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Abstract:
The relationship between physical parameters and fish populations of 19 pools of Little Prickly Pear
Creek, Montana, was studied during the summers of 1965 and 1966. The pools were mapped and their
fish populations sampled. Differences in surface area, volume, average depth, average current velocity,
total cover and percent cover accounted for 75, 77 and 70 percent of the variation in numbers of total
trout, brown trout and rainbow trout respectively. Current velocity and total cover were the most
important factors, and together they accounted for most of the explained variation. Each of these two
factors contributed significantly to total trout numbers. Cover was the most important factor for brown
trout, and current velocity was most important for rainbow trout. The number of trout per unit of cover
(cover quality) and the number per unit of pool surface area (pool quality) increased significantly as
current velocity became greater. Deep-slow pools with a large amount of cover had the most stable
populations with brown trout being more stable than rainbow trout. Suckers were most common in
large, deep-slow pools with extensive cover. The importance of cover to trout is discussed in terms of
security and photonegative response, and current velocity in terms of space-food relationships. 
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ABSTRACT

■ The r e l a t i o n s h i p  b e tw een  p h y s ic a l  p a ra m e te rs  and  f i s h  p o p u la t io n s  o f  
19 p o o ls  o f  L i t t l e  P r i c k l y  P e a r  C reek , M ontana, was s tu d i e d  d u r in g  th e  

■ summers o f  1965 an d  1966 . The p o o ls  w ere mapped and  t h e i r  f i s h  popu­
l a t i o n s  s a m p le d L D if f e r e n c e s ' i n  s u r f a c e  a r e a ,,. vo lum e, a v e ra g e  d e p th , a v e r?  
a g e  c u r r e n t  v e l o c i t y ,  t o t a l  c o v e r  an d  p e r c e n t  c o v e r  a c c o u n te d  f o r  75? 77 
an d  70 p e r c e n t  o f  th e  v a r i a t i o n  i n  num bers o f  t o t a l  t r o u t ,  b ro w n '- tro u t and  
ra in b o w  t r o u t  r e s p e c t i v e l y .  C u r re n t v e l o c i t y  an d  t o t a l  c o v e r  w ere th e  
m ost im p o r ta n t  f a c t o r s , a n d  to g e t h e r  th e y  a c c o u n te d  f o r  m ost o f  th e  e x -. ■ 
p la in e d  v a r i a t i o n .  Each o f  t h e s e  two f a c t o r s  c o n t r ib u te d  s i g n i f i c a n t l y  
t o  t o t a l  t r o u t  n u m b ers . C over was th e  m ost im p o r ta n t  f a c t o r  f o r  brown 
t r o u t , an d  c u r r e n t  v e l o c i t y  was m ost im p o r ta n t  f o r  ra in b o w  t r o u t .  .-The . 
num ber o f  t r o u t  p e r  u n i t  o f  c o v e r  ( c o v e r  q u a l i t y )  and  th e  num ber p e r  u n i t  
o f  p o o l s u r f a c e  a r e a  (p o o l q u a l i t y )  in c r e a s e d  s i g n i f i c a n t l y  a s  c u r r e n t  
v e l o c i t y  becam e g r e a t e r .  D eep -slow  p o o ls  w i th  a  l a r g e  am ount o f  c o v e r  had 
th e  m ost s t a b l e  p o p u la t io n s  w ith  brown t r o u t  b e in g  m ore s t a b l e  th a n  r a i n ­
bow t r o u t .  S u c k e rs  w ere m ost common i n  l a r g e ,  d e e p -s lo w  p o o ls  w ith  ex ­
t e n s i v e  c o v e r .  The im p o r ta n c e  o f  c o v e r  t o  t r o u t  i s  d i s c u s s e d  i n  te rm s  o f  
s e c u r i t y  an d  p h o to n e g a t iv e  r e s p o n s e ,  an d  c u r r e n t  v e l o c i t y  i n  te rm s  o f  
s p a c e - fo o d  r e l a t i o n s h i p s .



