
smo l t s  w e r e  o r i e n t e d  a n d  t h e  mean W s t a t i s t i c  was 0 . 6 6 .  T h e  c o r r e s p o n d i n g
f i g u r e s  f o r  o u t d o o r  t e s t s  a r e  65% a n d  0 . 5 8 .  T h i s  m a r k e d  r e d u c t i o n  i n
o r i e n t a t i o n  s t r e n g t h  when  s m o l t s  w e r e  t e s t e d  o u t d o o r s  was  h i g h l y  s i g n i f i c a n t
(P <  . 0 0 1 ) ,  a s  s e e n  i n  Ta b l e  6  ( p .  3 7 ) .  I t  f o l l o w s  f r o m  t h e  d i s c u s s i o n  o n
t ime e f f e c t s  t h a t  t h e  d i f f e r e n c e  b e t w e e n  t e s t  s e r i e s  was  g r e a t e s t  a t  d u s k .
The b i o l o g i c a l  s i g n i f i c a n c e  o f  t i m e  a n d  l o c a t i o n  e f f e c t s  w i l l  become a p p a r e n t
when o r i e n t a t i o n  c u e s  a r e  d i s c u s s e d .

Stream o r i g i n

One c o u l d  r e a s o n a b l y  e x p e c t  S a b i n e  L a k e  p o p u l a t i o n s  t o  d i f f e r  i n
t h e i r  members '  o r i e n t a t i o n  s t r e n g t h s .  F o r  e x a m p l e ,  U p p e r  a n d  L o w e r  S a b i n e
populat ions p r o b a b l y  d o  n o t  r e q u i r e  a s  s t r o n g  a n  o r i e n t a t i o n  t o  f i n d  t h e
o u t l e t  a s  M o r r i s o n  R i v e r  p r o g e n y.  T a b l e s  4  ( p .  3 4 )  a n d  5  r e v e a l
l i t t l e  d i f f e r e n c e  be tween  s a m p l e s ,  h o w e v e r .  O r i g i n  was q u i t e  i n s i g n i f i c a n t
i n  t h e  a n a l y s i s  o f  v a r i a n c e  f o r  M a j o r  S t o c k s  ( Ta b l e  6 ) .



Table 5 .  M e a n  a  va lues  f o r  1971 Main Stocks.  F i g u r e s  i n  brackets  a r e  number o f  t e s t s  ( a  va lues )  i n  each
category.

Or ig in

Indoor Outdoor

To ta l12:00 16:00 Dusk To ta l 12:00 16:00 Dusk To ta l

Ful ton .67(11) .56(12) .75(12) .66(35) .62(26) .61(26) .47(24) .57(76) .60(111)

Upper Babine .59(11) .73(10) .69(12) .67(33) .55(26) .49(27) .58(24) .54(77) .58(110)

Morr ison .66(12) .67(11) .71(10) .68(33) .65(22) .58(25) .51(26) .58(73) .61(106)

Lower Babine .25(2) .81(2) .55(2) .54(6) .56(6) .82(6) .55(3) .66(15) .63(21)

Pinkut .96(2) .55(2) .59(2) .70(6) .69(6) .38(6) .63(5) .56(17) .60(23)

Morr ison (Ho ld ing ) .55(14) .65(24) .63(22) .62(60) .62(60)

To ta l .64(38) .65(37) .70(38) .66(113) .60(100) .58(114) .55(104) .58(318) .60(431)
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Source o f  v a r i a t i o n df SS MS

Between locat ions 1 3,476.0 3,476.0 13.30***
Between o r i g i n  groups 2 252.5 126.3 0.48

B e t w e e n  t i m e s 2 282.8 141.4 0.54

Location x  o r i g i n 2 43.7 21.9 0.08

Location x  time 2 1,312.2 656.1 2.51
Time x  or ig in 4 849.1 212.3 0.81

Location x  t ime x  o r ig in 4 2,069.0 517.5 1.98

Error 309 80,771.0 261.4

Total 326 89,171.2

Table 6 .  Three-way  analysis o f  variance t o  t e s t  d i f ferences i n  or ienta t ion
strength between t ime and locat ion  categories o f  t h e  three  Major Groups.
Arcsine A  was t h e  measure o f  or ienta t ion  strength.
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Holding t rea tment

Several Mor r ison  f i s h  we re  r e t e s t e d  outdoors  th roughout  t h e  season
to see i f  t h e y  o r i e n t e d  d i f f e r e n t l y  w i t h  exper ience.  R o w  t o t a l s  f o r  ou tdoor
tes ts  i n  Tab le  4  ( p .  3 4 )  show t h a t  t h e  p r o p o r t i o n  o f  smol ts  w i t h  s i g n i f i c a n t l y
strong o r i e n t a t i o n s  was v i r t u a l l y  i d e n t i c a l  f o r  t h e  major  Mor r ison  s t o c k  (66%)
and t h e  Ho ld ing  group (68%).  N e i t h e r  was t h e  mean W f o r  Ho ld ing  ( 0 . 6 2 )
s i g n i f i c a n t l y  d i f f e r e n t  f rom t h e  0 .58  va l ue  f o r  t h e  pa ren t  group ( F  =  1 . 0 8 ,
arcs ine t r ans fo rma t i on  o f  c o n c l u d e  t h a t  exper ience o f  p rev ious  t e s t s
and v i ew  o f  t h e  s k y  d i d  n o t  s t reng then  i n d i v i d u a l  o r i e n t a t i o n .

Time o f  season

I  c a l c u l a t e d  l i n e a r  reg ress ions  o f  a r c s i n e  I I  versus da te  t o  assess
seasonal e f f e c t s  on  i n d i v i d u a l  o r i e n t a t i o n  s t reng ths  ( Ta b l e  7 ) .  S e v e n  o f  t h e
nine i ndoo r  c e l l s  had p o s i t i v e  reg ress ion  c o e f f i c i e n t s ,  f o u r  o f  which
represented s i g n i f i c a n t  i n c r e a s e s  i n  o r i e n t a t i o n  s t r e n g t h .  I n  ou tdoor  g roups,
f i v e  had  p o s i t i v e  c o e f f i c i e n t s  a n d  seven were nega t i ve .  N o n e  were s i g n i f i c a n t .
Note, i n  p a r t i c u l a r ,  t h a t  Ho ld ing  smol ts  d i d  n o t  s t reng then  o r i e n t a t i o n  w i t h
r e t e s t i n g .

I t  i s  n o t  c l e a r  why smol ts  t e s t e d  l a t e r  i n  t h e  season had s t r o n g e r
preferences i n  i ndoo r  t e s t s .  T h e  same s tocks  d i d  n o t  change th roughout  t h e
season when t e s t e d  ou tdoors .

2. O r i e n t a t i o n  o f  samples

What was t h e  t o t a l  v a r i a t i o n ,  i n c l u d i n g  v a r i a t i o n  between
ind i v i dua l s  i n  each sample? T o  answer t h i s  ques t i on ,  I  c a l c u l a t e d  mean
vectors  b y  v e c t o r  a d d i t i o n  o f  a l l  independent d i r e c t i o n s  i n  each group
(Table 8  and F i g .  1 0 ) .

Time o f  day

I  ana lysed t i m e  e f f e c t s  b y  c a l c u l a t i n g  mean vec to r s  o f  o r i g i n / t e s t
t reatment / t ime groups f o r  t h e  t h r e e  Major  S tocks .  M e d i a n  Z va lues  f o r  i n d o o r
and ou tdoor  groups a t  12 :00 ,  16 :00 ,and  dusk were 1 . 9 8 ,  7 . 2 2 ,  and  3 .52 .d
D i r e c t i o n a l  cons is tency  between smol ts  was g r e a t e s t  a t  16 :00 ,  t h e r e f o r e .
Both i ndoo r  and ou tdoor  groups o f  Upper Babine and Morr ison  sub jec t s  had a
peak a t  16 :00 .  F u l t o n  f i s h  were  more c o n s i s t e n t  a t  dusk i n  bo th  t e s t  t r e a t -
ments. U n f o r t u n a t e l y ,  I  cou ld  n o t  t e s t  t h e  s i g n i f i c a n c e  o f  these  d i f f e r e n c e s
between t imes  because t h e  d a t a  had s e v e r a l  b imodal  d i s t r i b u t i o n s  and Z  i t s e l f
i s  n o t  no rma l l y  d i s t r i b u t e d .

3A va lues  shou ld  no t  b e  compared when samples d i f f e r  i n  s i z e  because t h e i r
s i gn i f i cance  r a p i d l y  changes w i t h  n .
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I ndoo r Outdoor

O r i g i n 12:00 16:00 Dusk 12:00 16:00 Dusk

F u l t o n + . 4 6 8 * + .062 + . 4 6 8 * - . 1 3 8 - . 1 9 3 + .011

Upper B a b i n e - . 1 3 9 + . 5 9 0 * + . 3 9 9 * - . 0 0 5 +.079 +.235

Morr ison +.202 - . 2 1 3 +.057 - . 1 8 2 - . 1 2 8 +.231

M o r r i s o n  ( H o l d i n g ) - . 1 0 7 + .228 - . 2 0 6

Ta b l e  7 .  R e g r e s s i o n  c o e f f i c i e n t s  o f  1971  t e s t  a  v a l u e s  r e g r e s s e d  o n  d a t e .  a .
v a l u e s  w e r e  t r a n s f o r m e d  t o  a r c s i n e  A  t o  a p p r o x i m a t e l y  n o r m a l i z e  t h e i r  d i s t r i b u -
t i o n .



Table 8 .  Summary o f  o r i e n t a t i o n  by  1971 Main Stock samples. B i m o d a l  axes a r e  i n d i c a t e d  where a  f o r
the d i s t r i b u t i o n  o f  doubled angles exceeds t h e  o r i g i n a l  , I  ( p .  3 1 ) .

Or ig in

Indoor t e s t s Outdoor t e s t s Combined t e s t s

N Mean a Z N Mean a Z N Mean a Z

Ful ton 572 301 .11 7.19** 1605 283 .02 0.42 2177 296 .04 3.67*
127-307 .03 1.14

Upper Babine 641 258 .06 2.60 1398 222 .01 0.05 2039 252 .02 1.11
82-262 .07 6.38** 77-257 .06 7.59**

Morrison 675 198 .09 5.13** 1614 224 .08 11.08** 2289 216 .08 15.47**
143-323 .13 10.98**

Lower Sabine 109 165 .16 2.76 418 302 .20 17.54** 527 293 .14 10.40**

Pinkut 81 136 .53 22.86** 367 122 .18 11.62** 448 128 .24 25.83**

Morr ison (Ho ld ing ) 1240 55 .10 13.48**
64-244 .16 32.82**
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INDOOR

FuLTON I  MAIN STOCK )

UPPER EABINE ( M A I N  S TO C K )

MORRISON ( M A I N  STOCK)

41 I 43 .

2 6 2 °

OUTDOOR

8 2 •

COMBINED

F i g .  1 0 .  D i s t r i b u t i o n  o f  i n d e p e n d e n t  d i r e c t i o n s  ( c e n t r a l  h i s t o g r a m )  a n d
t e s t  mean d i r e c t i o n s  ( o n  p e r i m e t e r )  f o r  1 9 7 1  M a j o r  G r o u p s .  L o n g e r  l i n e s  o n
the  p e r i m e t e r  i n d i c a t e  s u p e r i m p o s e d  mean d i r e c t i o n s .  B l a c k  t r i a n g l e ;  m e a n
d i r e c t i o n  o f  u n i m o d a l  d i s t r i b u t i o n  o f  i n d e p e n d e n t  d i r e c t i o n s  d i f f e r i n g  f r o m
u n i f o r m i t y  a t  t h e  1% l e v e l ,  h a l f - b l a c k  t r i a n g l e :  5 %  >  P >  1%, a n d  n o
t r i a n g l e :  u n i f o r m  d i s t r i b u t i o n  ( P  >  57 . ) .  D o t t e d  s y m b o l s  a r e  u s e d  f o r
b imoda l  d i s t r i b u t i o n s .



0,140103 000011111

14011* 1001) 0111:1114

f = O n  SWAMIS M O ,  111.14.%

W e n  S A M  010010110,0

Cmaxiosehe l a 1 0  gaimasmal 2114410411* So OM ksodkutipt . 0 i  .112%
* 1  Ta l m o o d  . 11 , 0 1 0  W A R M  sa( ledsoi lmq me) a m m o u l b  masa sois
V : .  A f t i m a l p  *Egg  ,ass ise i r i f t  moicassageselps admoliol le20142911 0 2
.  :  inkliklkb:600136.011 alibilmolimi be modisasisib isbuderubm isissoub

ms b e s t 4 1  4:-11 : s i g i l d u i  AiliadAuld -J ima : 1  Af t  so vommakau
:di hipes-smi atodligi W m *  A p t i c :  4)  Oftedisselb amithow salgusIms

.seralluth2takb laboold



- 43  -

Locat ion

Most samples had s i g n i f i c a n t l y  s t r o n g  unimodal pre ferences when
tested i ndoors  ( Ta b l e  8 ,  p .  4 0 ) .  O n l y  Upper and Lower Babine samples had u n i f o r m l y
d i s t r i b u t e d  pre fe rences .  I t  may be s i g n i f i c a n t  t h a t  b o t h  a r e  f r o m  t h e  o u t l e t
area popu la t i on .  T h e  d i s t r i b u t i o n  o f  independent d i r e c t i o n s  i n  F i g .  1 0  (p .  4 1 ,
cen t ra l  h i s t o g r a m s )  and  e s p e c i a l l y  t h e  d i s t r i b u t i o n  o f  t e s t  mean d i r e c t i o n s
(on pe r ime te rs )  show t h a t  even s i g n i f i c a n t  sample pre ferences were n o t  v e r y
strong i n  t he  Major  Groups.

I t  i s  impo r tan t  t o  no te  t h a t  d i r e c t i o n s  f o r  i n d o o r  t e s t s  were
measured r e l a t i v e  t o  t h e  lamp. T h e  lamp bear ing  used i n  c a l c u l a t i o n s  i s
assigned t h e  d i r e c t i o n  o f  t h e  sun a t  t e s t  t i m e .  T h a t  some preferences occu r
may mean t h a t  s u b j e c t s  a r e  compensating u s i n g  a  sun-compass mechanism.

Analys is  o f  Ray le igh s t a t i s t i c s  ( Z )  i n  Tab le  8  suggests t h a t
outdoor pre ferences were n o t  as  s t r o n g  as  i n d o o r s .  T h e  outdoor  smo l t s  ma in l y
d i f f e r e d  by  hav ing  more bimodal  tendenc ies .  I n  t h e  case o f  Mor r ison,  t h e
modes were 110°  a p a r t  i n  outdoor  t e s t s ,  v e r y  s i m i l a r  t o  t h e  i n d o o r  d i s t r i b u t i o n
(F ig .  1 0 ) .

Or ig in

S i m i l a r i t i e s  between i ndoo r  and outdoor  r e s u l t s  a r e  g r e a t  enough t o
suggest a  genera l  sequence o f  cons is tency  i n  Main S tock  o r i g i n  groups.  P i n k u t
was t h e  most c o n s i s t e n t  g roup f o l l owed  by  Mor r i son ,  Lower Babine,  Upper Babine,
and f i n a l l y  F u l t o n .  T h i s  t r e n d  i s  a l s o  f o l l o w e d  by  t h e  Z  s t a t i s t i c s  f o r
combined t e s t s  ( Ta b l e  8 ) .  N o t e  t h a t  F u l t o n  progeny were a t  l e a s t  as  p o o r l y
or iented as  progeny f r om near  t h e  o u t l e t  w h i l e  P inku t  R i v e r  f i s h ,  a l s o  members
of  t h e  Main Lake popu la t i on ,  had  t h e  s t r o n g e s t  pre ferences o f  a l l .  M o r r i s o n
was s i g n i f i c a n t l y  o r i e n t e d  i n  bo th  t e s t  s e r i e s .  H o w e v e r,  t h e  Morr ison f i s h
which were r e t e s t e d  (Ho ld i ng )  were even more c o n s i s t e n t  and ,  i n  f a c t ,  were
more c o n s i s t e n t  t h a n  any o t h e r  i ndoo rs  o r  ou tdoors  group except  t h e  few  P inku t
f i s h  t e s t e d  i ndoo rs .  T h e s e  Ho ld ing  f i s h  h a d  a  p a r t i c u l a r l y  s t r o n g  bimodal
tendency ( Ta b l e  8 ) .

To answer t h e  f i r s t  q u e s t i o n ,  t h e n ,  b o t h  i n d i v i d u a l s  and samples
genera l l y  had d e f i n i t e  p r e f e r r e d  d i r e c t i o n s .  T h i s  a l l o w s  examinat ion  o f  t h e
next ques t i on .

B. QUESTION 2 :  DIFFERENCES I N  PREFERRED DIRECTIONS

Test ing  t h e  hypothes is  o f  i n n a t e  d i f f e r e n c e s  depends o n  f i n d i n g
d i f f e rences  i n  t h e  preferences o f  i d e n t i c a l l y  r e a r e d  samples. F i g u r e  11
shows s e v e r a l  o r thogona l  comparisons (Soka l  and R o h l f  1969, p p .  458-468)
using t h e  randomizat ion  t e s t  w i t h  t h e  B s t a t i s t i c  ( p .  3 2 ) .  F o r  completeness,
i t  i n c l u d e s  d a t a  f r om seve ra l  F u l t o n  and Mor r i son  " s m a l l - t a n k "  s tocks  which
were t e s t e d  (Appendix C,  p .  1 0 3 ) .  I  do  n o t  r e p o r t  t h e i r  a n a l y s i s  elsewhere
because t h e y  c o n t r i b u t e  l i t t l e  t o  s o l v i n g  t h e  problems.
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Fig .  11 .  Compar isons  o f  d i r e c t i o n a l  p re fe rences .  Numbers  i n  t h e  c e n t r a l  column and a long  t h e  bot tom row
are t h e  percent  o f  B s t a t i s t i c s  f rom 200 random t r i a l s  which a re  g r e a t e r  t h a n  B f o r  t h e  a c t u a l  samples.
Samples a r e  assumed t o  be s i g n i f i c a n t l y  d i f f e r e n t  i f  t h e  f r a c t i o n  i s  l e s s  t h a n  5%. L i n e s  i n d i c a t e  t h e
samples which  a r e  compared, t h o s e  j o i n e d  by  l i n e s  a r e  pooled t o g e t h e r.
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1. I n d o o r  t e s t s

Members o f  t h e  t h r e e  l a k e  p o p u l a t i o n s ,  Upper  Babine/Lower  B a b i n e ,
Morr ison,  a n d  P i n k u t / F u l t o n ,  d i d  n o t  h a v e  s i g n i f i c a n t l y  d i f f e r e n t  d i r e c t i o n a l
preferences ( F i g .  1 1 ,  comparisons 3 ,  4 ,  a n d  5 ) .  F u r t h e r m o r e ,  Upper  Bab ine
and Lower Bab ine  smol ts  were  homogenous a s  e x p e c t e d ,  b u t  P i n k u t  a n d  F u l t o n
were n o t  (compar isons 6  a n d  7 ) .  I n d o o r  groups a s  a  whole  were  heterogenous
(comparison 8 ) ,  s u g g e s t i n g  some i n n a t e  c o n t r o l .  N o t w i t h s t a n d i n g  t h i s  o v e r a l l
h e t e r o g e n e i t y,  t h e  i n d o o r  r e s u l t s  a r e  ev idence  a g a i n s t  a c c e p t i n g  t h e
hypothesis .

The l a c k  o f  s i g n i f i c a n t  d i f f e r e n c e s  i n v o l v i n g  Upper a n d  Lower
Babine s t o c k s  i s  due  t o  random d i s t r i b u t i o n s  i n  t h e s e  groups .  M o r r i s o n  and
the P i n k u t / F u l t o n  composite g roup  were  homogenous p r o b a b l y  because o f  t r u e
s i m i l a r i t i e s  i n  d i r e c t i o n s .  M o r r i s o n  p r e f e r r e d  a n  a x i s ,  1 4 3 - 3 2 3 ° ,  a n d  P i n k u t
(136°)  a n d  F u l t o n  ( 3 0 1 ° )  h a d  a  s i m i l a r  d i s t r i b u t i o n  when combined.

2. O u t d o o r  t e s t s

Main Stocks t e s t e d  o u t s i d e  a l s o  p r e f e r r e d  s i g n i f i c a n t l y  d i f f e r e n t
d i r e c t i o n s  when cons idered  s e p a r a t e l y  ( F i g .  1 1 ,  compar ison 9 ) .  U n l i k e  t h e
indoor r e s u l t s ,  samples o f  a l l  t h r e e  l a k e  p o p u l a t i o n s  h a d  d i f f e r e n t  d i r e c t i o n a l
tendencies a s  p r e d i c t e d  b y  t h e  hypothes is  (compar isons 1 3 ,  1 4 ,  a n d  1 5 ) .  S i n c e
Ful ton d i d  n o t  have  a  s i g n i f i c a n t l y  s t r o n g  p r e f e r e n c e ,  P i n k u t  must  have
strengthened t h e  weak ESE mode o f  F u l t o n  s t o c k  ( F i g .  1 0 ,  p .  4 1 )  enough t o
d i s t i n g u i s h  t h e  M a i n  Lake  p r e f e r e n c e s  f r o m  o t h e r  l a k e  p o p u l a t i o n s .  U p p e r  a n d
Lower Babine  were  s i m i l a r  a g a i n  (compar ison 11 )  w h i c h  i s  a l s o  c o n s i s t e n t  w i t h
the h y p o t h e s i s .  I n  t h i s  c a s e ,  t h e y  b o t h  had  d e f i n i t e  p r e f e r e n c e s  s o  i t  i s
concluded t h a t  t h e s e  were  i n  t r u l y  i n d i s t i n g u i s h a b l e  d i r e c t i o n s .  N o t e  t h a t
Pinkut a n d  F u l t o n  f i s h  w e r e  s i g n i f i c a n t l y  d i f f e r e n t  ( P  =  . 0 2 7 5 ,  4 0 0  t r i a l s )
despi te  t h e  a lmost  u n i f o r m  t e n d e n c i e s  o f  F u l t o n  (compar ison 1 2 ) .

