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A STUDY OF SN A K E R I V E R  

C U T T H R O A T  T R O U T

In o r d e r  to g a i n  i n s i g h t  i n to  the" e v o l u t i o n a r y  a f f i n i t i e s  of the  

i n t e r i o r  c u t t h r o a t  t r o u t  of the w e s t e r n  U n i t e d  S t a t e s ,  a  s y s t e m a t i c  

s tu d y  of the U p p e r  S nake  R i v e r  c u t t h r o a t  t r o u t  and  r e l a t e d  p o p u l a t i o n s  

w a s  u n d e r t a k e n .  H i s t o r i c a l  a n d  z o o g e o g r a p h i c  e v i d e n c e  w a s  c o m p i l e d  

and  a n a l y z e d .  S a m p l e s  of f i s h  w e r e  c o l l e c t e d  a n d  t r a d i t i o n a l  m o r p h o 

log ic  and  m e r i s t i c  c h a r a c t e r s  w e r e  r e c o r d e d .  T he  w i t h i n  g r o u p  v a r i 

a t i o n  of the c h a r a c t e r s  w a s  a n a l y z e d  u s in g  p r i n c i p a l  c o m p o n e n t s  t e c h 

n i q u e s  and  the i n d i v i d u a l  f i s h  g i v e n  a  w e i g h t e d  s c o r e  a n d  p l o t t e d  to s e e  

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

a g r e e d  e s s e n t i a l l y  w i th  s y s t e m a t i c  e v i d e n c e ;  b u t  w a s  n o t  c o n c l u s i v e .

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

the c o n c l u s i o n s  r e a c h e d  i n  the  s y s t e m a t i c  and  p r i n c i p a l  c o m p o n e n t  

a p p r o a c h e s ;  b u t  a g a i n  did n o t  p r o d u c e  u n q u e s t i o n a b l e  r e s u l t s .

The  s t u d y  g i v e s  s t r o n g  e v i d e n c e  t h a t  m a n y  m o r p h o l o g i c a l  and  

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

l a t i o n .  M o r e  i n t e n s i v e  and  r e f i n e d  m e t h o d s  n e e d  to be  d e v e l o p e d  to 

s e l e c t  m e a n i n g f u l  c h a r a c t e r s «

i i i



B o th  th e  s y s t e m a t i c  and  s t a t i s t i c a l  a n a l y s e s  in d i c a te  th a t  the  

c u t t h r o a t  t r o u t  of the  S nake  R i v e r  an d  Y e l lo w s to n e  b a s i n s  a r e  c l o s e l y  

r e l a t e d  to  one  a n o t h e r .  T h e  c u t t h r o a t  t r o u t  of th e  B o n n e v i l le  b a s in  a r e  

d e r iv e d  f r o m  th e  S n a k e  R i v e r ;  b u t  show  l i t t l e  r e s e m b l a n c e  to the  S nake  

R iv e r  f i s h  a s  f o r  a s  m e r i s t i c  c h a r a c t e r s  a r e  c o n c e r n e d .  T h e  c u t t h r o a t  

t r o u t  of th e  C o lu m b ia  and  u p p e r  M i s s o u r i  b a s i n s  a r e  no t  c l o s e l y  r e l a t e d  

to the  t r o u t  o f  th e  S n ak e  R iv e r  - Y e l lo w s to n e  b a s i n s .
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M a p  of th e  s tu d y  a r e a *  C o l l e c t io n  s i t e s  a r e  m a r k e d  w ith  an  
a s t e r i s k .



F i g u r e  1. L a r g e  s p o t te d  S n ak e  R iv e r  c u t t h r o a t .

M
l





IN T R O D U C T IO N

T h e  S n ak e  R i v e r  o r i g i n a t e s  j u s t  s o u th  of Y e l lo w s to n e  N a t io n a l  

P a r k  a lo n g  the  C o n t in e n ta l  D iv id e ,  f lo w in g  w e s t w a r d  th r o u g h  th e  s o u th e r n  

b o u n d a r y  of the  p a r k  th e n  tu r n i n g  s o u th  to e n t e r  J a c k s o n  L a k e .  F r o m  

t h e r e  i t  f lo w s  in  a  g e n e r a l  s o u th w e s tw a r d  d i r e c t i o n  u n t i l  i t  e n t e r s  

P a l i s a d e s  R e s e r v o i r  a t  the  I d a h o -W y o m in g  b o r d e r .  I t  c o n t in u e s  w e s t  

t h r o u g h  s o u t h e r n  Id ah o  g r a d u a l ly  tu r n in g  n o r t h  a g a in  to e n t e r  th e  C o lu m 

b ia  R iv e r  a t  ab o u t  th e  W a s h in g to n - Id a h o  b o r d e r .

A t T w in  F a l l s ,  Idaho , S h o s h o n e  F a l l s ,  a  Z10 fo o t  c a s c a d e  e f f e c 

t i v e ly  p r e v e n t s  m i g r a t i o n  u p s t r e a m  of C o lu m b ia  b a s i n  f i s h  fa u n a .  T h e  

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

of the  S n ak e  R iv e r  and  u n d o u b te d ly  p la y e d  a  r o l e  in  the  e v o lu t io n  of th e  

c u t t h r o a t  t r o u t  of th e  a r e a .

T h e  S n ak e  R i v e r  c o n ta in s  two f o r m s  of n a t iv e  c u t t h r o a t  t r o u t .

One f o r m ,  a l a r g e  s p o t te d  v a r i e t y  w a s  a t  one t i m e  u n i f o r m ly  d i s t r i b u t e d  

o v e r  the  e n t i r e  S nake  R iv e r  p la in  f r o m  S h o sh o n e  F a l l s  n e a r  the  tow n  of 

T w in  F a l l s ,  Idaho  u p s t r e a m  to  th e  h e a d w a t e r s  of the  S n ak e  a lo n g  th e  

C o n t in e n ta l  D iv id e  s o u th  of Y e l lo w s to n e  N a t io n a l  P a r k .  T o d a y  i t s  r a n g e  

is  r e s t r i c t e d  to  s m a l l e r  t r i b u t a r i e s  and  i s o l a t e d  s t r e a m s  w h e r e  r e l i c t  

p o p u la t io n s  s t i l l  p e r s i s t .  T h i s  t r o u t  is  d i s t i n g u i s h e d  by  the  p r e s e n c e  of 

l a r g e ,  r o u n d i s h  s p o ts  c o n c e n t r a t e d  m a in ly  b e h in d  the  r e g io n  of the
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d o r s a l  f in .  In  the  m a in  S n ak e  R i v e r  and  s o m e  of the  l a r g e r  t r i b u t a r i e s  

b e tw e e n  J a c k s o n  L a k e  an d  P a l i s a d e s  R e s e r v o i r  in  W y o m in g  o c c u r s  

a n o t h e r  f o r m  of c u t t h r o a t  t r o u t  c h a r a c t e r i z e d  by  v e r y  f in e  s p o ts  n u m e r 

o u s ly  s c a t t e r e d  o v e r  the  e n t i r e  b a c k  and  s id e s  of th e  f i s h .  S tu d ie s  on 

th e  f in e  s p o t te d  S n ak e  R i v e r  c u t t h r o a t  c o n d u c te d  by  th e  W y o m in g  G a m e  

and  F i s h  D e p a r t m e n t  sh o w  th a t  i t  is  m a in ta i n in g  a  n a t u r a l  p o p u la t io n  

r e p r o d u c t i v e l y  i s o l a t e d  f r o m  b o th  the  l a r g e  s p o t te d  f o r m  of c u t t h r o a t  

t r o u t  and  the  in t r o d u c e d  r a in b o w  t r o u t .

I t  i s  i n t e r e s t i n g  to n o te  th a t  d e s p i t e  the  f a c t  th a t  the  f in e  s p o t te d  

c u t t h r o a t  t r o u t  f o r m s  the  b a s i s  of a m a j o r  s p o r t  f i s h e r y  in  th e  J a c k s o n  

H o le  a r e a  an d  i s  e x t e n s i v e ly  p r o p a g a te d  in  f i s h  h a t c h e r i e s ,  i t s  d i s t i n c 

t io n  f r o m  the  l a r g e - s p o t t e d  c u t t h r o a t  t r o u t  h a s  on ly  r e c e n t l y  b e e n  m e n 

t io n e d  in  the  l i t e r a t u r e  (B eh n k e ,  1970; 1972; B a x t e r  an d  S im o n ,  1970). 

T h i s  is  l i k e ly  due to th e  f a c t  th a t  e a r l y  c o l l e c t io n s  by  i c h th y o lo g i s t s  in  

the  u p p e r  S n ak e  R i v e r  a r e a  w e r e  f r o m  s i t e s  w h e r e  on ly  th e  l a r g e d  s p o t te d  

f o r m  is  n a t iv e  (a b o v e  J a c k s o n  L a k e ,  P a c i f i c  C r e e k  and  t r i b u t a r i e s  

d o w n s t r e a m  f r o m  the  s i t e  of P a l i s a d e s  R e s e r v o i r ) .  J o r d o n  (1891) and  

E v e r m a n n  b o th  r e c o g n i z e d  th a t  th e  t r o u t  of th e  u p p e r  S n ak e  R i v e r  and 

the  Y e l lo w s to n e  R i v e r  w e r e  v i r t u a l l y  id e n t ic a l ,  w h ic h  w ou ld  be  e x p e c te d  

on the  b a s i s  of f r e e  a c c e s s  a c r o s s  th e  C o n t in e n ta l  D iv id e  v ia  Tw o O c e a n  

P a s s .  H o w e v e r ;  n e i t h e r  J o r d o n ,  E v e r m a n n  n o r  l a t e r  i n v e s t i g a t o r s  

found, o r  r e c o g n i z e d  a s  d i s t i n c t ,  the  f in e - s p o t t e d  c u t t h r o a t  in d ig e n o u s
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to  the  m a i n  S n ak e  R i v e r  b e lo w  J a c k s o n  L a k e  and to  t r i b u t a r y  s t r e a m s  

s o u th  of S p r e a d  C r e e k ,

J o r d o n  a n d  E v e r m a n n  (1896) a p p l ie d  the  n a m e  S a lm o  m y k i s s  l e w i s i  

( l a t e r  c h a n g e d  to  S. c l a r k i  l e w i s i  ( J o r d o n  and  E v e r m a n n ,  1898) ) to 

the  c u t t h r o a t  t r o u t  found  in  the  S n ak e  R i v e r  a b o v e  S h o s h o n e  F a l l s ,  th e  

Y e l lo w s to n e  d r a in a g e  and  th e  u p p e r  M i s s o u r i  R i v e r  b a s in .  T h i s  c l a s s i 

f i c a t io n  h a s  p e r s i s t e d  to the  p r e s e n t .  A c o n c u r r e n t  s tu d y  by  R o s c o e  

(1974), h o w e v e r ,  d e m o n s t r a t e s  th a t  the  u p p e r  M i s s o u r i  c u t t h r o a t  t r o u t  

a r e  d e r iv e d  f r o m  the  u p p e r  C o lu m b ia  b a s i n  ( C l a r k  F o r k )  and  no t  f r o m  

u p s t r e a m  m i g r a t i o n  f r o m  th e  Y e l lo w s to n e  R iv e r  a s  b e l i e v e d  b y  J o r d o n  

and  E v e r m a n n .

T h e  u p p e r  M i s s o u r i  b a s i n  c u t t h r o a t  t r o u t  show  c o n s i s t e n t  d i f 

f e r e n c e s  f r o m  th e  Y e l lo w s to n e  and  S n ak e  R i v e r  c u t t h r o a t  an d  b e c a u s e  

the  ty p e  lo c a l i t y  of l e w i s i  is  th e  M i s s o u r i  R iv e r  a t  G r e a t  F a l l s ,  M o n ta n a ,  

the  n a m e  l e w i s i  d o e s  n o t  a p p ly  to  Y e l lo w s to n e  t r o u t  if, a s  i t  a p p e a r s ,  

s u b s p e c i f i c  s e p a r a t i o n  is  j u s t i f i e d  b e tw e e n  th e  n a t iv e  c u t t h r o a t  t r o u t  of 

the  u p p e r  M i s s o u r i  a n d  Y e l lo w s to n e  d r a i n a g e s .

A s u b s p e c i f i c  n a m e  f o r  th e  c u t t h r o a t  t r o u t  of the  Y e l lo w s to n e  R i v e r  

and  i t s  p r o g e n i t o r ,  th e  l a r g e - s p o t t e d  f o r m  in  the  u p p e r  S n ak e  R iv e r ,  is  

a n  o p e n  q u e s t io n .  T h e  p h y lo g e n e t ic  and  p h e n e t ic  a f f in i t i e s  of th i s  t r o u t  

a r e  c l o s e r  to S. c .  u ta h  of the  B o n n e v i l le  b a s in  th a n  th e y  a r e  to  S. £ .  

l e w i s i .  T h e  f i n e - s p o t t e d  S n ak e  R i v e r  c u t t h r o a t  t r o u t  r e p r e s e n t s  an  u n 

d e s c r i b e d  s u b s p e c i e s .
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P r e s e n t  D i s t r i b u t i o n  of S n ak e  R i v e r  C u t t h r o a t  T r o u t  
in  R e la t i o n  to G eo lo g ic  an d  Z o o g e o g r a p h ic  H i s t o r y

T h e  o r i g i n a l  f o r m  of c u t t h r o a t  t r o u t  in v a d e d  th e  u p p e r  S n ak e  R iv e r  

p r i o r  to  the  f o r m a t i o n  of S h o s h o n e  F a l l s ,  In t i m e  th e y  s p r e a d  th r o u g h 

ou t the  S n ak e  R i v e r  S y s t e m ,  A s  th e  g l a c i e r s  r e t r e a t e d ,  th e y  g a in e d  

a c c e s s  to  the  s t r e a m s  in  the  h e a d w a t e r s  a b o v e  J a c k s o n  L a k e .  T h e  

p r e s e n c e  of T w o  O c e a n  P a s s ,  w h ic h  d i r e c t l y  c o n n e c ts  b o th  P a c i f i c  C r e e k  

of the  S n ak e  R iv e r  s y s t e m  and  A t la n t ic  C r e e k  of th e  Y e l lo w s to n e  d r a i n 

age , p r o v id e d  e a s y  a c c e s s  to  the  Y e l lo w s to n e  R iv e r  f r o m  the  S n ak e  

R iv e r ,  T h e  t r o u t  w e r e  th e n  a b le  to in v a d e  the  e a s t  s lo p e  and  p o p u la te  

the  Y e l lo w s to n e  b a s i n .  P e r i o d i c  a d v a n c e s  of g l a c ia l  ic e  r e s t r i c t e d  

m o v e m e n t  s u c h  th a t  p o p u la t io n  of the  Y e l lo w s to n e  p la t e a u  w a s  o n ly  p o s 

s ib le  a f t e r  th e  l a s t  i c e  s h e e t  r e t r e a t e d  ab o u t  8, 000- 10 , 000 y e a r s  ag o .

T h e  a b s e n c e  of any  n a t iv e  t r o u t  in  th e  M i s s o u r i  d r a i n a g e  d o w n 

s t r e a m  of th e  Y e l lo w s to n e  R iv e r  in d i c a t e s  th a t  th e  c u t t h r o a t  t r o u t  n e v e r  

e s c a p e d  f r o m  th e  Y e l lo w s to n e  d r a i n a g e .

T w o  g la c i a l  t e r r a c e s  120 m e t e r s  and  6 m e t e r s  a b o v e  th e  p r e s e n t  

r i v e r  l e v e l  in  th e  e a s t e r n  p la in  in c lu d e  a b u n d a n t  r o c k  c o n s t i t u e n t s  f r o m  

g la c i a t e d  m o u n ta in s  in  c e n t r a l  Idaho  (M ald e ,  1971). T h i s  g l a c i a l  o u t-  

w a s h  g iv e s  e v id e n c e  of a  p o s s i b le  c o n n e c t io n  b e tw e e n  th e s e  tw o a r e a s ;  

b u t  the  t h e o r y  h a s  n o t  b e e n  s u b s t a n t i a t e d .  S o m e t in e  a f t e r  th e  S n ak e  

R i v e r  h ad  b e c o m e  e n t r e n c h e d ,  l a v a  in f lo w s  b lo c k e d  the  c a n y o n  and
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c r e a t e d  S h o s h o n e  F a l l s ,  i s o la t in g  th e  f i s h  fa u n a  of th e  u p p e r  S an k e  

R i v e r  b a s in .

D u r in g  th e  l a t e  P l e i s t o c e n e ,  l a v a  i n t r u s i o n  in  a  c a n y o n  of the  B e a r  

R i v e r  t r i b u t a r y  to the  S n ak e  R i v e r  c a u s e d  the  B e a r  R i v e r  c o n n e c t io n  to 

be l o s t  an d  f o r c e d  the  s t r e a m  so u th  to  e m p ty  in to  L a k e  B o n n e v i l l e .

T h e  l a r g e  s p o t te d  c u t t h r o a t  th a t  w e r e  in  th e  B e a r  R i v e r  th e n  h a d  a c c e s s  

to  the  B o n n e v i l l e  b a s i n .  M a ld e  (1968) s t a t e s  t h a t  th i s  g r e a t l y  a u g m e n te d  

in f lo w  is  g e n e r a l l y  a c c e p te d  a s  th e  r e a s o n  fo r  th e  e v e n tu a l  o v e r f lo w  of 

L a k e  B o n n e v i l l e  b a c k  in to  the  S n ak e  R i v e r  p la in  v ia  R e d  R o c k s  P a s s .

T h e  e x a c t  d a te  of th e  o v e r f lo w  is  u n c e r t a i n .  B r ig h t  (1963) e s t i m a t e d  

th a t  th e  o v e r f lo w  o c c u r r e d  a b o u t  18, 000 y e a r s  a g o .  B r o e c k e r  and  

K a u fm a n  (1965) gave  a  d a te  of 12, 000 y e a r s .  M a ld e  (1965) on the  o th e r  

h a n d  s t a t e s  th a t  B r i g h t 1» d a t a  i s  in  a g r e e m e n t  w i th  a  s p i l l o v e r  d a te  of 

30, 000 y e a r s  a g o .  T h e  to ta l  v o lu m e  d i s c h a r g e d  i s  e s t i m a t e d  a t  380 

c u b ic  m i l e s .  T h e  p e a k  d i s c h a r g e  p r o b a b ly  l a s t e d  o n ly  a  few  d a y s  a t  

a  p r o b a b le  r a t e  of a b o u t  one th i r d  of a c u b ic  m i l e  p e r  h o u r .  I t  is  b e 

l i e v e d  th a t  th e  s p i l l o v e r  c o n t in u e d  f o r  a t  l e a s t  a  y e a r  e n t e r i n g  the  S nake  

R i v e r  n e a r  p r e s e n t  d a y  P o c a t e l lo ,  Id ah o .