INTRODUCTION

An im p o r ta n t  e n v iro n m e n ta l  r e q u ir e m e n t  o f  t r o u t  i n  s tr e a m s  i s  s h e l t e r ,  

g e n e r a l l y  a s s o c i a t e d  w ith  p o o l s .  S e v e ra l  w o rk e rs  have shown th e  v a lu e  o f  

o v e r a l l  h a b i t a t  q u a l i t y  i n  r e l a t i o n  t o  t r o u t  p o p u la t io n  l e v e l s  i n  s e c t i o n s  

o f  s t r e a m s .  The s tre a m  im provem ent work o f  T a rz w e ll  (1 9 3 7 , 1 9 3 8 );

S h e l t e r ,  C la rk .a n d  H azza rd  (1 9 4 6 );  an d  S a u n d e rs  and  S m ith  (1 9 6 2 ) showed 

t h a t  p o p u la t io n  l e v e l s  re s p o n d  t o  a n  i n c r e a s e  i n  s h e l t e r  an d  fo o d . 

G underson  (1 9 6 6 ) fo u n d  t h a t  a n  u n g ra z e d  s tr e a m  s e c t i o n  w i th  h ig h e r  p e r -  

'c e n ta g e s  o f  deep  w a te r  ty p e s  a n d .m o re  c o v e r  had  a  p o p u la t io n  o f  brown 

t r o u t  (o v e r  6 in c h e s  lo n g )  t h a t  was 27 a n d  44 p e rc e n t  g r e a t e r  by  number 

an d  w e ig h t r e s p e c t i v e l y . th a n  a  g ra z e d  s e c t i o n  o f  th e  same s tr e a m  w ith  

s h a l lo w e r  w a te r  an d  l e s s  c o v e r .  B oussu  (1 9 5 4 ) showed t h a t  rem o v a l o f  

u n d e rc u t  b an k s  an d  b ru s h  i n  a  s e c t i o n  o f  s tr e a m  ca u se d  a  d e c re a s e  i n  . 

num bers an d  w e ig h t o f  t r o u t , w ith  d e c re a s e s  b e in g  g r e a t e s t  f o r  l a r g e r  

f i s h .  Shuck (1 9 4 5 ) r e p o r t e d  t h a t ,volum e and  d e p th  o f  w a te r  w ere s i g n i f i -  

c a n t  f a c t o r s , i n  d e te rm in in g  th e  p o p u la t io n  d e n s i ty  o f  l a r g e r  brown t r o u t  

i n  a  s e c t i o n  o f  s t r e a m .

The s o c i a l 'b e h a v i o r  o f  f i s h  i n  r e l a t i o n  t o  h a b i t a t  c o n d i t io n s  i s  a n  

im p o r ta n t  c o n s id e r a t i o n .  The i n v e s t i g a t i o n s  o f  K a l le b e rg  (1 9 5 8 ) and  New­

man (1956 ) showed t h a t  s a lm o n id s  a r e  t e r r i t o r i a l  and  e s t a b l i s h  a  s o c i a l  

h i e r a r c h y  w i th in  th e  o v e r a l l . p o p u l a t i o n .  Thus th e r e  i s  c o m p e t i t io n  f o r  

th e  l i m i t e d  num ber o f  f a v o r a b le  p o s i t i o n s  w i th in  a  s t r e a m . T h is  i n d i c a t e s  

p o p u la t io n  l e v e l s  may be s e l f - l i m i t i n g  b a s e d  on th e  q u a l i t y  o f  th e  h a b i ­

t a t



- 2 -  ,

I  e v a lu a te d  th e  p h y s ic a l  a s p e c t s  o f  h a b i t a t  q u a l i t y  o f  p o o ls  on 

L i t t l e  P r i c k l y  P e a r  C reek , M ontana, from  J u ly ,  1965 , t o  S e p tem b e r, 1966 . 