3.  T e s t  t r e a t m e n t

Two e f f e c t s  became e v i d e n t  when 1  examined d i f f e r e n c e s  between
groups o f  t h e  same o r i g i n .  F i r s t ,  H o l d i n g  smol ts  o r i e n t e d  i n  a  s i g n i f i c a n t l y
d i f f e r e n t  d i r e c t i o n  f r o m  t h e i r  p a r e n t  M o r r i s o n  group ( F i g .  1 1 ,  compar ison 1 8 )
as w e l l  a s  b e i n g  more c o n s i s t e n t  i n  t h i s  c h o i c e  ( p .  4 3 ) .  S e c o n d ,  most  M a i n
Stocks d i d  n o t  d i f f e r  i n  p r e f e r e n c e s  between i n d o o r  a n d  outdoor  t e s t  s e r i e s
( F i g .  1 1 ,  c e n t r a l  f i g u r e s ) .  O n l y  Lower Bab ine  smol ts  o r i e n t e d  d i f f e r e n t l y .
This g e n e r a l  l a c k  o f  a n  i n d o o r -outdoor  e f f e c t  i s  i n t e r e s t i n g  because i n d o o r
r e s u l t s  were  t rans formed  a c c o r d i n g  t o  a n  assumed sun-compass mechanism.

To answer t h e  second q u e s t i o n ,  s i m i l a r i t i e s  between i n d o o r  and
outdoor r e s u l t s  suggest  t h a t  a  m i g r a t o r y  t y p e  o f  o r i e n t a t i o n  may b e  i n v o l v e d .
Furthermore,  s i g n i f i c a n t  d i f f e r e n c e s  between o r i g i n  groups t r e a t e d  i d e n t i c a l l y
s t rong ly  suggests  t h a t  s u c h  d i f f e r e n c e s  a r e  i n n a t e .  H o w e v e r ,  s e v e r a l  d i f f e r -
ences a n d  s i m i l a r i t i e s  w e r e  unexpected,  p a r t i c u l a r l y  i n  t h e  i n d o o r  s e r i e s .
This c a s t s  doubt  o n  whether  m i g r a t o r y  o r i e n t a t i o n  was i n d e e d  t h e  dominant
behav ior.  T h i s  i s  answered more f u l l y  i n  t h e  n e x t  s e c t i o n  when adapt iveness
of t h e  chosen d i r e c t i o n s  i s  d i s c u s s e d .
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Expected

Observed

Indoo rs Outdoors

Upper B a b i n e 350° 258 8 2 - 2 6 2 * *

Lower B a b i n e 350° 165 302**

F u l t o n 325° 350° 301** 127-307

P i n k u t 325° 350° 136** 122**

M o r r i s o n 155° c l o c k w i s e  3, 350° 143 -323* * 224* *

C. QUESTION 3 ;  ADAPTIVENESS OF DIRECTIONAL PREFERENCES

Stocks  u s u a l l y  h a d  weak  b u t  s i g n i f i c a n t  p r e f e r e n c e s  i n  s i g n i f i c a n t l y
d i f f e r e n t  d i r e c t i o n s .  H o w  c l o s e l y  d o  t h e  p r e f e r e n c e s  c o r r e s p o n d  t o  m i g r a t i o n
d i r e c t i o n s  i n  t h e  l a k e ?  E x p e c t e d  m i g r a t o r y  d i r e c t i o n s  a n d  t h o s e  o b s e r v e d
( Ta b l e  8 ,  p .  4 0 )  a r e :

Main L a k e  a n d  N i l k i t k w a  L a k e  p o p u l a t i o n s  c a n  m i g r a t e  i n  v i r t u a l l y  c o n s t a n t
d i r e c t i o n s .  T h e  M a i n  L a k e  s m o l t s  s h i f t  f r o m  3 2 5 °  t o  3 5 0 '  a s  t h e y  e n t e r  t h e
N o r t h  A r m  ( F i g .  1 ,  p .  3 )  s o  I  u s e d  a n  a v e r a g e  t h e o r e t i c a l  d i r e c t i o n  o f  3 3 5 °
f o r  t h i s  p o p u l a t i o n  a n d  3 5 0 °  f o r  t h e  N i l k t k w a  s t o c k s .

The f o u r  s t o c k s  o f  M a i n  L a k e  a n d  N i l k i t k w a  L a k e  p o p u l a t i o n s  u s u a l l y
p r e f e r r e d  d i r e c t i o n s  m o r e  s o u t h e r l y  t h a n  e x p e c t e d  ( a b o v e  t a b l e ) .  S t e p h e n ' s
t e s t  ( p .  3 2 )  w a s  a p p l i e d  t o  t h o s e  g r o u p s  w i t h  s i g n i f i c a n t l y  s t r o n g  means a n d
c i r c u l a r  n o r m a l  d i s t r i b u t i o n s .  F o r  t h e  comb ined  t e s t s ,  t h i s  i n c l u d e d  F u l t o n ,
Lower B a b i n e ,  a n d  P i n k u t  ( Ta b l e  8 ,  p .  4 0 ) .  O n l y  F u l t o n  h a d  a  c e n t r a l  t e n d e n c y
(296° )  w h i c h  was n o t  s i g n i f i c a n t l y  d i f f e r e n t  ( P  >  . 0 5 )  f r o m  t h e  e x p e c t e d
m i g r a t i o n  d i r e c t i o n .  T h e  N i l k i t k w a  s t o c k s  p r e f e r r e d  r o u g h l y  E -W d i r e c t i o n s ,
and P i n k u t  was  s t r o n g l y  o r i e n t e d  t o  t h e  S E .  P i n k u t  s m o l t s  may h a v e  b e e n
r e v e r s e  o r i e n t e d  ( s e e  G r o o t  1 9 6 5 )  i n  w h i c h  c a s e  t h e  o p p o s i t e  d i r e c t i o n  ( 3 0 8 ° )
i s  q u i t e  c l o s e  t o  3 3 5 ° .

T h i s  g e n e r a l  l a c k  o f  c o r r e s p o n d e n c e  b e t w e e n  t h e o r e t i c a l  a n d
observed d i r e c t i o n s  o c c u r r e d  i n d o o r s  a n d  o u t d o o r s .  I n d o o r s ,  U p p e r  a n d  Lower
Babine h a d  n o  d i r e c t i o n a l  p r e f e r e n c e s  a n d  P i n k u t  d i f f e r e d  s i g n i f i c a n t l y
(P <  . 0 1 )  f r o m  t h e  e x p e c t e d  m i g r a t o r y  d i r e c t i o n  ( r e v e r s e d  o r i e n t a t i o n ? ) .
Only F u l t o n  s m o l t s  r e s p o n d e d  a p p r o p r i a t e l y  ( 3 0 1 ° ) .  S t e p h e n ' s  t e s t  c o u l d  b e
used o n l y  f o r  L o w e r  B a b i n e  a n d  P i n k u t  g r o u p s  i n  t h e  o u t d o o r  s e r i e s .  N e i t h e r
s t o c k  p r e f e r r e d  a  d i r e c t i o n  s i g n i f i c a n t l y  c l o s e  t o  t h e  t h e o r e t i c a l  d i r e c t i o n s .
F u l t o n  h a d  n o  p r e f e r e n c e  i n  t h e s e  t e s t s  a n d  U p p e r  B a b i n e  h a d  b i m o d a l  E -W
t e n d e n c i e s  ( 8 2 - 2 6 2 ° ) .

p r e f e r e n c e s  b y  M o r r i s o n  s m o l t s  h a d  t h e  s t r o n g e s t  s o u t h e r l y  a n d
e a s t e r l y  component  o f  a l l  g r o u p s  e x c e p t  P i n k u t .  T h e s e  d i r e c t i o n s  a r e
a p p r o p r i a t e  f o r  m i g r a t i o n  t h r o u g h  M o r r i s o n  A r m .  I  c a l c u l a t e d  mean d i r e c t i o n s
o f  i n d o o r ,  o u t d o o r ,  a n d  comb ined  t e s t s  f o r  e a c h  week o f  t h e  s e a s o n  t o  s e e  i f
these  d i r e c t i o n s  a c t u a l l y  o c c u r r e d  a t  t h e  b e g i n n i n g  o f  t h e  s e a s o n  when t h e
m i g r a t i o n  w o u l d  b e  i n  M o r r i s o n  A r m .  F u l t o n ,  U p p e r  B a b i n e ,  a n d  H o l d i n g  g r o u p s
were a n a l y s e d  i n  t h e  same w a y.
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I  a n a l y s e d  t h e m  w i t h  l i n e a r  r e g r e s s i o n ,  o n l y  u s i n g  s i g n i f i c a n t l y
s t r o n g  means.  O n e  w e e k ' s  mean c a n  b e  r e a c h e d  b y  s h i f t i n g  e i t h e r  c l o c k w i s e
or  a n t i - c l o c k w i s e  f r o m  t h e  mean d i r e c t i o n  f o r  t h e  p r e v i o u s  w e e k .  I  s e l e c t e d
t h e  d i r e c t i o n  o f  r o t a t i o n  i n v o l v i n g  t h e  s m a l l e s t  c h a n g e .  I f  a  b i m o d a l
d i s t r i b u t i o n  d i d  n o t  h a v e  a  s i g n i f i c a n t  m e a n ,  I  u s e d  t h e  a x i s  d i r e c t i o n
c l o s e s t  t o  t h e  p r e f e r e n c e  f o r  t h e  p r e v i o u s  w e e k .  T r e n d s  i n  c i r c u l a r  d a t a  c a n
o n l y  b e  d i s t i n g u i s h e d  when t h e  r e s i d u a l  v a r i a t i o n  i s  much l e s s  t h a n  w h a t  w o u l d
be a c c e p t a b l e  i n  l i n e a r  s i t u a t i o n s .  T h e  M o r r i s o n / i n d o o r s  g r o u p  was  t h e  o n l y
group w i t h  a n  o b v i o u s  t r e n d  ( F i g .  1 2 ) .  F u l t o n / i n d o o r s  was  m a r g i n a l  ( F i g .  1 3 )
and d i f f i c u l t  t o  i n t e r p r e t .

Based o n  my c r i t e r i o n  f o r  s e l e c t i n g  r e g r e s s i o n  p o i n t s ,  F u l t o n
smo l t s  o r i e n t e d  a b o u t  NW t h r o u g h o u t  t h e  s e a s o n .  M o r r i s o n  s u b j e c t s ,  h o w e v e r ,
s h i f t e d  a n  a v e r a g e  o f  3 . 9 4 ° / d a y  w h i c h  i s  s i g n i f i c a n t l y  d i f f e r e n t  f r o m  0
(P <  . 0 0 1 ) .  T h e  s h i f t  was  c l o c k w i s e ,  s t a r t i n g  f r o m  t h e  s o u t h ,  w h i c h  i s  a b o u t
t he  e x p e c t e d  b e h a v i o r .  T h e y  c o n t i n u e d  t o  c h a n g e ,  h o w e v e r ,  p a s t  n o r t h  u n t i l
d i r e c t i o n s  w e r e  SE a t  t h e  e n d  o f  t h e  e x p e r i m e n t a l  p e r i o d .  T h e y  p r e f e r r e d
NW-N d i r e c t i o n s  i n  t h e  l a s t  h a l f  o f  M a y,  b y  w h i c h  t i m e  t h i s  p o p u l a t i o n  i s
u s u a l l y  o u t  o f  B a b i n e  L a k e  ( J o h n s o n  a n d  G r o o t  1 9 6 3 ) .

T h i s  c o m p l e t e s  a n a l y s i s  o f  t h e  t h r e e  m a i n  q u e s t i o n s  i n  t h i s  s t u d y .
To summar ize  r e s u l t s  t o  t h i s  p o i n t :

( 1 )  I n d i v i d u a l s  u s u a l l y  o r i e n t e d  s t r o n g l y .

(2)  V a r i a b i l i t y  be tween  i n d i v i d u a l s  was  o f t e n  q u i t e  l a r g e  b u t
most s a m p l e s  h a d  s i g n i f i c a n t l y  s t r o n g  p r e f e r e n c e s .

(3 )  P r e f e r e n c e s  w e r e  u s u a l l y  s i g n i f i c a n t l y  d i f f e r e n t  b e t w e e n
samples.

(4 )  T h e  d i r e c t i o n s  p r e f e r r e d  d i d  n o t  c o r r e s p o n d  t o  t h o s e  needed
t o  l e a v e  B a b i n e  L a k e  i n  mos t  c a s e s .  M o r r i s o n  was  a  n o t a b l e
e x c e p t i o n  i n  i n d o o r  t e s t s .

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

D. ORIENTATION MECHANISMS

1. R e l a t i o n  between env i ronmenta l  v a r i a b l e s
and s t r e n g t h  o f  o r i e n t a t i o n

S t r e n g t h  o f  o r i e n t a t i o n  b y  outdoor  s m e l t s  may b e  i n f l u e n c e d  b y
v a r i a t i o n  i n  e n v i r o n m e n t a l  f a c t o r s .  I  u s e d  m u l t i p l e  l i n e a r  r e g r e s s i o n
a n a l y s i s  t o  a s s e s s  t h e s e  c o i n c i d e n t a l  f l u c t u a t i o n s  a n d  d e t e r m i n e  t h e  r e l a t i v e
impor tance  o f  e a c h  v a r i a b l e .  T h e  v a r i a b l e s  w e r e :

(1) D a t e

(2)  T i m e  o f  d a y
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F ig .  1 2 .  P r e f e r r e d  d i r e c t i o n s  d u r i n g  t h e  season f o r  i n d o o r  t e s t s  o f
Morr ison ( M a i n  S t o c k ) .  T h e  l e a s t  squares  r e g r e s s i o n  was c a l c u l a t e d  f r o m
d i r e c t i o n s  marked w i t h  a s t e r i s k s .  N o t e  t h a t  d i r e c t i o n s  a r e  p l o t t e d
twice o n  t h e  v e r t i c a l  a x i s .  S o l i d  c i r c l e s :  u n i m o d a l  d i s t r i b u t i o n ,
P <  1%, h a l f - s o l i d :  5 7  >  P >  11,. S i g n i f i c a n t l y  s t r o n g  b imodal  d i s t r i -
but ions a r e  shown b y  d o t t e d  symbols when t h e  unimodal  mean d i r e c t i o n  i s
i n s i g n i f i c a n t .  T h e  mean d i r e c t i o n  f o r  May 5  shows a  b imodal  a x i s  a s
w e l l  because t h e  mean i s  b a r e l y  s i g n i f i c a n t  a t  t h e  5% l e v e l .
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FULTON (  MAIN S T O C K  )

INDOOR T E S T S
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F i g .  1 3 .  P r e f e r r e d  d i r e c t i o n s  d u r i n g  t h e  s e a s o n  f o r  i n d o o r  t e s t s  o f
F u l t o n  ( M a i n  S t o c k ) .  S e e  F i g .  1 2  ( p .  5 1 )  f o r  d e t a i l s .
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(3)  L i g h t  i n t e n s i t y '

(4)  R a d i a t i o n '

(5)  A i r  t e m p e r a t u r e '

(6)  W a t e r  t e m p e r a t u r e '

(7 )  C l o u d  c o v e r '

(8 )  S u n  v i s i b i l i t y '

(9)  M o o n  v i s i b i l i t y '

(10)  W i n d  v e l o c i t y ' .

S i g n i f i c a n t  v a r i a b l e s  c a n  be  s e l e c t e d  b y  m u l t i p l e  r e g r e s s i o n  i n
severa l  ways a n d  t h e  methods may produce d i f f e r e n t  s o l u t i o n s .  I  used  t w o
computer programs: t h e  IBM 11 3 0  S t a t i s t i c a l  System s t e p w i s e  r e g r e s s i o n
package a n d  a  backward e l i m i n a t i o n  r e g r e s s i o n  program ( L i n d s e y  1 9 7 1 ) .  T h e s e
opposite a n a l y t i c a l  approaches ( s e e  D r a p e r  and  S m i t h  1 9 6 6 )  produced v i r t u a l l y
i d e n t i c a l  r e s u l t s .  O f  t h e  t e n  v a r i a b l e s ,  o n l y  sun  v i s i b i l i t y  " e x p l a i n e d "
a s i g n i f i c a n t  amount  o f  t h e  v a r i a b i l i t y  i n  i .  T h e  s t e p w i s e  r e g r e s s i o n  e q u a t i o n
i s :

a =  0 . 5 3 1  +  0 . 0 2 7  ( S u n  v i s i b i l i t y )

where s u n  v i s i b i l i t y  ranges  f r o m  0  ( i n v i s i b l e )  t o  4  ( b r i g h t ) .  T h i s  l i n e a r
model a d e q u a t e l y  e x p l a i n s  t h e  o b s e r v a t i o n s  s i n c e  t h e  l a c k  o f  f i t  m e a n  s q u a r e
i s  n o t  s i g n i f i c a n t .  T h e  r e g r e s s i o n  c o e f f i c i e n t  i s  s i g n i f i c a n t l y  d i f f e r e n t
from 0  ( P  <  . 0 0 1 ) .  D e s p i t e  t h i s ,  however,  o n l y  3 . 2 7  o f  t h e  v a r i a n c e  i n  W i s
accounted f o r .  T h e  r e s i d u a l  v a r i a n c e  i s  reduced  v e r y  s l i g h t l y  w i t h  t h e
a d d i t i o n  o f  moon v i s i b i l i t y  b u t  i t s  r e g r e s s i o n  c o e f f i c i e n t  i s  n o t  s i g n i f i c a n t l y
d i f f e r e n t  f r o m  0 .  1  con f i rmed  t h i s  r e l a t i o n s h i p  b y  c a l c u l a t i n g  t h e  mean TL's
fo r  e a c h  t e s t  s e s s i o n  ( u s u a l l y  t h r e e  s u b j e c t s / s e s s i o n )  a n d  r e g r e s s i n g  t h e s e  o n
sun v i s i b i l i t y  ( F i g .  1 4 ) .

2. C o n s t a n t  a n g l e  o r i e n t a t i o n

E i t h e r  s u n -compass o r i e n t a t i o n  o r  o r i e n t a t i o n  a t  c o n s t a n t  a n g l e s  t o
the l i g h t  source  c o u l d  e x p l a i n  why o r i e n t a t i o n  s t r e n g t h  i n c r e a s e d  w i t h  b e t t e r
sun v i s i b i l i t y .  I  examined t h i s  i n  i n d o o r  a n d  outdoor  t e s t s  b y  r e f e r r i n g  a l l
po in t ings  t o  t h e  l i g h t  source  s o  t h a t  0 0  was t h e  lamp o r  s u n  d i r e c t i o n .
Table  9  shows t h a t  t r a n s f o r m e d  p o i n t i n g s  were  g e n e r a l l y  more c o n c e n t r a t e d ,  i . e . ,
new R a y l e i g h  s t a t i s t i c s ,  Z ,  g e n e r a l l y  exceeded o r i g i n a l  v a l u e s .  I g n o r i n g
bimodal d i s t r i b u t i o n s 6 ,  d i f f e r e n c e s  were :

'See Ta b l e  3 ,  p .  2 4 .

5Z v a l u e s  a r e  o n l y  rough i n d i c a t o r s  o f  d i s p e r s i o n  i n  b imoda l  d i s t r i b u t i o n s .
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F i g .  1 4 .  C h a n g e  i n  s t r e n g t h  o f  o r i e n t a t i o n  w i t h  sun  v i s i b i l i t y .  a
values a r e  means o f  t h e  f o r  a l l  s u b j e c t s  i n  one  t e s t  s e s s i o n
( u s u a l l y  t h r e e / s e s s i o n ) .  S u n  v i s i b i l i t y  was r a t e d  o n  a  0 - 4  s c a l e
from i n v i s i b l e  t o  f u l l y  b r i g h t .

4





Table 9 .  Summary o f  o r i e n t a t i o n  r e l a t i v e  t o  t h e  l i g h t  source by  Main Stocks.