T h e  w h o le  r e g i o n  o f  the  S n ak e  R i v e r  b a s in  w a s  h ig h ly  a c t iv e  v o l 

c a n i c a l ly  u n t i l  th e  l a t e  P l i o c e n e  o r  e a r l y  P l i e s t o c e n e .  O u tf lo w s  of l a v a  

a s s o c i a t e d  w ith  s p o r a d ic  u p l i f t in g  o c c u r r e d  a l l  a lo n g  the  r i v e r !s  c o u r s e  

(M a ld e ,  1971). S u r f a c e  e r u p t i o n s  d u r in g  the  l a t e  P l i e s t o c e n e  e v e n tu a l ly  

f o r c e d  th e  S n ak e  R i v e r  s o u th  in to  i t s  p r e s e n t  c o u r s e ,  i s o l a t i n g  the



s t r e a m s  of  the  L o s t  R i v e r  s y s t e m .  R u s s e l l  (1902) s t a t e s  t h a t  the  

a c t i v i t y  m a y  h a v e  p e r s i s t e d  u p  to R e c e n t  t i m e s .

V o l c a n i c  a c t i v i t y  in th e  S n a k e  R i v e r  d r a i n a g e  p e r s i s t i n g  in to  the  

l a t e  P l i e s t o c e n e  m u s t  h a v e  i n f l u e n c e d  th e  p r e s e n t  c o m p o s i t i o n  of f i s h  

s p e c i e s  a b o v e  S h o s h o n e  F a l l s .  H u b b s  a n d  M i l l e r  (1948) s u g g e s t e d  t h a t  

the  l a v a  f l o w s  m a y  h a v e  e s s e n t i a l l y  e l i m i n a t e d  the  o r i g i n a l  C o l u m b i a  

R i v e r  f auna ,  l a t e r  b e i n g  r e p l a c e d  b y  s p e c i e s  f r o m  th e  B o n n e v i l l e  b a s i n .  

T h e  f i s h e s  of t h e  i s o l a t e d  L o s t  R i v e r  g r o u p  m a y  b e  r e l i c t  u p p e r  S n a k e  

R i v e r  s p e c i e s  (H u b b s  a n d  M i l l e r ,  1948) o r  s e c o n d a r i l y  d e r i v e d  by  h e a d 

w a t e r  t r a n s f e r  f r o m  th e  S a l m o n  R i v e r  b a s i n  ( A n d r e w s ,  1972) .  I t  i s  

l i k e l y  t h a t  e l e m e n t s  f r o m  b o t h  s o u r c e s  a r e  i n v o l v e d .

T h e  o r i g i n  of  t h e  f ine  s p o t t e d  c u t t h r o a t  t r o u t  of  the  S n a k e  R i v e r  

i s  a n  o p e n  q u e s t i o n .  J o r d o n  (1891) m a k e s  no  m e n t i o n  of i t  in  h i s  in -  

v e s i t g a t i o n s .  W h i l e  th e  l a r g e  s p o t t e d  f o r m  a p p e a r s  o v e r  a  w i d e  a r e a  

b o t h  a b o v e  a n d  b e l o w  th e  r a n g e  of  th e  f in e  s p o t t e d  f o r m ;  th e  f in e  s p o t t e d  

c u t t h r o a t  t r o u t  i s  r e s t r i c t e d  m a i n l y  to the  l a r g e r  s t r e a m s  of the  S n a k e  

R i v e r  s y s t e m  b e t w e e n  J a c k s o n  L a k e  an d  P a l i s a d e s  R e s e r v o i r  ( K ie z l in g ,  

1972) .  S i m o n  (1946) c o n s i d e r e d  t h i s  f o r m  to be  a  v a r i e t y  of  the  Y e l l o w 

s t o n e  c u t t h r o a t  ( S a l m o  c l a r k i  l e w i s i ) . B a x t e r  a n d  S i m o n  (1970) r e p o r t e d  

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

v a r i e t y .  W h a t e v e r  i t s  t a x o n o m i c  s t a t u s ,  i t  i s  m a i n t a i n i n g  a  s e l f  s u s 

t a i n i n g  n a t u r a l l y  r ep ro d u c in g  p o p u l a t i o n  d e s p i t e  i n t r o d u c t i o n  of  n o n 

n a t i v e  t r o u t  s p e c i e s .  W h i l e  i t  is  p o s s i b l e  t h a t  t h e  f ine  s p o t t e d  c u t t h r o a t
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r e p r e s e n t s  a  s e c o n d a r y  in v a s io n  p e r h a p s  f r o m  th e  S a lm o n  R iv e r ,  v ia  

the  L o s t  R iv e r ,  t h e r e  i s  no e v id e n c e  th a t  i t  w a s  n a t iv e  to  an y  o th e r  r e 

g ion  th a n  i t s  p r e s e n t  d i s t r i b u t i o n .

T h e  l i m i t e d  r a n g e  s u g g e s t s  th a t  i t  m o s t  l i k e ly  d e v e lo p e d  d u r in g  

the  l a s t  g l a c i a l  a d v a n c e  by  i s o l a t i o n  of th e  l a r g e  s p o t te d  C u t th ro a t  in a  

r e fu g e  s u c h  a s  an  i c e - d a m  la k e ,  p e r h a p s  in  the  H o b a c k  C a n y o n .  D u r in g  

th i s  i s o la t io n ,  the  s p o t t in g  p a t t e r n  c h a n g e d  a lo n g  w i th  d iv e r g e n c e  in  

e c o l o g ic a l  a d a p t a t i o n s  r e s u l t i n g  in  r e l a t i v e l y  r a p id  d i f f e r e n t i a t i o n .  W hen  

th e  n e w ly  e v o lv e d  f i n e - s p o t t e d  f o r m  a g a in  c a m e  in  c o n t a c t  w i th  th e  l a r g e  

s p o t te d  f o r m  in  th e  S n a k e  R iv e r ,  s e l e c t i o n  f a v o r e d  th e  m a in t e n a n c e  of 

two d i s t i n c t  g e n o ty p e s  r e s u l t i n g  in  p a r t i t i o n in g  of th e  e n v i r o n m e n t  in to  

e s s e n t i a l l y  a l l o p a t r i c  d i s t r i b u t i o n s .

H i s t o r i c a l  B a c k g r o u n d

T h e  f i r s t  r e c o r d i n g  of a  l a r g e  s p o t te d  c u t t h r o a t  t r o u t  in  the  B o n n e 

v i l l e  b a s i n  w a s  m a d e  by  S u c k le y  (1874) f r o m  e x p l o r a t io n s  m a d e  b y  h i m  

in  th e  l a t e  1 8 5 0 's .  T h e  f i s h  w e r e  c o l l e c t e d  f r o m  U ta h  L a k e  a n d  w e r e  

g iv e n  th e  p r o v i s io n a l  n a m e  " S a lm o  u ta h 11. S u c k le y  d e s c r i b e d  th e m  a s  

a  v a r i e t y  of " S a lm o  v i r g i n a l i s "  w h o s e  r a n g e  a t  th a t  t im e  w a s  c o n s i d e r e d  

to  b e  th e  s o u th e r n  R o c k y  M o u n ta in s ,  U tah , a n d  N ew  M e x ic o .  J o r d a n  

(1891) c o l l e c t e d  t r o u t  in the  B o n n e v i l l e  b a s in  th a t  he  c o n s i d e r e d  a s  

" S a lm o  m y k i s s  ( V a r .  v i r g i n a l i s ) " . H e o b s e r v e d  th a t  t h i s  t r o u t  b o r e  a

r e s e m b l a n c e  to th e  O r e g o n  t r o u t  ( " V a r .  c l a r k i " ) ; b u t  th e  U ta h  t r o u t
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h ad  f e w e r  s c a l e s  in  th e  l a t e r a l  s e r i e s  (a b o u t  150). He a l s o  c o l l e c t e d  

s o m e  s p e c i m e n s  f r o m  U ta h  L a k e  an d  n o te d  th a t  th e y  r e s e m b l e d  the  t r o u t  

o f  T w in  L a k e s ,  C o lo r a d o  (!,V a r .  m a c d o n a ld i11) . J o r d a n  (1920) c o r r e c t e d  

the  e r r o n e o u s  u s e  of the  n a m e  v i r g i n a l i s  f o r  B o n n e v i l l e  c u t t h r o a t  and  

a p p l ie d  th e  n a m e  S a lm o  u ta h  g iv e n  by  S u c k le y  (1874) to  th e  t r o u t  of 

U ta h  L a k e .

M i l l e r  (1950) a n d  C o p e  (1955) b e l i e v e d  th a t  S a lm o  c l a r k i  u t a h  w a s  

p r o b a b ly  e x t in c t .  H o w e v e r ,  B e h n k e  (1970) r e p o r t e d  c o l l e c t in g  s p e c i 

m e n  f r o m  s o u th e r n  U ta h  in  a  t r i b u t a r y  of the  V i r g in  R i v e r  in  th e  a r e a  

of P in e  V a l l e y .

J o r d a n  (1891) a s s i s t e d  b y  G i l b e r t  e x a m in e d  th e  w a t e r s  of Y e l lo w 

s to n e  N a t io n a l  P a r k .  In  t h e i r  p u b l ic a t io n ,  a l l  th e  c u t t h r o a t  c o l l e c t e d  

w e r e  r e f e r r e d  to  a s  11 S a lm o  m y k i s s 11. T h e y  r e c o g n i z e d  s o m e  s m a l l  

d i f f e r e n c e s  in  s p o t t in g  p a t t e r n  b e tw e e n  the  t r o u t  of Y e l lo w s to n e  L a k e  

an d  th o s e  in  H e a r t  L a k e  and  H e n r y ' s  L a k e  of the  S n ak e  R i v e r  b a s in .

B a s e d  on E v e r m a n n 1 s o b s e r v a t i o n s  in  1891 ( E v e r m a n n ,  1893) on Tw o 

O c e a n  P a s s ,  J o r d a n  l a t e r  p r o p o s e d  th a t  t h i s  p a s s  w a s  the  a r e a  th a t  th e  

a n c e s t r a l  c u t t h r o a t  g a in e d  e n t r a n c e  in to  th e  Y e l lo w s to n e  b a s i n  an d  s p r e a d  

th r o u g h o u t  th e  w h o le  u p p e r  M i s s o u r i  b a s i n .

J o r d a n  a n d  G i l b e r t  fo l lo w e d  the  S n a k e  R i v e r  d o w n s t r e a m  to w a r d  

J a c k s o n  l a k e .  In  the  u p p e r  S n ak e  a r o u n d  H e a r t  la k e ,  th e y  c o l l e c t e d  

n S a lm o  m y k i s s 11, C a t o s t o m u s  a r d e n s , a  ch u b  (G ila  a t r a r i a s ), an d  s o m e

s p e c im e n s  of th e  g e n u s  C o t t u s . T h e s e  s a m e  s p e c i e s  w e r e  found  in
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J a c k s o n  l  a k e  a n d  in  m o s t  of th e  s t r e a m s  s a m p l e d  in  th i s  a r e a .  T w o 

y e a r s  l a t e r ,  E v e r m a n n  (1893) m a d e  a  s i m i l a r  t r i p  to  th e  h e a d w a t e r s  

of the  S n ak e  R i v e r .  H e  s a m p l e d  the  r e g io n  m o r e  e x t e n s i v e ly  th a n  d id  

J o r d a n  an d  d i s c o v e r e d  th a t  the  s m a l l e r  t r i b u t a r i e s  ab o v e  J a c k s o n  l a k e ?( 

in c lu d in g  P a c i f i c  c r e e k  h ad  a b o u t  the  s a m e  s p e c i e s  of f i s h  p r e s e n t  a s  

J o r d a n  h a d  r e p o r t e d .

G i l b e r t  a n d  E v e r m a n n  (1895) b e g a n  a  m o r e  in t e n s iv e  e x a m in a t io n  

of the  f i s h  of th e  S n a k e  R iv e r  f r o m  P r e s i d e n t s  c a m p  a b o u t  12 m i l e s  

n o r t h  of J a c k s o n  la k e ,  dow n th e  S n ak e  to w a r d  i t s  c o n f lu e n c e  w ith  the  

C o lu m b ia  r i v e r .  T h e i r  i n v e s t ig a t io n s  le d  th e m  to e x a m in e  the  s m a l l e r  

t r i b u t a r i e s  of th e  r i v e r  in  c e n t r a l  Idaho#

On the  S n ak e  R iv e r  a t  P r e s i d e n t 1 s c a m p ,  th e y  found  C a t o s t o m u s  

a r d e n s , R h in i c h th y e s  c a t a r a c t a e , R i c h a r d s o n i u s  b a l t e a t u s , G i la  a t r a r i a , 

P r o s o p i u m  w i l l i a m s o n i , C o t tu s  b a i r d i  an d  n S a lm o  m y k i s s 11. A s  th e y  

m o v e d  dow n the r i v e r ,  th i s  p a t t e r n  te n d e d  to p e r s i s t .  N one  of the  r e 

p o r t s  of o f f ic i a l  in v e s t ig a t io n s  m e n t io n  th e  p r e s e n c e  o f th e  f in e  s p o t te d  

f o r m  of S n a k e  R i v e r  t r o u t .  O n ly  l a r g e  s p o t te d  f o r m s  w e r e  d i s c o v e r e d  

in  the  t r i b u t a r i e s  to  the  S n ak e  in  W y o m in g  an d  Id a h o .

T w o  r i v e r s  n e a r  P o c a t e l l o ,  Id ah o  w e r e  s a m p l e d .  W e s t  of P o c a t e l l o ,  

in  the  P o r t n e u f  R ive r ,  th e y  found no t r o u t  b u t  w e r e  to ld  th e y  w e r e  a b u n 

d a n t  u p s t r e a m  an d  th a t  the  f i s h  w e r e  o f te n  c a u g h t  in  th e  m a in  r i v e r  in  

the  s p r in g .  A n o th e r  s m a l l  s t r e a m ,  M ink  C r e e k ,  s ix  m i l e s  u p s t r e a m  of 

P o c a t e l l o ,  w a s  found to c o n ta in  a  l a r g e  p o p u la t io n  of c u t t h r o a t  t r o u t .
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A ll  of th e  t r o u t  ( " m y k i s s " )  c o l l e c t e d  w e r e  d e s c r i b e d  by  G i l b e r t  

a s  b e in g  id e n t i c a l  w i th  th e  Y e l lo w s to n e  t r o u t  w h ic h  in  t u r n  w a s  c o n 

s i d e r e d  s y n o n y m o u s  w ith  th e  u p p e r  M i s s o u r i  b a s i n  t r o u t  a l r e a d y  n a m e d  

l e w i s i . T h e y  b e l i e v e d  th i s  t r o u t  p e r s i s t e d  th ro u g h o u t  th e  S n a k e  R iv e r  

in  Id ah o  an d  W y o m in g  i s o l a t e d  f r o m  the  l o w e r  S n a k e  a n d  C o lu m b ia  R iv e r  

f i s h e s  by  S h o sh o n e  F a l l s  in  Idaho , w h o s e  210 fo o t  c a s c a d e  p r e v e n t e d  

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

S u c k le y  a n d  C o o p e r  (1859) in  t h e i r  i n v e s t ig a t io n s  a lo n g  th e  S n ak e  

R iv e r  s u p p o r te d  t h i s  id e a  th a t  S h o s o n e  F a l l s  h ad  i s o l a t e d  th e  u p p e r  

S n ak e  R i v e r  f a u n a  f r o m  th e  l o w e r .  T h e y  o b s e r v e d  th a t  no  a n a d r a m o u s  

f o r m s  of s a lm o n  w e r e  e v e r  d i s c o v e r e d  ab o v e  th e  f a l l s .  S u c k le y  d id  d i s 

c o v e r  a n o t h e r  n o n - a n a d r a m o u s  t r o u t  in  the  a r e a  b e lo w  S h o s h o n e  F a l l s  

a n d  r a n g in g  to  j u s t  e a s t  of the  C a s c a d e  r a n g e .  T h i s  f i s h  w a s  found  to 

in h a b i t  th e  Y a k im a ,  J o h n  D a y 's ,  B o i s e  r i v e r s  a n d  o t h e r  l a r g e  t r i b u t a r i e s  

to  th e  C o lu m b ia  R i v e r .  I t  h a d  a  b r o a d  r e d d i s h  b a n d  e x te n d in g  f r o m  th e  

o p e r c l e  to th e  b a s e  of th e  t a i l .  H e n a m e d  th i s  t r o u t ,  S a lm o  g ib b s i i  

(S u ck ley ,  1874). T h e  m a i n  po in t  w a s  th a t  a  d i f f e r e n t  t r o u t  in h a b i t a t e d  

the  r e g io n  d o w n s t r e a m  of S h o s h o n e  F a l l s  an d  i t  w a s  r e c o g n i z a b l y  d i s 

t i n c t  f r o m  th e  u p p e r  S n ak e  R iv e r  t r o u t  th e n  r e f e r r e d  to  a s  S a lm o  l e w i s i .

T h e  e v id e n c e  of t h e s e  p r i n c i p l e  i n v e s t i g a t o r s  and  o t h e r s  l e d  J o r d a n  

an d  E v e r m a n n  (1902) to p u b l i s h  a  d i s t r i b u t i o n  r e c o r d  of th e  s p e c i e s  th u s  

f a r  e n c o u n t e r e d  a n d  to  a t t e m p t  to  d e l in e a t e  th e  a f f in i t i e s  a m o n g  th e  i n 

t e r i o r  c u t t h r o a t  t r o u t .  T h e y  b e l i e v e d  th a t  th e  s a lm o n id s  ( c o r e g o n i n a e
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and  s a l m o n i n a e )  w e r e  p r o d u c t s  of  r e c e n t  e v o l u t i o n  a n d  t r o u t  r e a c h e d  

the  w e s t  c o a s t  of the  U n i t e d  S t a t e s  f r o m  A s ia  a n d  s p r e a d  i n l a n d .  T h e  

c o a s t a l  c u t t h r o a t  t r o u t  (S a l m o  c l a r k i i  R i c h a r d s o n )  w a s  th e  p a r e n t  f o r m  

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

n o r t h e r n  C a l i f o r n i a  to A l a s k a  a l o n g  the  c o a s t  a n d  i n l a n d  up  to C o l u m b i a  

R i v e r  and  the  S n a k e  R i v e r  to  S h o s h o n e  F a l l s .  T h i s  t r o u t  h a d  v a r i o u s  

n a m e s  a p p l i e d  t h r o u g h  th e  y e a r s ,  the  m o s t  n o t a b l e  b e i n g  15 c u t t h r o a t " , 

" b l a c k - s p o t t e d  t r o u t " ,  " C o l u m b i a  r i v e r  t r o u t "  a n d  " r e d - t h r o a t e d  t r o u t " .  

A n o t h e r  f o r m ,  the  s i l v e r  t r o u t  (S a l m o  g i b b s i " ) ,  a  r e s i d e n t  n o n - m i g r a -  

t o r y  f o r m  i n h a b i t e d  th e  l a r g e r  t r i b u t a r i e s  and  l a k e s  of the  C o l u m b i a  

R i v e r  d r a i n a g e  f r o m  the  C a s c a d e s  to  S h o s h o n e  F a l l s .  It  w a s  a l s o  r e 

p o r t e d  to be  c o m m o n  in the  D e s C h u t e  R i v e r  in  O r e g o n  and  P a y e t t e  l a k e s  

in  Id a h o .