The o b j e c t iv e s  w ere t o  d e te rm in e :  ( l )  w hich  p h y s ic a l  f a c t o r s  w ere m ost

im p o r ta n t  i n  d e te r m in in g  s ta n d in g  c ro p s  o f  f i s h  and  ( 2 ) p o p u la t io n  s ta .-  

• b l l i t y .



DESCRIPTION OF THE STUDY AREA

L i t t l e  P r i c k l y  P e a r  C reek  i s  a  s m a ll  t r o u t  s t r e a m •l o c a t e d  30 m ile s  

n o r th w e s t  o f  H e le n a , M ontana. T h is  s tre a m  a r i s e s  on th e  . e a s t  s lo p e  o f  

th e  c o n t i n e n ta l  d iv id e  a p p ro x im a te ly  4 ,6 0 0  f e e t  above  s e a  l e v e l  an d  flo w s 

n o r t h e a s t e r l y  f o r  a b o u t  35 m i l e s .  I t  e n t e r s  th e  M is s o u r i  R iv e r " 3 m ile s  

dow nstream  from  W olf G reek , M ontana, a t  a n  e l e v a t i o n  o f  3 ,3 0 0  f e e t .  The 

d r a in a g e  b a s in  encom passes a n  a r e a  o f  394 s q u a re  m ile s  c o n s i s t i n g  p rim a­

r i l y  o f  g r a s s l a n d  s lo p e s ' w i th  open  s ta n d s  o f  c o n i f e r s .  A n a ly s e s  done by, 

th e  S o i l  C o n s e rv a t io n  S e r v ic e  show t h a t  t h e  s o i l s  o f  th e  d r a in a g e  b a s in  

a r e  w eak ly  c a lc a r e o u s ,  b e in g  d e r iv e d  m a in ly  from  w e a th e re d  a r g i l l i t e  ro c k  

w ith  s m a l le r  c o n t r i b u t i o n s  from  w e a th e re d  q u a r t z i t e  and  ig n e o u s  r o c k s .

The s tu d y  a r e a  in c lu d e d  16 - p o o ls  an d  a  940 f o o t  s e c t i o n  o f  s tre a m  

r e f e r r e d  t o  a s  th e  s t a b i l i t y  a r e a .  The l a t t e r  c o n ta in e d  t h r e e  p o o ls  and  

th e  i n te r c o n n e c te d  r i f f l e s  abo v e  e a ch  p o o l .  A l l  p o o ls  w ere w i th in  a  6 .2  

m ile  l e n g t h  o f  s tr e a m  from  0 .7  m ile  abo v e  th e  m outh o f  T r i n i t y  C reek  to  

0 .2  m ile  be low  th e  m outh o f  B ig  Sheep C reek  (F ig u re  l ) „

L i t t l e  P r i c k l y  P e a r  C reek  i s  a  m o u n ta in  s tre a m  w ith  h ig h  f lo w s  d u r in g ' 

th e  s p r in g  r u n o f f  and  low  f lo w s  d u r in g  th e  summer, f a l l  an d  w in t e r .  Flow  - 

d a ta  from  th e  S ie b e n  Gage S t a t i o n  i n d i c a t e  t h e  peak  o f  th e  s p r i n g  r u n o f f  

g e n e r a l l y  o c c u rs  i n  May w ith  mean .m onth ly  d is c h a r g e  r a n g in g  from  7 0 .2  t o  . 