Or ig in

Lamp azimuth =
Sun azimuth Lamp azimuth =  0 ° North =  0 ' Sun azimuth =  0 °

Mean a Z Mean a Z Mean i Z Mean a Z

Ful ton 301 .11 7.19** 27 .17 17.34** 283 .02 0.42 344' .06 4.99**
127-307 .03 1.14 91-271 .08 11.13**

Upper Babine 258 .06 2.60 352' .09 5.01** 222 .01 0.05 267 .02 0.45
159-339 .16 16.48** 82-262 .07 6.38** 8-188 .10 12.78**

Morrison 198 .09 5.13** 347' .10 7.12** 224 .08 11.08** 11' .09 13.65**
143-323 .13 10.98**

Lower Babine 165 .16 2.76 252 .11 1.42 302 .20 17.54** 89 .23 22.31**
19-199 .24 6.45** 73-253 .28 32.29**

Pinkut 136 .53 22.86** 340' .23 4.37* 122 .18 11.62** 301 .26 24.27**
153-333 .46 17.30**

Morrison (Ho ld ing ) 55 .10 13.48** 282 .04 2.45
64-244 .16 32.82** 121-301 .17 34.94**

Indoor t e s t s  O u t d o o r  t e s t s

'Mean i s  n o t  s i g n i f i c a n t l y  d i f f e r e n t  f r om 0 °  ( P  <  . 0 5 ) .
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Indoor O u t d o o r

(New Z -  o r i g i n a l  Z )  ( N e w  Z -  o r i g i n a l  Z )

Ful ton + 1 0 . 1 5  + 4 . 5 7

Upper Babine + 2 . 4 1  + 0 . 4 0

Morr ison + 1 . 9 9  + 2 . 5 7

Lower Babine - 1 . 3 4  + 4 . 7 7

Pinkut - 1 8 . 4 9  + 1 2 . 6 5

Mean -1.06 + 4 . 9 9

The sma l l  P i n k u t  sample ( s i x  t e s t s )  i s  l a r g e l y  respons ib le  f o r  t h e  mean
decrease i n d o o r s .  E x c l u d i n g  P i n k u t ,  Z  increased an  average o f  3 . 3  u n i t s .

The s t ronger  o r i e n t a t i o n  r e l a t i v e  t o  t h e  l i g h t  source means t h a t
constant ang le  o r i e n t a t i o n  (C .A .O. )  was a n  impor tan t  component i n  i ndoo r  and
outdoor r e s u l t s .  I t  a lmost  c e r t a i n l y  was a  r e a c t i o n  t o  t h e  sun i n  outdoor
tes ts  because smol ts  must have f o l l o w e d  t h e  sun,  changing p o i n t i n g  d i r e c t i o n s
w i th  changes i n  sun az imuth.  T h e  lamp o r  any  o t h e r  s t a t i o n a r y  cue c o u l d  have
been used i n d o o r s ,  a l t hough  outdoor  r e s u l t s  suppor t  an  hypothes is  t h a t  t h e
lamp was t h e  cue .

3. D i r e c t i o n s  r e l a t i v e  t o  t h e  l i g h t  source

Indoor t e s t s

D i rec t ions  r e l a t i v e  t o  t h e  lamp ( Ta b l e  9 ,  p .  5 9 )  were examined t o
see i f  i t  was t h e  cue .  S m o l t s  o r i e n t e d  e i t h e r  towards t h e  lamp ( F u l t o n  and
Morr ison) o r  towards and away f rom i t  (Upper and Lower Babine and P i n k u t ) .
The mode towards t h e  lamp was s t r onges t  i n  Upper Babine and P inku t  samples.
These r e s u l t s  suggest  t h a t  p h o t o t a x i s ,  p a r t i c u l a r l y  p o s i t i v e  p h o t o t a x i s ,  was
the C.A.O. mechanism i ndoo rs .

Phototaxis i s  p a r t i c u l a r l y  e v i d e n t  when p o i n t i n g s  b y  Major  Stocks
are examined a t  each t e s t  t i m e  ( Ta b l e  1 0 ) .  A n g l e s  between t h e  lamp and t h e
nearest mode o f  p o i n t i n g s  averaged 11 ° ,  2 5 . 3 ° ,  and  59°  a t  noon, 1 6 : 0 0 ,  and
dusk. O p p o s i t e  modes occur red  a t  noon,  w h i l e  a l l  s u b j e c t s  o r i e n t e d  toward
the lamp a t  16 :00 .  S t r o n g e r  unimodal p re ferences  near  t h e  lamp i n  a f te rnoon
tes ts  e x p l a i n  why v a r i a t i o n  w i t h i n  Major  Stocks was l e a s t  a t  t h i s  t i m e  ( p .  3 8 ) .
Comparison o f  d i spe rs ions  ( Z  s t a t i s t i c s )  b e f o r e  and a f t e r  making t h e  lamp
d i r e c t i o n  equa l  t o  0 °  shows t h a t  C.A.O. was s t r o n g e s t  a t  16 :00  and weakest a t
dusk. I n  f a c t ,  Z  a t  dusk  always decreased a f t e r  t r a n s f o r m a t i o n .

Pinkut and Mor r ison  groups seem t o  be l e a s t  prone t o  C.A.O. i n d o o r s
(Table 9 ,  p .  5 9 ) .  R e c a l l ,  t ha t  t h e  Mor r i son  group a l s o  s h i f t e d  d i r e c t i o n s  i n
approximately t h e  expected manner d u r i n g  t h e  season.
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Table 10 .  D i r e c t i o n a l  p re ferences  o f  t h e  Major  Samples a t  each t e s t  t i m e .

Noon Afternoon Dusk

Mean sun az imuth 171 253 295

Indoor t e s t s

Ful ton 169-349**° 287* 325**

Upper Babine 168-348* 260** 91-271**

Morr ison 143** 288** 172**

Outdoor t e s t s

Ful ton 86-266** 2-182** 318*

Upper Sabine 14-194** 93-273** 85-265**

Morr ison 208** 236** 32-212*

*B imodal i ty  i s  i n d i c a t e d  when t h e  doubled ang les  g i v e  a  s i g n i f i c a n t
mean v e c t o r  ( a s  shown by a s t e r i s k s )  b u t  t h e  a c t u a l  mean v e c t o r  i s  n o t
s i g n i f i c a n t .
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Outdoor  t e s t s

E x a m i n a t i o n  o f  o u t d o o r  p r e f e r e n c e s  r e l a t i v e  t o  t h e  s u n  ( r i g h t
column o f  Ta b l e  9 ,  p .  5 9 )  shows  t h a t  o n l y  M o r r i s o n  a n d  U p p e r  B a b i n e  h a d
p h o t o t a x i s - l i k e  p r e f e r e n c e s .  T h e  r e s t  o r i e n t e d  6 0  t o  9 0 °  f r o m  t h e  s u n / a n t i -
sun a x i s .  O f  t h e  t r a n s v e r s e  o r i e n t a t i o n s ,  o n l y  P i n k u t ' s  was  u n i m o d a l .
G e n e r a l l y,  d i f f e r e n t  mechanisms a p p e a r  t o  b e  o p e r a t i n g  i n  i n d o o r  a n d  o u t d o o r
t e s t s .

Ta b l e  1 0  ( p .  6 1 )  s h o w s  t h a t  M a j o r  S t o c k s  p r e f e r r e d  d i r e c t i o n s  a v e r a g i n g
48° ,  3 6 ° ,  a n d  4 5 °  f r o m  t h e  s u n  a z i m u t h  a t  n o o n ,  1 6 : 0 0 ,  a n d  d u s k ,  r e s p e c t i v e l y .
Outdoor  p r e f e r e n c e s  r e l a t i v e  t o  t h e  s u n  changed  l i t t l e  b e t w e e n  t e s t  t i m e s
w h i l e  i n d o o r  v a l u e s  i n c r e a s e d  w i t h  t i m e  o f  d a y  ( 1 1 ° ,  2 5 . 3 ° ,  a n d  5 9 ° ) .

However,  a n a l y s i s  o f  d i s p e r s i o n s  f o r  o u t d o o r  t e s t s  shows  t h e  same
p a t t e r n  a s  i n d o o r s ,  i . e . ,  C . A . O .  s t r o n g e s t  a t  1 6 : 0 0  a n d  w e a k e s t  a t  d u s k .
Ma jo r  S t o c k s  t e s t e d  a t  d u s k  o r i e n t e d  b e t t e r  r e l a t i v e  t o  n o r t h  t h a n  t o  t h e  s u n
a z i m u t h ,  l i k e  i n  i n d o o r  t e s t s .

4. S u m m a r y

(1 )  I n d i v i d u a l s  o r i e n t e d  more  s t r o n g l y  w i t h  i n c r e a s e d  s u n
v i s i b i l i t y .

(2)  C o n s t a n t  a n g l e  o r i e n t a t i o n  p r e d o m i n a t e d  o v e r  s u n -compass
o r i e n t a t i o n  e x c e p t  i n  M o r r i s o n  a n d  p o s s i b l y  P i n k u t  i n d o o r
s m o l t s .

(3)  C . A . O .  w a s  s t r o n g e s t  a t  1 6 : 0 0  a n d  w e a k e s t  a t  d u s k ,  i n d o o r s
and o u t d o o r s .  T h e r e  w e r e  f e w e r  b i m o d a l  r e s p o n s e s  a t  1 6 : 0 0 .

(4)  I n d o o r  s m o l t s  g e n e r a l l y  p o i n t e d  t o w a r d s  t h e  l i g h t  a n d  o u t d o o r
Main S t o c k s  u s u a l l y  h a d  t r a n s v e r s e  o r i e n t a t i o n s ,  a v e r a g i n g
43° f r o m  t h e  s u n .

(5) The mechanisms u s e d  a p p e a r  t o  b e  d i f f e r e n t  i n  i n d o o r  a n d
o u t d o o r  t e s t s  a l t h o u g h  b o t h  a r e  r e l a t e d  t o  t h e  l i g h t  s o u r c e .
P h o t o t a x i s  i s  t h e  p r o b a b l e  mechanism i n d o o r s .

DISCUSSION

The o b j e c t i v e  o f  t h i s  s t u d y  was t o  l o o k  f o r  i n n a t e  o r i e n t a t i o n
d i f f e r e n c e s  b e t w e e n  t h e  t h r e e  s m o l t  p o p u l a t i o n s  i n  B a b i n e  L a k e .  T o  summar i ze
1970 ( A p p e n d i x  A ,  p .  7 5 )  a n d  1971  r e s u l t s :

D id  s u b j e c t s  h a v e  d i r e c t i o n a l  t e n d e n c i e s ?  I n d i v i d u a l s  f r o m  a l l
s t reams u s u a l l y  o r i e n t e d  s t r o n g l y  when t e s t e d  i n  s m a l l  d r u m  t a n k s .  P r e f e r e n c e s
i n  e a c h  s a m p l e  w e r e  u s u a l l y  d i v e r s e  b u t  n o t  r a n d o m ,  i . e . ,  m o s t  s t o c k s  h a d
s i g n i f i c a n t  p r e f e r e n c e s .  M o r r i s o n  was m o s t  s t r o n g l y  o r i e n t e d  i n  b o t h  y e a r s .
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Did samples have d i f f e r e n t  d i r e c t i o n a l  tendencies? S e v e r a l
s i g n i f i c a n t  d i f f e r e n c e s  occur red  and I  concluded t h a t  t hese  were i n n a t e .

Did d i r e c t i o n a l  tendenc ies  correspond t o  m i g r a t i o n  d i r e c t i o n s  i n
the lake? T h e y  d i d  n o t  correspond i n  most samples.

These r e s u l t s  l a r g e l y  arose because smo l t s  o r i e n t e d  a t  cons tan t
angles t o  t h e  l i g h t  sou rce .  T w o  l i k e l y  exp lana t ions  a r e  t h a t  ( 1 )  s u b j e c t s
responded t o  t h e  l i g h t  source  as a  cue ,  o r  ( 2 )  t h e y  p r e f e r r e d  t a n k  areas w i t h
ce r t a i n  l i g h t  i n t e n s i t i e s ,  t h e  l o c a t i o n s  o f  wh ich  depended on t h e  p o s i t i o n  o f
the l i g h t  sou rce .  T h e  f i r s t  p o s s i b i l i t y  seems most p robab le  i n  i n d o o r  t e s t s
because t h e  t r anspa ren t  drum tanks  seemed t o  be u n i f o r m l y  i l l u m i n a t e d .  S m o l t s
usua l l y  o r i e n t e d  toward o r  away f rom t h e  lamp,  s t r o n g l y  suggest ing  t h a t  t h e y
were weakly p h o t o t a c t i c .  P a s t  s t u d i e s  o n  Oncorhynchus l i g h t  responses ( F i e l d s
and F i n g e r  1954a, b ;  H o a r  1954, 1955,  1958;  Hoa r,  Keen leys ide ,  and  Goodal l
1957) measured l i g h t  i n t e n s i t y  pre ferences and not  p h o t o t a x i s  i n  i t s  p rope r
sense ( s e e  p .  5 ) .

Other an imals  o f t e n  o r i e n t  p h o t o t a c t i c a l l y  when r a i s e d  o r  t e s t e d
wi thou t  v i e w  o f  t h e  sky  ( e . g .  A r th ropods :  L i n d a u e r  1959,  P a r d i  1960, P a p i
and To n g i o r g i  1963;  f i s h :  Schwassmann 1962; b i r d s :  H o f f m a n n  1960, Merke l
1971). M o s t  workers  desc r i be  t h i s  behav io r  as  a n  a r t i f a c t  because, a l t h o u g h
i t  occurs  under  more n a t u r a l  c o n d i t i o n s  ( e . g .  P a r d i  1960; Brown and Mewaldt
1968), i t  i s  n o t  as  f r e q u e n t .

The outdoor  s e r i e s  was such a  " n a t u r a l "  t e s t  s i t u a t i o n  and was
a c t u a l l y  undertaken p a r t l y  as  insurance  i n  case cons tan t  ang le  o r i e n t a t i o n
predominated i n d o o r s .  U n f o r t u n a t e l y ,  t h e  f i l m s  show t h a t  smo l t s  p r e f e r r e d
shadows i n  t h e  p a i n t e d  drums. I  suggest  t h a t  t h i s  a f f e c t e d  t h e i r  o r i e n t a t i o n ,
masking any t r u e  pho to tax i s  o r  o t h e r  mechanism. P h o t o n e g a t i v i t y  e x p l a i n s
several  ou tdoor  r e s u l t s :

(1) V a r i a b i l i t y  between success ive p o i n t i n g s  was l e s s  outdoors
(Appendix B,  p .  9 3 ) .  S m o l t s  o f t e n  kep t  t h e i r  head near
the shaded w a l l  b y  l y i n g  a g a i n s t  i t  o r  p o i n t i n g  towards i t .
Thus, t h e  w a l l  r e s t r a i n e d  t h e i r  o r i e n t a t i o n .

(2) I n d i v i d u a l  o r i e n t a t i o n  s t r eng ths  weakened f rom noon t o  dusk
and w i t h  reduced sun v i s i b i l i t y .  A b o u t  h a l f  o f  t h e  drum
tank volume was i l l u m i n a t e d  a t  noon i n  sunny weather,  one
side o f  t h e  w a l l  was i l l u m i n a t e d  a t  16 :00 ,  and  t h e  whole
tank was i n  shade a t  dusk .  O t h e r  o r i e n t a t i o n  mechanisms
did  n o t  become man i fes t  when photonegat ive  responses were
reduced under c l oudy  s k i e s  and a t  dusk .

(3) Bimodal p re fe rences  were common. I  observed t h a t  smo l t s
not o n l y  p r e f e r r e d  da rke r  t a n k  areas b u t  t h e y  o f t e n
returned t o  t h e  same w a l l  a r e a .  L y i n g  a g a i n s t  t h e  same
wa l l  causes oppos i t e  o r i e n t a t i o n s  depending on  whether i t s
r i g h t  o r  l e f t  s i d e  i s  n e x t  t o  t h e  w a l l .

(4) M o s t  b imodal  axes were t ransve rse  t o  t h e  s u n / a n t i - s u n  a x i s ,
some about  90°  t o  i t .  T h e  w a l l  a rea  i n  deepest shade, and
thus most p r e f e r r e d ,  was t h a t  p a r t  neares t  t h e  sun and
perpendicular  t o  i t s  az imuth .
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(5) Smolts r a r e l y  p r e f e r r e d  d i r e c t i o n s  oppos i te  t o  t h e  sun f o r
the same reason as  i n  ( 4 ) .

I conc lude t h a t  o r i e n t a t i o n  by  outdoor  smo l ts  was l a r g e l y ,  perhaps
e n t i r e l y,  due t o  avoidance o f  b r i g h t e r  areas  i n  t h e  t a n k .  G r o o t  (1965)  had  a
s i m i l a r  problem i n  h i s  noon and a f te rnoon  t e s t s  o f  N i l k i t k w a  Lake s m o l t s .

What were t h e  problems? T h r e e  p o s s i b i l i t i e s  a r e :  ( 1 )  t h e s e
populat ions d o  n o t  have i n n a t e  d i f f e r e n c e s  w i t h  respec t  t o  m i g r a t i o n  d i r e c t i o n s ,
(2) t h i s  s t u d y ' s  hypo thes is  i s  c o r r e c t  and my smol ts  had f u n c t i o n a l  m i g r a t o r y
o r i e n t a t i o n  mechanisms, b u t  r a i s i n g  and t e s t i n g  d is tu rbances  b locked  t h e i r
expression, and  ( 3 )  p r o p e r  mechanisms were absent  because c e r t a i n  e x p e r i e n t i a l
f ac to r s ,  necessary f o r  t h e i r  development, were  l a c k i n g .

Morr ison and Main Lake popu la t i ons  a lmost  c e r t a i n l y  do  n o t  l e a v e
t h e i r  r e s p e c t i v e  nu rse ry  areas i n  s i g n i f i c a n t  numbers u n t i l  t h e  smo l t  s tage
(Johnson 1958; Johnson and Groot  1963; McDonald 1969; Scarsbrook and McDonald
1970, 1972 ) ,  i . e . ,  t h e y  cou ld  n o t  l e a r n  t h e  r o u t e s .  P o s s i b i l i t y  ( 1 )  means,
the re fo re ,  t h a t  t h e r e  a r e  d i f f e r e n t  env i ronmenta l  i n f l u e n c e s  i n  each l a k e
popu la t ion  t h a t  cause smo l ts  t o  t r a v e l  i n  s p e c i f i c  d i r e c t i o n s  toward  t h e
o u t l e t .  T h e  most l i k e l y  env i ronmenta l  f a c t o r  would be l a k e  c u r r e n t s  b u t  t h e
o u t l e t  f l o w  i s  v e r y  s m a l l  f o r  a  l a k e  o f  t h i s  s i z e  and measurements i n d i c a t e
tha t  c u r r e n t s  m a i n l y  depend on wind (Johnson and Groot  1963; D .  Farmer,
personal communication) and a r e  n o t  r e l a t e d  t o  t h e  o u t l e t  d i r e c t i o n .  M o s t
important ,  G roo t  (1965)  observed adap t i ve  d i r e c t i o n a l  p re ferences  i n  t hese
populat ions even when smol ts  were h e l d  and r e t e s t e d  throughout  t h e  season.
They s h i f t e d  preferences r o u g h l y  as  t h e y  would i f  t h e y  were a c t u a l l y  t r a v e l -
l i n g  t h e  r o u t e ,  s t r o n g l y  suggest ing  t h a t  my hypothes is  i s  c o r r e c t .

Considering t h e  second p o s s i b i l i t y  o f  i n d i r e c t  d is tu rbances ,  t h e r e
is  some evidence t h a t  smo l t s  were under cons iderab le  s t r e s s  d u r i n g  t e s t s .
Films show t h a t  smo l t s  o f t e n  f l u t t e r e d ,  e s p e c i a l l y  i n  i ndoo r  t e s t s .  T h i s
behavior c o n s i s t s  o f  i n t e n s e  swimming a c t i v i t y  i n  wh ich  t h e  smo l t  f l u t t e r s
against  t h e  s i d e s  and bot tom o f  t h e  t a n k  and makes sudden, e r r a t i c  t u r n s .
I t  has been considered as  m i g r a t o r y  behav ior  ( I e r s e l  1953; G roo t  1965)
and as  escape behav io r  (Hoar  1954; Hoar  e t  a l .  1957)  and  i s  p robab ly  a
combination o f  bo th  ( E l l i s  1964) .  T h e  c l e a r  t a n k  w a l l s  and un i f o rm  i l l u m i n a -
t i o n  p rov ided  l e s s  cove r  i n d o o r s ,  i n c r e a s i n g  t h i s  s t r e s s - i n d i c a t i n g  behav io r.
Lack o f  cover  was p robab ly  t h e  reason i n d o o r  smo l t s  c l u s t e r e d  p o i n t i n g s  l e s s
and were more a c t i v e  t h a n  outdoors  (Appendix 8 ,  p .  9 3 ) .  T h e  cover -seek ing
response i s  v e r y  s t r o n g  i n  o t h e r  f i s h  a n d  has been used i n  o r i e n t a t i o n
t r a i n i n g  experiments ( H a s l e r  e t  a l .  1958;  H a s l e r  and Schwassmann 1960;
others rev iewed by  Has le r  1971) .