C o n f u s i o n  a r o s e  h o w e v e r ,  c o n c e r n i n g  the  r e l a t i o n s h i p s  of  the  

s p e c i e s  of  t r o u t  b e l o w  S h o s h o n e  F a l l s .  R o s c o e  (1974)  n o t e s  th e  p r e s 

e n c e  of  tw o  d i s t i n c t  f o r m s  of  c u t t h r o a t  t r o u t  in  th e  C o l u m b i a  R i v e r  b a s i n  

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

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

m o n l y  c a l l e d  th e  w e s t s l o p e  c u t t h r o a t  (S a l m o  c l a r k i  l e w i s i ).  T h i s  l a r g e  

s p o t t e d  f o r m  is  p r o b a b l y  th e  s a m e  f o r m  th e  i n v a d e d  th e  u p p e r  S n a k e  

R i v e r  p r i o r  to the f o r m a t i o n  of  S h o s h o n e  F a l l s .  T h e  p r e s e n t  d a y  d i s 

t r i b u t i o n  of t h i s  f o r m  b e l o w  S h o s h o n e  F a l l s  i s  s p o r a t i c  a n d  d i s j u n c t .  

G i l b e r t  a n d  E v e r m a n n  (1895) b e l i e v e d  the  t r o u t  of  the  m i d d l e  a n d  l o w e r
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C o l u m b i a  b a s i n  r e p r e s e n t e d  i n t e r g r a d a t i o n  b e t w e e n  r a i n b o w  (S a l m o  

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

w e r e  g iv e n  s u b s p e c i f i c  n a m e s .  J o r d a n  a n d  G i l b e r t  (1883) a p p l i e d  the  

n a m e  S.  c .  b o u v i e r i  to the c u t t h r o a t  of W a h a  L a k e ,  I d a h o .  E v e r m a n n  

and  N i c h o l s  (1909) n a m e d  S.  _c * e r e m o g e n o u s  f r o m  C r a b  C r e e k ,  W a s h i n g 

ton .  A f t e r  the  l a s t  g l a c i a l  p e r i o d ,  the  l a r g e  s p o t t e d  f o r m  w a s  l a r g e l y  

r e p l a c e d  by  r a i n b o w  t r o u t  and  p e r s i s t e d  o n ly  in  i s o l a t e d  a r e a s  b e l o w  

S h o s h o n e  F a l l s .  T h e  u p p e r  S n a k e  R i v e r  c u t t h r o a t  w e r e  p r o t e c t e d  by  

S h o s h o n e  F a l l s .

T h e  t r o u t  c a l l e d  n S a l m o  g i b b s i n fo u n d  in th e  m i d d l e  C o l u m b i a  

R i v e r  w a s  c o n s i d e r e d  t h e ’In t e r  m e d i a t e 51 b e t w e e n  th e  c u t t h r o a t  an d  r a i n 

bow  s p e c i e s .  B e h n k e  (1972)  a n d  S c h r e c k  a n d  B e h n k e  (1971)  s t a t e  t h a t  

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

b a n d e d  t r o u t .  M u s e u m  s p e c i m e n s  f r o m  th e  W ood  R i v e r  in  I d a h o  a n d  

Y a k i m a ,  W a s h i n g t o n ,  c o l l e c t e d  in  1894 a p p e a r  to b e  t h i s  t r o u t  a n d  n o t  

S . g a i r d n e r i .

J o r d a n  h a d  n o t i c e d  t h a t  s o m e  s p e c i e s  of  f i s h  w e r e  c o m m o n  to the  

S n a k e  R i v e r  an d  th e  l o w e r  C o l u m b i a  s y s t e m ;  b u t  a l s o  that, s o m e  w e r e  

c o m m o n  to the  u p p e r  S n a k e  and  the  B o n n e v i l l e  b a s i n  w h i c h  d id  n o t  e x i s t  

in  the C o l u m b i a .  J o r d a n  (1928)  p u b l i s h e d  h i s  v i e w s  on h o w  s p e c i a t i o n  

t o o k  p l a c e .  H i s  t h e o r y  w a s  a s  f o l l o w s ;  T h e  s i m i l a r i t y  of  the  f i s h e s  in  

the  l a k e s  and  s t r e a m s  of  the  B o n n e v i l l e  b a s i n  w a s  c a u s e d  by  m i x i n g  of  

w a t e r  d u r i n g  o r  a f t e r  th e  l a s t  g l a c i a l  e p o c h .  S in c e  t h a t  p e r i o d  the  r e g i o n
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g r e w  h o t t e r  an d  L a k e  B o n n e v i l le  e v e n tu a l ly  o v e r f lo w e d  in to  th e  C o lu m b ia  

v ia  the  S n a k e  R i v e r .  J o r d a n  p r o p o s e d  th a t  th e  f i s h e s  of th e  C o lu m b ia  

and  B o n n e v i l le  b a s i n  w e r e  o n c e  of th e  s a m e  p a r e n t  s to c k .  A s  the  l a k e s  

an d  s t r e a m s  d r i e d  up  the  c h a n g e  in  e n v i r o n m e n t  c a u s e d  d i v e r g e n c e  in to  

d i s t i n c t  s p e c i e s  in  s o m e  of the  f i s h e s .  A s  e x a m p le s ,  he  c i t e d  the  

s u c k e r s  of L a k e  T a h o e  an d  U ta h  L a k e  a s  b e in g  now  d i s t i n c t  f r o m  the  

C o lu m b ia  b a s in  s u c k e r s .  A n o th e r  e x a m p le  w a s  the  s e p a r a t i o n  of S. 

h e n s h a w i  and  S . c .  u t a h . H e p o in te d  ou t th a t  th i s  w a s  n o t  t r u e  of a l l  

s p e c i e s  c i t in g  th e  w h i t e f i s h  ( P r o s o p i u m  w i l l i a m s o n i )  a s  n o t  d i f f e r i n g  

a t  a l l  b e tw e e n  th e  B o n n e v i l le  a n d  C o lu m b ia  b a s i n s .

H u b b s  a n d  M i l l e r  (1948) r e c o g n i z e d  22 s p e c i e s  of f i s h e s  a s  b e in g  

B o n n e v i l l e  f a u n a .  Of th e s e ,  3 s p e c i e s  a r e  kn o w n  on ly  f r o m  th e  u p p e r  

S n a k e  and  a r e  now  e x t in c t  in  th e  B o n n e v i l le  b a s in .  T h e  B o n n e v i l le  fa u n a  

l a c k s  th e  e n d e m ic  g e n e r a  o f th e  C o lu m b ia  R iv e r  s y s t e m  a s  w e l l  a s  th e  

s e m i - m a r i n e  t y p e s .  H ubbs  a n d  M i l l e r  p r o p o s e d  th a t  th e  S n ak e  R iv e r  

h ad  m o s t  of the  g e n e r a  of th e  C o lu m b ia  a t  one t im e ;  b u t  th a t  d u r in g  o r  

a f t e r  th e  f o r m a t io n  of S h o s h o n e  F a l l s ,  e x t e n s i v e  v o lc a n ic  a c t i v i t y  c a u s e d  

l a v a  f lo w s  to  e n t e r  th e  S n a k e  R i v e r  p la in  a b o v e  the  f a l l s  an d  p o is o n  l a r g e  

s t r e t c h e s  of the  r i v e r .  T h e  p r e s e n c e  of S h o s h o n e  F a l l s  p r e v e n t e d  th e  

C o lu m b ia  fa u n a  f r o m  r e - e n t e r i n g  th e  u p p e r  S n a k e  R i v e r  p la in .  In  th e  

W ood R iv e r  b e lo w  S h o sh o n e  F a l l s ,  H u b b s  an d  M i l l e r  d i s c o v e r e d  a  m i x 

t u r e  of ty p e s  w i th  one B o n n e v i l le  s p e c i e s  p r e s e n t  (G ila  (S n y d e r ic h th y s )

c o p e i ) .
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N o r t h  of the  S n ak e  R iv e r  in  the  L o s t  R i v e r  s y s t e m  in  Id ah o  ( i n 

c lu d in g  G a m a s  C r e e k ,  M e d ic in e  l^odge C r e e k ,  B i r c h  C r e e k ,  L i t t l e  L o s t  

R i v e r  a n d  the  L o s t  R iv e r ) ,  th e y  found  a  c u t t h r o a t  t r o u t  b e l i e v e d  to  be  a  

r e l i c t  of the  o ld  S n ak e  R i v e r  t r o u t ;  the  D o lly  V o r d e n  t r o u t  ( b e l i e v e d  to  

be  a  g la c ia l  r e l i c t )  5 an d  f iv e  h ig h ly  e n d e m ic  r a c e s  of th e  g e n u s  C o t tu s .  

T h e y  n o te d  th a t  n one  of t h e s e  w e r e  of B o n n e v i l l e  o r ig i n  d e s p i t e  the  f a c t  

th a t  t h i s  w a s  p a r t  of the  u p p e r  S n ak e  R iv e r  s y s t e m .  A n e x c e p t io n  to th i s  

w a s  M ud L a k e ;  b u t  i t  w a s  d i s c o v e r e d  th a t  th e  B o n n e v i l le  g e n e r a  e x i s t in g  

t h e r e  w e r e  in t r o d u c e d  b y  b a i t  f i s h e r m e n .  H u b b s  a n d  M i l l e r  s t a t e  th a t  

the  f i s h  of th e  L o s t  R i v e r  s y s t e m  a r e  a l l  r e l i c t s  of S n ak e  R i v e r  f a u n a .  

B a i l e y  and  B ond  (1963) on  the  o th e r  hand ,  d e s ig n a t e d  one p a r t i c u l a r  

s p e c i e s  of C o t tu s  ( c o n f u s u s ) a s  b e in g  p r e s e n t  in  the  S a lm o n  R iv e r  a s  

w e l l  a s  in  M e d ic in e  L o d g e  C r e e k  and  th e  L i t t l e  L o s t  an d  B ig  L o s t  R i v e r s .  

A n d r e w s  (1972) s u p p o r t e d  the  p o s s i b i l i t y  of a c o n n e c t io n  b e tw e e n  the  

u p p e r  S a lm o n  an d  L o s t  R i v e r  s y s t e m s  b a s e d  on th e  s i m i l a r i t y  of f i s h e s  

in  th e  two a r e a s .  If t h e r e  w a s  a  c o n n e c t io n  b e tw e e n  th e s e  a r e a s ,  the  

p o s s i b i l i t y  of h e a d w a t e r  t r a n s f e r  of I d a h o - M o n ta n a  w e s t s lo p e  c u t t h r o a t  

(S. £_. l e w is i i  in to  the  L o s t  R iv e r  s y s t e m  an d  p e r h a p s  in to  the  S nake  

R i v e r  m u s t  b e  c o n s i d e r e d .  A m o r e  in t e n s iv e  i n v e s t i g a t i o n  of th e  n a t iv e  

t r o u t  of th e  l a v a  p la in s  s t r e a m s  m a y  c o n t r i b u t e  to  a b e t t e r  u n d e r s t a n d i n g  

of the  o r ig i n  of the  f in e  s p o t te d  c u t t h r o a t  of th e  S n ak e  R iv e r  s in c e  the  

f a u n a  in  the  L o s t  R i v e r  s y s t e m  a p p e a r  to  b e  d e r i v e d  f r o m  b o th  th e  S a l m 

on R i v e r  and  S n a k e  R i v e r  d r a i n a g e s .
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No m e n t io n  w a s  m a d e  by  J o r d a n  n o r  E v e r m a n n  c o n c e r n in g  th e  

p r e s e n c e  of a f ine  s p o t te d  f o r m  of c u t t h r o a t  t r o u t  in  e i t h e r  the  S n ak e  

R i v e r  o r  th e  L o s t  R iv e r  b a s in .

T h e  d i s t r i b u t i o n  o f th e  c u t t h r o a t  t r o u t  of th e  S n ak e  R iv e r  m a y  be  

s u m m a r i z e d  a s  fo l lo w s ; T h e  l a r g e  s p o t te d  c u t t h r o a t  m o v e d  up  the  

C o lu m b ia  an d  S n a k e  R i v e r s ;  b e in g  i s o la t e d  in  th e  S n ak e  by  th e  f o r m a t io n  

o f S h o s h o n e  F a l l s .  F r o m  h e r e  i t  r a d i a t e d  in to  the  B o n n e v i l le ,  C o lo r a d o  

an d  o th e r  i n t e r i o r  d r a i n a g e s .  O nly  a f t e r  the  l a s t  g l a c ia t io n  w e r e  c u t 

t h r o a t  t r o u t  a b le  to e n t e r  th e  Y e l lo w s to n e  d r a i n a g e ;  b u t  n e v e r  l e f t  it  

to e n t e r  the  M i s s o u r i  (R o s c o e ,  1974).  T h e  l a r g e  s p o t te d  S n ak e  R iv e r  

c u t t h r o a t  is  now  found  th r o u g h o u t  th e  h e a d w a t e r s  of the  r i v e r  dow n to 

J a c k s o n  L a k e .  S o m e  a r e  p r e s e n t  in  t r i b u t a r i e s  to J a c k s o n  L a k e  an d  in  

the  h e a d w a t e r s  of th e  G ro s  V e n t r e  R i v e r .  T h e r e  a r e  n o n e  know n  in  a n y  

o t h e r  t r i b u t a r i e s  b e tw e e n  J a c k s o n  L a k e  an d  P a l i s a d e s  R e s e r v o i r .  F r o m  

H e n r y ' s  F o r k  dow n to  S h o s h o n e  F a l l s  th e y  a r e  a g a in  p r e s e n t  in the 

t r i b u t a r i e s  to  th e  S n ak e  R i v e r .  T h e  f in e  s p o t te d  S n ak e  R i v e r  c u t t h r o a t  

is  found  in th e  a r e a  b e tw e e n  J a c k s o n  L a k e  and  P a l i s a d e s  R e s e r v o i r  

c o m p le t e ly  s u r r o u n d e d  b y  th e  l a r g e  s p o t te d  f o r m .

T h e r e  a r e  m a n y  u n a n s w e r e d  q u e s t io n s  c o n c e r n in g  th e  d i s t r i b u t i o n  

o f t h e s e  tw o f o r m s .  A lth o u g h  the  f in e  s p o t te d  f o r m  is  d o m in a n t  in th e  

G r o s  V e n t r e  R iv e r ,  s p e c i m e n s  of l a r g e - s p o t t e d  c u t t h r o a t  and  n u m e r o u s  

i n t e r g r a d e s  w e r e  c o l l e c t e d  fo r  th i s  s tu d y .  I n te n s i v e  s tu d y  is  n e e d e d  to 

d e t e r m i n e  if  b o th  f o r m s  c o - e x i s t  and  th e  d e g r e e  of h y b r id i z a t i o n  e x i s t in g .
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N o th in g  i s  k n o w n  stboufc the  o r i g i n a l  t r o u t  of  J a c k s o n  L a k e ,  a n o t h e r  a r e a  

w h e r e  the  r a n g e  of  tw o  f o r m s  p r o b a b l y  o v e r l a p p e d .  I t  i s  p o s s i b l e  t h a t  

the  f ine  s p o t t e d  f o r m  is  d e r i v e d  f r o m  th e  w e s t s l o p e  c u t t h r o a t  g a i n in g  

e n t r a n c e  to the  S n a k e  v i a  t h e  L o s t  R i v e r  s y s t e m .  W h a t  w a s  t h e  n a t i v e  

t r o u t  d o w n s t r e a m  in  the  m a i n  S n a k e  R i v e r  f r o m  P a l i s a d e s  R e s e r v o i r  

b e f o r e  the p r e s e n t  d a m  w a s  c o n s t r u c t e d ?  T h i s  i s  n o t  k n o w n ;  b u t  a l l  

t r i b u t a r y  s t r e a m s  ( H e n r y 1 s F o r k ,  R a f t  R i v e r ,  P o r t n e u f  R i v e r  an d  

G o o s e  C r e e k )  s a m p l e d  h a v e  t y p i c a l  l a r g e  s p o t t e d  c u t t h r o a t .  T h e  n a m e  

l e w i s i  is  i n c o r r e c t  f o r  th e  Y e l l o w s t o n e  and  S n a k e  R i v e r  c u t t h r o a t  t r o u t .  

T h e  l a r g e  s p o t t e d  t r o u t  r e a c h e d  the  B o n n e v i l l e  s y s t e m  by  the  c a p t u r e  

of the  B e a r  R i v e r .  If  the  B o n n e v i l l e  a n d  the  Y e l l o w  s to n e  - S n a k e  R i v e r  

c u t t h r o a t  a r e  c o n s i d e r e d  th e  s a m e  taxon ,  t h e n  the  n a m e  S a l m o  c l a r k i  

u t a h  w o u ld  a p p l y  to a l l  t h r e e  s i n c e  th i s  w a s  the  e a r l i e s t  v a l i d  n a m e  

a p p l i e d  to l a r g e  s p o t t e d  c u t t h r o a t  of t h i s  a r e a .  If  the  B o n n e v i l l e  s y s t e m  

w e r e  to be  e x c l u d e d  th e n  one  of  the  n a m e s  a p p l i e d  to r e l i c t  l a r g e  s p o t t e d  

c u t t h r o a t  of the  C o l u m b i a  R i v e r  b a s i n  w o u ld  a p p l y .  Of t h e s e ,  the  c u t 

t h r o a t  t r o u t  of W a h a  L a k e  (b o v i e r i )  i s  the o l d e s t  a v a i l a b l e  n a m e *

T h e  f a c t  t h a t  th e  f ine  s p o t t e d  f o r m  of S n a k e  R i v e r  c u t t h r o a t  w a s  

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

r e s t r i c t e d ,  p e r h a p s  s i m i l a r  to i t s  p r e s e n t  d i s t r i b u t i o n .  F u r t h e r  i n 

v e s t i g a t i o n s  in the  L o s t  R i v e r  s y s t e m  in c e n t r a l  I d a h o  m a y  y i e l d  n e w  

i n f o r m a t i o n  t h a t  the  f ine  s p o t t e d  f o r m  r e p r e s e n t s  a  s e c o n d a r y  i n v a s i o n  

of  I d a h o  w e s t s l o p e  c u t t h r o a t  (S.  u .  l e w i s i ) a n d  t h r o u g h  l a v a  d i s r u p t i o n

and  g l a c i a l  a d v a n c e  became i s o l a t e d .