3 5 4 .0  c f s .  Low summer f lo w s  o c c u r  i n  A ugust w ith  th e .m e a n  m o n th ly  d i s ­

c h a rg e  v a ry in g  from  1 1 .5  t o  5 1 = 7 'c f s .  W ater c o n d i t io n s  d u r in g  th e  s tu d y  

p e r io d  v a r i e d  from  h ig h  w a te r  i n  1965 t o  more norm al f lo w s  i n  19 6 6 . The 

mean m o n th ly  d i s c h a r g e s  a t  th e  S ie b e n  Gage S t a t i o n  f o r . J u l y ,  A ugust and
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F ig u re  I .  S tu d y  a r e a  o f  L i t t l e  P r i c k ly  P e a r  C reek show ing  th e  a p p ro x im a te  
l o c a t i o n  o f  p o o ls  and  th e  s t a b i l i t y  a r e a .
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S e p tem b e r, 19.65» w ere 9 2 .2 ,  51 = 7 a n d  85«5 c f s  r e s p e c t i v e l y ;  a n d  f o r  1966 , 

33«4 , l 4 . 1  a n d  2 0 .4  c f s  . r e s p e c t i v e l y .  D u rin g  p e r io d s  o f  low  f lo w , s tre a m  

w id th s ' a v e ra g e d  from  20 t o  30 f e e t  w i th  d e p t h s , i n  m ost p o o ls  n o t  ex ceed ­

in g  5 f e e t .  D is c h a rg e  an d  s tr e a m  s i z e  in c r e a s e d  p r o g r e s s iv e l y  dow nstream .

C hem ical a n a ly s e s  w ere made d u r in g  th e  summers o f  1 9 p 5 -an d  1 9 6 6 -in  ■ 

th e  s e c t i o n  o f  s tr e a m  from  th e  m outh o f  Canyon C reek  t o  th e  S ie b e n  Gage 

S t a t i o n .  A l k a l i n i t y  r a n g e d  from  3*9 t o  4 .9  " m i l l i e q u iv a le n t s  p e r  l i t e r ,

pH from  7 .6  t o - 8 .7 ,  c o n d u c t i v i t y  (K0 ) from  3 5 0 't o  445 m icrom hos, and  
. . . .  -23

t o t a l  h a rd n e s s  from  2 1 0 -to  235 ppm. Mean m o n th ly  t e m p e r a t u r e s ' f o r  J u ly ,  

A ugust an d  S e p tem b e r, 1 9 6 2 -6 5 , a t  th e  S ie b e n  Gage S t a t i o n  ra n g e d  from  

4 l . O ' t o  6 4 .7  F (S w edberg , 1965)«

The s p e c i e s  o f  f i s h  ta k e n  i n  th e  s tu d y  a r e a  i n  o r d e r  o f  d e c re a s in g  

ab u n d an ce  w ere : brown t r o u t  ( Salmo t r u t t a ) ,  lo n g n o se  s u c k e r  ( C atostom us

c a to s to m u s ) , ra in b o w  t r o u t  ( Salmo g a i r d n e r i ) ,  m o u n ta in  w h i t e f i s h  ( P ro -  

sopium  w i l l i a m s o n i ) , b ro o k  t r o u t  ( S a lv e l in u s  f o n t i n a l i s )  an d  w h ite  s u c k e r  

( C a to sto m u s com m erson i) . M o tt le d  S c u lp in  ( C o ttu s  b a i r d i ) , a l th o u g h  num er­

o u s , w ere n o t  c o n s id e r e d  i n  t h i s . s t u d y .  T here  h a s  b een  no s to c k in g  o f  

f i s h  i n  th e  s tr e a m  s in c e  1954.' ,



Methods

F o r p u rp o se s  o f  t h i s  s tu d y  a  p o o l was d e f in e d  a s  a n y  r e l a t i v e l y  l a r g e  

s tr e a m  a r e a  c a p a b le  o f  p r o v id in g  s h e l t e r  f o r  l a r g e r  f i s h .  The p o o ls  