Numerous f i e l d  obse rva t i ons  p o i n t  t o  nega t i ve  l i g h t  r e a c t i o n s  i n
j u v e n i l e  sockeye. B a b i n e  Lake underyear l ings  a r e  deep (20 -40  m) d u r i n g  t h e
day and o n l y  su r f ace  f o r  b r i e f  pe r iods  a t  dusk and dawn (Narver  1970) .
Narver 's  echo sounding and f i s h i n g  s t u d i e s  show t h a t  t h e y  go  deeper w i t h
advancing season. R e c e n t  work  suggests t h a t ,  b y  t h e  f o l l o w i n g  s p r i n g ,  most
Main Lake smo l t s  a r e  50-60 m deep d u r i n g  t h e  day and do n o t  r i s e  above 20 m
at  n i g h t  (Simpson, Tu r n e r,  and  Groo t ,  unpub l i shed ) .  S o m e  smol ts  occur  nea r
the su r f ace  b u t  o n l y  a t  dusk and dawn (Johnson and Groot  1963) .  A p p a r e n t l y ,
j u v e n i l e  sockeye l i v e  i n  a lmost  complete darkness most o f  t h e  t i m e  and
probably never  occur  i n  more t h a n  t w i l i g h t  c o n d i t i o n s ,  even when m i g r a t i n g .
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The ou tdoor  r e s u l t s  a n d  s e v e r a l  o t h e r  l a b o r a t o r y  s t u d i e s  c o n f i r m
tha t  sockeye a r e  photonegat ive  up  t o  and  i n c l u d i n g  a t  l e a s t  t h e  s m o l t  s t a g e
( F i e l d s  a n d  F i n g e r  1 9 5 4 a ,  b ;  H o a r  1 9 5 4 ,  1 9 5 5 ,  1 9 5 8 ;  H o a r ,  K e e n l e y s i d e ,  G o o d a l l
1957) .  L i g h t  l e v e l s  d u r i n g  r a i s i n g  and  t e s t i n g  were  t h e r e f o r e  h i g h e r  t h a n  i n
n a t u r a l  c o n d i t i o n s .

I  h a v e  a l r e a d y  suggested how l i g h t  i n t e n s i t i e s  d u r i n g  t h e  t e s t s
produced a r t i f a c t s .  L i g h t  i n t e n s i t i e s  were  much l o w e r  i n  t h e  r a i s i n g  t a n k s
but s t i l l  g r e a t e r  t h a n  would  n o r m a l l y  b e  e x p e r i e n c e d .  R a i s i n g  c o n d i t i o n s
did  n o t  p r e v e n t  o n s e t  o f  s m o l t i f i c a t i o n  w i t h  i t s  a t t e n d a n t  i n c r e a s e  i n
a c t i v i t y  o r  " m i g r a t o r y  r e s t l e s s n e s s . "  E v e n  s o ,  i t  i s  p o s s i b l e  t h a t  r a i s i n g
cond i t ions ,  e s p e c i a l l y  l i g h t  l e v e l s  a n d  p o s s i b l y  crowding e f f e c t s ,  w e r e  a
d i s t u r b i n g  f a c t o r .

The t h i r d  p o s s i b i l i t y  i s  t h a t  r a i s i n g  c o n d i t i o n s  may have  l a c k e d
s p e c i f i c  e n v i r o n m e n t a l  f a c t o r s  necessary  f o r  development o f  o r i e n t a t i o n
mechanisms. D e s p i t e  s i m i l a r  t e s t i n g  t e c h n i q u e s ,  G r o o t  ( 1 9 6 5 )  f o u n d  t h a t
smolts c a u g h t  and  t e s t e d  o n  Babine  Lake g e n e r a l l y  o r i e n t e d  a d a p t i v e l y.  I
assumed t h a t  normal  development o f  a n  o r i e n t a t i o n  a b i l i t y  c o u l d  occur  w i t h o u t
exper iencing c e l e s t i a l  c u e s .  S e v e r a l  o t h e r  s p e c i e s  c a n  o r i e n t  u s i n g  a r t i f i c i a l
or a c t u a l  c e l e s t i a l  cues  o n  t h e i r  f i r s t  e x p o s u r e  t o  them ( B i r u k o w  1956  [ w a t e r
s k a t e r,  V e l i a ] ;  P a r d i  1 9 6 0  [ l i t t o r a l  amphipods: T a l i t r u s ,  Ta l o r c h e s t i a ,  a n d
O r c h e s t i a ] ;  P a p i  and  To n g i o r g i  1963  [ w o l f  s p i d e r ,  A r c t o s a ] ;  Hoffmann 1953
[ s t a r l i n g ,  S t u r n u s ] ;  S a u e r  1957  [ g a r d e n  and b lackcap  w a r b l e r s ,  S y l v i a ] ;  Braemer
1960 a n d  Schwassmann 1962  [ g r e e n  s u n f i s h ,  L e p o m i s ] ) .

There a r e  a l s o  examples where  e x p e r i e n t i a l  f a c t o r s  a r e  n e c e s s a r y,
however. E m l e n  ( 1 9 6 9 ,  1 9 7 0 )  h a s  ev idence  t h a t  I n d i g o  Bunt ings  ( P a s s e r i n a )
must l e a r n  t o  use  t h e  s t a r s  t o  o r i e n t  a t  n i g h t .  T h e y  a p p a r e n t l y  sense  t h e
n i g h t l y  r o t a t i o n  o f  s t a r s  around P o l a r i s  a n d  l e a r n  t o  a s s o c i a t e  s t e l l a r
pa t te rns  w i t h  t h e  a x i s  o f  r o t a t i o n .  I m m a t u r e  P a r r o t  f i s h e s  ( S c a r u s )  d i d  n o t
use s u n -compass o r i e n t a t i o n  i n  shore  a r e a s  o f  Bermuda, whereas a d u l t s  c l e a r l y
did ( W i n n ,  Sa lmon,  a n d  Rober ts  1 9 6 4 ) .  T h e  a u t h o r s  suggest  t h a t  t h e  s u n -compass
mechanism i s  l e a r n e d  i n  t h i s  s p e c i e s .  W a l l r a f f  ( 1 9 6 6 )  f o u n d  t h a t  homing i n
pigeons was a f f e c t e d  i f  h e  b locked  v a r i o u s  v i e w s  o f  t h e  h o r i z o n  d u r i n g  r a i s i n g .
Sockeye o r i e n t a t i o n  may a l s o  r e q u i r e  some e x p e r i e n c e  w i t h  n a t u r a l  c u e s .  I f  s o ,
the e x p e r i e n c e  g i v e n  t o  H o l d i n g  s m o l t s  was n o t  s u f f i c i e n t .

Whatever t h e  e x p e r i m e n t a l  i n a d e q u a c i e s ,  t h e y  d i d  n o t  c o m p l e t e l y
prevent  m i g r a t o r y  o r i e n t a t i o n  i n  M o r r i s o n  and  perhaps P i n k u t  s m o l t s .
Morr ison s u b j e c t s  were  l e a s t  p rone  i n  a l l  t e s t  s i t u a t i o n s  t o  c o n s t a n t  a n g l e
o r i e n t a t i o n  and  i n  o n e ,  1 9 7 1  i n d o o r s ,  t h e y  o r i e n t e d  a s  e x p e c t e d .  T h i s
r e q u i r e d  compensating f o r  i m a g i n a r y  sun movements, s t r o n g l y  sugges t ing  t h a t
they used a  s u n -compass mechanism.

The s h i f t  o f  3 . 9 4 ° / d a y  i n  t h e  1 9 7 1  M o r r i s o n  i n d o o r s  g roup  compares
favorab ly  w i t h  G r o o t ' s  ( 1 9 6 5 )  o b s e r v a t i o n s .  S m o l t s  t e s t e d  a s  t h e y  m i g r a t e d
down M o r r i s o n  R i v e r  ( " r u n -sample")  s h i f t e d  5 . 6 ° / d a y  i n  1961  a n d  3 . 8 ° / d a y  i n
1962; s m o l t s  subsequent ly  caught  i n  t h e  N o r t h  Arm and a t  t h e  o u t l e t  p r o b a b l y
s h i f t e d  f r o m  6 . 0 °  t o  7 . 4 ° / d a y .  M y  s u b j e c t s  w e r e  a l r e a d y  o r i e n t e d  S  a t  t h e
beginning o f  t e s t s  i n  mid- A p r i l ,  whereas n a t u r a l l y  m i g r a t i n g  f i s h  d i d  n o t
head S  u n t i l  l a t e  May- e a r l y  J u n e .  B y  t h e  end  o f  t e s t s  o n  June 1 9 - 2 0 ,  r u n -
sample s m o l t s  w e r e  o r i e n t e d  W t o  NW, b u t  mine  h a d  a l r e a d y  s h i f t e d  around t o  E .
Groot 's  s m o l t s  were  s h i f t i n g  j u s t  a s  r a p i d l y  a t  t h e  e n d  o f  h i s  t e s t s ,
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suggesting t h a t  t h e y  t o o  cont inued pas t  N,  t h e  d i r e c t i o n  o f  t h e  l a k e  o u t l e t .
V i r t u a l l y  a l l  o f  t h e  Morr ison  popu la t i on  would be o u t  o f  t h e  l a k e  b y  t h i s
time so  i t  p robab ly  i s  n o t  ha rmfu l .

E a r l i e r  t i m i n g  o f  t h e  ha tchery  smol ts  may mean t h a t  t h e y  were
on togene t i ca l l y  more advanced. T h e i r  a c t i v i t y ,  i n t e r p r e t e d  as  m ig ra to r y
res t lessness ,  a l s o  increased some t i m e  be fo re  t h e  normal  m i g r a t i o n  p e r i o d  i n
May. M y  smol ts  were r a i s e d  i n  warmer water  d u r i n g  t h e  two  w i n t e r s .

Morr ison i s  t h e  most un ique group,  b u t  o t h e r  samples a l s o
cons i s ten t l y  d i f f e r e d  i n  t h e i r  s u s c e p t i b i l i t y  t o  cons tan t -ang le  o r i e n t a t i o n .
In  genera l ,  however,  p r e f e r r e d  d i r e c t i o n s  a r e  r e l a t e d  t o  pho to tax i s  and
pho tonega t i v i t y.  T h i s  makes a n a l y s i s  d i f f i c u l t  because t h e  r e s u l t s  depend
on t h e  p a r t i c u l a r  t e s t  s i t u a t i o n •  m o s t  s tocks  changed preferences between
years.

This s t u d y  has shown t h a t  s t ream popu la t ions  were i n n a t e l y
d i f f e r e n t  i n  responses t o  a  g i v e n  t e s t  s i t u a t i o n  b u t  i t  n e i t h e r  proves n o r
disproves t h e  hypothes is  t h a t  Babine s tocks  have g e n e t i c a l l y  d i s t i n c t
migratory  o r i e n t a t i o n s .  F u t u r e  l a b o r a t o r y  s t u d i e s  o f  t h i s  na tu re  may be
more conc lus i ve  i f  t h e  f o l l o w i n g  were done:

(1) R a i s e  smo l ts  i n  l a r g e  outdoor  t a n k s .  T h e  tanks  shou ld  be
covered t o  reduce l i g h t  i n t e n s i t i e s  w h i l e  a l l o w i n g  a t
leas t  a  p a r t i a l  v i ew  o f  t h e  s k y.

( 2 )  T e s t  s m o l t s  i n  n e a r  o r  c o m p l e t e  d a r k n e s s .

(3) P e r h a p s  e l i m i n a t e  as  many v i s u a l  cues a s  p o s s i b l e .
Laboratory s t u d i e s  a t  Babine Lake showed t h a t  smo l ts  can
o r i en t  i n  expected d i r e c t i o n s  under  these  c o n d i t i o n s
(Groot 1965) .  T h e i r  p r e f e r r e d  depths i n  t h e  l a k e  would
appear t o  make t h i s  c a p a c i t y  o b l i g a t o r y.

(4) O n c e  m ig ra to ry  o r i e n t a t i o n  i s  ob ta ined ,  c r o s s -breed ing
experiments can  be used t o  examine t h e  g e n e t i c  component
in  more d e t a i l .

A r t i f a c t s  due t o  r a i s i n g  and /o r  t e s t i n g  cond i t i ons  a r e  a  major
problem w i t h  t h i s  t y p e  o f  s t u d y.  P e r h a p s  i t  i s  n o t  s u r p r i s i n g ,  t h e r e f o r e ,
tha t  f e w  s t u d i e s  have t r i e d  t o  demonstrate i n n a t e  behav ior  d i f f e r e n c e s
w i t h i n  a  spec ies .  M o s t  dea l  w i t h  i n t e r r a c i a l  d i f f e r e n c e s  ( e . g .  Boch 1957;
P i t t end r i gh  1958; Rothenbuhler  1964; G r o s s f i e l d  1971 ) .  V e r y  f e w  have
looked a t  geographic  v a r i a t i o n  w i t h i n  a  taxonomica l l y  " u n i f o r m "  group
(e.g.  D i x  1968) .

Salmonids a r e  a  p a r t i c u l a r l y  good f a m i l y  t o  make t h i s  k i n d  o f
study on  because many, p a r t i c u l a r l y  t h e  anadromous spec ies ,  have v e r y
strong and p r e c i s e  homing tendenc ies .  T h i s  a l l o w s  an  excep t i ona l  amount o f
i n t r a s p e c i f i c  g e n e t i c  d i v e r s i t y  t o  occur  between l o c a l  p o p u l a t i o n s .  I n d e e d ,
d i f f e rences  between s tocks  o f  P a c i f i c  sa lmon have been recognized f o r  some
time ( rev iewed by  R icke r  1972) .  C a l a p r i c e  ( p e r s o n a l  communication) has  shown
tha t  t h e  s t ream popu la t ions  i n  t h i s  s t u d y  a r e  g e n e t i c a l l y  d i f f e r e n t .  H e
reared p a r e n t a l  and h y b r i d  progeny under s i m i l a r ,  c o n t r o l l e d  c o n d i t i o n s  and
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found d i f f e r e n c e s  i n  a l l  c h a r a c t e r s  e x a m i n e d :  s u r v i v a l ,  g r o w t h  r a t e s ,  and
r h e o t a x i s .  R h e o t a x i s  d i f f e r e n c e s  i n  f r y  depended o n  w h e t h e r  t h e y  came f r o m
the  o u t l e t ,  i . e . ,  w h e t h e r  t h e i r  p o p u l a t i o n  h a s  t o  sw im  a g a i n s t  o r  w i t h  t h e
c u r r e n t  t o  r e a c h  t h e  n u r s e r y  l a k e .  S i m i l a r  r h e o t a x i s  s t u d i e s  h a v e  b e e n  made
by B r a n n o n  ( 1 9 6 7 ,  1 9 7 2 ) ,  R a l e i g h  ( 1 9 6 7 ,  1 9 7 1 )  a n d  K e l s o  ( 1 9 7 2 ) .

C o n s i d e r i n g  i t s  b a s i c  i m p o r t a n c e  t o  management p o l i c i e s ,  h o w e v e r ,
t h e r e  i s  s u r p r i s i n g l y  l i t t l e  known a b o u t  g e n e t i c  d i v e r s i t y  i n  s a l m o n i d s .
As Behnke  ( 1 9 7 2 )  s t r e s s e s :

" I t  h a s  b e e n  much s i m p l e r  a n d  more  e x p e d i e n t  t o
assume t h a t  t h e  s t r i k i n g  d i f f e r e n c e s  i n  b e h a v i o r
and l i f e  h i s t o r i e s  b e t w e e n  s t o c k s  w i t h i n  a
spec ies  a r e  o n l y  n o n g e n e t i c  e x p r e s s i o n s  o f
d i r e c t  e n v i r o n m e n t a l  i n f l u e n c e .  C r i t i c a l
r e s e a r c h  t o  d e l i n e a t e  t h e  g e n e t i c  a n d  e n v i r o n -
men ta l  f a c t o r s  d e t e r m i n i n g  t h e  l i f e  h i s t o r y
d i f f e r e n c e s  h a v e  l a g g e d .  H o p e f u l l y ,  t h e  f a c t
t h a t  a c c u r a t e  know ledge  o f  t h e  g e n e t i c  b a s i s  o f
b e h a v i o r  i s  o f  m a j o r  i m p o r t a n c e  f o r  e f f e c t i v e
management o f  a  s p e c i e s  w i l l  b e  m o r e  g e n e r a l l y
r e c o g n i z e d  b y  f i s h e r i e s  s c i e n t i s t s  a n d  a d m i n i s -
t r a t o r s . "

SUMMARY AND CONCLUSIONS

My h y p o t h e s i s  t h a t  e a c h  B a b i n e  L a k e  p o p u l a t i o n  h a s  i n n a t e l y
d i f f e r e n t  d i r e c t i o n a l  p r e f e r e n c e s  w a s  t e s t e d  b y  r a i s i n g  s a m p l e s  i n  t h e  same
e n v i r o n m e n t .  A n  e f f i c i e n t  a n a l y s i s  p r o c e d u r e ,  b a s e d  o n  f i n d i n g  w h e n
d i r e c t i o n s  become i n d e p e n d e n t ,  a l l o w e d  a  l a r g e  amount  o f  d a t a  t o  b e
c o l l e c t e d .

I n d i v i d u a l s  u s u a l l y  o r i e n t e d  s t r o n g l y  when t e s t e d  i n  s m a l l  d r u m
t a n k s .  I n d o o r  o r i e n t a t i o n s  w e r e  s t r o n g e r  t h a n  t h o s e  o u t d o o r s  a n d  t h i s
s t r e n g t h  i n c r e a s e d  a s  t h e  s e a s o n  p r o g r e s s e d .  O r i e n t a t i o n  s t r e n g t h s  d i d  n o t
change w i t h  t i m e  o f  d a y  i n  i n d o o r  t e s t s  b u t  d e c l i n e d  f r o m  n o o n  t o  d u s k
o u t s i d e .  L o o k i n g  a t  g r o u p  o r i e n t a t i o n s ,  p r e f e r e n c e s  o f  t h e  i n d i v i d u a l s  i n
each s t r e a m  g r o u p  w e r e  q u i t e  v a r i a b l e  b u t  u s u a l l y  non - random.  B i m o d a l
p r e f e r e n c e s  w e r e  common, p a r t i c u l a r l y  i n  o u t d o o r  t e s t s .  M o r r i s o n  a n d  P i n k u t
groups w e r e  t h e  m o s t  s t r o n g l y  o r i e n t e d  o f  t h e  g r o u p s  a n d  r e t e s t i n g  i n c r e a s e d
the  c o n s i s t e n c y  o f  M o r r i s o n  p r e f e r e n c e s  e v e n  m o r e .

Group p r e f e r e n c e s  w e r e  g e n e r a l l y  i n d i s t i n g u i s h a b l e  be tween  i n d o o r
and o u t d o o r  t e s t  s e r i e s  w h i l e  s i g n i f i c a n t  d i f f e r e n c e s  i n  d i r e c t i o n a l  p r e f e r -
ences o c c u r r e d  b e t w e e n  o r i g i n  g r o u p s .  T h e s e  r e s u l t s  i n d i c a t e  i n n a t e  d i f f e r -
ences a s  h y p o t h e s i z e d  b u t  s e v e r a l  d i f f e r e n c e s  a n d  s i m i l a r i t i e s  w e r e  u n e x p e c t e d .
Indeed t h e r e  was  l i t t l e  c o r r e s p o n d e n c e  be tween  t h e  d i r e c t i o n s  p r e f e r r e d  a n d
those  e x p e c t e d  f r o m  know ledge  o f  t h e  m i g r a t i o n  r o u t e s .  M o r r i s o n  s m o l t s  t e s t e d
i n d o o r s  w e r e  a  n o t a b l e  e x c e p t i o n ,  w h e r e  t h e  e x p e c t e d  s e a s o n a l  s h i f t  o c c u r r e d .



-  6 8  -

I t  seems l i k e l y  t h a t  s m o l t s  o t h e r  t h a n  M o r r i s o n  a n d  p o s s i b l y  P i n k u t
groups u s e d  o r i e n t a t i o n  mechanisms d i f f e r e n t  f r o m  t h o s e  u s e d  i n  l a k e  m i g r a t i o n .
F u r t h e r m o r e ,  t h e  mechanisms p r o b a b l y  d i f f e r e d  be tween  i n d o o r  a n d  o u t d o o r  t e s t
s e r i e s .  i  c o n c l u d e d  t h a t  p h o t o t a x i s  p r e d o m i n a t e d  i n d o o r s  a n d  p h o t o n e g a t i v i t y ,
seek ing  s h a d e ,  w a s  t h e  p r i m a r y  o u t d o o r  r e s p o n s e .