20

V a r i a b i l i t y  of M e r i s t i c  C h a r a c t e r s

S h r e c k  (1969) p r e s e n t e d  a  th o r o u g h  r e v i e w  of th e  e f f e c t  of c h a n g e s  

in  e n v i r o n m e n t  on the  d e v e lo p m e n t  of m e r i s t i c  c h a r a c t e r s .  M o s t  of 

th e s e  d a ta  w e r e  b a s e d  on l a b o r a t o r y  c o n d i t io n s  p ro d u c in g  e x t r e m e s  of 

s t r e s s  r a r e l y  found  in  n a tu re *  M o s t  c h a n g e s  in  m e r i s t i c  c h a r a c t e r  

d e v e lo p m e n t  in the  l a b o r a t o r y  o r  in n a t u r e  o c c u r  d u r in g  the  f r y  s ta g e  

and  r e m a i n  u n c h a n g e d  ( e x c e p t  fo r  s o m e  s e x u a l  d im o r p h i s m )  a f t e r  a  

s iz e  of a b o u t  70 m m  is  a t t a in e d .  W e r n s m a n  (1973) p o in ts  out th a t  c u t 

t h r o a t  t r o u t  i n i t i a t e  s p a w n in g  b y  c o m m o n  e n v i r o n m e n ta l  c u e s  an d  th a t  

sp a w n in g  t a k e s  p la c e  u n d e r  s i m i l a r  c o n d i t io n s  ( m a in ly  t e m p e r a t u r e )  in  

n a t u r e  f o r  w h o le  s p e c i e s  i r r e g a r d l e s s  of w h e r e  the  p o p u la t io n  l i v e s  

so  th a t  d e v e lo p m e n t  o c c u r s  u n d e r  c o m p a r a b l e  c o n d i t io n s .

S c a le  c o u n ts  a r e  m o s t  r e a d i l y  c h a n g e d  by  e n v i r o n m e n t .  H ow ever ,  

the l a r g e  d i f f e r e n c e  b e tw e e n  r a in b o w  t r o u t  an d  c u t t h r o a t  t r o u t  ( S c h r e c k  

and  B eh n k e ,  1971; W e r n s m a n ,  1973) m a k e s  th is  c h a r a c t e r  u s e f u l  f o r  

d e t e c t io n  of h y b r id i z a t i o n .  P y l o r i c  c a e c a  a r e  th e  m o s t  s t a b l e  and  is  

u s e f u l  fo r  d i s t i n g u i s h in g  b e tw e e n  s p e c i e s  an d  s u b s p e c i e s  of S a lm o  

(S c h re c k ,  1969, W e r n s m a n ,  1973). U n u s u a l  e x t r e m e s  c a n  e v o lv e  

r a p id l y  h o w e v e r ,  a s  e x h ib i te d  by  the  c a e c a e  c o u n t  f o r  S ed g e  C r e e k  n e a r  

Y e l lo w s to n e  L a k e .  T h e s e  c u t t h r o a t  h a v e  d e v e lo p e d  a n  a v e r a g e  of 58 

c a e c a e ,  o r  a b o u t  16 m o r e  c a e c a  th a n  Y e l lo w s to n e  L a k e  c u t t h r o a t  f r o m  

w h ich  th e y  h a v e  b e e n  i s o l a t e d  fo r  no m o r e  th a n  a  fe w  th o u s a n d  y e a r s  

(B u lk le y ,  1959)» O th e r  m e r i s t i c  c h a r a c t e r s  s u c h  a s  g i l l r a k e r s  and
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b a s i b r a n c h i a l  t e e t h  a r e  e s s e n t i a l ly  s t a b l e  c h a r a c t e r s .  A c t u a l  g e n e t i c  

b a s e  c h a n g e  o c c u r s  u n d e r  l o n g  t e r m  s e l e c t i o n  in  a r e l a t i v e l y  n e w  e n v i r o n 

m e n t ;  f o r  e x a m p l e ,  th e  p a r a l l e l  d e v e l o p m e n t  of  i n c r e a s e d  g i l l r a k e r s  

and  b a s i b r a n c h i a l  t e e t h  in  the  l a c u s t r i n e  p o p u l a t i o n s  of  c u t t h r o a t  t r o u t  

in  Y e l l o w s t o n e  L a k e  an d  the  L a h o n t o n  b a s i n .  L a c u s t r i n e  t r a i t s  ( h i g h e r  

g i l l r a k e r s ,  b a s i b r a n c h i a l  t e e t h  a n d  m o r e  e v e n  d i s t r i b u t i o n  of  s p o t s  on 

the  body) a r e a l s o  found  in  t h e  M o u n t  W h e e l e r  o r  S n a k e  V a l l e y  c u t t h r o a t  

of the  w e s t e r n  B o n n e v i l l e  b a s i n ;  b u t  is  n o t  so  a p p a r e n t  in - the  t y p i c a l  

B o n n e v i l l e  t r o u t  - S a l m o  c l a r k i  u t a h . Wernsman (1973) m a d e  c o m p a r i 

s o n s  b e t w e e n  p a r e n t a l  s t o c k s  of Y e l l o w s t o n e ,  M o u n t  W h e e l e r ,  C a l i f o r n i a  

g o ld e n  t r o u t  (S. _c.. a q u a b o n i t a )  an d  L a h o n t o n  c u t t h r o a t  t r o u t  w i t h  t h e i r  

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

c o n d i t i o n s .  In g e n e r a l ,  w i t h  s o m e  e x c e p t i o n  due  to u n u s u a l  c i r c u m 

s t a n c e s ,  no s i g n i f i c a n t  d i f f e r e n c e  w a s  found .  H e  d id  h o w e v e r ,  n o t e  th e  

h ig h  p r o p o r t i o n  of i n t r a p o p u l a t i o n a l  v a r i a b i l i t y  in  s o m e  c h a r a c t e r s  p a r 

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

S p o t t i n g  P a t t e r n  a n d  C o l o r a t i o n

S p o t t i n g  p a t t e r n  a n d  c o l o r a t i o n  a r e  v e r y  u s e f u l  in  d i s t i n g u i s h i n g  

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

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

( Q a d r i ,  1959;  M i l l e r ,  1972),  th e  g r e a t  v a r i a b i l i t y  e v e n  w i t h i n  a  s u b 

s p e c i e s  l i m i t s  i t s  e f f i c i e n c y  a s  a n  o b j e c t i v e ,  m e a s u r a b l e  c h a r a c t e r .  I t  

i s  a  to o l  m o r e  s u i t e d  to the  d i s c r i m i n a t i n g  e y e  of th e  e x p e r i e n c e s  o b 

s e r v e r .



29

T h e  v a r i a b l e  c o r r e l a t i o n  m a t r i x  h a s  a  d e t e r m i n a n t  of  . 0 0 0 1 1 4  w i th  a 

2X v a l u e  1 1 3 3 8 . 9  w i th  12 d e g r e e s  of  f r e e d o m .  T h e  v a l u e  is  s i g n i f i c a n t  

and  the  m a t r i x  c a n n o t  b e  a s s u m e d  to be  c o m p o s e d  of  d i a g o n a l  e l e m e n t s .  

T h i s  i s  m a i n l y  due  to the  l a r g e  s a m p l e  s i z e  f o r  w h i c h  e v e n  a s m a l l  

a s s o c i a t i o n  m a y  be  s i g n i f i c a n t .  T h e  c o r r e l a t i o n s  a r e  a s s u m e d  to be 

c a u s e  and  e f f e c t  b e t w e e n  two v a r i a b l e s  and  n o t  du e  to a c o m m o n  c a u s e  

o u t s i d e  th e  m e a s u r e m e n t  s p a c e  ( M o r r i s o n ,  1967) .  E x a m i n a t i o n  of  the 

c o r r e l a t i o n  m a t r i x  r e v e a l s  a  m a j o r i t y  of  v e r y ' s m a l l  c o r r e l a t i o n s  t h a t  

a t  f i r s t  g lance ,  s e e m  c l o s e  e n o u g h  to be c o n s i d e r e d  z e r o .  T h e  r e a s o n  

s i g n i f i c a n c e  w a s  a c h i e v e d  i s  t h a t  in l a r g e  s a m p l e s  ( u s u a l l y  o v e r  150), 

e v e n  s m a l l  c o r r e l a t i o n s  m a y  b e  s i g n i f i c a n t .

T h e  n e x t  s t e p  w a s  to r e d u c e  the  16 v a r i a t e  d a t a  to. a s  s m a l l  a  d i 

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

t ion  a s  p o s s i b l e .  No i n f e r e n c e  in  th e  s e n s e  of  a  s t a t i s t i c a l t e s t  w a s  of 

c o n c e r n  an d  the  r e s u l t i n g  a d v a n t a g e  w a s  t h a t  a  s p e c i f i c  d i s t r i b u t i o n ,  

t h a t  of  a  m u l t i v a r i a t e  n o m a l ,  d id  n o t  h a v e  to be  s p e c i f i e d .  T h e  m e t h o d  

a p p l i e d  w a s  t h a t  of  e x t r a c t i o n  of  p r i n c i p l e  c o m p o n e n t s  of the  o r i g i n a l  

c o r r e l a t i o n  m a t r i x  R .  In g e n e r a l ,  the  e x p e c t e d  n u m b e r  of c o m p o n e n t s  

i s  s p e c i f i e d  a s  som e n u m b e r  l e s s  t h a n  the  o r i g i n a l  d i m e n s i o n  s i n c e  th e  

o b j e c t i v e  is  to  r e d u c e  d i m e n s i o n a l i t y .  T h e  f i r s t  8 p r i n c i p l e  c o m p o n e n t s  

w e r e  e x t r a c t e d  in o r d e r  to s e e  h o w  m u c h  v a r i a n c e  a n d  o t h e r  " n o i s e 11 in 

the  d a t a  c o u ld  be  s e p a r a t e d  f r o m  s i g n i f i c a n t  c h a n g e s .
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A ll  p r in c i p l e  c o m p o n e n ts  a r e  o r th o g o n a l  w h ic h  is  to  s a y  th e y  a r e  

u n c o r r e l a t e d  ( g o v  (Y j , Y ) = 0 ) .  T he  a d v a n ta g e  of t h e s e  p r o p e r t i e s  in  

r e d u c in g  a l a r g e  v a r i a t e  m a t r i x  of c o r r e l a t e d  m e a s u r e m e n t s  to  a  

s m a l l e r  n u m b e r  of u n c o r r e l a t e d  v a r i a t e s  is  o b v io u s .  T h e  v a r i a t i o n  of 

one c o m p o n e n t  i s  in d e p e n d e n t  of the  v a r i a t i o n  of a n y  o th e r  c o m p o n e n t  

b y  th i s  m e th o d  so  i t  is  p o s s i b l e  to o b s e r v e  th e  e f f e c t  of th i s  c o m p o n e n t  

w i th o u t  a f f e c t in g  th e  v a r i a n c e  of th e  o th e r  c o m p o n e n ts  due  to  th e  c o n 

s t r a i n t  of o r th o g o n a l i t y .  E a c h  f i s h  c a n  th e n  be  g iv e n  a  w e ig h te d  s c o r e  

in  r e l a t i o n  to e a c h  c o m p o n e n t .  T h e  r e s u l t s  c a n  be  p lo t te d  a g a i n s t  the 

f i r s t  two o r  t h r e e  c o m p o n e n ts  to s e e  if  a n y  c l u s t e r i n g  is  e v id e n t .

T o  d e t e r m i n e  how  m a n y  c o m p o n e n ts  w ou ld  be  u s e f u l  in  d e t e r m i n i n g  

s ig n i f i c a n t  d i f f e r e n c e s  in th e  d a ta ,  th e  a s s u m p t i o n  w a s  m a d e  th a t  if the  

e i g e n v a lu e s  ( v a r i a n c e s )  a r e  m e r e l y  r e f l e c t i n g  r a n d o m  v a r i a b i l i t y  in  th e  

s p a c e ,  th e y  w ou ld  be  d i s t r i b u t e d  in  a  n e g a t iv e  e x p o n e n t ia l  m a n n e r :

X i - 6 " 1

A p lo t  of th e  In of the  e ig e n v a lu e s  on th e  v e r t i c a l  a x i s  a g a i n s t  th e  c o m 

p o n en t  n u m b e r  w ou ld  th e n  l i e  in  a  s t r a i g h t  l i n e .  A ny  p o in ts  ab o v e  th i s  

l in e  w ou ld  r e f l e c t  v a r i a t i o n  p lu s  s ig n i f i c a n c e .  In  th i s  s tudy ,  a f t e r  th e  

f i r s t  tw o c o m p o n e n ts  w e r e  p lo t te d ,  a  s t r a i g h t  l in e  b e g a n  to f o r m .  T h e  

t h i r d  an d  f o u r th  c o m p o n e n ts  w e r e  q u e s t io n a b le  an d  o n ly  th e  t h i r d  w a s  

t e n t a t i v e ly  r e t a i n e d  s u b je c t  to f u r t h e r  e x a m in a t io n , .
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E v a lu a t io n  of the  F i r s t  C o m p o n e n ts

T a b le  6 shovsls a g r e a t  d e a l  of c r o s s  lo a d in g  a m o n g  the  p r in c i p a l  

c o m p o n e n ts  and  o r th o g o n a l  r o t a t i o n  w a s  e v e n tu a l ly  u s e d  on th e  f i r s t  

t h r e e  c o m p o n e n t s .  T h e  d a t a  in  th e  f i r s t  two c o m p o n e n ts  w a s  a n a ly z e d  

to s e e  if the  c o m p o n e n ts  a s  th e y  s to o d  m ig h t  in d i c a te  a n y  g ro u p in g  of the  

s a m p l e s .  T a b le  6 c o n ta in s  the  c o r r e l a t i o n  of th e  f i r s t  e ig h t  p r in c i p l e  

c o m p o n e n ts  w i th  th e  s ix te e n  v a r i a b l e s .

T h e  f i r s t  c o m p o n e n t  a p p e a r s  to  b e  m e a s u r i n g  an  a v e r a g e  s iz e  of 

th e  t r o u t .  T h e  b r a n c h i o s t e g a l  r a y  c o u n ts  (11, 12) a r e  n e a r  z e r o  r e f l e c t i n g  

th e  g e n e r a l ly  p o o r  d i f f e r e n t i a l  a b i l i t y  of th i s  c h a r a c t e r  w h en  a p p l ie d  to 

i n t e r i o r  c u t t h r o a t .  T h e  o th e r  low  c o r r e l a t i o n s  a r e  n o t  e a s i l y  e x p la in e d  

b u t  a r e  r e f l e c t i v e  of the  h ig h ly  v a r i a b l e  n a t u r e  of th e  m e a s u r e m e n t s .

T h e  s e c o n d  c o m p o n e n t  a p p e a r s  to  b e  c o n t r a s t i n g  the  m o r p h o l o g ic a l  

m e a s u r e m e n t s  a g a i n s t  th e  m e r i s t i c  c o u n t s .  T h i s  m ig h t  be  i n t e r p r e t e d  

a s  r e f l e c t i n g  a m o r e  s h o r t  t e r m  e n v i r o n m e n ta l  in f lu e n c e  v e r s u s  a  lo n g e r  

t e r m  g e n e t ic  in f lu e n c e .  T h e  m o s t  i m p o r t a n t  in  th e  m o r p h o l o g ic a l  m e a 

s u r e m e n t s  w e r e  r e l a t e d  to h e a d  le n g th  ( 1 ), u p p e r  ja w  l e n g th  (2 ), an d  the  

d i s t a n c e  f r o m  th e  s n o u t  t ip  to th e  i n s e r t i o n  of th e  d o r s a l  f in  (3).

T h e  th i r d  d i s p la y s  a n o th e r  c o n t r a s t ;  bu t th e  p o s s i b l e  i n t e r p r e t a t i o n  

of i t  i s  v a g u e .  It w a s  r e t a in e d ,  h o w e v e r ,  due to th e  f a c t  th a t  i t s  e i g e n 

v a lu e  w a s  c o n s i d e r e d  s u f f ic ie n t ly  h ig h .  T h e  p lo t  of the  in d iv id u a l  f i s h  

in  the  f i r s t  tw o c o m p o n e n t  s p a c e  in d ic a te d  th a t  i t  p r o b a b ly  w o u ld  no t be 

m o r e  h e lp fu l  to u s e  a d im e n s io n  m u c h  h ig h e r  th a n  two o r  t h r e e .
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To i l l u s t r a t e  th i s ,  s a m p l e s  w e r e  s e l e c t e d  f r o m  the  s e v e n  a v a i l a b l e  

g r o u p s .  S a m p le s  w e r e  t a k e n  f r o m  s to c k s  th a t  w e r e  c o n s i d e r e d  p u re  

and  th e  f i s h  w e r e  s e l e c t e d  a t  r a n d o m  to  i n s u r e  th a t  e a c h  s a m p le  of e a c h  

g ro u p  w a s  r e p r e s e n t e d .

E a c h  f i s h  w a s  g iv e n  a  t h r e e  c o m p o n e n t  s c o r e  b a s e d  on th e  i n 

d iv id u a l '  s d e v ia t io n  f r o m  e a c h  v a r i a b l e  m e a n  d iv id e d  b y  th e  v a r i a b l e  

s t a n d a r d  d e v ia t io n  a n d  w e ig h e d  b y  th e  r e g r e s s i o n  c o e f f i c i e n t  ( T a b le  7).

p x .  - x.
J JS c o r e  ( fo r  e a c h  co m p o n en t)  = ^  C . — g—  w h e r e  j = 1, . •

j = i  J j

16 in  th i s  s tu d y

1 , . thC. = r e g r e s s i o n  c o e f f i c i e n t  b e tw e e n  the  c o m p o n e n t  an d  th e  j 
 ̂ v a r i a b l e

x  = a c t u a l  r e c o r d e d  m e a s u r e m e n t  o f f i s h  fo r  v a r i a b l e  j
j

x  = m e a n  v a lu e  f o r  a l l  d a ta  
J

S. = s t a n d a r d  d e v ia t io n  f o r  a l l  d a ta  
J

T h e  g ro u p s  of c u t t h r o a t  a r e  id e n t i f i e d  b y  n u m b e r :

1. M o u n t W h e e le r  c u t t h r o a t

2. B o n n e v i l le  B a s in

3. L a r g e  s p o t te d  S nake  R iv e r  (3 r e f e r s  to  l a r g e  s p o t te d  c u t 

t h r o a t  f r o m  P a c i f i c  C re e k )

4 .  F in e  s p o t te d  S n ak e  R iv e r
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5.  Y e l l o w s t o n e  d r a i n a g e  (5* r e f e r s  to Y e l l o w s t o n e  c u t t h r o a t

f r o m  S e d g e  C r e e k ,  a  r e l i c t  p o p u la t i o n ) .

6.  I d a h o  w e s t s l o p e  c u t t h r o a t .

7. M o n t a n a  e a s t s l o p e  c u t t h r o a t .

T he  p lo t  of  th e  f i r s t  an d  s e c o n d  c o m p o n e n t  s c o r e s  i s  s h o w n  in 

F i g .  3.  A d d in g  a t h i r d  d i m e n s i o n  d id  n o t  add  e n o u g h  to  w a r r a n t  a  t h r e e -  

d i m e n s i o n a l  p lo t .  T h e  p lo t  i t s e l f  is  i n s t r u c t i v e  e n o u g h  to i n d i c a t e  t h a t  

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

c l u s t e r s ,  if t h e y  m a y  be c a l l e d  tha t ,  a r e  n o t  p e r f e c t  and  o u t l i e r s  a r e  

no t  u n c o m m o n ;  b u t  a  d e f i n i t e  g r o u p i n g  i s  e v i d e n t .  T h e  f a c t  t h a t  th e  

f i r s t  two c o m p o n e n t s  o n ly  a c c o u n t  f o r  a b o u t  40% of th e  v a r i a t i o n  i s  of 

c o u r s e  r e f l e c t e d  in  t h e  p lo t .