;ra n g e d  from  d e e p - s lo w - p o r t io n s  o f  th e  s tr e a m  t o  a r e a s  o f  s h a l l o w - f a s t  

w a te r  a s s o c i a t e d  f r i th  c o v e r .  P h y s ic a l  c h a r a c t e r i s t i c s  u se d  t o  s e l e c t  

p o o ls  w ere s i z e  ( s u r f a c e  a r e a ) ,  d e p th ,  c u r r e n t  v e l o c i t y  an d  c o v e r .  P o o ls  

s e l e c t e d  w ere d i s t i n c t - u n i t s ,  l i m i t e d  ab o v e  an d  below  by  th e  p re s e n c e  o f  

s h a l lo w  w a te r  ty p e s  w ith o u t  c o v e r .  T h is  m in im ized  th e  e r r o r  o f  o v e r­

l a p p in g  home t e r r i t o r i e s  o f  f i s h  from  a d ja c e n t  p o o ls .

A l l  p o o ls  w ere mapped b e tw een  A ugust 9 an d  S ep tem ber 1 2 , 1966 , a t  a
. ■ '

low  s t a b i l i z e d  f lo w  o f  I o  t o  32 c f s .  T r a n s e c ts  w ere e s t a b l i s h e d  a t  1 0 - 

f o o t  - i n t e r v a l s  a n d  d e p th s  w ere ta k e n  e v e ry  f o o t  a lo n g  e a c h  t r a n s e c t .  

C u r re n t  v e l o c i t i e s  w ere m easu red  w ith  a  G u r le y  c u r r e n t  m e te r  a t  0 .4  o f  

th e  o b s e rv e d  d e p th  e v e ry  2 f e e t  a lo n g  e a c h  t r a n s e c t .  T h e •w a te r  c o m p ris ­

in g  a  p o o l was c l a s s i f i e d  i n t o  ty p e s  b a s e d  on d e p th  an d  c u r r e n t  v e l o c i t y  

(T a b le  l ) .  C over was mapped an d  t h i s  in c lu d e d  b ru s h , o v e rh a n g in g  v e g e -

■ T a b le  I .  C r i t e r i a  o f  w a te r - ty p e  c l a s s i f i c a t i o n  -

W ater ty p e
' D epth  
. ( f e e t )

C u rre n t v e l o c i t y  
( f e e t  p e r  se c o n d )

S lo w -S h a llo w (SS) . . 0 . 1 - 1 .5 - 1 .0 0
D eep-Slow (DS) . + 1 .5 —1 0 00
S h a l lo w -F a s t (SF) 0 .1 - 1 .5 + 1 .0 0
D e e p -F a s t (DF) +1 o-5 - + 1 .0 0

t a t i o n ,  u n d e rc u t  b anks a n d  m is c e l la n e o u s  t y p e s .  The term- b r u s h  was u sed  

t o  d e s c r ib e  dead  subm erged  woody p o r t i o n s  o f  bank v e g e ta t i o n  o c c a s io n a l ly
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• s t r e n g th e n e d  by  l i v e  g ro w th . O v erh an g in g  v e g e ta t i o n  was l i v e  g ro w th  t h a t  

p ro v id e d  a n  o v e rh e a d  canopy  l e s s  th a n  one f o o t  abo v e  th e  w a t e r 's  s u r f a c e .  

M is c e lla n e o u s  c o v e r  in c lu d e d  u n d e rw a te r  s h e lv e s  p ro v id e d  by  c la y  an d  ro c k , 

t r e e  r o o t s  a n d  d e b r i s . P o o l b o u n d a r ie s  w ere d e l i n e a t e d .b y  d e p th  and  

c o v e r .  The s u r f a c e  a r e a  in c lu d e d  w i th in  t h e  p o o l was d e e p e r  th a n  1 .4  

■feet an d  a r e a s  w i th  c o v e r  r e g a r d l e s s  o f  d e p th .  S u r fa c e  a r e a ,  w a te r - ty p e  

c o m p o s i tio n  a n d  e x te n t  o f  c o v e r  w ere d e te rm in e d  w ith  a  p la n im e te r  from  

th e  maps a A verage  d e p th ,  a v e ra g e  c u r r e n t  v e l o c i t y  an d  p o o l volum e were 

c a l c u l a t e d  f o r  e a c h  p o o l .  F ig u re  2 i s  a  r e p r e s e n t a t i v e , p o o l map show ing 

w a te r  t y p e s , c o v e r  a n d  th e  p o o l b o u n d a ry . .