R a i s i n g  a n d  t e s t i n g  c o n d i t i o n s ,  b o t h  i n v o l v i n g  l i g h t  i n t e n s i t i e s
g r e a t e r  t h a n  w o u l d  n o r m a l l y  b e  e x p e r i e n c e d ,  p r o b a b l y  ( a )  d i s t u r b e d  t h e  a n i m a l s ,
r e d u c i n g  t h e i r  m o t i v a t i o n  f o r  t h i s  b e h a v i o r ,  a n d / o r  ( b )  l a c k e d  c e r t a i n  e x p e r i e n -
t i a l  f a c t o r s  n e c e s s a r y  f o r  d e v e l o p m e n t  o f  a  m i g r a t o r y  o r i e n t a t i o n  a b i l i t y .  I
sugges t  t h a t  t h i s  i s  a  more  l i k e l y  e x p l a n a t i o n  o f  t h e  r e s u l t s  t h a n  t h e  a l t e r n a -
t i v e  t h a t  t h e  h y p o t h e s i s  i s  i n c o r r e c t .  T h e  s t u d y  s u b s t a n t i a t e s  t h i s  i n s o f a r  a s
(a )  M o r r i s o n  s m o l t s  r e s p o n d e d  a p p r o p r i a t e l y  i n d o o r s ,  a n d  ( b )  i n n a t e  d i f f e r e n c e s
were f o u n d  i n  o r i e n t a t i o n  r e s p o n s e s  t o  t h e  t e s t  c o n d i t i o n s .
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APPENDIX A

1970 EXPERIMENTS
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P r e l i m i n a r y  t e s t s  w e r e  r u n  i n  1970  o n  a  d i f f e r e n t  c o l l e c t i o n  o f
f i s h .  I  t e s t e d  t h e m  i n  s e v e r a l  w a y s ,  a t t e m p t i n g  t o  f i n d  a n  a c c e p t a b l e
t e c h n i q u e .  T h i s  made a n a l y s i s  o f  r e s u l t s  mo re  d i f f i c u l t  b u t  1 9 7 1  d a t a  c a n
be exam ined  i n  b e t t e r  p e r s p e c t i v e  w i t h  a n  a d d i t i o n a l  y e a r ' s  r e s u l t s .

MATERIALS AND METHODS

A. EXPERIMENTAL ANIMALS

1. C o l l e c t i o n

I  o b t a i n e d  samp les  f o r  1 9 7 0  t e s t s  i n  November,  1 9 6 9 .  T h e  f i n g e r -
l i n g s  h a d  b e e n  c o l l e c t e d  a s  e g g s  a n d  a l e v i n s  o n  March  2 0 ,  1 9 6 9  f r o m  Upper  a n d
Lower B a b i n e  r i v e r s ,  t h e  M o r r i s o n  s y s t e m ,  a n d  F u l t o n  R i v e r .  T h e r e  w e r e  a b o u t
160, 2 0 0 ,  2 6 ,  a n d  7 5  f r o m  e a c h  r e s p e c t i v e  s t r e a m .  C o l l e c t i o n  p r o c e d u r e s  w e r e
v i r t u a l l y  i d e n t i c a l  t o  t h o s e  a l r e a d y  d i s c u s s e d  ( p .  5 ) .

2. R a i s i n g

Salmon w e r e  a l l  r a i s e d  i n  t h e  s m a l l  t a n k s  a t  R o s e w a l l  H a t c h e r y
( p .  5 )  u n d e r  a p p r o x i m a t e l y  n a t u r a l  p h o t o p e r i o d s .

3 .  H o l d i n g

Smol ts  w e r e  t r a n s p o r t e d  w e e k l y  be tween  t h e  h a t c h e r y  a n d  t h e  P a c i f i c
B i o l o g i c a l  S t a t i o n  a s  i n  1 9 7 1 .  E a c h  o f  t h e  f o u r  s t o c k s  w e r e  h e l d  i n  3 5 . 4  g l a s s
a q u a r i a ,  w i t h  a  c o n t i n u o u s  w a t e r  f l o w .  T h e  a q u a r i a  s t o o d  i n  a  w a t e r  b a t h  o f  a
l a r g e  r e f r i g e r a t e d  t a n k  ( 2 . 5  x  . 9 1  x  . 8 6  m )  w i t h  t e m p e r a t u r e s  f a i r l y  c l o s e  t o
those  a t  R o s e w a l l  ( a b o u t  9  C ) .  T h r e e  40-W l i g h t s  w e r e  t u r n e d  o n  a n d  o f f  a t
s u n r i s e  a n d  s u n s e t  b y  c l o c k - c o n t r o l .  S m o l t s  w e r e  f e d  Oregon  M o i s t  P e l l e t
commerc ia l  f o o d  o n c e  a  d a y  b u t  m o s t  d i d  n o t  f e e d .

B. EXPERIMENTAL PROCEDURE

I  r a n  t e s t s  i n  t h e  basement  o f  t h e  B i o l o g i c a l  S t a t i o n  a t  1 2 : 0 0 ,
16 :00 ,  a n d  s u n s e t  f o r  4  d a y s  a  week  f r o m  A p r i l  1 3  t o  J u n e  3 0 .  M o r r i s o n  s m o l t s
were t e s t e d  o n  Monday,  U p p e r  B a b i n e  o n  Tu e s d a y,  L o w e r  B a b i n e  o n  Wednesday,  a n d
F u l t o n  o n  T h u r s d a y.  O n l y  i n d o o r  t e s t s  w e r e  d o n e ,  u s i n g  o n e  n a i v e  f i s h  i n
each t e s t  ( Ta b l e  1 ,  p .  6 ) .

1. A p p a r a t u s

The o r i e n t a t i o n  s t a n d  was  i d e n t i c a l  t o  t h a t  u s e d  i n  1971  o u t d o o r
t e s t s  ( p .  9 ) .  S m o l t s  w e r e  t e s t e d  i n  t h e  l a r g e  t a n k  ( 8 4  cm d i a m e t e r ,  2 3  cm
h i g h )  w h i c h  a c t e d  a s  t h e  r e s e r v o i r  i n  1 9 7 1 .  A  s m a l l  p a i n t e d  d rum t a n k  ( 3 0  cm
d i a m e t e r ) ,  p l a c e d  i n  t h e  c e n t e r  o f  t h e  l a r g e  t a n k ,  w a s  u s e d  a f t e r  June 9 .
Room f e a t u r e s  w e r e  b l o c k e d  o u t  b y  d r a p i n g  a  l i n e n  s h e e t  o v e r  t h e  m e t a l  s h i e l d s
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around t h e  t a n k .  T h e  " s u n "  was  o r i g i n a l l y  a  750-W f l o o d  l a m p  a t t a c h e d  t o  a
p o l e  s o  i t  r e m a i n e d  2 . 9  m a n d  a b o u t  5 0 '  e l e v a t i o n  f r o m  t h e  c e n t e r  o f  t h e  t a n k .
Th is  w h o l e  a r r a n g e m e n t  was a l t e r e d  s e v e r a l  t i m e s  i n  a n  e f f o r t  t o  e l i c i t  s t r o n g e r
and more  a p p r o p r i a t e  r e s p o n s e s  i n  t h e  s u b j e c t s  ( s e e  Ta b l e  1 1 ) .

The s m o l t  was  m o n i t o r e d  w i t h  a  t e l e v i s i o n  camera ( S o n y  DXC-2000A),
the  l e n s  o f  w h i c h  p r o j e c t e d  t h r o u g h  a  p l a s t i c  s c r e e n  u n d e r  t h e  o r i e n t a t i o n
tank  ( a s  i n  F i g .  2 ,  p .  1 1 ) .  T h e  p i c t u r e  was r e c o r d e d  o n  v i d e o  t a p e  ( S o n y
V i d e o c o r d e r  E V- 3 1 0 ;  S o n y  V i d e o  Ta p e  V - 11 - 6 0 ) .

2.  P r o c e d u r e

The o r i e n t a t i o n  t a n k  was f i l l e d  t o  a  d e p t h  o f  1 3  cm w i t h  w a t e r  a t
t h e  h o l d i n g  t a n k  t e m p e r a t u r e .  A f t e r  i n t r o d u c i n g  t h e  f i s h ,  t h e  t a n k  was
c a r e f u l l y  c o v e r e d  w i t h  t h e  s h e e t  s o  n o  f o l d s  w e r e  v i s i b l e  a n d  t h e  l a m p  t u r n e d
on. T h e  v i d e o  p i c t u r e  was  r e c o r d e d  o n  t a p e  f o r  1 5  m i n  a f t e r  a  2 - h r  a d a p t a t i o n
p e r i o d .  B y  t h e  e n d  o f  t h e  t e s t ,  w a t e r  t e m p e r a t u r e s  h a d  r i s e n  2  t o  4 ° . '

C. D IRECTIONAL MEASUREMENTS

D i r e c t i o n s  w e r e  measured  i n  t w o  w a y s .  T h e  m a i n  method  was t o
r e c o r d  t h e  d i r e c t i o n  o f  t h e  s m o l t ' s  b o d y  a x i s  e v e r y  3  s e c  u s i n g  t h e  T r i l a t e r a l
Reader a n d  a  t e l e v i s i o n  m o n i t o r  ( T r i l a t e r a l  m e t h o d ) .  H e a d  a n d  t a i l  p o s i t i o n s
were o b t a i n e d  w i t h  a  l i g h t -beam p o i n t e r  w h i c h  e l i m i n a t e d  p a r a l l a x  p r o b l e m s  o n
the  c u r v e d  s c r e e n .  T h i s  i s  v e r y  s i m i l a r  t o  t h e  1971  method  e x c e p t  measurements
were t a k e n  r e g a r d l e s s  o f  t h e  a n i m a l ' s  m o t i o n .

D i r e c t i o n s  o f  s m o l t s  w h i l e  s t a t i o n a r y  w e r e  a l s o  r e c o r d e d  d u r i n g  t h e
t e s t  f r o m  t h e  m o n i t o r  i n  t h e  a d j o i n i n g  room ( p a i n t i n g s  m e t h o d ) .  T h e  p i c t u r e
o f  t h e  t a n k  was d i v i d e d  i n t o  1 6  s e c t o r s .  I  r e c o r d e d  a  f r e q u e n c y  d i s t r i b u t i o n
o f  p o i n t i n g s  f o r  e a c h  t e s t  b y  e s t i m a t i n g  w h i c h  s e c t o r  i n c l u d e d  t h e  s m o l t ' s
d i r e c t i o n  whenever  i t  r e m a i n e d  s t i l l  f o r  3  s e c .  T h i s  i s  i d e n t i c a l  t o  G r o o t ' s
method " f "  ( G r o o t  1 9 6 5 ,  p .  2 9 - 3 0 )  s o  i t  p r o v i d e d  a  b a s i s  f o r  c o m p a r i s o n .

RESULTS

Te s t  r e s u l t s  ( A p p e n d i x  C ,  p .  1 0 3 )  w e r e  exam ined  i n  r e l a t i o n  t o :

(1 )  t e s t  t i m e ,

(2)  t e s t  p r o c e d u r e ,

(3 )  o r i g i n  o f  s a m p l e s .

6
Cold w a t e r  w a s  c i r c u l a t e d  t h r o u g h  a  b o t t o m  compar tmen t  i n  t h e  t a n k  i n

p r e l i m i n a r y  e x p e r i m e n t s  b u t  c o o l i n g  was i n s u f f i c i e n t  a n d  i t  p r o d u c e d  l a r g e
f i e l d s  o f  b u b b l e s  o n  t h e  f a l s e  b o t t o m .
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Trea tmen t
number Date

Te s t
numbers D e s c r i p t i o n

1

2

Apr.  1 3 - 1 6

Apr.  2 7 -May 7

1-11

12-33

I n i t i a l  a r r a n g e m e n t

S ides  o f  t a n k  b e l o w  w a t e r  p a i n t e d
f l a t  w h i t e

3 May 1 8 - 1 9 34-38 Lamp changed  t o  a  300-W s p o t  l a m p
s h i n i n g  t h r o u g h  a  5 -cm d i a m e t e r
h o l e  ( 1 *  v i s u a l  a n g l e  a t  c e n t e r  o f
t a n k ,  s i m i l a r  t o  t h a t  o f  s u n )

4 May 1 9 - J u n e  4 39-58 F l u o r e s c e n t  r o o m  l i g h t s  ( o u t  o f
d i r e c t  v i e w  b y  s m o l t s )  l e f t  o n

5 June  9 - 1 1 62-66 Shie ld  o n  lamp removed; s m o l t s
placed i n  drum t a n k

6 June 1 5 - 3 0 67-82 No s h e e t  o v e r  s m o l t  d u r i n g  t e s t

Ta b l e  11 .  C h a n g e s  i n  t e s t i n g  s i t u a t i o n  d u r i n g  1 9 7 0  s e a s o n .
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(Table 11 ,  p .  7 9 ) 1 2 3 4 5 6

Mean independent
i n t e r v a l  ( s ec ) 15.0 17.7 16.5 15.9 13.8 13.5

Mean a .16 .15 .22 .16 .29 .39

I  asked t h e  same quest ions  as  i n  1971 b u t  l a c k  o f  s u f f i c i e n t  d a t a  and a
cons is ten t ,  s u i t a b l e  t e s t  procedure made t h e i r  s o l u t i o n  d i f f i c u l t .  M e a n
d i rec t i ons  v a r i e d  between t h e  t r i l a t e r a l  and p o i n t i n g  methods an  average o f
40.8°,  1 7 . 0 °  f o r  t e s t s  w i t h  s i g n i f i c a n t  p re fe rences .  S t r e n g t h  o f  mean vec to rs
were c o n s i s t e n t l y  much h ighe r  i n  t h e  p o i n t i n g  method: - a  averaged 0 .20  h i ghe r
when po in t i ngs  were recorded (0 .12  f o r  s i g n i f i c a n t l y  s t r o n g  p re fe rences) .
Subsequent d i scuss ion  w i l l  be f o r  t h e  t r i l a t e r a l  r e s u l t s  o n l y.

A. QUESTION 1 :  D O  SUBJECTS ORIENT?

1. I n d i v i d u a l s

Calcu la t ing  t h e  mean i n t e r v a l  s i z e  and a  f o r  each t e s t  t rea tment
shows t h a t  t hese  va lues  changed a f t e r  sub jec t s  were p u t  i n  a  s m a l l e r  t a n k
and t h e  sheet  removed ( t rea tmen ts  5  and 6 ) :

Treatment number

a va lues  were t ransformed t o  a r c s i n e  f  ( p .  3 5 ) .  T h e  mean f o r
treatments 1  t o  4  was 0 . 1 4  and f o r  5  and 6  was 0 . 3 5 ;  a  h i g h l y  s i g n i f i c a n t
increase ( t - t e s t ,  p  <  . 0 0 1 ) .  M e a n  independence i n t e r v a l s  i n  l a r g e  and sma l l
tanks were 16 .4  and 13 .7 ,  r e s p e c t i v e l y ;  a  s i g n i f i c a n t  r e d u c t i o n  ( t - t e s t ,
P <  . 0 1 ) .  T h u s ,  v a r i a t i o n  between successive p o i n t i n g s  increased a f t e r
treatment 5  b u t  t h e i r  d i s t r i b u t i o n  had a  s t ronge r  c e n t r a l  tendency.

Large t a n k  r e s u l t s  were analysed t o  see i f  s t ream o r i g i n  o r  t e s t
time a f f e c t e d  a  and independence i n t e r v a l s .  T h e  same ana l ys i s  would n o t  be
meaningful f o r  t h e  f e w  sma l l  t a n k  r e s u l t s .  M e a n s  f o r  each o r i g i n / t i m e
category a r e  shown i n  Tab le  12 .  E a c h  v a r i a b l e  had t o  be analysed s e p a r a t e l y,
i . e . ,  i n t e r a c t i o n s  between o r i g i n  and t e s t  t i m e  a r e  assumed t o  be i n s i g n i f i c a n t .

a va lues

Or ig in  e f f e c t s  cou ld  be analysed w i t h  one-way a n a l y s i s  o f  va r i ance .
Results show t h a t  s t r e n g t h  o f  i n d i v i d u a l  o r i e n t a t i o n s  d i d  n o t  d i f f e r  s i g n i f i -
can t l y  between t h e  f o u r  s tocks  ( F  =  1 . 0 4 ) .

I  used t h e  K ruska l -Wa l l i s  non-parametr ic  t e s t  t o  examine t ime
e f f e c t s  because t h e  var iance  o f  16:00 r e s u l t s  was unusua l l y  s m a l l .  A g a i n ,
no e f f e c t  on  -a- cou ld  be shown ( H  = 0 . 1 0 ) .
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F u l t o n 0 . 1 8 ( 5 ) 0 . 1 0 ( 5 ) 0 . 0 9 ( 3 ) 0 . 1 3 ( 1 3 )
15.6 15.0 19.0 16.2

Upper B a b i n e 0 . 2 1 ( 4 ) 0 . 2 1 ( 4 ) 0 . 1 6 ( 4 ) 0 . 1 9 ( 1 2 )
17.3 15.0 19.5 17.3

Lower B a b i n e 0 . 0 7 ( 4 ) 0 . 11 ( 5 ) 0 . 1 7 ( 5 ) 0 . 11 ( 1 4 )
15.8 14.4 17.4 15.9

M o r r i s o n 0 . 1 5 ( 3 ) 0 . 1 2 ( 4 ) 0 . 1 9 ( 4 ) 0 . 1 5 ( 11 )
17.0 15.0 18.0 16.6

Mean 0 . 1 5 ( 1 6 ) 0 . 1 2 ( 1 8 ) 0 . 1 6 ( 1 6 ) 0 . 1 4 ( 5 0 )
16.3 14.8 18.4 16.4

Tab le  1 2 .  M e a n  a  v a l u e s  a n d  i ndependence  i n t e r v a l s  f o r  1 9 7 0  l a r g e  t a n k
t e s t s .  U p p e r  f i g u r e s :  a  v a l u e s  c o r r e s p o n d i n g  t o  means o f  a r c s i n e
t r a n s f o r m e d  d a t a .  T h e  number  o f  t e s t s  a r e  i n  b r a c k e t s .  L o w e r  f i g u r e s :
mean i ndependence  i n t e r v a l s .

Time

O r i g i n 12:00 1 6 : 0 0  D u s k  M e a n
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Number o f  t e s t s

Time Tank

12:00 16:00 Dusk Large Smal l

Lower B a b i n e 7 5 7 14 5

Upper B a b i n e 5 7 6 12 6

M o r r i s o n 4 4 5 11 2

F u l t o n 8 5 5 13 5

Independence i n t e r v a l s

The same n o n - p a r a m e t r i c  a n a l y s i s  was  u s e d  f o r  i ndependence  i n t e r v a l s .
I n t e r v a l s  w e r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  be tween  o r i g i n  g r o u p s  ( H  =  5 . 0 3 )  b u t
were d i f f e r e n t  b e t w e e n  t e s t  t i m e s  ( H  =  1 1 . 3 4 * * ) .  T a b l e  1 2  ( p .  8 1 ,  c o l u m n  means)
shows t h a t  v a r i a t i o n  be tween  p o i n t i n g s  was g r e a t e s t  a t  1 6 : 0 0  a n d  l e a s t  a t  d u s k .

G r e a t e r  v a r i a b i l i t y  be tween  s u c c e s s i v e  p o i n t i n g s  a t  1 6 : 0 0  was
r e l a t e d  t o  i n c r e a s e d  swimming a c t i v i t y  a t  t h i s  t i m e .  I  f o u n d  t h i s  b y  c u m u l a t -
i n g  d i s t a n c e s  b e t w e e n  s u c c e s s i v e  h e a d  p o s i t i o n s  f o r  e a c h  t e s t .  E v e r y  s t o c k
except  U p p e r  B a b i n e  was  m o s t  a c t i v e  a t  1 6 : 0 0 .  U p p e r  B a b i n e ' s  a c t i v i t y  changed
l i t t l e  t h r o u g h o u t  t h e  d a y .

2. S a m p l e s

Only 35% o f  t h e  s m o l t s  h a d  s i g n i f i c a n t l y  s t r o n g  o r i e n t a t i o n s  b u t
F i g .  1 5  a n d  Ta b l e  1 3  s h o w  t h a t  m o s t  o r i g i n  g r o u p s  h a d  s i g n i f i c a n t ,  a l b e i t
weak, d i r e c t i o n a l  t e n d e n c i e s .  Z  s t a t i s t i c s  i n  Ta b l e  1 3  a r e  f o r  t h e  d i s t r i b u t i o n s
o f  s i g n i f i c a n t l y  s t r o n g  t e s t  mean d i r e c t i o n s  a n d  f o r  t h e  d i s t r i b u t i o n s  o f  a l l
i ndependent  d i r e c t i o n s .  T h e y  show  t h a t  M o r r i s o n  a n d  Lower  B a b i n e  h a d  t h e
s t r o n g e s t  g r o u p  o r i e n t a t i o n .  F u l t o n  s m o l t s  p r e f e r r e d  t w o  d i r e c t i o n s  a n d  Uppe r
Babine f i s h  r e s p o n d e d  r a n d o m l y  ( F i g .  1 5 ) .