T h e  M o u n t  W h e e l e r  g r o u p  c o n c e n t r a t e d  on th e  r i g h t  h a n d  s i d e  of 

th e  g r a p h .  T h i s  g r o u p  h a d  m a n y  i n d i v i d u a l s  w i th  s c o r e s  so  f a r  f r o m  

the  o r i g i n  t h a t  t h e y  w e r e  n o t  i n c l u d e d .  T h e  B o n n e v i l l e  g r o u p  (2) i s  

m a i n l y  r e s t r i c t e d  to the  f o u r t h  q u a d r a n t  o v e r l a p p i n g  w i t h  th e  M o u n t  

W h e e l e r  to s o m e  d e g r e e .  T h e  l a r g e  s p o t t e d  S n a k e  R i v e r  g r o u p  (3) 

t e n d s  to  m i x  r a t h e r  e v e n l y  w i th  th e  Y e l l o w s t o n e  (5) an d  f in e  s p o t t e d  

S n a k e  R i v e r  (4) g r o u p s  w i t h  a  t e n d e n c y  to s p r e a d  in to  th e  f i r s t  q u a d r a n t .  

T h e  s a m p l e s  f r o m  P a c i f i c  Creek ( 3 ) a r e  a l l  c l o s e l y  a s s o c i a t e d  w i th  the  

Y e l l o w s t o n e  s a m p l e s .  T h e  f ine  s p o t t e d  S n a k e  R i v e r  s a m p l e s  a r e  e v e n  

m o r e  c l o s e l y  a s s o c i a t e d  w i t h  th e  Y e l l o w s t o n e  g r o u p .  T h e  w e s t s l o p e
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g ro u p  (6) is  c o n c e n t r a t e d  in  th e  t h i r d  q u a d r a n t  a lo n g  w ith  th e  e a s t -  

s lo p e  (7) s a m p l e s ;  b u t  t h e r e  i s  o v e r l a p  in to  th e  Y e l lo w s to n e  g ro u p .

T h i s  g r a p h  te n d s  to s u p p o r t  the  id e a  th a t  th e  Y e l lo w s to n e  c u t t h r o a t  

t r o u t  a r e  m o r e  r e l a t e d  to  S n ak e  R i v e r  c u t t h r o a t  th a n  th e y  a r e  to  th e  

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

R o ta t io n  of the  F i r s t  T h r e e  C o m p o n e n ts

O r th o g o n a l  r o t a t i o n  of th e  f i r s t  t h r e e  c o m p o n e n ts  w a s  u n d e r t a k e n  

to  e l im i n a t e  o r  r e d u c e  the  h ig h  d e g r e e  of c r o s s - l o a d i n g  p r e s e n t  in  the  

o r i g i n a l  c o m p o n e n t  c o r r e l a t i o n s  ( T a b le  6) w i th  th e  b e l i e f  th a t  th e  r e 

s u l ta n t  p r o c e d u r e  w ou ld  g ive  m o r e  v a l id i t y  to  a  t h r e e  f a c t o r  s c o r e  f o r  

the  in d iv id u a l  t r o u t .  G r a p h ic a l ly ,  th e  v a r i m a x  r o t a t i o n  d id  n o t  p ro d u c e  

a  c h a n g e  of d e g r e e  g r e a t e r  th a n  15°  in an y  d im e n s io n .  T h e  r e g r e s s i o n  

c o e f f i c i e n t s  b e f o r e  a n d  a f t e r  r o t a t i o n  a r e  sh o w n  in  T a b le  7. T h e  r o t a 

t io n  d id  n o t  p r o d u c e  a  s t r u c t u r e  th a t  w a s  a n y  m o r e  r e a d i l y  i n t e r p r e t a b l e  

th a n  th e  o r i g i n a l  u n r o t a t e d  c o e f f i c i e n t s .  T h e r e  w a s  no a p p r e c i a b l e  

c o n c e n t r a t i o n  of c o r r e l a t i o n  in  th e  f i r s t  c o m p o n e n ts  to  a id  in  d e t e r 

m in in g  a  m o r e  s im p le  s t r u c t u r e  a s  d e f in e d  by  K a i s e r  (1958), an d  the  

i n t e r p r e t a t i o n  of th e  o r i g i n a l  c o m p o n e n ts  w a s  r e t a i n e d .

D i s c r i m i n a n t  A n a ly s i s

T h e  te c h n iq u e  of d i s c r i m i n a n t  a n a l y s i s  w a s  u s e d  a s  a  m e a n s  to 

c l a s s i f y  the  in d iv id u a l s  in to  one  of the  s e v e n  g ro u p s ,  to d e t e r m i n e  if 

th e  s u s p e c t e d  d i f f e r e n c e s  s u g g e s te d  by  F i g .  3 w o u ld  r e v e a l  r e l i a b l y
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d e f in e d  c l u s t e r i n g .  T h e  a n a l y s i s  d e r i v e s  o r th o g o n a l  c o m p o n e n t s  w h ic h  

b e s t  s e p a r a t e  th e  g ro u p s  in  the  m e a s u r e m e n t  s p a c e  by  p e r f o r m i n g  a  

c a n o n ic a l  a n a l y s i s  on th e  d i s c r i m i n a n t  f u n c t io n s  to r e d u c e  to a  m i n i m u m  

n u m b e r  of in d e p e n d e n t  f u n c t io n s  (N ie , 1970). G ro u p  c e n t r o i d s  and  

d i s p e r s i o n s  a r e  d e v e lo p e d  an d  an  in d iv id u a l  is  th e n  p la c e d  in to  the  

g ro u p  w i th  w h ic h  i t  h a s  the  h ig h e s t  p r o b a b i l i t y  of b e lo n g in g .  F o r  r e f 

e r e n c e  upo n  the te c h n iq u e  s e e  C o o le y  and  L o h n e s  (1962, 1971), A n d e r 

so n  (1958), o r  S e a l  (1966) .

T w o d i s c r i m i n a n t  a n a l y s e s  w e r e  r u n  on  th e  d a ta ;  one  on th e  t h r e e  

f a c t o r  s c o r e  d a t a  to  d e t e r m i n e  if  r e d u c t io n  of c o m p le x i ty  of th e  d a ta  

w ou ld  a d e q u a te ly  s e p a r a t e  the  g ro u p s  of S a lm o  c l a r k i  a s  in d i c a te d  by 

F i g .  2, an d  a n o t h e r  on  th e  o r ig i n a l  m e a s u r e m e n t s  t a k e n .  M e s s i n g e r  

an d  B e l to n  (1974) r e p o r t e d  th a t  d i s c r i m i n a n t  a n a l y s i s  on f a c t o r  s c o r e  

d a t a  g ive  m o r e  v a l id  r e s u l t s  in  c l a s s i f y i n g  s o c k e y e  s a lm o n  by  a r e a  of 

o r ig i n  th a n  do the  o r i g i n a l  v a r i a b l e s .  T h e y  w e r e  a b le  to a c c o u n t  fo r  

97% of the  v a r i a t i o n  b y  e x t r a c t i n g  th e  f i r s t  4 p r in c i p l e  c o m p o n e n t s .

D ue to  the  h ig h  v a r i a b i l i t y  of the c u t t h r o a t  d a ta ,  th e  f i r s t  8 c o m p o n e n ts  

of th i s  s tu d y  co u ld  o n ly  a c c o u n t  f o r  78% of the  t o t a l  v a r i a t i o n  p r e s e n t .  

T h e  p u r p o s e  of th i s  p a r t  of the  s tu d y  w a s  to  d e t e r m i n e  how  e f f ic ie n t  th e  

g r a p h ic  i n t e r p r e t a t i o n  w a s  in  d i s p la y in g  d i f f e r e n c e s .  A s e c o n d  a n a l y s i s  

b a s e d  on the  16 o r ig i n a l  v a r i a b l e s  w a s  th e n  r u n  to  c o m p a r e  th e  two

r e s u l t s .
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S e le c t io n  of the  s e v e n  g r o u p s  of f i s h  w a s  b a s e d  u p o n  ta x o n o m ic  

an d  s y s t e m a t i c  c o n s i d e r a t i o n s . T h e  n u m b e r s  p r e s e n t e d  in  F ig .  3 m a y  

be  th o u g h t  of a s  r e p r e s e n t i n g  a r e a s  of c o l l e c t io n s .  T h e  f ig u r e  i n d i c a te s  

th a t  s o m e  a r e a s  s h o u ld  b e  c o m b in e d  to f o r m  m o r e  d i s t i n c t  c l u s t e r s .  

G ro u p s  1 an d  2 s e e m  to p r e d o m i n a te  in  the  f o u r t h  q u a d ra n t ,  g ro u p s  

3, 4, and  5 in  the  u p p e r  two q u a d r a n t s ,  a n d  g ro u p s  6 an d  7 in  th e  

t h i r d  q u a d r a n t .  H o w e v e r ,  f o r  r e a s o n s  s ta t e d  in  th i s  p a p e r  an d  in  

R o s c o e  (1974), s e v e n  g ro u p s  w e r e  r e t a i n e d  a s  d i s t i n c t  e n t i t i e s .



R E S U L T S

A n a ly s i s  of M e r i s t i c  C h a r a c t e r s

V e r t e b r a e

T h e  a v e r a g e  v e r t e b r a e  c o u n t  sh o w ed  no  s ig n i f i c a n t  d i f f e r e n c e  b e 

tw e e n  an y  of the  f ive  g r o u p s  c o n s i d e r e d .  L i m i t a t i o n s  in  the  u s e  of th i s  

c h a r a c t e r  w e r e  e n c o u n t e r e d  s in c e  n o t  e v e r y  in d iv id u a l  co u ld  be  c o u n te d .  

T h e  c e n t r u m  on f i s h  b e lo w  130 m m  w e r e  d i f f i c u l t  to s e e  an d  a c c u r a t e  

c o u n ts  w e r e  n o t  a t t a in a b le .  F o r  t h e s e  r e a s o n s ,  v e r t e b r a l  n u m b e r  w e r e  

n o t  u s e d  in  s u b s e q u e n t  a n a l y s e s .

G i l l r a k e r s

A h ig h  n u m b e r  of g i l l r a k e r s  w a s  e n c o u n t e r e d  in  two g ro u p s ,  the  

Y e l lo w s to n e  L a k e  and  M oun t W h e e le r  c u t t h r o a t  s a m p l e s .  S a m p l e s  f r o m  

the Y e l lo w s to n e  L a k e  r e g io n  ( in c lu d in g  S edge  and  B e a r  C r e e k s )  sh o w ed  

a h i g h e r  c o u n t  (a b o u t  20) th a n  did  the  m o r e  d i s t a n t  Y e l lo w s to n e  s a m p l e s  

(w h ic h  a v e r a g e d  19). E v o lu t io n  in  th e  la k e  e n v i r o n m e n t  u n d o u b te d ly  

a c c o u n te d  f o r  th e  i n c r e a s e ^  L i k e w i s e  the  M oun t W h e e le r  c u t t h r o a t  a r e  

r e l i c t s  of P l e i s t o c e n e  la k e  B o n n e v i l l e  an d  r e t a i n e d  the  h ig h  g i l l r a k e r  

c o u n t .  In  th e  B o n n e v i l le  g ro u p ,  S a lm o  c l a r k i  u tah ,  o n ly  t h r e e  s a m p l e s  

c o u ld  be  c o n s i d e r e d  a s  p u re  r e p r e s e n t a t i v e s .  E v e n  th o u g h  th e y  a l s o  

a r e  r e l i c t s  f r o m  the  B o n n e v i l le  b a s in ,  the  a v e r a g e  c o u n t  (19*4) is  lo w e r

th a n  m i g h t  be  e x p e c te d .
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S c a l e s  A b o v e  th e  L a t e r a l  L in e

B o th  th e  M o u n t W h e e le r  and  B o n n e v i l le  c u t t h r o a t  sh o w e d  low  

a v e r a g e  c o u n ts  w i th  r e s p e c t  to  t h e i r  c h a r a c t e r  (39 sind 40 r e s p e c t i v e l y ) .  

T h e  M o u n t  W h e e le r  s a m p l e s  w e r e  m o r e  c o n s i s t e n t ,  h o w e v e r ;  w h i le  the  

B o n n e v i l l e  s a m p l e s  ( p u r e  p o p u la t io n s )  sh o w e d  w id e  v a r i a b i l i t y  e v e n  

w ith in  s a m p l e s .  T h e  h ig h e s t  a v e r a g e  s c a l e  c o u n ts  w e r e  e x h ib i te d  in the  

Y e l lo w s to n e  g ro u p  a v e r a g in g  a l m o s t  43 s c a le s#  T h e  h ig h e s t  of th e s e  

w e r e  f r o m  t r o u t  c o l l e c t e d  in  th e  r i v e r  in  th e  p a r k  b e lo w  Y e l lo w s to n e  

L a k e .  B o th  g r o u p s  of S n ak e  R i v e r  c u t t h r o a t  e x h ib i te d  n e a r l y  i d e n t i c a l  

s c a l e  c o u n ts  i n t e r m e d i a t e  b e tw e e n  th e  B o n n e v i l le  an d  Y e l lo w s to n e  v a lu e s ,  

a t  l e a s t  on th e  a v e r a g e .  W ith in  g ro u p s ,  in d iv id u a l  s a m p l e s  v a r i e d  

w id e ly .

S c a l e s  2 R o w s  A bove  ( L a t e r a l  S e r i e s )

T h i s  c h a r a c t e r ,  w h i le  w id e ly  v a r i a b l e  f r o m  in d iv id u a l  to  in d iv id u a l  

w i th in  a s a m p le ,  g av e  r e m a r k a b l y  s t a b l e  a v e r a g e  v a l u e s  f o r  s a m p l e s  

w i th in  a g ro u p ,  the  Y e l lo w s to n e  s a m p l e s  r e f l e c t i n g  th i s  l e s s  so .  M o u n t  

W h e e le r  c u t t h r o a t  h a v e  c o n s i s t e n t l y  h a d  the  lo w e s t  c o u n t  (148) fo l lo w ed  

by  th e  B o n n e v i l le  t r o u t  (161).  T he  l a r g e  s p o t te d  S n ak e  R iv e r  t r o u t  

(168) a r e  c l o s e r  to  th e  Y e l lo w s to n e  v a l u e s  (170) th a n  th e y  a r e  to a n y  

o th e r  g ro u p .  T h e  c o u n ts  f o r  the  f in e  s p o t te d  S n ak e  R iv e r  g ro u p  a r e  

i n t e r m e d i a t e  b e tw e e n  the  B o n n e v i l le  and  l a r g e  s p o t te d  g r o u p s  a t  164

s c a l e s .
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P y l o r i c  C a e c a e

B o th  th e  M oun t W h e e le r  c u t t h r o a t  an d  the  l a r g e  s p o t te d  S n ak e  

R i v e r  c u t t h r o a t  sh o w e d  r e l a t i v e l y  lo w  p y lo r i c  c a e c a  c o u n ts  (37 and  38 

r e s p e c t iv e l y )  . T h e  f ine  s p o t te d  S n ak e  R iv e r  g ro u p  had  a  h ig h e r  c o u n t  

(41) fo l lo w e d  by  thq  B o n n e v i l le  g ro u p  (42) an d  the  Y e l lo w s to n e  g ro u p  

(43) * W h ile  in d iv id u a l  f i s h  w e r e  e x a m in e d  w ith  e x t r e m e l y  h ig h  o r  low  

v a lu e s ,  th e  m a j o r i t y  c o n c e n t r a t e d  a b o u t  th e  m e a n  v a lu e .

D e n t i t io n

T h e  M o u n t W h e e le r  c u t t h r o a t  c o n s i s t e n t l y  sh o w e d  a  h ig h  n u m b e r  

of t e e th  on th e  b a s i b r a c h i a l  p la te  (27 in the  P in e  C r e e k  s to c k ) .  A u n iq u e  

a r r a n g e m e n t  of t e e th  on the  h y p o b r a c h i a l  s e g m e n t s  of the  f i r s t  g i l l r a k e r  

(n o t  c o u n te d ) ,  w a s  found in  m a n y  in d iv id u a l s .  T h e  ty p i c a l  B o n n e v i l le  

t r o u t ,  S a lm o  c l a r k i  u t a h . a s  o t h e r  c u t th r o a t ,  l a c k  d e n t i t i o n  on g i l l a r c h e s *  

T h e y  h a v e  a n  a v e r a g e  b a s i b r a n c h i a l  to o th  co u n t  of e ig h t .  N one  of the  

o th e r  g r o u p s  e x a m in e d  d i s p la y e d  an y  s ig n i f i c a n t  d i f f e r e n c e  in  t e e th  

c o u n t s .  Y e l lo w s to n e  L a k e  w a s  a n  e x c e p t io n  h a v in g  a n  a v e r a g e  of 22.

B r a n c h i o s t e g a l  R a y s

T h e  c o u n t s  of th i s  c h a r a c t e r  w e r e  n o t  s ig n i f i c a n t ly  d i f f e r e n t  fo r  

an y  of th e  g r o u p s .  T h i s  w a s  to  be  e x p e c te d  an d  w a s  n o t  u s e d  in  the

a n a l y s i s .
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M o rp h o lo g y ,  C o lo r a t io n  an d  S p o t t in g  P a t t e r n  

M o u n t W h e e le r  C u t t h r o a t

A s f a r  a s  b ody  s h a p e  is  c o n c e r n e d ,  the  M oun t W h e e le r  t r o u t  a l l  

e x h ib i t  a  " s t o c k y "  a p p e a r a n c e .  T h i s  i s  c r e a t e d  by  th e  lo c a t io n  of the  

d o r s a l  f in  i n s e r t i o n  m o r e  th a n  50% of th e  s t a n d a r d  l e n g th  d i s t a n c e  b e 

h in d  th e  h e a d  a lo n g  w ith  a  s h o r t  c a u d a l  p e d u n c le  l e n g th  in  p r o p o r t i o n  

to  th e  p e d u n c le  d e p th .  T h e  le n g th  of th e  h e a d  a n d  u p p e r  j a w  a r e  s l ig h t ly  

g r e a t e r  th a n  is  ty p i c a l  of c u t t h r o a t  t r o u t  an d  a d d s  to  th e  i l l u s io n  of 

" s t o c k i n e s s " .  T h e  s p o t t in g  is  one of l a r g e  s p o ts ,  p r o n o u n c e d  in  o u t 

l in e ,  an d  d i s t r i b u t e d  r a t h e r  e v e n ly  a lo n g  the  b o d y  w ith  a te n d e n c y  to 

c o n c e n t r a t e  p o s t e r i o r  of th e  d o r s a l  f in .  S p o ts  a r e  g e n e r a l l y  a b s e n t  on  

th e  d o r s a l  s u r f a c e  of the  h e a d  and , in  a  fe w  s p e c im e n s ,  a r e  m i s s i n g  on 

the  d o r s a l  s u r f a c e  a s  f a r  b a c k  a s  the  d o r s a l  f in .  S o m e  s p e c i m e n s  show  

s p o t t in g  on  th e  v e n t r a l  s u r f a c e .  S p o ts  b e lo w  the  l a t e r a l  l in e  te n d  to  

be  s l ig h t ly  s m a l l e r  th a n  th o s e  ab o v e ,  e x c e p t  in  th e  r e g io n  of th e  a d i 

p o s e  f in .  T y p ic a l ly ,  the  s p o t t in g  c o n t in u e s  ou t on to  th e  c a u d a l  f in .