The f i s h  p o p u la t io n s  o f  a l l  a r e a s  w ere sam p led  b e tw een  A ugust 3 and ' 

S ep tem b er I ,  1 9 6 5 9 an d  b e tw een  Ju ly . 11 an d  J u ly  2 7 , 19 6 6 . D is c h a rg e s ' a t  

th e  tim e  o f  f i s h  s a m p lin g  i n  1965 ra n g e d  from  37 t o . 73 c f s  com pared w ith  

28 t o  .43 c f s  i n  1966 . The s t a b i l i t y  a r e a  was a l s o  sam pled  Decem ber 20,■ 

1965 , an d  A p r i l  I ,  1966 . S am p ling  was done by  e l e c t r o f i s h i n g  u s in g  a  

300 v o l t ,  85O‘w a tt  d i r e c t  c u r r e n t  u n i t .  I n d iv id u a l  p o o ls  w ere i s o l a t e d  

w ith  b lo c k in g  n e t s  a n d  a t  l e a s t  t h r e e  p a s s e s  w ere made th ro u g h  e a ch  a r e a .  

C a p tu re d  f i s h  w ere a n e s t h e t i z e d  w ith  MS-222 ( T r ic a in e  M e th a n e s u lfo n a te )„ 

m easu red  t o  t h e  n e a r e s t  0 .1  in c h  t o t a l  l e n g t h  an d  w eighed  t o  th e  n e a r e s t  

0 .0 1  pound . T ro u t from  7 .0  t o  8 .0  in c h e s  lo n g  o r  lo n g e r  w ere  ta g g e d  w ith  

■ p la s t ic  band  jaw  t a g s .  W h ite f i s h  w ere ta g g e d  w ith  m e ta l  o p e r c le  t a g s  and  

s u c k e r s  w i th  p l a s t i c  d a r.t t a g s  i n s e r t e d  a t  t h e  b a se  o f  th e  d o r s a l  f i n .
0

T ro u t s m a l le r  th a n  4 .0  in c h e s  and  w h i t e f i s h .  a n d  s u c k e r s  s m a l l e r  th a n  7 .0  

in c h e s  w ere n o t  in c lu d e d  i n  t h i s  s tu d y  s in c e  th e y  w ere se ldom  p r e s e n t  i n

th e  p o o ls  sa m p le d .
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The e f f i c i e n c y  p f  f i s h  s a m p lin g  ( r a t i o  o f  m arked t o  unm arked i n  a  

se co n d  sa m p le )  was d e te rm in e d  i n  th e  s t a b i l i t y  a r e a  an d  a  l a r g e  p o o l .  

T ro u t 4 .0  t o  '6.'9 in c h e s  .had a  ra n g e  o f  72 t o  78 p e rc e n t  w h ile  th o s e  7»0 

ip ch 'e s  an d  o v e r  had  a  r a n g e  o f  84 t o  100 p e r c e n t .  S am p ling  e f f i c i e n c y  

f o r  s u c k e r s  was .56 p e r c e n t .  T here  w ere to o  few. w h i t e f i s h  p r e s e n t  f o r  

e f f i c i e n c y  d e te r m in a t io n .  E L ser (1967 ) w i th  more e x te n s iv e  sa m p lin g  i n  

th e  same g e n e r a l  s tr e a m  s e c t i o n  had  s i m i l a r  e f f i c i e n c i e s .

The d a ta  w ere a n a ly z e d  i n  a  m u l t ip l e  l i n e a r  r e g r e s s i o n  an d  a n a ly s i s  

o f  v a r i a n c e  a c c o r d in g  to  B a i le y  (1959) an d  S n ed eco r (1 9 5 6 ) t o  d e te rm in e  

th e  r e l a t i o n s h ip s .b e tw e e n  p h y s ic a l  p a ra m e te rs  and  f i s h  p o p u la t io n s  o f  

p o o l s .