D i f f e r e n c e s  be tween  t h e s e  samp les  a r e  p o s s i b l y  n o t  d u e  t o  t e s t  t i m e
or t a n k  s i z e  e f f e c t s  b e c a u s e  a l l  e x c e p t  M o r r i s o n  h a v e  a b o u t  e q u a l  numbers  o f
t e s t s  a t  e a c h  t i m e  a n d  i n  e a c h  t a n k ;

S m o l t s ,  p a r t i c u l a r l y  F u l t o n  s m o l t s ,  w e r e  much more  c o n s i s t e n t  i n
t h e i r  d i r e c t i o n a l  p r e f e r e n c e s  i n  s m a l l  t a n k s  ( Ta b l e  1 4 ) .  N o t e  t h a t  Z  v a l u e s
f o r  s m a l l  t a n k  t e s t s  a r e  h i g h e r  i n  a l m o s t  e v e r y  c a s e .  T h e  m e d i a n  Z  v a l u e  f o r
a l l  s m a l l  t a n k  t e s t s  i s  9 . 0 3 * *  compared t o  2 . 0 1  when I  u s e d  l a r g e  t a n k s .  T h i s
makes t h e  l o w e r  v a r i a t i o n  i n  t h e  M o r r i s o n  samp le  more  i m p r e s s i v e  because  t h e y
were o n l y  t e s t e d  t w i c e  i n  s m a l l  t a n k s :
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UPPER B A B I N E

MORRISON

A I°

LOWER B A B I N E

F U LTON

F i g .  1 5 .  D i s t r i b u t i o n  o f  i n d e p e n d e n t  d i r e c t i o n s  ( c e n t r a l  h i s t o g r a m )
and t e s t  mean d i r e c t i o n s  ( o n  p e r i m e t e r )  f o r  1 9 7 0  g r o u p s .  S e e  F i g .  1 0
(p .  4 1 )  f o r  e x p l a n a t i o n  o f  p l o t s .  O n l y  s i g n i f i c a n t l y  s t r o n g  t e s t
means a r e  shown .
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O r i g i n

S i g n i f i c a n t l y  s t r o n g
t e s t  means

Pooled i n d e p e n d e n t
d i r e c t i o n s

N Mean Mean

Lower B a b i n e 6 21 1.39 1134 1 3 . 3 4 *

Upper B a b i n e 9 72 0.02 964 147 1.70
156-336 0.66

M o r r i s o n 2 320 1.77 769 304 5 . 4 5 * *

F u l t o n 7 134 0.46 1156 61 0.19
150-330 4 . 7 9 * *

Ta b l e  1 3 .  S u m m a r y  o f  o r i e n t a t i o n  b y  1 9 7 0  g r o u p s .  S t a t i s t i c s  d e s c r i b e  t h e
d i s t r i b u t i o n  o f  s i g n i f i c a n t l y  s t r o n g  t e s t  means a s  w e l l  a s  t h e  d i s t r i b u t i o n
o f  a l l  i n d e p e n d e n t  d i r e c t i o n s .

"The R a l e i g h  t e s t  i s  u s e d  h e r e  o n l y  a s  a  r o u g h  i n d i c a t o r  o f  d i s p e r s i o n
because N  i s  l e s s  t h a n  t h e  a l l o w a b l e  l i m i t  ( 1 2 ) .
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O r i g i n
Tank
s i z e '

Time

12:00 16:00 Dusk

Lower B a b i n e L . T. 1.51 0 .05 (1 .80 )1 ' 0 . 1 9 ( 1 . 1 2 )
S . T. 5 . 2 9 * * 6 . 7 6 * *

Upper B a b i n e L . T. 2 .24 5 . 1 9 * * 3.04u.
S . T. 11 . 3 0 * * 1 . 1 0 ( 7 . 9 4 * * )

M o r r i s o n L . T. 5 . 5 2 * * 1.77 2.81
S . T.

F u l t o n L . T. 2 . 2 9 ( 5 . 8 0 * * ) 0 . 3 7 ( 0 . 5 1 ) 0 .56
S . T. 1 3 . 2 1 * * ( 1 6 . 8 7 * * ) 2 2 . 6 6 * *

Tab le  1 4 .  S t r e n g t h  o f  o r i e n t a t i o n  ( z )  o f  1 9 7 0  s m o l t s  g r o u p e d  b y  o r i g i n ,  t e s t
t i m e ,  a n d  t e s t  t a n k  s i z e .  m i s s i n g  v a l u e s  a r e  d u e  t o  t o o  f e w  t e s t s  ( l e s s  t h a n
t w o ) .

' L . T.  =  l a r g e  t e s t  t a n k ;  S . T .  =  s m a l l  t e s t  t a n k .

bBracke ted  f i g u r e s  a r e  2  s t a t i s t i c s  a f t e r  t h e  b i m o d a l  t r a n s f o r m a t i o n
(shown o n l y  i f  t h e y  a r e  l a r g e r  t h a n  t h e  o r i g i n a l  7 . ) .
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Large t a n k s 14 12 11 13

Smal l  t a n k s 5 6 2 5

Large t a n k s 16 18 16

Smal l  t a n k s 8 3 7

Number o f  t e s t s

Lower B a b i n e  U p p e r  B a b i n e  M o r r i s o n  F u l t o n

The e f f e c t  o f  t e s t  t i m e  was  l e s s  o b v i o u s .  M e d i a n  Z  v a l u e s  f o r
12 :00 ,  1 6 : 0 0 ,  a n d  d u s k  t e s t s  w e r e  2 . 2 7 ,  1 . 0 7 ,  a n d  1 . 6 9 .  F e w  v a l u e s  i n  e a c h
t i m e  g r o u p  make i t  d i f f i c u l t  t o  s a y  w h e t h e r  p r e f e r e n c e s  a t  n o o n  a r e  s i g n i f i -
c a n t l y  l e s s  v a r i a b l e .  T h e  Z  s t a t i s t i c  f o r  a f t e r n o o n  t e s t s  may b e  u n d u l y  l o w
because t h e r e  w e r e  o n l y  t h r e e  s m a l l  t a n k  t e s t s  a t  t h i s  t i m e :

Number o f  t e s t s

12:00 1 6 : 0 0  D u s k

Va r i a t i o n  i n  d i r e c t i o n s  c h o s e n  b y  s m o l t s ,  r e g a r d l e s s  o f  t h e i r
o r i g i n ,  w a s  c e r t a i n l y  l e a s t  d u r i n g  n o o n  t e s t s .  I  p o o l e d  a l l  i n d e p e n d e n t
d i r e c t i o n s  f o r  e a c h  t i m e  a n d  f o u n d  t h a t  Z  was 2 2 . 2 3 * *  a t  n o o n ,  4 . 6 6 * *  a t
16 :00 ,  a n d  1 . 3 8  a t  d u s k .  T h i s  i n d i c a t e s  t h a t  s m o l t s  o f  a l l  o r i g i n s  p r e f e r r e d
a s i m i l a r  d i r e c t i o n  a t  noon ( 3 3 4 ° )  a n d ,  t o  a  l e s s e r  e x t e n t ,  a t  1 6 : 0 0  ( 1 6 0 ° ) .

B. QUESTION 2 :  DIFFERENCES I N  PREFERRED DIRECTIONS

D i r e c t i o n s  f r o m  a l l  f o u r  s t o c k s  w e r e  comb ined  a n d  f o u r  n e w  samp les
r e p e a t e d l y  d r a w n  a t  random t o  s e e  i f  t h e  o b s e r v e d  d i f f e r e n c e s  i n  p r e f e r e n c e s
cou ld  b e  e x p e c t e d  b y  c h a n c e  ( p .  3 2 ) .  T h e  s t o c k s  w e r e  s i g n i f i c a n t l y  d i f f e r e n t
s i n c e  o n l y  1 2  o f  4 0 0  t r i a l s  h a d  g r e a t e r  B  s t a t i s t i c s  ( P  =  . 0 3 ) .

S ince  c o m p a r i n g  a l l  p o s s i b l e  c o m b i n a t i o n s  i s  n o t  a  l e g i t i m a t e
a p r i o r i  t e c h n i q u e ,  a  t y p e  o f  a  p o s t e r i o r i  r a n d o m i z a t i o n  t e s t  was  d e s i g n e d
wh i ch  d r a w s  t w o  g r o u p s  o u t  o f  t h e  p o o l e d  d a t a  o f  a l l  f o u r  g r o u p s .  T h e i r
s i z e  i s  t h e  o n l y  r e l a t i o n  t h e s e  g r o u p s  h a v e  t o  t h e  t w o  a c t u a l  s a m p l e s .  T h i s
i s  a  much more  c o n s e r v a t i v e  t e c h n i q u e ,  t h e r e f o r e .

Both t e s t s ,  t h e  f i r s t  p o o l i n g  t h e  t w o  s a m p l e s  c o n c e r n e d  a n d  t h e
second p o o l i n g  a l l  g r o u p s ,  l e d  t o  i d e n t i c a l  c o n c l u s i o n s  ( Ta b l e  1 5 ) .  U p p e r
Babine s m o l t s ,  w h i c h  h a d  n o  s i g n i f i c a n t  d i r e c t i o n a l  p r e f e r e n c e ,  d i f f e r e d  f r o m
Lower B a b i n e  f i s h  a t  a  s i g n i f i c a n c e  l e v e l  o f  a t  l e a s t  5%.  T h e  U p p e r  B a b i n e
response  a l s o  d i f f e r e d  s i g n i f i c a n t l y  f r o m  M o r r i s o n ' s  ( P  <  . 0 1 ) .  A l l  o t h e r
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Lower B a b i n e 2 . 5 * 43.5 56 .0
0 . 5 * * 10.0 46 .5

Upper B a b i n e 0 . 0 * * 38.5
1 . 0 * * 44.5

M o r r i s o n 32.0
8 .5

F u l t o n

Ta b l e  1 5 .  C o m p a r i s o n s  o f  d i r e c t i o n a l  p r e f e r e n c e s  f o r  1 9 7 0  t e s t s .  E a c h  c e l l
c o n t a i n s  t h e  p e r c e n t  o f  B  s t a t i s t i c s  f o r  p a i r s  o f  random g r o u p s  ( s e e  p .  3 2 )
wh ich  e x c e e d  B  f o r  t h e  t w o  s a m p l e s .  F a i r s  o f  g r o u p s  w e r e  d r a w n  a t  r andom
200 t i m e s  f r o m  t h e  p o o l e d  d a t a  o f  t h e  t w o  samp les  ( u p p e r  f i g u r e )  a n d  f r o m
the p o o l e d  d a t a  o f  a l l  f o u r  s a m p l e s  ( l o w e r  f i g u r e ) .

Lower B a b i n e  U p p e r  B a b i n e  M o r r i s o n  F u l t o n
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c o m b i n a t i o n s  w e r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t .  I  c o n f i r m e d  t h a t  M o r r i s o n ,
Lower B a b i n e ,  a n d  F u l t o n  w e r e  homogenous w i t h  r e s p e c t  t o  d i r e c t i o n a l  p r e f e r e n c e s
by u s i n g  t h e  r a n d o m i z a t i o n  t e s t  w i t h  Uppe r  B a b i n e  o m i t t e d  f r o m  t h e  d a t a  p o o l
(P =  . 1 7 5 ,  2 0 0  t r i a l s ) .

C. QUESTION 3 :  ADAPTIVENESS OF DIRECTIONAL PREFERENCES

Ta b l e  1 3  ( p .  8 5 )  shows  t h a t ,  f o r  p o o l e d  i n d e p e n d e n t  d i r e c t i o n s ,
Lower B a b i n e  h a d  a  s i g n i f i c a n t  p r e f e r e n c e  f o r  N o r t h  ( 1 ° ) .  T h i s  was  n o t
s i g n i f i c a n t l y  d i f f e r e n t  f r o m  t h e  e x p e c t e d  d i r e c t i o n  o f  3 5 0 °  ( S t e p h e n ' s  t e s t ,
P > >  . 0 5 ) .  U p p e r  B a b i n e  s m o l t s  d i d  n o t  h a v e  a n y  s i g n i f i c a n t  p r e f e r e n c e .  T h e
F u l t o n  s a m p l e  may h a v e  a d a p t i v e  b i m o d a l  o r i e n t a t i o n  b e c a u s e  o n e  mode ( 3 3 0 ° )
i s  v e r y  s i m i l a r  t o  t h e  e x p e c t e d  d i r e c t i o n  ( 3 3 5 ' ) .

M o r r i s o n ' s  p r e f e r e n c e  o f  3 0 4 °  f a l l s  w i t h i n  t h e  e x p e c t e d  s e a s o n a l
s h i f t  i n  m i g r a t i o n  d i r e c t i o n s .  I  l o o k e d  a t  t h e  s e a s o n a l  changes  i n  w e e k l y
mean d i r e c t i o n s  f o r  e a c h  g r o u p  a s  i n  1971  b u t  n o  t r e n d s  c o u l d  b e  d e t e c t e d .

D. ORIENTATION MECHANISMS

I  e x a m i n e d  c o n s t a n t  a n g l e  o r i e n t a t i o n ,  C . A . O - , a s  b e f o r e  ( p .  5 5 )
by c o m p a r i n g  d i s p e r s i o n s  b e f o r e  a n d  a f t e r  m a k i n g  t h e  l a m p  a z i m u t h  e q u a l  t o  0 ° .
Comparison o f  2  v a l u e s  b e t w e e n  t h e  c o l u m n s  i n  Ta b l e  1 6  shows t h a t  U p p e r  S a b i n e
and F u l t o n  samp les  w e r e  b e t t e r  o r i e n t e d  a f t e r  t h i s  t r a n s f o r m a t i o n .  T h i s
i n d i c a t e s  t h a t  C . A . O .  w a s  p r e d o m i n a n t  i n  t h e s e  g r o u p s ,  U p p e r  B a b i n e  p r e f e r r i n g
a d i r e c t i o n  1 4 1 °  t o  t h e  l e f t  o f  t h e  l a m p  a n d  F u l t o n  p o i n t i n g  away f r o m  i t
( Ta b l e  1 6 ) .  T h e  f o r m e r ' s  p r e f e r e n c e  o f  1 4 1 °  i s  s i g n i f i c a n t l y  d i f f e r e n t  f r o m  1 8 0 '
( S t e p h e n ' s  t e s t ,  . 0 1  <  P <  . 0 5 )  s o  i t  i s  n o t  p u r e l y  n e g a t i v e  p h o t o t a x i s  a s
suggested  b y  F u l t o n ' s  r e s p o n s e .  L o w e r  B a b i n e  a n d  e s p e c i a l l y  M o r r i s o n  s m o l t s
o r i e n t e d  more  p r e c i s e l y  r e l a t i v e  t o  N o r t h .

The e f f e c t  o f  t a n k  s i z e  o n  t h e  C . A . O .  o f  U p p e r  B a b i n e  a n d  F u l t o n
s t o c k s  i s  shown i n  Ta b l e  1 7  w h e r e  t h e  same a n a l y s i s  a s  a b o v e  was  r e p e a t e d .
The t r a n s f o r m a t i o n  i n c r e a s e d  2  v a l u e s  m o s t  i n  s m a l l  t a n k  t e s t s .  I t  a p p e a r s
t h a t  C . A . O .  w a s  enhanced  i n  s m a l l e r  t a n k s .

N e g a t i v e  o r i e n t a t i o n s  t o  t h e  l i g h t  s o u r c e  w e r e  v e r y  s t r i k i n g  i n
the  n o o n  t e s t s  ( Ta b l e  1 8 ) .  T h i s  e x p l a i n s  w h y  p r e f e r e n c e s  w e r e  m o r e  p r e c i s e
a t  n o o n  ( p .  8 7 ) .  A l l  f o u r  g r o u p s  p o i n t e d  away f r o m  t h e  l i g h t ,  means f a l l i n g
between 1 5 0 - 1 6 8 ° .  F u r t h e r m o r e ,  a l l  f o u r  means w e r e  s i g n i f i c a n t l y  s t r o n g  b u t
o n l y  t w o  s i g n i f i c a n t  p r e f e r e n c e s  o c c u r r e d  l a t e r  i n  t h e  d a y  e v e n  t h o u g h  l a m p
a z i m u t h  a n d  a l t i t u d e  r e m a i n e d  unchanged .  P e r h a p s  t h i s  r e f l e c t s  a  change  i n
m o t i v a t i o n  c o n t r o l l e d  b y  c i r c a d i a n  r h y t h m  mechan isms.
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Lamp a z i m u t h  =
Sun a z i m u t h Lamp a z i m u t h  =  0 '

Mean a Z Mean a

Lower B a b i n e 1 .05 3 . 3 4 * 140 .04 2.26

Upper S a b i n e 147 .04 1.70 219 .08 6 . 9 3 * *

M o r r i s o n 304 .08 5 . 4 5 * * 190 .00 0 .00
104-284 .01 0 .08

F u l t o n 61 .01 0.19 176 .09 9 . 8 7 * *
150-330 .06 4 . 7 9 * *

Tab le  1 6 .  S u m m a r y  o f  o r i e n t a t i o n  r e l a t i v e  t o  l a m p  d i r e c t i o n  b y  1 9 7 0  g r o u p s .
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Lamp a z i m u t h  =
Sun a z i m u t h Lamp a z i m u t h  =  0 °

Mean Z Mean Z

Upper B a b i n e

Large t a n k s 156 2.10 242 4 . 6 1 * *

Smal l  t a n k s 93 0.17 186 4 . 4 2 * *
179-359 1.74 80-260 6 . 1 0 c *

F u l t o n

262 0.70 79 0 .87Large t a n k s
109-289 1.25 117-297 3 . 1 6 *

Smal l  t a n k s 74 3 . 7 4 * 190 3 3 . 7 0 * *
162-342 1 5 . 2 1 * *

Ta b l e  1 7 .  E f f e c t  o f  t e s t  t a n k  o n  o r i e n t a t i o n  t o  t h e  l i g h t  s o u r c e  b y  1 9 7 0
Upper B a b i n e  a n d  F u l t o n  s t o c k s .
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Mean s u n  a z i m u t h 172 252 302

Upper B a b i n e 326* * 142* * 163
( 1 5 0 * * ) ' ( 251 * * ) (230)

Lower B a b i n e 340* 10-190 40
( 1 6 8 * ) * (121-301) (91)

M o r r i s o n 335* * 219 294
( 1 6 2 * * ) ' (328) (352)

F u l t o n 334* * 179 132**
(164** )& (288) ( 1 7 8 * * ) a

Ta b l e  1 8 .  D i r e c t i o n a l  p r e f e r e n c e s  o f  1 9 7 0  g r o u p s  a t  e a c h  t e s t  t i m e .
F i g u r e s  i n  b r a c k e t s  a r e  t h e  d i r e c t i o n s  r e l a t i v e  t o  t h e  l a m p  d i r e c t i o n
(lamp =  0 0 ) .

Noon A f t e r n o o n  D u s k

al lo t  s i g n i f i c a n t l y  d i f f e r e n t  f r o m  1 8 0 °  ( P  =  . 0 5 ) .
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APPENDIX 13

TEMPORAL ASSOCIATION OF POINTINGS AND

ACTIVITY I N  1971
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A.  TEMPORAL ASSOCIATION OF POINTINGS

I n t e r v a l s  o f  i n d e p e n d e n c e  a r e  v a l u a b l e  a s  a  b e h a v i o r a l  d e s c r i p t i o n
as w e l l  a s  p r o v i d i n g  a  p r o p e r  s t a t i s t i c a l  b a s e  f o r  v e c t o r  a n a l y s i s  o f
o r i e n t a t i o n .  A  s m o l t  o r i e n t e d  i n  a  s i m i l a r  d i r e c t i o n  f o r  s e v e r a l  s u c c e s s i v e
p o i n t i n g s  w i l l  r e s u l t  i n  a  l a r g e  i n t e r v a l  a n d  a n  a c t i v e  s m o l t  u s u a l l y  d e c r e a s e s
the  i n t e r v a l  s i z e .  C l u s t e r s  o f  p o i n t i n g s  a r o u n d  t h e  compass may h a v e  a  w e a k
mean v e c t o r  ( i )  a l t h o u g h  s u c c e s s i v e  p o i n t i n g s  may b e  c l o s e  t o g e t h e r .  I
ana l yzed  t h e  t e m p o r a l  a s s o c i a t i o n  be tween  p o i n t i n g s  ( T . A . )  w i t h  r e s p e c t  t o
s t ream o r i g i n ,  t e s t  t i m e  ( d a t e  a n d  t i m e  o f  d a y ) ,  a n d  t e s t  t r e a t m e n t .

I  r e g r e s s e d  i ndependence  i n t e r v a l s  o n  d a t e  ( d a y s  s i n c e  A p r i l  1 )
t o  s e e  i f  t h e r e  was  a  s e a s o n a l  e f f e c t  o n  T. A .  T h i s  was  d o n e  w i t h  e a c h
o r i g i n / t i m e / t e s t  l o c a t i o n  c a t e g o r y  f o r  M a j o r  a n d  H o l d i n g  g r o u p s .  O f  t h e  n i n e
i n d o o r  a n d  1 2  o u t d o o r  c e l l s  o n l y  t h r e e  h a d  s i g n i f i c a n t  t r e n d s .  I  c o n c l u d e  t h a t
t ime  o f  s e a s o n  was n o t  a  s i g n i f i c a n t  f a c t o r .

Append ix  C  ( p .  1 0 3 )  shows  t h e  mean i n t e r v a l  s i z e  f o r  e a c h  o r i g i n /
t i m e / t e s t  l o c a t i o n  c a t e g o r y  ( b o t t o m  f i g u r e s ) .  C o m p a r i n g  t h e s e  means b e t w e e n
t imes  o f  d a y  r e v e a l s  n o  p a t t e r n  s o  I  c o n c l u d e  t h a t  T . A .  w a s  a l s o  n o t  s i g n i f i -
c a n t l y  d i f f e r e n t  b e t w e e n  t i m e s  o f  d a y .

Consequen t l y,  I  p o o l e d  t h e  d a t a  f r o m  a l l  t e s t  t i m e s  a n d  c a l c u l a t e d
a g r a n d  mean f o r  i n d o o r  a n d  o u t d o o r  t e s t s  o f  e a c h  s t o c k  ( Ta b l e  1 9 ) .  L a r g e r
independence i n t e r v a l s  f o r  o u t d o o r  t e s t s  showed t h a t  s m o l t s  g e n e r a l l y  h a d
g r e a t e r  T. A .  b e t w e e n  p o i n t i n g s  i n  t h e s e  t e s t s .  M e a n  " i n d e p e n d e n c e  c u r v e s "
show t h i s  i n  more  d e t a i l  ( F i g .  1 6 ) .