T h e  c o l o r  of the  t r o u t  i s  a  m o r e  o r  l e s s  u n i f o r m  d a rk ,  b u r n i s h e d  

g r e e n  d o r s a l l y  s h a d in g  to  a  l i g h t e r  g r e e n  on th e  v e n t r a l  s u r f a c e .  T h e  

c u t t h r o a t  m a r k  is  ty p i c a l ly  b r i g h t  o r a n g e  to  o r a n g e - y e l lo w ;  b u t  no t

u s u a l l y  r e d .
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B o n n e v i l l e  C u t t h r o a t

T h e  g e n e r a l  b o d y  c o n f ig u r a t io n s  of th e  B o n n e v i l le  b a s i n  c u t t h r o a t  

a r e  m o r e  ty p i c a l  of m o s t  o th e r  i n t e r i o r  c u t t h r o a t  t r o u t .  T h e  s p o ts  a r e  

p r o n o u n c e d  a s  in  the  M o u n t W h e e le r  t r o u t ;  b u t  t h ß r e  is  m o r e  of a  t e n 

d e n c y  f o r  c o n c e n t r a t i o n  in  the  p o s t e r  r e g io n .  C o lo r a t io n  v a r i e s  l i t t l e  

f r o m  th e  M o u n t W h e e le r  t r o u t  e x c e p t  f o r  a  m o r e  p ro n o u n c e d  d if fu s e  

r o s e  c o l o r  a lo n g  th e  l a t e r a l  l i n e .

D o r  sa l ly ,  th e  f i s h  is  a  d a r k  g r e e n ,  b le n d in g  to  a  l i g h t e r  g r e e n  

a lo n g  th e  s i d e s .  T h e  v e n t r a l  s u r f a c e  i s  w h ite ,  th e  p e c t o r a l  f in s  a r e  

u s u a l l y  d r a b  w ith  a f a in t  b r o w n is h  t i n t .  T h e  p e lv ic  and  a n a l  f in s  h a v e  

o r a n g e  t i n t s  in  s o m e  s p e c i m e n s .  T h e  c u t t h r o a t  m a r k  i s  o r a n g e  to  

o r a n g e - r e d .

L a r g e  S p o t te d  S n a k e  R iv e r  C u t t h r o a t  
a n d  Y e l lo w s to n e  C u t t h r o a t

E x a m in a t io n  of t h e s e  two g ro u p s  f a i l s  to  s e p a r a t e  t h e m  s u f f ic ie n t ly .  

M u c h  o v e r l a p  o f c o l o r a t i o n  and  s p o t t in g  p a t t e r n  h a v e  r e s u l t e d  in  s e l e c 

t in g  s o m e  s p e c i m e n s  of S n a k e  R i v e r  c u t t h r o a t  a s  b e in g  m o r e  " ty p ic a l "  

Y e l lo w s to n e  c u t t h r o a t  th a n  t r o u t  f r o m  the  Y e l lo w s to n e  d r a in a g e  i t s e l f .

T h e  s p o ts  on b o th  t r o u t  a r e  p ro n o u n c e d ;  b u t  th e  Y e l lo w s to n e  L a k e  t r o u t  

h a s  a  m o r e  e v e n  d i s t r i b u t i o n  of s p o ts  w i th  s o m e  e x te n d in g  on to  th e  v.en4 

t r a i  r e g io n ,  a  l a c u s t r i n e  a d a p ta t io n  a l s o  s e e n  in  the M o u n t W h e e le r  c u t 

t h r o a t  and  th e  L a h o n ta n  c u t t h r o a t  (S a lm o  c l a r k i  h e n s h a w i ) . T h e  t r o u t  

of th e  Y e l lo w s to n e  d r a in a g e  e x c lu d in g  Y e l lo w s to n e  L a k e  ( fo r  e x a m p le ,
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P a i n t r o c k  C re e k )  and  the  S n ak e  R i v e r  c u t t h r o a t  h a v e  p ro n o u n c e d  l a r g e  

s p o ts  c o n c e n t r a t i n g  in  th e  c a u d a l  r e g i o n .  S p o ts  a r e  a b s e n t  on the  h e a d  

in  b o th  f o r m s .

C o lo r a t io n  v a r i e s  a m o n g  th e  two f o r m s .  Y e l lo w s to n e  c u t t h r o a t  

a r e  g e n e r a l l y  l i g h t e r  in a p p e a r a n c e  on the  s id e s  b le n d in g  to  a  g r e e n  

d o r s a U y .  In  Y e l lo w s to n e  L a k e  t h e r e  is  a  r o s y  f lu s h  a lo n g  th e  l a t e r a l  

l i n e  e x te n d in g  on to  th e  o p e r c u le ,  the  p e c t o r a l  and  p e lv ic  f in s  a r e  o r a n g e .  

T h e  c u t t h r o a t  m a r k  i s  u s u a l l y  r e d  to  o r a n g e - r e d *  T h$ c o l o r a t i o n  of the  

S n ak e  R i v e r  f o r m  is  m o r e  ty p i c a l  of o th e r  i n t e r i o r  c u t th r o a t ,  the  g r e e n  

s h a d in g  to  w h i te  v e n t e r a l l y .  T h e  p e c t o r a l  and  p e lv ic  f in s  a r e  u s u a l l y  

d u l l  b r o w n  to d u l l  o r a n g e .  T h e  c u t t h r o a t  m a r k  i s  o r a n g e  to  o r a n g e - r e d .  

In  g e n e r a l ,  a l l  S n ak e  R iv e r  an d  Y e l lo w s to n e  t r o u t  te n d  to h a v e  y e l lo w is h -  

b ro w n  t in t s  a s  a  b a s i c  c o l o r  on th e  b o d y .  A ll  of th e  g ro u p s  (M oun t 

W h e e le r ,  B o n n e v i l le ,  S n ak e  R i v e r  and  Y e llo w s to n e )  l a c k  b r i l l i a n t  gaudy  

c o l o r s  s u c h  a s  re d ,  o r a n g e  and  gold  c o m m o n  in  o th e r  i n t e r i o r  c u t t h r o a t s  

s u c h  a s  S. c .  p l e u r i t i c u s , S . <c. v i r g i n a l i s  and  S . s t o m i a s .

F in e  S p o t te d  S n ak e  R i v e r  C u t t h r o a t

T h e  s p o ts  a r e  the  m o s t  s t r i k i n g  d ia g n o s t i c  c h a r a c t e r  of th i s  t r o u t .  

T h e y  a r e  s m a l l ,  s t a r  o r  x -  s h a p e d  an d  s p r e a d  p r o f u s e ly  o v e r  the  bod y  

b u t  t y p i c a l ly  c o n c e n t r a t e d  m o r e  p o s t e r i o r l y .  T h e  s p o t t in g  p a t t e r n  a lo n e  

s e p a r a t e s  t h i s  t r o u t  f r o m  a l l  o th e r  s u b s p e c i e s  of S . c l a r k i  . M o s t  of 

the  s p e c i m e n s  e x a m in e d  h a v e  b u r n i s h e d  s i l v e r  s id e s  s h a d in g  to  g r e e n

d o r s a l l y .  T h e  p e c t o r a l  f in s  a r e  d r a b  w i th  s o m e  t i n t s  of y e l lo w -b r o w n .
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T h e  p e lv ic  an d  a n a l  f in s  a r e  o r a n g e .  T he  c u t t h r o a t  m a r k  is  u s u a l l y  

b r i g h t  r e d .

R e s u l t s  of N u m e r i c a l  A n a ly s i s

A s w a s  ho p ed ,  th e  n u m e r i c a l  a n a l y s i s  of th e  d a t a  d id  c o m p l im e n t  

the  s y s t e m a t i c  r e s u l t s .  T h e  p lo t  of F i g u r e  3 d id  d i s p l a y  g ro u p in g s  th a t  

te n d e d  to s u p p o r t  the  a s s u m p t i o n  c o n c e r n in g  th e  a f f in i t i e s  of th e  s e v e n  

g r o u p s  of S a lm o  c l a r k i .  T h e  s m a l l  a m o u n t  of v a r i a t i o n  a c c o u n te d  fo r  

by  the  c o m p o n e n ts  g iv en  in T a b le  7 in d i c a te  th a t  th e  v a r i a b l e s  m e a s u r e d  

c a n n o t  be r e d u c e d  to a  m o r e  u s e f u l  d im e n s io n .  T h e  c l e a r - c u t  g r a p h ic a l  

c l u s t e r i n g  i s  t h e r e f o r e  n o t  p r e s e n t  in  F i g u r e  3. E v e n  th o u g h  th e  g r a p h  

d o e s  no t d i s p l a y  a n y  m a r k e d  d i s t i n c t io n ,  the  p a t t e r n  i s  n o t  one of u n i 

f o r m  d i s p e r s i o n .  F i g u r e  3 is  a c t u a l l y  th e  p lo t  of th e  f i r s t  tw o  of the  

t h r e e  v a r i m a x  r o t a t e d  c o m p o n e n t s .  A t h r e e  d im e n s io n a l  p lo t  d id  n o t  

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

T h e  r e s u l t s  of th e  d i s c r i m i n a n t  a n a l y s i s  of th e  f i r s t  t h r e e  r o t a t e d  

c o m p o n e n t  s c o r e s  ( T a b le  8) i s  p r e s e n t e d  in  F i g u r e  4 . T h e  p r e d ic t i o n  

r e s u l t s  r e f l e c t  the  l a c k  o f w e l l  d e f in e d  c l u s t e r s  f r o m  F i g u r e  3. T h e  

t h r e e  d i s c r i m i n a n t  f u n c t io n s  sh o w  c o n s i d e r a b l e  o v e r l a p  in  p la c in g  the  

g r o u p s  of S a lm o  c l a r k i .  T h e  m o r p h o l o g ic a l  an d  m e r i s t i c  c h a r a c t e r s  

u s e d  in  th i s  s tu d y  c o n ta in  in s u f f i c i e n t  i n f o r m a t io n  fo r  u s e  in  a  p r i n c i p a l  

c o m p o n e n ts  a n a l y s i s .

T h e  o r i g i n a l  16 c h a r a c t e r s  fo r  th e  s e v e n  g r o u p s  p r o d u c e d  b e t t e r  

r e s u l t s .  T a b le  9 g iv e s  th e  r e s u l t s  of the  c a n o n ic a l  a n a l y s i s  on the
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d i s c r i m i n a n t  fu n c tio n s .  T he  f i r s t  two o r th o g o n a l  f u n c t io n s  a c c o u n t  fo r  

87% of th e  v a r i a t i o n .  T h e  r e l a t i v e  p o s i t io n  of th e  g ro u p  c e n t r o i d  an d  the  

p r e d i c t i o n  r e s u l t s  a r e  p r e s e n t e d  in  F i g u r e  5 .

T h e  r e s u l t s  of n u m e r i c a l  a n a l y s i s  m a y  be  s u m m a r i z e d  a s  fo l lo w s ; 

T h e  l a r g e  s p o t te d  (3), f in e  s p o t te d  (4) S n ak e  R iv e r  c u t t h r o a t  a r e  c l o s e l y  

r e l a t e d  to  one  a n o t h e r .  T h e  M oun t W h e e le r  (1) an d  B o n n e v i l l e  (2) cu t-. .;  

t h r o a t  sh o w  l i t t l e  a f f in i ty  to  o n e  a n o t h e r  o r  to th e  S n ak e  R i v e r  s to c k  

f r o m  w h ic h  i t  w a s  a s s u m e d  th e y  s t e m .  T h e  C o lu m b ia  b a s in  w e s t s l o p e  

c u t t h r o a t  (6) an d  th e  u p p e r  M i s s o u r i  e a s t s l o p e  c u t t h r o a t  (7) a r e  m o r e  

c l o s e l y  r e l a t e d  to e a c h  o t h e r  th a n  e i t h e r  i s  to th e  Y e l lo w s  to n e -S n a k e  

R i v e r  c u t t h r o a t  t r o u t .
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P r i n c i p a l  C o m p o n e n ts

P r i n c i p a l  c o m p o n e n ts  is  a c t u a l l y  a  m e a n s  of s tu d y in g  v a r i a t i o n s  

w ith in  a g ro u p ,  th e  g ro u p  in  th i s  c a s e  b e in g  th e  c h a r a c t e r  m e a s u r e m e n t  

s p a c e  of 16 v a r i a b l e s .  T h e  m o s t  o b v io u s  q u e s t io n  to  a s k  w ou ld  be  is  the  

d i f f e r e n c e  of v a l u e s  e n c o u n t e r e d  w h en  c o n s i d e r e d  s im u l t a n e o u s l y  m e r e l y  

a  r e f l e c t i o n  of r a n d o m  v a r i a t i o n  o r  a r e  c e r t a i n  t r o u t  g a t h e r in g  t o g e th e r  

in  the  m e a s u r e m e n t  s p a c e .  If so, th e n  e a c h  g ro u p  of s u s p e c t e d  d i s t i n c t  

f o r m s  ( f r o m  s y s t e m a t i c  ev id e n c e )  sh o u ld  b e  e v e n ly  d i s p e r s e d  t h r o u g h 

ou t the  s p a c e .  R e d u c t io n  of th e  d a t a  to  a  s u i t a b le  p lo t t in g  d im e n s io n  

b e c a m e  n e c e s s a r y .  Y a r r a n t o n  (1967) d e s c r i b e s  in  d e t a i l  th e  u s e f u l n e s s  

of p r i n c i p a l  c o m p o n e n ts  in  th i s  r e s p e c t .  T h e  p u r p o s e  is  to  t r y  to 

c h a n n a l i z e  p a t t e r n s  of v a r i a t i o n  in  a  s u p p o s e d ly  h o m o g e n o u s  g ro u p  

(Blackith , 1971). T h e  p lo t in  F ig .  3 d i s p la y s  w h a t  a p p e a r s  to  be  a c l u s 

t e r i n g  of the  d a t a  in to  p a t t e r n s  i n f e r r e d  by  th e  s y s t e m a t i c  p o r t i o n  of 

the  s tu d y .  I n t e r p r e t a t i o n  of th e  m e a n in g  of th e  e x t r a c t e d  c o m p o n e n ts  is  

s u b je c t  to s o m e  s p e c u la t io n  e s p e c i a l l y  c o n s i d e r i n g  th e  s m a l l  p r o p o r t i o n  

of the  to t a l  v a r i a t i o n  a c c o u n te d  f o r  by  the  2 c o m p o n e n t s .  T h e  c o m p o 

n e n t s  a n a l y s i s  w a s  m a i n l y  u n d e r t a k e n  to j u s t i f y  the  u s e  of t h e  s e v e n  

g ro u p s  of c u t t h r o a t  t r o u t  in  a  d i s c r i m i n a n t  f o r m a t  on the  b a s i s  of c h a r 

a c t e r  a n a l y s i s  a lo n e .
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E x a m i n a t i o n  of the  r e s u l t s  of  p r i n c i p a l  c o m p o n e n t s  in T a b l e  7 

i n d i c a t e s  t h a t  th e  m o r p h o l o g i c  and  m e r i s t i c  c h a r a c t e r s  a.re n o t  s u f f i c i e n t  

to d i s t i n g u i s h  b e t w e e n  the  g r o u p s  of S a l m o  c l a r k i .  T h e  l a r g e  a m o u n t  of 

c r o s s  l o a d i n g  p r e s e n t  c o u l d  no t  be  i m p r o v e d  by  o r t h o g a n a l  r o t a t i o n .

T h e  v a r i a b i l i t y  of th e  c h a r a c t e r s  s u g g e s t  t h a t  m o r e  r e s e a r c h  n e e d s  to 

be  done  in  s e l e c t i o n  of  c h a r a c t e r s  f o r  t a x o n o m i c  a n a l y s i s  of c u t t h r o a t  

t r o u t .  O ne  a p p r o a c h  m i g h t  be to s e l e c t  o n ly  t h o s e  c h a r a c t e r s  w h i c h  

lo a d  h i g h l y  in th e  f i r s t  f e w  c o m p o n e n t s  an d  s u b m i t  t h e s e  to d i s c r i m i n a n t  

a n a l y s i s .

D i s c r i m i n a n t  A n a l y s e s

T h e  p lo t  of  F i g .  1 a c t u a l l y  s u g g e s t s  o n ly  t h r e e  o r  p e r h a p s  f o u r  

d i s t i n g u i s h a b l e  g r o u p s  of the  s e v e n  o r i g i n a l  g r o u p s  u n d e r  s t u d y .  T h e  

M o u n t  W h e e l e r  an d  B o n n e v i l l e  h a v e  b e e n  i s o l a t e d  s u f f i c i e n t l y  l o n g  e n o u g h  

to b e  t r e a t e d  a s  d i s t i n c t  (H u b b s  a n d  M i l l e r ,  1948 ) .  T h e  f ine  s p o t t e d  

S n a k e  R i v e r  c u t t h r o a t  i s  d i s t i n c t l y  d i f f e r e n t  f r o m  a l l  o t h e r  c u t t h r o a t  

t r o u t  in  i t s  e x t r e m e l y  f in e  s p o t t i n g  p a t t e r n .  T h e  Y e l l o w s t o n e  c u t t h r o a t  

h a s  h i s t o r i c a l l y  b e e n  p l a c e d  w i t h  the  e a s t s l o p e  c u t t h r o a t  (S.  £ .  l e w i s i ) . 

T h e  w e s t s l o p e  c u t t h r o a t  is  s e p a r a t e d  by  th e  C o n t i n e n t a l  D i v i d e  f r o m  th e  

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

M e s s i n g e r  an d  B i l t o n  (1974) d e s c r i b e  th e  a d v a n t a g e s  a n d  d i s a d 

v a n t a g e s  of r e d u c i n g  d a t a  to  c o m p o n e n t  ( f a c t o r )  s c o r e s  f o r  d i s c r i m i n a n t  

a n a l y s i s  a s  c o m p a r e d  to s u c h  a n a l y s i s  on the  o r i g i n a l  d a t a .  T h e y  n o te
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th a t  th e  p r e d i c t i v e  p o w e r  of r e d u c e d  d a ta  in  c l a s s i f y i n g  "u n k n o w n "  

s p e c im e n s  i s  a c t u a l l y  m o r e  u s e f u l  th a n  the  o r i g i n a l  d a t a .  B o th  p r o c e 

d u r e s  w e r e  u s e d  in  th i s  s tu d y .  D i s c r i m i n a n t  a n a l y s e s  w e r e  p e r f o r m e d  

on  the  c o m p o n e n ts  to t e s t  th e  v a l id i t y  of th e  s c o r e  p lo t  of F ig .  1 and  

c o m p a r e d  to the  r e s u l t s  of a n a l y s i s  on the  o r ig i n a l  16 v a r i a b l e s .  In 

b o th  te c h n iq u e s  an  in d iv id u a l  is  g iv e n  a  d i s c r i m i n a n t  s c o r e  an d  is  

n c l a s s i f i e d 11 in th e  s e n s e  of b e in g  p la c e d  in  th e  g ro u p  i t  h a s  the  h ig h e s t  

p r o b a b i l i t y  of b e lo n g in g  to  in  the  m e a s u r e m e n t  s p a c e .  If th e  g ro u p s  

a r e  r e a d i l y  d i s t i n g u i s h a b le ,  a  l a r g e  p e r c e n ta g e  of the  m e m b e r s  of the  

g ro u p  sh o u ld  be  p la c e d  b a c k  in th a t  g ro u p .