Look ing  now a t  t h e  e f f e c t  o f  t h e i r  s t r e a m  o r i g i n ,  I  compared  t h e
means w i t h i n  e a c h  c o l u m n  o f  Ta b l e  1 9  e x c l u d i n g  t h e  H o l d i n g  g r o u p .  O f  t h e  1 0
i n d o o r  a n d  1 0  o u t d o o r  c o m p a r i s o n s ,  o n l y  f o u r  d i f f e r e n c e s  w e r e  s i g n i f i c a n t ,
a l l  i n  o u t d o o r  t e s t s :

1. U p p e r  B a b i n e  -  F u l t o n ;  t  =  2 . 9 4 * *

2.  U p p e r  B a b i n e  -  M o r r i s o n ;  t  =  2 . 4 6 *

3. U p p e r  S a b i n e  -  P i n k u t ;  t  =  2 . 7 3 * *

4. L o w e r  B a b i n e  -  P i n k u t ;  t  =  2 . 1 9 *

Upper B a b i n e  h a d  a n  u n u s u a l l y  g r e a t  t e n d e n c y  t o  c l u s t e r  p o i n t i n g s .
The p a t t e r n  o f  i n t e r v a l  s i z e s  i s  n o t  c o n s i s t e n t  b e t w e e n  i n d o o r  a n d
ou tdoo r  s e r i e s .  I  c o n c l u d e  t h a t  o r i g i n  a l s o  h a d  a n  i n s i g n i f i c a n t  e f f e c t
on T. A .

The d i f f e r e n c e  i n  i n t e r v a l  s i z e  b e t w e e n  H o l d i n g  s m o l t s  ( 7 . 1 )  a n d
t h e i r  p a r e n t  M o r r i s o n  g r o u p  ( 7 . 8 )  w a s  n o t  s i g n i f i c a n t  e i t h e r .  I t  a p p e a r s ,
t h e r e f o r e ,  t h a t  t h e  t y p e  o f  t e s t ,  i n d o o r  o r  o u t d o o r ,  w a s  t h e  o n l y  f a c t o r
examined w h i c h  a f f e c t e d  t h e  a s s o c i a t i o n  o r  i n d e p e n d e n c e  o f  s u c c e s s i v e
p o i n t i n g s .
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F u l t o n 6 .8 7 .4 1.43

Upper B a b i n e 6 .8 8 . 4 2 . 6 0 *

M o r r i s o n 6 .7 7 .8 3.24**1'

Lower B a b i n e 7.5 7.5 0 .00

P i n k u t 6 .0 6 .8 1.27

M o r r i s o n  ( H o l d i n g ) 7 .1

Tab le  1 9 .  M e a n  i n d e p e n d e n c e  i n t e r v a l s  f o r  i n d o o r  a n d  o u t d o o r  t e s t s  o f  1971
Main S t o c k s .

O r i g i n
I n d o o r  O u t d o o r  t

t e s t s  t e s t s  s t a t i s t i c s

&Test  o f  n u l l  h y p o t h e s i s  t h a t  i n d e p e n d e n c e  i n t e r v a l s  a r e  t h e  same f o r
i n d o o r  a n d  o u t d o o r  t e s t s .

Determined b y  A p p r o x i m a t e  t - t e s t  ( S o k a l  a n d  R o h l f  1 9 6 9 )  b e c a u s e
v a r i a n c e s  o f  o u t d o o r  a n d  i n d o o r  g r o u p s  w e r e  s i g n i f i c a n t l y  d i f f e r e n t .
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B. A C T I V I T Y

A c t i v i t y  was  i n f e r r e d  f r o m  N ,  t h e  t o t a l  number  o f  p o i n t i n g s  i n
each t e s t  b e f o r e  t h e  i n d e p e n d e n c e  c a l c u l a t i o n :  m o r e  a c t i v e  s m o l t s  make
fewer  p o i n t i n g s .  T a b l e  11  shows  t h e  mean N  f o r  e a c h  o r i g i n / t e s t  l o c a t i o n
group ( c o l u m n s  4  a n d  8  f r o m  t h e  l e f t ) .  I n d o o r  s m o l t s  w e r e  o b v i o u s l y  m o r e
a c t i v e .  T h e s e  mean a c t i v i t y  e s t i m a t e s  a r e  p o s i t i v e l y  c o r r e l a t e d  w i t h
c o r r e s p o n d i n g  i ndependence  i n t e r v a l s  ( Ta b l e  1 9 ,  p .  9 6 ) .  T h e  c o r r e l a t i o n
was s i g n i f i c a n t  a t  t h e  5% l e v e l  o u t d o o r s  a n d  1% l e v e l  i n d o o r s  ( K e n d a l l  r a n k
c o r r e l a t i o n ) .  T h e  c o r r e l a t i o n  u s i n g  i n d i v i d u a l  i n t e r v a l  s i z e s  a n d  n ' s  f o r
a l l  3 3 1  M a i n  S t o c k  t e s t s ,  e x c l u d i n g  H o l d i n g ,  w a s  h i g h l y  s i g n i f i c a n t  ( t  =
2 1 2 . 9 * * * ,  K e n d a l l  r a n k  c o r r e l a t i o n ) .  T h u s ,  t e m p o r a l  a s s o c i a t i o n  be tween
p o i n t i n g s  was  g r e a t e r  i n  l e s s  a c t i v e  s m o l t s .

I  a n a l y z e d  t h e  e f f e c t s  o f  t e s t  l o c a t i o n ,  t i m e  o f  d a y ,  a n d  o r i g i n
on a c t i v i t y  o f  M a i n  S t o c k s  ( e x c l u d i n g  H o l d i n g )  u s i n g  u n b a l a n c e d  3 -way
a n a l y s i s  o f  v a r i a n c e  ( B r a m  1 9 7 0 ) .  T a b l e  2 1  shows  t h a t  a l l  f i r s t  a n d  s e c o n d
o r d e r  i n t e r a c t i o n s  b e t w e e n  t h e s e  f a c t o r s  w e r e  i n s i g n i f i c a n t .  C o n s e q u e n t l y ,
I  was  f r e e  t o  examine  m a i n  e f f e c t s .

The t e s t  l o c a t i o n  e f f e c t  was  h i g h l y  s i g n i f i c a n t  ( P  <  . 0 0 1 ) .
T h i s  c o n f i r m s  t h a t  s m o l t s  t e s t e d  i n d o o r s ,  w h i c h  p r o b a b l y  c l u s t e r e d
s u c c e s s i v e  p o i n t i n g s  l e s s  b e c a u s e  i ndependence  i n t e r v a l s  a r e  s m a l l e r ,  w e r e
marked ly  more  a c t i v e  t h a n  o u t d o o r s .

A n a l y s i s  o f  v a r i a n c e  a l s o  r e v e a l s  a  s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n
t imes  o f  d a y  ( P  <  . 0 5 )  w h i c h  Ta b l e  2 0  shows i s  a n  i n c r e a s e  i n  a c t i v i t y  o r
decrease i n  N  a t  d u s k .  N o t e  t h a t  s m o l t s  w e r e  mo re  a c t i v e  a t  d u s k  i n  b o t h
t e s t  s e r i e s .

A c t i v i t y  was  n o t  s i g n i f i c a n t l y  d i f f e r e n t  b e t w e e n  M a i n  S t o c k s
(Tab le  2 1 ) .

Changes i n  a c t i v i t y  d u r i n g  t h e  s e a s o n  c a n n o t  b e  a n a l y z e d  because
p o i n t i n g s  w e r e  r e c o r d e d  more  s e l e c t i v e l y  a s  t h e  s e a s o n  p r o g r e s s e d  ( p .  2 9 ) .



i

Table 20 .  M e a n  number o f  p a i n t i n g s  i n  1971 Main Stock t e s t s .

Or ig in

Indoor t e s t s Outdoor t e s t s
Grand
mean12:00 16:00 Dusk Mean 12:00 16:00 Dusk Mean

Ful ton 126.7 126.3 81.5 111.1 170.1 148.2 137.2 152.2 139.2

Upper Babine 141.8 141.6 123.9 135.2 156.9 154.9 128.8 147.2 143.6

Morrison 135.6 141.4 94.6 123.3 148.4 176.8 166,8 164.6 151.3

Lower Babine 188.0 111.5 194.5 164.7 234.8 206.0 134.0 203.1 192.1 1
1-•
0

Pinkut 100.5 82.0 69.0 83.8 171.3 136.7 152.4 153.5 135.3 0

Morrison (Ho ld ing ) 186.0 155.7 98.4 141.0

Mean 125.5 123.2 110.3 119.5 165.6 154.7 138.0 152.7 143.9
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Source o f  v a r i a t i o n df SS MS

Between l o c a t i o n s 1 66,096' 66,096 12.46***
Between o r i g i n  groups 2 7,581' 3,791 0.71
Between t imes 2 38,576° 19,288 3.63*

Locat ion x  o r i g i n 2 12,812 6,406 1.21
Locat ion x  t ime 2 5,737 2,869 0.54
Time x  o r i g i n 4 14,071 3,518 0.66

Locat ion x  t ime  x  o r i g i n 4 10,995 2,749 0.52

Error 313 1,660,900 5,307

To ta l 330 1,817,160

Table 21 .  T h r e e - w a y  a n a l y s i s  o f  va r iance  t o  t e s t  d i f f e r e n c e s  i n  a c t i v i t y
between t i m e  and l o c a t i o n  ca tegor ies  o f  t h e  t h r e e  Major  Groups. T h e  t o t a l
number o f  p o i n t i n g s ,  N ,  i n  a  t e s t  was used as  an  es t imate  o f  a c t i v i t y .

4main e f f e c t s  SS c a l c u l a t e d  us i ng  t h e  f a c t  t h a t  f i r s t  o r  second o r d e r
i n t e rac t i ons  a r e  i n s i g n i f i c a n t  (Bram 1970) .





APPENDIX C

SUMMARIES OF 1 9 7 0 - 7 1  TEST DATA
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FULTON

Apr. 1 6 15 68 182 .22 * 15 70 1 1 8  . 1 4 15 75 317 .11
30 18 51 130 .10 15 59 2 8 4  . 0 7 21 55 63 .03

May 7 18 52 75 .09 15 65 4 7  . . 0 6 21 50 65 .15
21 15 54 323 .11 15 56 2 0 1  . 1 1

June 4 12 68 287 .46 * * 15 54 2 3 1  . 1 2
11 12 73 158 .37 * *
18 12 64 77 .23 * 12 78 165 . b 5 * *

30 9 95 342 .86 * * 12 69 80 3.4 * *

14 66 .31 15 61 . 1 0 16 65 .26

UPPER BABINE

Apr. 1 4 15 57 135 .11 15 58 1 4 3  . 3 3 l e *

28 15 62 21 .23 * 15 56 1 1 8  . 1 0 12 67 337 .02
May 5 15 57 48 .11 15 64 2 2 0  . 2 3 * 27 34 152 .62 *-A

19 24 33 306 .42 * * 15 55 2 3 9  . 2 0 18 46 352 .05
June 2 21 50 138 .14

9 15 58 3 5 9  . 2 4 * 15 63 347 .18
16 18 42 5 8  . 4 1 * * 18 40 228 .23
25 18 56 291 .46 * * 15 66 1 4 5  . 6 9 * *

17 53 .27 15 57 . 3 1 19 50 .21

LOWER BABINE

Apr. 1 5 15 57 9 6  . 1 1 15 61 256 .10
29 18 45 1 .05 15 57 3 1 4  . 0 9 15 60 105 .32 *1

May 6 18 50 219 .01 15 64 2 6 9  . 1 5 21 43 119 .15
20 12 67 267 .13 12 63 7 7  . 1 5 15 63 274 .15

June 3 15 66 297 .15 15 59 2 4 8  . 0 5 21 43 287 .18
10 12 78 273 .23 * 15 60 59 .45 *1
17 12 65 55 .41 * *
29 15 63 359 .27 * 12 70 324 .22 *

x 15 62 .18 14 60 . 1 1 16 57 .22

1970 INDOOR TESTS

1200 1 6 0 0  D u s k
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C  4 . 1
O  4 1  1 1
0 . .  t - 1  u

0.1 c l )  I )  a -  0  a  0.7
4 ' V  E  E  N  r t l  l . .a a  ....... H  1  • y l  I D  .1.1cri c n  X  C I  1  07 (1 1

00
U0 .

2 3@ ▪  G.

N

0
ar

C
03 F .
61 •  ••• . 0

M  l a  0 .
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0
.T3

0 0
•—I

114:1
10.

4.: E  N
fa

P t•-• V) V )

Apr. 13 15 55

MORRISON

261 -13
27 15 68 154 .07

May 4 27 31 360 .14 12 64 159 .13 27 31 300 .48 * *
18 12 79 340 .37 * * 15 55 208 .10 15 58 309 .19

June 1 12 72 160 .02 18 47 252 .13 15 56 228 .11
22 12 73 320 .19 12 80 16 .06

16 64 .18 15 55 .12 17 59 .18

1970 INDOOR TESTS ( c o n t ' d )

1200 1 6 0 0  D u s k

U

Direction al

a. nt
E

mcn =

Direction

M  w
N

m
tat U 14

P Q

'Time i s  e q u a l  t o  number o f  i n t e r v a l s  t i m e s  3  seconds .
h i  P s t h e  p r o b a b i l i t y  t h a t  t h e  d i s t r i b u t i o n  i s  random.
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FULTON ( m a i n  s t o c k )

Apr. 1 5 11 21 358 .35 .06 9 2 1  1 6 3  . 5 1  . 0 0 6 26 67 .44 .00
19 7 30 353 .50 .00 8 2 8  1 9 5  . 3 4  . 0 2 6 20 284 .84 .00
26 9 19 273 .44 .01 9 2 0  2 4 1  . 4 6  . 0 0 6 17 287 .56 .00

May 3 6 24 177 .63 .00 11 1 0  3 9  . 3 7  . 2 5 7 29 42 .76 .00
10 7 5 299 .99 .00 6 1 0  2 8 4  . 9 4  . 0 0 8 6 182 .10 .93
17 6 14 166 .73 .00 6 1 3  2 6 6  . 8 0  . 0 0 5 14 291 .99 .00
25 6 20 347 .41 .02 8 1 2  3 2 4  . 8 4  . 0 0 11 2 28 .70 .37
31 4 27 221 .72 .00 7 2 3  3 4 7  . 2 9  . 1 2 5 12 102 .98 .00

June 7 9 24 98 .87 .00 8 6  2 0 0  . 3 6  . 4 5 6 12 332 .75 .00
14 5 11 138 .79 .00 5 1 4  2 7 7  . 6 9  . 0 0 4 7 289 .98 .00
21 5 4 173 .99 .01 6 3 9  5 6  . 3 7  . 0 0 4 8 278 .92 .00
28 - 0 - - - 6 1 1  4 8  . 7 2  . 0 0 5 13 286 .99 .00

x 6.8 16.6 .67 7.4 1 7 . 3  . 5 6 6.1 13.8 .75

UPPER BABINE (main  s t o c k )

Apr. 1 3 7 21 335 .24 .29
20 7 27 187 .16 .50 9 2 6  6 0  . 6 5  . 0 0 7 25 179 .63 .00
27 9 29 46 .73 .00 8 2 5  1 9 8  . 5 1  . 0 0 12 19 279 .39 .03

May 4 8 24 174 .87 .00 7 3 1  1 3 9  . 1 7  . 4 1 6 21 248 .32 .10
11 7 33 321 .88 .00 4 1 9  8  . 8 7  . 0 0 5 28 256 .97 .00
18 4 17 176 .74 .00 5 2 1  2 2 8  . 6 8  . 0 0 5 10 289 .72 .00
26 5 13 210 .59 .00 5 8  4 4  . 8 0  . 0 0 5 12 87 .96 .00

June 1 9 23 62 .89 .00 8 3 6  2 8 7  . 7 7  . 0 0 7 20 334 .78 .00
8 9 19 317 .42 .01 6 1 6  2 5 6  . 9 5  . 0 0 10 10 109 .86 .00

15 5 11 76 .26 .47 5 1 1  2 0 3  . 9 2  . 0 0 8 13 56 .76 .00
22 7 7 222 .45 .23 5 2 1  2 4 7  . 9 7  . 0 0 7 16 80 .77 .00
29 9 8 120 .55 .07 - 0  -  - 5 21 113 .86 .00

x 7.2 19.2 .59 6.2 1 9 . 4  . 7 3 7.0 18.0 .69

MORRISON ( m a i n  s t o c k )

Apr. 1 4 5 38 14 .22 .16 5 5 1  2 6 7  . 9 7  . 0 0 7 18 265 .56 .00
21 5 45 133 .81 .00 7 3 0  1 9 8  . 5 6  . 0 0 7 19 169 .50 .00
28 9 26 289 .59 .00 10 2 5  1 4  . 6 4  . 0 0 6 40 182 .92 .00

May 5 6 38 162 .93 .00 6 2 4  3 4 2  . 7 0  . 0 0 8 16 276 .66 .00

1971 INDOOR TESTS

1200 1 6 0 0  D u s k

V
C
✓  C

b / . 4 0

✓  >  6 1  4 ,•  l... uO w  0  a .  0 c  0.6.,
• elf

Cw c
C 0  . . - 1
0. L. - . 4  U
W W  C I .  0  0  41
'V Lb 5  N  0  V
O  C  0  4 - 4  6 /  - . 4

4 0 . cn e d
4

t t  C .
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May 1 2
19
27

June 2
9

16
23
30

8
6
7
5
6
6
5
6

8
20

9
22
19
12
9

27

186
300
314
318

76
176
112
351

.75

.48

.48

.46

.71

.98

.97

.49

.00

.00

.10

.00

.00

.00

.00

.00

MORRISON ( m a i n  s t o c k )

7 1 2  3 3 7  . 7 3  . 0 0
6 1 4  3 4 6  . 9 4  . 0 0
8 1 6  2 7  . 8 0  . 0 0
6 2 2  3 4 7  . 2 5  . 2 4
7 1 6  3 3 3  . 4 6  . 0 2
7 1 2  1 7 6  . 7 8  . 0 0

6 1 2  1 0 7  . 5 9  . 0 0

5
7
8
4

10
6
8
8

18
8
4
5
1
6
1

32

14
218
289
170
191
99

350
95

.88

.84

.84

.30

.78

.77

.00

.00

.03

.64

.01

.00

6.2 22.8 .66 6.8 2 1 . 3  . 6 7 7.0 14.0 .71

LOWER BABINE ( m a i n  s t o c k )

June 6 8 21 151 .30 .13 5 1 1  3 8  . 9 2 .00 10 20 288 .39 .03
26 8 26 41 .19 .38 7 2 4  2 5 1  . 7 0 .00 7 27 156 .71 .00

x 8.0 23.5 .25 6.0 1 7 . 5  . 8 1 8.5 23.5 .55

PINKUT ( m a i n  s t o c k )

June 5 4 10 158 .99 .00 7 1 4  3 2 4  . 3 1 .26 6 8 184 .22 .67
27 7 23 151 .93 .00 6 1 1  1 5 0  . 7 8 .00 6 15 80 .95 .00

;( 5 .5 16.5 .96 6.5 1 2 . 5  . 5 5 6.0 11.5 .59

FULTON ECG STOCK ( s m a l l  t a n k s )

May 2 9 12 4 32 .41 .51 5 1 0  1 1 7  . 4 2 .15 4 49 142 .99 .00
30 5 15 286 .91 .00 8 1 0  2 4 5  . 4 5 .11 5 37 115 .98 .00

x 8.5 9.5 .66 6.5 1 0 . 0  . 4 4 4.5 43.0 .99

FULTON ( s m a l l  t a n k s )

June 1 2 6 17 189 .84 .00 7 1 8  3 4 4  . 4 0 .03 4 33 308 .99 .00
13 4 17 237 .84 .00 6 6  7 1  . 8 8 .00 5 24 176 .39 .01

x 5.0 17.0 .84 6.5 1 2 . 0  . 6 4 4.5 28.5 .69

1971 INDOOR TESTS ( c o n t ' d )

1200

C
W

0  O .  0  C
4-4 6  N  Mm wA • 1 - 4 1 - 4  c r )

Direction

1600

71.
5 N  in

Direction

Dusk

C
Ol-a
Wmw a3.4
C a  m .  w e

A J E N O
•  C C  W

1 0  o . 1 1  M W X

Direction



-  1 0 9  -

0.1 0 W 0 . 0 C
u V U E N 0

8 H 1-40 0 ...,
W  W I

0
X

MORRISON ( s m a l l tanks)

June 1 9 5 11 325 .79 .00 6 4 130 .53 .32 5 10 107 .38 .23
20 6 3 245 .44 .56 6 18 1 .60 .00 6 44 116 .94 .00

x 5.5 7.0 .62 6.0 11.0 .57 5.5 27.0 .66

1971 INDOOR TESTS ( c o n t ' d )

1200 1 6 0 0  D u s k

C
0

C  a sw >  w
Direction

u  u
C  C✓ c  0  c

V
C  0  - . . 1  C  0  . . - 1
W>  W  u  N >  W  U
10. S -I H  V  0 .  U  . - 1  V
O 0  0 . 0  C W  W V  0 . 0  C 0

V  U  S  N  0  1.1 v  u  E  N  0  U
C  C  0 . . 4  0 . . 4  C  C  0 . . . .  0  . . 4

60. 4 O . ,1 0  1 . - 1  h... W V )  Z  C I  I  0  1 . - 1  I - I  c o  t o  X  0  i  m

'P  i s  t h e  p r o b a b i l i t y  t h a t  t h e  d i s t r i b u t i o n  i s  random.
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FULTON (main s tock )

Apr. 1 5 5 39 269 .93 .00 6 4 0 288 . 8 6  . 0 0
19 5 35 30 .95 .00 8 2 5 323 . 2 0  . 3 7 6 26 172 .21 .33
26 4 32 21 .38 .00 6 1 5 109 . 3 0  . 2 6 5 40 345 .97 .00

May 3 5 40 271 .87 .00 6 4 1 178 . 9 7  . 0 0 7 31 22 .22 .20
10 6 20 91 .94 .00 7 2 6 209 . 9 0  . 0 0

7 19 133 .60 .00 5 2 3 226 . 6 6  . 0 0
6 21 199 .36 .05 8 1 7 109 . 6 3  . 0 0 6 7 137 .39 .33

17 10 25 108 .22 .29 7 3 6 72 . 5 9  . 0 0 - 0 -
12 19 178 .60 .00 10 2 8 39 . 8 1  . 0 0 9 22 42 .33 .08

7 33 110 .17 .37 11 2 4 256 . 8 1  . 0 0 8 27 299 .24 .19
25 11 15 183 .75 .00 5 1 2 129 . 7 0  . 0 0 7 14 165 .64 .00

6 29 185 .71 .00 5 2 8 205 . 4 1  . 0 0 7 27 295 .65 .00
8 22 18 .47 .00 8 2 3 18 . 6 2  . 0 0 8 30 248 .62 .00

31 12 18 295 .85 .00 9 2 279 . 9 9  . 1 2 5 9 322 .61 .02
5 10 308 .41 .18

7 23 310 .82 .00 7 2 36 . 9 9  . 1 1 11 16 309 .49 .00
June 7 6 7 352 .99 .00 8 1 5 203 . 4 4  . 0 3 5 18 252 .61 .00

7 19 205 .33 .11 6 1 4 91 . 8 8  . 0 0 9 3 191 .44 .56
6 14 60 .27 .35 7 2 0 308 . 3 0  . 1 5 6 20 299 .30 .15

14 7 34 110 .92 .00 9 2 2 330 . 4 4  . 0 0 7 13 327 .58 .00
12 19 242 .51 .00 9 1 9 321 . 7 6  . 0 0 7 25 76 .29 .11

8 17 171 .43 .02
21 7 32 133 .72 .00 7 4 45 . 7 6  . 0 8 7 21 50 .19 .47

6 26 122 .48 .00 5 1 5 232 . 5 3  . 0 0 6 6 80 .61 .09
9 18 260 .34 .11 7 2 1 98 . 1 2  . 7 5 5 9 250 .32 .39

28 11 21 24 .26 .24 11 1 6 79 . 2 6  . 3 3 8 32 132 .83 .00
4 56 56 .67 .00 12 1 6 29 . 4 8  . 0 1 10 18 292 .41 .03

11 2 94 .89 .19 10 1 0 184 . 4 4  . 1 2 6 27 94 .49 .00

x 7.6 24.5 .62 7.7 1 9 . 8 .61 7.0 18.7 .47

UPPER SAB/NE (main s tock )

Apr. 2 0 12 17 14 .45 .01 8 2 6 34 . 5 8  . 0 0 5 14 275 .62 .00
27 7 26 58 .63 .00 8 2 6 284 . 3 7  . 0 1 6 27 105 .24 .19

May 4 9 19 216 .26 .26 6 2 4 301 . 1 3  . 6 6 9 22 99 .71 .00
11 7 17 81 .62 .00 10 6 261 . 5 2  . 1 9 6 4 255 .50 .36

9 22 248 .75 .00 10 2 1 120 . 7 7  . 0 0 12 18 130 .32 .15
9 18 20 .63 .00 7 1 0 271 . 2 9  . 4 2 7 9 82 .32 .38

1971 OUTDOOR TESTS

1200 1 6 0 0  D u s k

C  C O
0 1a .  7  C l

L.

J.J ▪ b  u  E  N  E O
•  C  C  - r 4cn Z

Direction

=
VC

Oj M  d  1 C
E  N  0

C • -4  CC 1  C " A  10 4 X

Direction

L
C
w C

' 0  . . •  0
C 0  - 4
W >  0  . . J
M  6  -  u

..0 • 4.A R  N e d  I .
•  C  C  M  . . . .  W  . . . 4  •

k m  C .  k - 4  . - .  U )  ( . .1  z  C I  i  0  0 .



1971 OUTDOOR TESTS ( c o n t ' d )

1200 1 6 0 0  D u s k

Al W  a . J
C C  0
W C  W  C  W13 .--1 0  I V  .....4 o  - o  •-•
O. >  w  4 . 1  w  >  w  4 . . ,O. ,.. . - . 1  U  d  3..1 , - 4  ( . 4  N .  t

w a l  w  O .  0  C  0  3 )  C a  0 .  0  C  0  6 1  W
...J ' 0  W.  E  .•N• N 1-4 M  . I - .  e  +N• O r a l 5-4 " 0  4-0a .  c c .  .", ti) ' A1-4 4-4 L A  CA Z  I  at 4 4  C  CQ. 1 - I  .--, 0  .̂ .1 C U  ..-4En CA Z  CI I  co 4  0  00. i - - I  1.4

0.
g  •Vi

0.1
a

eC

UPPER SABINE ( m a i n  s t o c k )

May 1 8  1 0  2 0  1 8 9  . 8 2  . 0 0  8  1 1  3 5 0  . 1 8  . 6 8  1 1  1 6  3 4 2  . 4 3  . 0 3
7 1 5  4  . 2 4  . 4 0  8  1 0  1 4 0  . 8 0  . 0 0  9  2  8 0  . 7 2  . 3 5

12 2 3  3 3  . 1 5  . 6 0  9  1 8  2 0 9  . 1 5  . 6 6  1 0  1 1  1 9 3  . 7 8  . 0 0
26 1 0  1 8  1 7 4  . 4 7  . 0 0  1 2  1 7  2 2  . 3 3  . 1 4  0  -

5 2 1  1 8 5  . 6 1  . 0 0  9  2 5  2 2 6  . 7 3  . 0 0  1 2  1 6  2 3 3  . 7 5  . 0 0
8 2 6  1 5 1  . 8 7  . 0 0  9  2 0  1 8 4  . 7 5  . 0 0  1 0  1 8  1 7 1  . 6 1  . 0 0

June  1  5  7  8  . 9 9  . 0 0  7  2 4  1 0 4  . 8 2  . 0 0  6  3 4  1 4 2  . 3 4  . 0 0
7 2 3  8 3  . 6 3  . 0 0  9  2 8  1 3 8  . 6 4  . 0 0  8  1 2  7 4  . 7 9  . 0 0

11 6  4 4  . 6 7  . 0 4  7  2 5  2 5 2  . 2 6  . 1 7  7  3 0  2 9 3  . 2 9  . 0 6
8 5  4 3  3 0 3  . 9 6  . 0 0  1 0  1 2  9  . 1 6  . 7 3  9  1 1  1 2 3  . 3 2  . 3 2

5 3 6  3 5 3  . 3 3  . 0 0  6  4 6  3 1 0  . 7 8  . 0 0  6  1 8  4 9  . 7 0  . 0 0
10 2 0  8 8  . 1 6  . 6 1  9  1 4  2 0 8  . 0 6  . 9 4  1 2  1 9  3 0 3  . 6 3  . 0 0

15 8  9  3 3 3  . 5 9  . 0 2  8  2 8  1 6 7  . 5 4  . 0 0  8  2 1  3 1 0  . 9 3  . 0 0
6 1 1  3 1 7  . 2 9  . 4 0  1 0  2 1  2 5 6  . 7 7  . 0 0  5  2 6  3 4 3  . 4 7  . 0 0
6 1 0  1 2 4  . 4 4  . 1 3  9  2  2 7 6  1 . 0  . 1 1  9  3  1 5 8  . 8 5  . 0 9

22 5  1 1  2 5 8  . 8 7  . 0 0  1 1  1 8  6 7  . 4 7  . 0 1  5  6  6 2  I . 0  . 0 0
10 9  1 5 1  . 4 9  . 0 9  6  9  2 5 7  . 7 1  . 0 0  1 0  1 9  1 5 9  . 2 2  . 3 8

7 6  2 6 7  . 5 8  . 1 1  6  1  3 3 9  -  -
29 8  3 6  2 6  . 5 6  . 0 0  8  1 0  3 5 6  . 2 4  . 5 5  8  2 3  1 9 0  . 5 4  . 0 0

13 2 1  1 8 7  . 3 0  . 1 4  8  2 1  1 5  . 6 1  . 0 0  -  0  -  -
13 1 6  2 0 9  . 4 8  . 0 1  8  2 9  2 6 3  . 1 0  . 7 5  1 2  1 1  6 2  . 7 7  . 0 0

x 8 . 3  1 9 . 2  . 5 5  8 . 4  1 8 . 8  . 4 9  8 . 3  1 4 . 5  . 5 8

MORRISON ( m a i n  s t o c k )

A p r .  1 4  7  1 8  1 5  . 5 5  . 0 0
21 4  3 9  9 6  . 6 8  . 0 0  8  3 0  2 0 0  . 9 3  . 0 0  4  5 4  1 8 0  . 6 1  . 0 0
28 8  2 6  1 8 4  . 8 1  . 0 0  4  4 8  2 6 5  . 9 7  . 0 0  6  3 6  3 4 2  . 2 7  . 0 6

May 5  5  9  1 1 0  . 2 0  . 6 8  6  3 9  3 0 2  . 1 6  . 3 9  1 2  2 0  3 4 1  . 1 5  . 6 2
12 7  1 2  3 2 2  . 7 9  . 0 0  8  1 2  6 5  . 7 8  . 0 0  5  1  2 1 3  -  -

12 1 1  2 7 8  . 5 6  . 0 1  6  1 2  1 3 4  . 1 9  . 6 5  9  1 8  2 0 1  . 3 6  . 0 8
8 1 1  1 7 3  . 9 8  . 0 0  -  0  -  -  -  1 2  1 7  3 2 9  . 3 8  . 0 7

19 6  2 5  1 3 7  . 5 6  . 0 0  8  2 3  3 0 4  . 4 4  . 0 0  8  1 4  1 8 7  . 3 4  . 1 8
4 4 0  1 5 5  . 9 0  . 0 0  1 0  2 4  1 4 7  . 7 4  . 0 0  1 1  1 8  2 7 9  . 7 2  . 0 0
8 3 1  2 0 6  . 6 6  . 0 0  7  2 9  1 8 9  . 4 8  . 0 0  1 2  1 1  3 0  . 1 7  . 7 3

27 1 0  1 1  2 5 5  . 5 5  . 0 2  9  2 4  3 5 1  . 6 9  . 0 0  6  5  1 8  . 3 6  . 5 2
9 2 5  2 4 9  . 8 3  . 0 0  1 1  2 2  3 0 6  . 2 9  . 1 3  6  9  4 4  . 5 6  . 0 4



- 112 -

MORRISON ( m a i n  s t o c k )

103 .90 .00 8 19 164 .53 .00 8 6 209 .28 .62
5 20 340 .48 .00 8 20 206 .50 .00
8 31 249 .45 .00 6 49 82 .92 .00
6 42 160 .92 .00 7 39 328 .78 .00

347 .85 .00 6 13 340 .45 .05 11 22 49 .83 .00
15 .70 .00 8 8 0 .76 .00 11 21 168 .33 .08

214 .78 .00 6 12 144 .44 .07 8 15 117 .14 .75
333 .59 .02 8 28 167 .54 .00 8 21 310 .93 .00
317 .29 .40 10 21 256 .77 .00 5 26 343 .47 .00
124 .44 .13 9 2 276 LO .11 9 3 158 .85 .09
198 .46 .65 8 27 278 .64 .00 6 7 324 .42 .29
299 .77 .00 9 28 287 .87 .00 10 27 267 .44 .00

11 26 78 .58 .00
10 24 22 .28 .13 8 36 295 .67 .00

305 .25 .20 9 16 305 .36 .11 0
298 .71 .00 10 23 125 .28 .15 7 12 95 .70 .00

.65 7.9 22.2 .58 8.2 19.6 .51

LOWER RABINE ( m a i n  s t o c k )

288 .39 .03 6 51 334 .99 .00
78 .13 .71 8 19 352 .87 .00

242 .99 .00 10 27 80 .79 .00
325 .68 .00 9 27 355 .73 .00 6 36 287 .75 .00
232 .82 .00 7 31 141 .72 .00 6 15 167 .70 .00
108 .34 .00 6 8 214 .83 .00 6 16 184 .21 .48

.56 7.7 27.2 .82 6.0 22.3 .55

PINKUT (main s t o c k )

359 .64 .00 6 24 306 .22 .30 8 26 199 .01 .99
102 .43 .00 5 7 43 .48 .19 8 29 145 .83 .00
167 .66 .00 5 7 344 .09 .94 5 3 181 .93 .05
106 .90 .00 6 37 137 .57 .00 4 5 70 .59 .16
81 .77 .00 6 40 235 .73 .00 7 41 335 .79 .00

1971 OUTDOOR TESTS ( c o n t ' d )

1200

-a -g ez..
Q>  wa  ... -
a) a )  C l .  V  C

--. T 1  .6, E  N  I t
C C

o..-4 i - t CO V )  M

Direction

1600

Li
c
W C

V  . 4  0

W >  a )  4 - 4c.. 6. . - ww o  w  a  o-GI .1., N  E t  S.
z C  C  f t  M  W

I e t  0 .  1 - 1  i - t  ( A M  O  8 0

Dusk

C

C
>

0 .
V W

C C
I - 1

a)r .
o

E  N

Direction

I

May 2 7  6  4 1
June 2

9 8  2 6
9 1 9
8 2 5

16 8  9
6 1 1
6 1 0

23 4  2
9 2 7

30
6 2 4
8 3 0

7.2 2 1 . 1

June 6  1 0  2 0
8 1 9
7 3 9

26 8  3 8
10 2 4

5 4 8

8.0 3 1 . 3

JunL 5  7  1 2
11 2 2
8 2 1

27 6  2 9
9 2 1
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PINKUT ( m a i n  s t o c k )

June 2 7 9 19 95 .72 .00 6  2 4  2 2 5  . 1 6  . 5 4

8.3 20.7 .69 5.7 2 3 . 2  . 3 8  6 . 4 20.8 .63

MORRISON/HOLDING ( m a i n  s t o c k )

Apr.  2 2 6 1 4  1  . 1 0  . 8 7
29 9 14 326 .34 .18 7  3 5  2 0 7  . 5 6  . 0 0  7 32 213 .56 .00

May 6 6 39 111 .91 .00 8  1 2  1 5  . 6 4  . 0 0  5 23 231 .64 .00
13 10 19 289 .54 .00 8  2 8  1 4  . 6 5  . 0 0  6 22 45 .85 .00

10 22 105 .29 .13 5  4 8  2 0  . 6 3  . 0 0  3 82 66 .94 .00
10 17 284 .28 .24 7  2 0  3 0 5  . 9 4  . 0 0  8 30 316 .13 .61

20 9 22 62 .84 .00 6  2 0  3 7  . 4 7  . 0 0  1 0 27 153 .95 .00
7 21 92 .87 .00 8  2 7  2 1 7  . 8 3  . 0 0  8 8 25 .96 .00
8 25 85 .47 .00 1 0  2 0  3 5 5  . 6 0  . 0 0  6 9 96 .81 .00

28 6 35 82 .96 .00 6  4  2 6 4  . 8 9  . 0 2  3 73 266 .99 .00
8 13 310 .49 .02 9  2 6  2 5 6  . 5 5  . 0 0  - 0 - - -
8 26 80 .31 .06 8  2 7  2 9 9  . 6 9  . 0 0  4 7 201 .30 .53

June 3 6 2 4  6 9  . 0 3  . 9 7  - 0 - - -
7 3 1  5 7  . 8 6  . 0 0  4 5 60 .32 .60
5 1 2  1 9 1  . 9 9  . 0 0  5 6 152 .85 .00

10 8 1 3  2 0 3  . 9 3  . 0 0  8 15 48 .74 .00
9 1 5  7 4  . 6 0  . 0 0  7 4 22 .57 .26

10 1 9  3 2 2  . 7 3  . 0 0  6 15 266 .38 .10
17 11 19 191 .31 .14 1 1  1 4  1 6 7  . 6 0  . 0 0  5 2 46 .10 .97

5 1 9  3 2 0  . 4 5  . 0 1  4 9 241 .45 .15
8 2 116 .96 .14

24 7 28 85 .85 .00 4  2  1 1 3  1 0  . 1 2  5 4 337 .24 .79
10 2 4  2 4 1  . 8 6  . 0 0  7 3 288 .98 .03

7 1 328 - -
Ju l y  1 6 32 318 .19 .33 9  2 3  2 8  . 3 9  . 0 1  1 1 23 67 .26 .19

6 2 4  1 1 6  . 6 7  . 0 0  4 5 21 .78 .03
- 0 - - -

x 8.2 23.7 .55 7.4 2 0 . 9  . 6 5  6 . 1 15.7 .63

FULTON EGG STOCK ( s m a l l  r a i s i n g  t a n k s )

May 2 9 6 9 344 .98 .00 1 2  2 1  1 1 3  . 6 5  . 0 0  9 21 318 .61 .00

1971 OUTDOOR TESTS ( c o n t ' d )

a

1200 1 6 0 0

* I
=C 0

O T 7  ..-I
771 7

u C .  7.4
C u  0  aJ
O 7 .  • 0  4.1

Z  • 0  1  0  4  m 7-44-4 I

Dusk

.)..,CC ao - o  •-•..4 c  aai a d  >  au m  k  ,...1
01 H 2 '  lc g  4-1 o '0J • • 1

x  0  I C  C .  0 . 4  0 - I M M Z

Direction

I N  C t .
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FULTON EGG STOCK ( s m a l l  r a i s i n g  t a n k s )

.89 .00 8 8 39 .89 .00 12 22 199 .83 .00

.99 .00 9 27 250 .61 .00 10 24 43 .66 .00

.63 .00 12 14 48 .50 .01 8 14 223 .32 .23

.25 .18 9 7 40 .78 .00 11 18 162 .26 -29

.63 .00 8 31 185 .87 .00 6 8 119 .04 .98

.73 9.7 18.0 .72 9.3 17.8 .45

FULTON ( s m a l l  r a i s i n g  t a n k s )

.58 .00 5 9 4 .42 .19 7 28 165 .30 .07

.83 .00 4 2 156 .96 .14 5 52 279 .97 .00

.98 .00 7 15 157 .45 .03 - 0 - -

.53 .00 6 35 45 .56 .00 10 19 234 .40 .03

.48 .14 4 5 20 .25 .72 - 0 • • •
-

.85 .00 7 2 152 .20 .92 6 6 253 .87 .00

.71 5.5 11.3 .47 7.0 17.5 .64

MORRISON (smal l  r a i s i n g  t a n k s )

.75 .00 10 23 121 .46 .00 11 22 288 .31 .10

.58 .01 6 12 156 .52 .02 7 27 188 .52 .00

.61 .00 7 39 319 .89 .00 7 24 279 .23 .26

.23 .13 8 7 178 .58 .07 6 1 278 - -

.32 .15 7 6 291 .09 .95 6 14 353 .37 .13

.40 .04 3 19 89 10 .00 - 0 - - -

.48 6.8 17.7 .59 7.4 14.7 .36

1971 OUTDOOR TESTS ( c o n t ' d )

1200 1 6 0 0

4.,
C
W C

C  M  . - I
✓  P .  0  S i
C .  L  4 . 4  U

✓ V  0  W .  0  a  V
L  I P  . 1 ,  E  N  Ma c  c  a s  •-.1 e - - 1
0  I - 4  . 4  l i l  t i l  Z  n I OS

C
0

C C
O a  V
M  . - 4
CD m  a . 0

. 0  4 . .  g  N
4 C  C

S

Direction

Dusk

C  W
✓  P .
O .  4.4
O  017,1-1 E  0  N C  ill
C  C  5

1,-.1 V I  ( 1 ,

Direction

May 2 9  1 0  7  2 4 9
6 1 0  3 1 7

30 1 2  2 0  3 1 0
10 2 7  1 6 5
10 1 9  1 9

9.0  1 5 . 3

June 12  7  1 3  2 8 2
6 1 1  2 4 0
5 4 8  9 7

13 1 1  2 4  6
5 8  3 1
4 3 3  3 3 7

x 6 . 3  2 2 . 8

June 1 9  6  2 6  3 4 9
7 1 1  6 6

11 2 6  5 5
20 7  3 7  2 4 4

9 1 7  7 1
5 1 8  2 5 3

x 7 . 5  2 2 . 5

ap i s  t h e  p r o b a b i l i t y  t h a t  t h e  d i s t r i b u t i o n  i s  random.