T h e  r e s u l t s  of d i s c r i m i n a n t  a n a l y s i s  on th e  c o m p o n e n t  s c o r e s  r e 

f l e c t  th e  l a c k  of th e  f i r s t  t h r e e  p r i n c i p a l  c o m p o n e n ts  in  s e p a r a t i n g  s i g 

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

th o s e  of th e  d i s c r i m i n a n t  a n a l y s i s  on th e  o r i g i n a l  d a t a .  D ue to  the  

l i m i t e d  n u m b e r  of s p e c im e n s  of p u re  p o p u la t io n s  a v a i l a b l e  no  a t t e m p t  

w a s  m a d e  to  s e t  a s id e  a g ro u p  of "u n k n o w n "  to  d e t e r m i n e  i t s  i d e n t i f i c a 

t io n .  H y b r id  s a m p l e s  w e r e  e n t e r e d  in to  th e  a n a l y s i s ;  bu t  no c o n c lu s io n  

c o u ld  be  d r a w n  f r o m  the  r e s u l t s  and  a r e  n o t  p r e s e n t e d .  S a m p le s  c o u ld  

no t be id e n t i f i e d  a s  r e p r e s e n t i n g  d e f in i te  h y b r id  s to c k s  ( fo r  e x a m p le  

Y e l lo w s to n e  x  w e s t s lo p e  v s .  w e s t s lo p e  x  ra in b o w ) an d  so co u ld  n o t  be 

g ro u p e d  w ith  a n y  c e r t a i n t y  to d e t e r m i n e  if  th e y  co u ld  be  r e p r e s e n t e d  a s  

i n t e r m e d i a t e  b e tw e e n  two 11 p u r e ” f o r m s  of c u t t h r o a t .



T a b le  1. M e r i s t i c  c h a r a c t e r s  f o r  M o u n t W h e e le r  c u t t h r o a t  t r o u t .

GilIrakers 
Upper Lower Total

Scales 
Above 

Lat. Line

Scales
Above
Above Pyloric Caecae Vert. Dent.

Goshute Creek** Max: 8 14 22 45 162 45 64 46
east of Ely, Min: 6 11 17 35 128 32 61 8
Nevada Mean : 6.86 13.14 20.0 39.05 143.95 36.43 62.3 24.76
N=21 Std.D: 0.65 0.79 1.18 2.69 7.82 3.15 10.05

Hendry's Creek* Max: 8 13 21 38 150 40 62 30
(below barrier) Min: 7 12 19 34 137 22 61 1

TO C.
east of Ely, Nev. Mean: 7.4 12.8 20.2 36.4 144.2 30.4 61.6 12.6
N=5 Std.D: 0.54 0.45 0.84 1.52 5.36 6.50 11.72

Hendry's Creek Max: 8 15 23 45 163 46 64 49
(above barrier) Min: 7 11 18 35 129 29 61 0

O /I c
N=20 Mean: 7.8 13.05 20.85 39.15 149.9 38.1 62.4 24.5

Std.D: 0.41 0.88 1.09 2.98 9.32 4.65 9.68

Hampton Creek** Max : 9 15 23 45 162 39 63 47
east of Ely, Nev. Min: 6 12 20 35 136 28 60 b

N=22 Mean: 7.45 13.59 21.05 40.09 150.41 33.64 61.6 28.64
Std.D: 0.73 0.73 0.99 3.01 6.72 2.89 10.14

Mill Creek“' Max : 9 14 22 42 175 58 64 29
east of Ely, 
Nev.

Min:
Mean:

6
7.5

11
11.75

17
19.25

35
38.25

139
154.1

34
45.2

60
63.1

2
13.25

N=20 Std.D: 0.69 0.78 1.06 2.07 10.41 5.73 6.96

Muncy Creek* 
east of Ely, 
Nev.

Max: 
Min: 
Mean :

8
6
6.87

13
11
12.2

20
17
19.07

45
35
39.6

164
128
143.53

48
33
38.47

64
58(1)
60.9

29
0
9.07

N=15 Std.D: 0.74 0.56 1.03 2.53 10.33 4.95 *" 8.41



T a b le  1» C o n t in u e d .

Gill rakers 
Upper Lower Total

Scales 
Above 

Lat. Line

Scales 
2 Rows 
Above Pyloric Caecae Vert. Dent.

Pi ne Creek Max: 10 16 25 46 176 41 64 50
east of Ely, Min: 7 12 Ü 33 120 25 60 8
Nev. Mean: 8.15 13.8 22.00 38.85 146.95 33.55 62.2 27.3
N-20 Std.D: 0.81 0.95 1.62 3.45 12.54 4.48 - 11.64

Parentheses indicate number with count 
* indicates probable hybrid populations 

** stocked from Pine Creek

4̂
vO



T a b le  Z.  M e r i s t i c  c h a r a c t e r s  fo r  B o n n e v i l le  c u t t h r o a t  t r o u t  
(S a lm o  c l a r k i  Utah).

Gill rakers 
Upper Lower Total

Seal es 
Above 

Lat. Line

Scales 
2 Rows 
Above Pyloric Caecae Vert. Dent.

Salt Creek* Max : 7 13 20 47 178 57 63 15
Bridger Nat. Min: 6 11 17 36 144 41 61 0(2)
Forest, Wyo. Mean: 6.71 11.88 18.59 41.47 164.76 48.12 62.0 6.23
N=17 Std.D: 0.47 0.62 0.94 3.16 10.52 4.53 — 4.78

Birch Creek Max: 8 13 20 42 163 43 64 19
east of Min: 7 10 18 36 151 24 62 1
Beaver, Utah Mean: 7.5 11.58 19.08 38.42 156.33 36.25 62.63 11.17
p H Std.D: 0.52 0.79 0.67 1.88 4.16 5.26 — 5.23

Birch Creek* Max: 10 14 24 46 180 54 14
Trib. to Bear Min. 7 11 18 36 143 36 _ 5
River, Utah Mean: 7.75 12.75 20.5 42.5 164.63 44.5 «_« 9.00
N=8 Std.D: 1.16 1,03 1.69 3.46 13.82 6.28 — 3.21

Giraffe Creek* Max: 8 13 21 45 176 64 64 26
Thomas Fork of Min: 6 11 18 34 141 34 60 0(2)
Bear River, Mean: 6.93 11.87 18.8 38.07 159.13 48.27 6 2.6 6.93
Lincoln Co., Wyo. 
N=15

Std.D: 0.59 0.64 0.94 3.19 8.11 7.94 — 7.08

Water Canyon Max: 8 13 21 43 169 40 64 19
Creek, Pine Min. 6 11 17 38 148 29 61 6
Valley, Utah Mean: 7.00 12.08 19.08 40.31 158.16 35.31 61.75 11.23
N=13 Std.D: 0.82 0.76 0.95 1.55 7.54 3.19 — 4.11

Asay Creek* Max: 8 12 19 42 171 44 64 12
Trib. to Sevier Min: 6 9 16 38 149 32 61 0(4)
River, Utah Mean: 7.13 10.75 18.87 40.12 161.94 37.06 62.38 4.81
N=16 Std.D: 0.50 0.85 0.88 1.26 6.46 3.51 — 4.00



T a b le  3. M e r i s t i c  c h a r a c t e r s  fo r  th e  l a r g e  s p o t te d  S n ak e  R iv e r  c u t t h r o a t  
t r o u t .

GilIrakers 
Upper Lower Total

Scales 
Above 

Lat. Line

Scales 
2 Rows 
Above Pyloric Caecae Vert. Dent.

One Mile Creek Max: 8 13 21 43 163 53 62 12
Trib. to Raft River Min: 6 10 16 36 138 36 61 0(1)
near Snowville, Utah Mean: 7.18 11.55 18.73 39.36 145.64 42.45 61.5 6.09
N=11 Std.D: ; 0.60 1.04 1.62 1.91 7.20 5.48 - 4.68

Cottonwood Creek+ Max: 8 14 21 54 174 42 63 24
Trib. to Gros Ventre Min: 7 12 19 44 153 30 61 9
R., Teton Co., Wyo. Mean: 7.25 12.63 19.88 47.63 162.63 37.13 61.75 15.63
N=8 Std.O: 0.46 0.74 0.83 3.16 7.17 4.64 - 5.60

Fish Creek, Trib.+ Min: 8 13 21 49 184 44 64 26
to Gros Ventre River Max: 6 11 17 39 161 34 62 5
Teton Co., Wyo. Mean: 7.29 11.86 19.14 41.71 171.64 38.00 62.7 16.50
N=14 Std.D: 0.61 0.66 1.03 2.70 7.12 2.99 : ' - V ; 5.73

Forest Creek (above Max: 9 14 22 45 184 50 62 24
upper barrier), tr ib . Min: 7 12 19 39 165 35 60 7
to Snake R., Yell. Mean : 7.80 12.70 20.50 41.50 174.60 42.90 60.80 13.80
Nat. Park, Wyo. 
N=10

Std.D: 0.63 0.67 1.08 2.17 5.54 4.82 4.96

Forest Creek (above Max : 8 13 21 48 182 55 62 23
low barrier), Trib. Min: 7 11 19 42 171 38 61 12
to Snake R, Yell. Mean: 7.83 12.17 20.00 44.33 176.17 43.17 61.3 17.00
Nat. Park, Wyo. 
N=10

Std.D: 0.41 0.75 0.89 2.42 4.17 6.31 “ 4.00

Hechtman Lake, Trib. Max: 8 12 20 47 178 38 65 23
to Jackson Lake, Min: 7 11 18 47 165 29 62 13
Teton Co., Wyo. Mean: 7.5 11.5 19 47 171.5 33.5 63.5 18.00
N=2 Std.D: 0.71 0.71 1.41 0.00 9.19 6.36 - 7.07



T a b le  3. C o n t in u e d .

Gill rakers
Upper Lower Total

Mink Creek, Trib. to Max: 8 13 21
Snake R ., Pocatello Min: 7 12 19
Ida.Calif.Acad.Sci. Mean: 7.56 12.22 19.78
#SU2042 N = 9 Std.D: 0.53 0.44 0.83

Owl Creek, Trib, Max: 8 13 21
to Jackson Lake, Min: 6 12 18
Teton Co., Wyo. Mean: 7.00 12.17 19.17
N=6 Std.D: 0.63 0.41 0.98

Pacific Creek Max: 8 13 21
Teton Co., Wyo. Min: 7 11 18
N=8 Mean: 7.25 12.50 19.75

Std.D: 0.46 0.76 0.89

Pink Creek, Trib.+ Max: 8 14 22
to Gros Ventre R. Min: 7 11 18
Teton Co, Wyo. Mean: 7.64 11.93 19.57
N=14 Std.D: 0.49 0.83 1.02

Polecat Creek Max: 9 13 21
Yellowstone Nat. Min: 7 12 19
Park, Wyo. Mean: 7.8 12.50 20.2
N=10 Std.D: 0.63 0.53 0.78

Raspberry Creek+ Max: 8 13 21
Trib. to Gros Ventre Min: 7 11 19
R.,Fremont Co.,Wyo. Mean: 7.70 12.30 20.00
N=10 Std.D: 0.48 0.67 0.67

Scales 
Above 

Lat. line

Scales 
2 Rows
Above Pyloric Gaecae Vert.

46 168 51 - 16
39 148 37 - 5
41.44 157 42.22 - 10.11
2.13 7.87 4.06 4.43

50 196 33 63 25
43 161 23 61 10
46.33 181.33 27.33 61.7 15.5
2.50 12.52 4.18 - 6.35

47 178 45 63 18
39 161 25 61 0(1)
42.25 170.00 35.00 61.9 8.25
2.66 5.81 5.88 - 6.47

44 179 49 64 33
39 151 31 61 12
41.93 165.57 37.71 62.7 16.14
1.59 9.44 5.33 - 6.15

41 177 44 64 23
34 153 30 61 1
36.7 165.6 37.3 62.3 8.30
2.21 8.99 4.39 - 6.39

43 182 45 63 26
38 165 34 62 2
90.6 172.90 38.1 62.4 8.7
1.77 6.52 3.35 6.60



T ab le  3. Continued,

Seales
Gill rakers Above

Upper Lower Total Lat. Line

Upper Snake River Max: 8 13 21 43
1/2 mile below Min: 6 12 19 42
Forest Crk,YNP,Wyo. Mean: 7.33 12.67 20.00 44.17
N=6 Std.D: 0.82 0.52 0.89 1.94

So ha re Creek ,+ Trib, Max: 9 13 22 48
to Gros Ventre R. Min: 7 11 18 40
Teton, Co., Wyo. Mean: 7.61 12.15 19.77 43,31
N-l 3 Std.D: 0.65 0.68 1.09 2.17

June, of Spread and Max: 9 14 22 48
Licdy Crk., 7 mi. S. Mi n: 6 11 17 38
of Blacknock Range Mean: 7.34 12.37 19.75 45.00
Sta. ,Teton Co.,Wyo. 
N=16

Std.D: 0.72 0.81 1.24 2.73

Strawberry Crk.+,Trib. Max: 9 13 21 45
to Gros Ventre R. Min: h e 11 18 39
Sublette Co., Wyo. Mean: 7.57 12.28 19,85 41.85
N=14 Std.D: 0.64 0.73 1.03 1.75

Crawfish and Max: 8 12 20 44
Spirea Creek Min: 7 11 19 33
YNP. 5 Wyo. Mean: 7,9 11.7 19.6 38.6
N=10 Std.D: 0.32 0.48 0.52 3.56

Spirea Creek Max: 8 13 21 42
YNP, Wyo. • Min: 7 11 18 35
N~10 Mean: 7.4 11.9 19.3 38.5

Std.D: 0.51 0.74 1.06 2.12

Parentheses indicate number with counts 
* indicates probable hybrid populations 
t indicates possible mixture of fine-large spotted forms*

Seales 
2 Rows
Above Pyloric Caecae Vert. Dent.

181 53 I 63 27
158 41 59(1) 4
173.5 48.00 61.33 16.83
8.53 4.34 9.04

185 42 64 39
154 28 61 13
171.46 35.69 62.2 21,85
8.14 4.80 - 7.40

185 43 63 46
160 34 60 6
172.00 38 61.9 18.81
7.29 2.5 - 9.91

187 43 63 33
164 31 62 7
175.93 36.85 62.24 18.85
7.55 2.91 7.82

195 46 -  ' 20
148 29 5
173.7 37.3 I 10.2
13.46 5.37 - 4.68

175 49 63 26
152 32 60 8
162 39.5 62.3 17
8.73 6.20 - 5.60

en



T a b le  4 .  M e r i s t i c  c h a r a c t e r s  fo r  th e  f in e  s p o t te d  S n ak e  R i v e r  c u t t h r o a t  
t r o u t .

Gill rakers 
Upper Lower Total

Scales 
Above 

Lat. Line

Scales 
2 Rows 
Above Pyloric Caecae Vert, Dent.

Game Creek 1 Max: 9 13 21 42 172 47 63 22
Teton Co., Wyo. Min: 7 11 18 34 136 32 60 4
N=12 Mean: 7.5 11.67 19.17 38.66 152.91 39.25 61.4 12.67

Std.D: 0.67 0.65 1.03 2.57 9.49 4.39 - 5.42

Grey's River Max: 8 12 20 45 188 47 65(1 ) 33
Lincoln Co., Wyo. Min: 7 11 18 38 168 32 62 6
N=8 Mean : 7.63 11.5 19.13 41.62 176.37 37.5 62.9 17.87

Std.D: 0.52 0.53 0.83 2.33 6.52 4.92 - 11.68

Horse Creek Max: 9 14 22 49 174 46 63 25
9 mi. SE of Mi n : 7 11 18 41 157 34 62 8
Jackson, Wyo. Mean: 7.7 12.4 20.1 45.7 165.8 40.5 62.7 16.00
N=10 Std.D: 0.67 0.84 1.37 2.79 6.05 4.17 4.89

Steer Creek Max: 8 14 21 46 187 49 64 30
Bridger Nat For. Min: 7 11 18 41 152 35 61 6
Lincoln Co., Wyo. Mean: 7.35 12.29 19.64 43.35 167.41 42.64 61.8 12.00
N=17 Std.D: 0.49 0.84 0.93 1.76 8.17 3.84 - 5.58

Stewart Creek Max: 8 15 J 2 47 166 50 62 19
Bridger Nat. For. Min: 7 11 18 36 153 38 60 8
Lincoln Co., Wyo. Mean: 7.25 12.25 19.5 42.75 161.08 42.25 61.7 11.50
Nil 2 Std.D: 0.45 1.21 1.38 3.02 4.76 3.57 ■ - : 3.61

Salt R. above Max: 9 14 23 49 181 51 63 30
Forest Bell, Lincoln Min: 7 12 19 40 166 41 62 12
Co. ,«-Wyo. Mean: 7.5 12.75 20.25 45.00 174.00 46.00 62.7 18.00
N-4 Std.D: 1.00 0.95 1.89 4.24 6.48 4.16 - 8.29

Parentheses indicate number with count 
* indicates probable hybrid population



T a b l e  5. M e r i s t i c  c h a r a c t e r s  fo r  Y e l lo w s to n e  c u t t h r o a t  t r o u t .

Gil l rakers 
Upper Lower Total

Scales 
Above 

Lat. Line

Scales 
2 Rows 
Above Pyloric Caecae Vert. Dent.

Bear Creek, Trib. Max: 9 14 23 50 188 56 62 30
to Turbid Lake, Min: 7 11 19 39 159 37 59(1) 2
YNP, Wyo. Mean: 7.97 12.27 20.24 43.24 174.12 45.87 61.4 12.33
N=33 Std.D: 0.53 0.72 0.93 2.07 8.21 4.85 - 7.00

Elk Creek* Max: 8 13 21 48 175 47 62 11
below Yellowstone Min: 7 13 20 31 128 28 62 1
Lake, YNP, Wyo. Mean: 7.25 13.00 20.25 36.75 143.25 39.5 62.00 5.00
N=4 Std.D: 0.50 0.00 0.50 7.67 21.66 8.35 “ 4.55

Rock Creek Max: 9 14 22 51 192 46 63 21
Yell. Nat. Park, Min: 7 11 19 41 160 34 61 4
Wyo. Mean: 7.87 12.50 20.37 46.06 172.13 39.81 61.31 11.12
N=16 Std.D: 0.71 0.73 1.02 3.02 7.07 3.83 5.34

Yellowstone River* Max: 9 13 22 51 189 53 63 30
at Elk Creek Min: 7 11 19 31 129 39 61 0(1)
YNP, Wyo. Mean: 8.25 12.12 20.37 44.62 163.87 46.62 62.0 17.00
N=8 Std. D : 0.71 0.64 1.06 6.43 18.55 5.78 9.86

Yellowstone River* Max: 10 14 23 53 179 60 - 53
(3 mi. hole) Min: 7 11 18 38 156 39 ■ ¡¡¡1 7
YNP, Wyo. Mean: 8.13 12.47 20.60 43.93 168.00 47.06 - 21.4
N=15 Std.D: 0.74 0.99 1.45 4.81 7.41 5.66 11.71

Yellowstone River* Max: 8 13 21 51 173 60 32
(7 mi. hole) Min: 7 11 19 42 147 42 12
YNP, Wyo. Mean: 7.86 12.14 20.00 45.71 160.57 50.71 - 24.71
N=7 Std.D: 0.37 0.69 0.82 4.38 9.29 5.88 7.43



T a b le  6. C o m p a r i s o n  of m e r i s t i c  c h a r a c t e r s  a m o n g  g r o u p s .

Gillrakers 
Upper Lower Total

Scales 
Above 

Lat. Line

Scales 
2 Rows 
Above Pyloric Caeca Vert. Dent.

Large Spotted Max: 9 m 23 54 196 55 46
Snake River Mi n: 4 10 16 30 113 23 - 0
Cutthroat Mean: 7.44 12.9 19.64 42.24 168.35 38.48 62.02 14.36
N=168 Std.D: .67 .78 1.18 3.57 12.21 5.76 H | 8.07

Fine Spotted Max: 9 15 22 49 188 50 ... 33
Snake River Min: 7 11 18 34 136 32 - 4
Cutthroat Mean: 7.46 12.07 19.53 42.44 164.12 40.81 62.10 13.51
N=59 Std.D: 0.57 0.91 1,14 3.29 10.14 4.38 6.41

Yellowstone Max; 10 14 23 53 197 63 53
Cutthroat Mi n : 6 11 17 31 128 26 0
N=197 Mean : 7.74 12.21 19.93 42.90 170.13 42.85 62.30 14.29

Std.D: 0.69 0.72 1.05 3.88 11.20 7.0 8.97

Bonneville Max: 10 14 24 47 180 64 m 26
Cutthroat Min: 6 9 16 34 141 24 - 0
N=81 Mean : 7.10 11.73 18.83 40.04 160.84 41.79 62.25 7.89

Std.D: 0.72 0.94 1.19 2.86 8.88 7.70 - 5.45

Mount Wheeler Max: 10 16 25 46 176 58 50
Cutthroat Min: 6 11 17 33 120 22 - 0
N=123 Mean : 7.45 12.96 20.42 39.04 148.17 37.16 62.01 21.54

Std.D: 0.80 1.05 1.52 2.85 9.98 6.01 - 11.90



T able  7. R e s u l t s  of pr in c ip a l  com p on en ts  a n a ly s i s .  

C o r r e l a t i o n  M a tr ix

Row 1 2 3 4 5 6 7 8
1 1 . 0 0 0
2 .7 0 2 1 . 0 0 0
3 .4 1 3 . 486 1 .0 0 0
4 .3 2 5 .1 1 1 - . 2 4 2 1 .0 0 0
5 .2 6 4 .1 4 3 .0 0 5 .1 9 2 1 . 0 0 0
6 .5 3 7 .3 3 6 . 266 . 364 .2 6 7 1 .0 0 0
7 - .  193 - . 1 2 6 .0 2 4 - . 1 0 3 - .  088 .0 5 9 1 . 0 0 0
8 - . 0 2 0 .0 1 9 .0 5 3 - . 0 3 8 - . 0 4 2 .0 3 1 . 070 1 .0 0 0
9 .1 4 0 .0 6 6 .0 0 5 .0 9 3 .0 6 7 .1 7 8 - . 0 9 4 ,1 7 3

10 .0 8 4 .0 5 7 .0 3 6 .0 4 4 .0 2 0 .1 4 2 - . 0 2 2 .7 2 5
11 -  .0 0 5 .0 0 7 - . 0 8 8 .0 6 2 - . 0 4 9 - .  016 .0 1 5 .0 2 1
12 .0 3 7 .0 3 2 - . 0 8 3 .0 7 8 - . 0 0 8 - . 0 1 1 - . 0 0 6 .0 0 8
13 - . 2 3 2 - . 1 7 8 - . 1 8 1 - . 0 3 0 - . 0 2 3 - . 1 0 6 .0 4 5 .0 5 3
14 - .  394 - . 1 7 2 - . 0 9 9 - . 2 3 8 - . 0 8 6 - . 3 4 9 .0 5 4 .0 5 7
15 .0 2 9 .053 - . 1 5 0 .1 4 2 .1 8 7 - . 0 3 5 - . 0 8 6 - . 0 1 8
16 .2 3 0 .2 0 5 .0 7 8 .0 5 6 .1 7 7 .2 0 1 - . 2 2 1 .1 3 7

F i r s t  E ig h t  P r i n c i p a l  Component C o r r e l a t i o n s .

Row 1 .8 3 3 '- ,¿ 2 8 2 .0 8 3 .0 9 8 .1 2 5 .0 4 8 .0 4 4 .1 5 0
2 .6 8 2 - . 2 6 6 - . 0 9 8 .2 8 5 .3 2 8 .0 5 2 .0 3 3 .2 0 5
3 .4 3 5 - . 2 8 6 - . 4 6 7 .4 1 1 .2 9 1 .0 8 7 - . 1 5 4 - . 0 5 9
4 . 381 - . 0 1 9 .5 3 0 -  .3 1 2 - . 3 1 4 .1 7 8 .3 0 0 .3 2 3
5 .3 6 2 - . 0 6 2 .2 7 5 - . 3 7 3 .2 0 5 .2 9 5 - . 3 2 2 - . 2 0 8
6 .6 9 0 - . 1 3 9 .0 7 6 - .  040 - . 1 8 7 .3 9 4 .1 6 0 - . 1 3 5
7 - . 2 1 3 - .  004 - . 1 7 5 .2 5 4 - . 4 0 8 .6 5 7 - . 2 1 1 - . 2 8 0
8 .1 8 8 . 599 - . 4 1 5 .0 5 0 - . 1 7 2 .1 3 2 - . 1 7 4 .4 8 5
9 .4 4 1 . 664 - . 0 6 8 - . 0 8 7 - . 0 7 3 - . 1 4 9 .0 8 6 - . 3 3 8

10 .4 2 1 .8 2 7 - . 2 9 7 - . 0 2 6 - . 1 5 5 - . 0 2 4 - . 0 4 4 .0 5 5
11 .0 2 8 .3 4 8 .5 3 4 .5 9 8 - . 0 0 6 - . 0 7 6 - . 0 4 0 - . 0 7 7
12 .0 4 1 .2 9 4 .5 6 4 . 601 .0 1 6 f . 044 - . 0 0 6 - . 0 1 4
13 - . 2 9 4 .3 9 0 .1 1 8 - . 0 7 9 .4 3 0 . 4 6 2 .3 8 2 .0 1 2
14 - . 5 0 3 .2 8 0 - . 0 9 4 .0 3 8 .5 4 1 .2 8 2 .0 8 5 .1 3 3
15 .0 4 2 . 196 .4 3 9 - . 2 8 6 .2 3 0 .0 3 4 - . 6 3 0 .143
16 .4 6 3 .2 9 7 - . 0 5 7 - . 2 4 3 .3 2 9 - . 1 8 8 .1 1 2 - . 3 2 6

9 10 11 12 13

000
802
136
095

1 .0 0 0  
. 112  
.0 7 5

1 .0 0 0
.5 7 4 1 .0 0 0

054 .0 7 2 . 072 .0 9 6 1 .000
085 - .0 2 6 .0 3 4 . 010 .4 2 9
083 .0 4 5 , 108 .0 8 7 .0 8 5
334 .3 1 7 . 007 - .0 2 8 .0 3 7

E ig e n 
v a l u e

Col 1 3 .1 1 1 0
Col 2 2 .3 0 5 5
Col 3 : 1 .7 1 3 0
C ol 4 1 .4 4 0 2
Col 5 . 1 .2 4 7 7
Col 6 1 .0 9 5 5
C ol 7 .8 9 4 6
C o l m .8 1 5 8

14 15 16

000
044 1 .0 0 0
084 .0 8 4  1 . 0 0 0

Ui
00

P e r c e n t
T race

1 9 .4
1 4 . 4  
1 0 .7

9 . 0
SI'?1.-8 ''
6.8
5 . 6

I w
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T a b le  8. R e g r e s s i o n  c o e f f i c i e n t s f o r  th e  f i r s t  t h r e e p r in c i p a l
c o m p o n e n t s .

O r ig in a l  C o m p o n e n ts

Row 1 .268 - .1 2 3 .048
2 .219 - .1 1 5 - .0 5 7
3 .140 - .1 2 4 - .2 7 2
4 .122 - .0 0 8 .309
5 .116 - .0 2 7 .161
6 .222 - .0 6 0 / . 045
7 - .0 6 9 -.0 0 2 -.1 0 2
8 .060 .260 - .2 4 2
9 .142 .288 - .0 4 0

10 .135 1 359 - .1 7 3
11 . 009 151 .311
12 .013 .128 .329
13 - .0 9 5 .169 .069
14 - .1 6 2 .121 - .0 5 5
15 .014 .085 .256
16 .149 .129 - .0 3 3

Varimax Rotated Components

Row 1 .2 9 8 - . 0 0 3 .008
2 .237 .020 -  . 089
3 .1 4 0 .057 - . 2 9 4
4 .155 - .  066 .287
5 .138 - . 0 3 0 . 142
6 .231 .030 .026
7 - . 0 7 5 .0 0 6 - . 0 9 8
8 - . 0 8 6 .3 2 8 - . 1 2 1
9 /;<003 .3 1 4 .0 8 0

10 - . 0 5 0 .418 - .  017
11 - . 0 1 2 . 0 1 6 .3 4 6
12 .0 04 -  .0 08 .353
13 - . 1 4 6 .0 7 4 .1 2 5
14 - . 2 0 3 .0 5 0 - . 0 1 0
15 .012 - . 0 1 7 .2 6 9
16 j| | 0 7 6 Hill .024



6 7

6

F i g u r e  3
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F ig u r e  4 .  R e s u l t s  of d is c r im in a n t  a n a ly s i s  on the f ir s t  three  rotated  
c o m p o n e n ts .

P r e d ic t io n  R e s u l t s  -  in  p e r c e n t .

Actual
Group

Predicted Group Membership 
1 2 3 4 B n 6 7

1 .79 .16 .03 .02 0.00 . 0.00 i 0.00

2 .04 .74 .00 .02 .06 .04 .10

3 .04 .09 .08 .27 .29 .07 .16

4 .03 . 12 0.00 . 33 .27 .12 .13

5 .02 .04 .04 .25 .39 .09 .17

6 .01 .24 .03 .19 .14 .21 .18



T ab le  9 . R e s u l t s  of d is c r im in a n t  a n a ly s i s  on the s ix t e e n  o r ig in a l  
v a r ia b le s .

C an on ica l  C o e f f ic ie n ts

Canonical
C o r r e la t io n

V a r ia b le s

1

.82510

2

.60748

3

.38998

4

.34749

5

.23648

6

.17874

1 0.03025 - .0 0 2 2 9 - .0 0 1 1 7 .01233 .01892 .00811

2 .01078 .00751 .03278 .00273 .00042 - .0 5 3 8 2

3 - .0 0 1 0 0 .00552 - .0 0 4 2 5 .00595 .00086 .00340

4 .01156 .00085 .01498 .01338 - .0 0 8 2 8 . - .0 0 5 3 1

5 .00407 - .0 2 5 8 8 .00789 - .0 1 8 9 6 .00262 - .0 1 5 2 8

6 - .0 6 5 8 5 .05007 - .0 8 7 2 7 - .0 2 5 4 9 - .0 1 1 4 1 - .0 0 3 5 9

7 .02817 - .0 0 0 1 6 .01249 .01531 - .0 5 6 9 2 - .0 2 9 3 9

8 .29817 -1 .0 4 2 3 0 .50733 - .6 8 2 3 8 2.07147 - .6 4 4 2 0

9 - .3 8 7 1 8 -1 .4 2 1 6 5 1 .14185 - .6 4 4 0 7 2.33365 - .8 5 9 8 6

1° - .0 4 7 2 7 1.12036 - .8 2 2 4 4 .35245 -2 .4 8 6 8 4 .71908

11 .07388 . .15957 .16164 - .6 8 5 8 4 - .2 4 0 6 6 .13643

12 .00679 - .1 3 8 7 4 .40940 .62685 - .0 1 8 1 6 .52063

13 .04056 - .0 9 2 0 3 - .0 0 0 9 3 .00775 .07023 .01559

14 .03609 .00986 - .0 2 2 6 6 - .0 2 0 1 4 .02212 - .0 2 9 7 3

15 - .0 2 3 9 0 - .1 1 0 6 0 - .0 7 7 5 3 .07836 - .0 1 8 3 8 - .0 1 2 2 5

16 - .0 4 4 1 0 - .0 4 2 2 5 .01149 - .0 3 5 2 8 - .0 1 6 0 6 .01526

E igen va lue 2 .13275 .58488 .17936 .13734 „05923 - ' . 0'330;0:i:'

P ercen t  o f 6 8 . 2 18 .7 5. 7 4 .4 1-9 1 .1
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F ig u r e  5. R e s u l t s  of d isc r im in a n t  a n a ly s i s  on the s ix te e n  o r ig in a l  
v a r ia b le s .

P r e d ic t io n  R e s u l t s  -  Expressed  as a P er ce n ta g e .  

A ctua l P re d ic ted  Group Membership
G ro u p 1 2 3 4 6 7

1 .8 1 3 .1 5 4 .0 0 8 .0 1 6 .0 0 8 0 . 0 0 0 .0 0 0

2 .0 6 1 .7 1 4 .0 6 1 .0 2 0 .0 2 0 .0 8 J .0 4 0

3 0 . 032 .4 4 9 .1 6 0 .2 0 5 .0 7 0 .0 8 3

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

5 .0 1 1 .0 3 8 .1 5 1 .1 4 0 .5 5 4 .0 4 8 .0 5 9

6 0 .0 8 1 .1 0 1 .0 5 1 .0 6 1 .5 9 6 .1 1 1

7 0 .0 1 0 .0 3 0 .0 3 0 .0 2 0 .1 8 2



CO N CLU SIO N S

T h e  M o u n t W h e e le r  an d  B o n n e v i l le  c u t t h r o a t  t r o u t  r e f l e c t  th e  lo n g  

g e o g r a p h ic  i s o l a t i o n  of t h e s e  f o r m s  f r o m  th e  S n ak e  R i v e r  c u t t h r o a t  and  

f r o m  one a n o t h e r  a s  f a r  a s  c h a r a c t e r  a n a l y s i s  i s  c o n c e r n e d .  H u b b s  

an d  M i l l e r  (1974) s t a t e  th a t  th e  M o u n t  W h e e le r  c u t t h r o a t  p r o b a b ly  r e p 

r e s e n t  an  u n d e s c r i b e d  s u b s p e c i e s  of S a lm o  c l a r k i  u ta h .  the  B o n n e v i l l e  

c u t t h r o a t .  A s  w a s  i n f e r r e d  by  s y s t e m a t i c  in v e s t ig a t io n ,  th e  t h r e e  f o r m s  

of t r o u t  in  th e  S n ak e  R iv e r  an d  Y e l lo w s to n e  d r a i n a g e s  a r e  v e r y  s i m i l a r .  

T h e  f a c t  th a t  th e  f in e  s p o t te d  c u t t h r o a t  i s  d i s t i n c t i v e  in  m a r k i n g  a n d  a p 

p a r e n t ly  b e h a v i o r a l l y  i s o l a t e d  m a y  w a r r a n t  r e c o g n i t i o n  of th i s  f o r m  a s  

a  s u b s p e c i e s .  T h e  tw o  l a r g e  s p o t te d  f o r m s  s h o u ld  be  c o n s i d e r e d  a s  one 

s p e c i e s ;  b u t  c a n n o t  be  c a l l e d  S a lm o  c l a r k i  l e w i s i .  If  t h e s e  t r o u t  a r e  to 

b e  c o n s i d e r e d  a s  b e in g  r e l a t e d  to  the  B o n n e v i l le  c u t th r o a t ,  th e  n a m e  

S a lm o  c l a r k i  u ta h  (S u ck lev l  w ou ld  a p p ly  e v e n  th o u g h  th e  S n ak e  R i v e r  

f o r m  g av e  r i s e  to the  c u t t h r o a t  of th e  B o n n e v i l le  b a s in .  If no t,  th e n  th e  

n e x t  a c c e p ta b l e  n a m e  w ou ld  be  b o v i e r i .  T h e  w e s t s lo p e  an d  e a s t s l o p e  

c u t t h r o a t  a r e  n o t  a s  s i m i l a r  to one a n o t h e r  a s  m i g h t  be  e x p e c te d ;  bu t 

th i s  i s  p ro b a b ly  d u e  to  g e o g r a p h ic  i s o l a t i o n  (R o s c o e ,  1974) a s  i s  e v i 

d e n c e d  by  th e  B o n n e v i l le  c u t t h r o a t .  T h e  e a s t s l o p e  c u t t h r o a t  is  d i s t i n c t

f r o m  the  Y e l lo w s to n e  c u t t h r o a t .
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N u m e r i c a l  a n a l y s i s  of th e  s ix t e e n  c h a r a c t e r s  s e l e c t e d  te n d s  to 

r e f l e c t  th e  a s s u m p t i o n s  b a s e d  on d i s t r i b u t i o n  an d  z o o g e o g r a p h ic  h i s t o r y .  

D i s c r i m i n a n t  a n a l y s i s  of th e  d a t a  show s the  two p o p u la t io n s  of B o n n e 

v i l l e  c u t t h r o a t  to  b e  d i s t i n c t  f r o m  one a n o t h e r  a n d  f r o m  th e  a n c e s t o r a l  

S n ak e  R i v e r  F a u n a .  T h e  c u t t h r o a t  of th e  Y e l lo w s to n e  an d  S n ak e  R i v e r  

b a s i n s  a r e  c l o s e l y  r e l a t e d  to  one a n o t h e r .  T h e  c u t t h r o a t  of th e  u p p e r  

M i s s o u r i  an d  C o lu m b ia  b a s i n s  a r e  m o r e  c l o s e l y  r e l a t e d  to e a c h  o th e r

th a n  e i t h e r  a r e  to the  Y e l lo w s to n e  c u t t h r o a t .
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