RESULTS

P h y s ic a l  I k ra m e te r s  o f  P o o ls

P h y s ic a l  d a ta  f o r  p o o ls  a r e  p r e s e n te d  i n  T a b le  2 .  P o o ls  ra n g e d  i n  

s u r f a c e  a r e a  from  273°9  t o  I , 8 4 $ .3  s q u a re  f e e t  w ith  volum es from  593«4 t o  

4 ,0 6 8 .5  c u b ic  f e e t .  A verage  d e p th s  v a r i e d  from  1 .3  t o  2 .5  f e e t  and  a v ­

e ra g e  c u rre n t-  v e l o c i t i e s  from  0 .3 0  t o  1 .6 ?  f . p . s .  ( f e e t  p e r  s e c o n d ) .  The 

p re d o m in a n t w a te r  ty p e  was d e e p -s lo w  i n  I 4 p o o ls ,  d e e p - f a s t  i n  4 p o o ls  

a n d  s lo w -s h a l lo w  i n  I  p o o l .  The s lo w -s h a l lo w  p o o l a l s o  had  a  h ig h  p e r ­

c e n ta g e  0^ f a s t  w a te r  t y p e s .  S lo w -w a te r  p o o ls  w ere g e n e r a l l y  d eep , a n d /  

o r  l a r g e ,  a n d  o f t e n  l o c a t e d  on s h a rp  b en d s  d f  th e  s tre a m  ( F ig u r e s  3 and  

4 ) .  F a s t - w a te r  p o o ls  w ere s m a l le r ,  s h a l lo w e r  and  a s s o c i a t e d  w ith  s t r a i g h t  

s tre a m  c h a n n e ls  ( F ig u r e s  5 a n d  6 ') .

C over r a n g e d  a s  h ig h  a s  4 $ 6 .8  s q u a re  f e e t  and  made up  a s  much a s  

51«7 p e r c e n t  o f  th e  p o o l s u r f a c e  a r e a .  L a rg e r  p o o ls  g e n e r a l l y  c o n ta in e d  

m ore c o v e r  th a n  s m a l le r  p o o l s .  ' B ru sh  made up 7 7 -0  p e r c e n t ,  u n d e rc u t  b an k s  

1 0 .6  p e r c e n t ,  o v e rh a n g in g  v e g e ta t i o n  7 -3  p e r c e n t 'a n d  m is c e l la n e o u s  ty p e s  

5 -1  p e r c e n t  o f  a l l  p o o l c o v e r .  The im p o r ta n t  p l a n t  s p e c i e s  c o n s t i t u t i n g '  

c o v e r  w ere w illo w  ( S a l ix  s p „ ) and  dogwood ( Gornus s p . ) .

F i s h  P o p u la t io n s  o f  P o o ls

T ro u t 4 .0  t o  6 .9  in c h e s  w ere p r im a r i l y  y e a r l i n g  f i s h  (B ish o p , 1955; 

E l s e r , 1967 ) -  T hese co m p rise d  27 p e r c e n t  o f  th e  t r o u t  sam p led  i n  1965 

an d  39 p e r c e n t  i n  1$66 b u t  l e s s  th a n  7 p e r c e n t  o f  th e  w e ig h t i n  e i t h e r  

y e a r .  S in c e  th e  p o o ls  s e l e c t e d  w ere n o t  c o n s id e re d  th e  p r im a ry  h a b i t a t  

o f  s m a ll  t r o u t  an d  s in c e  t h e i r  ab u n d an ce  d id  n o t c o r r e l a t e  w i th  p o o l



T ab le . 2 . ... .P h y s ic a l  p a ra m e te rs  o f  p o o ls  a t low  flo w (16-32  c f s ) i n , t h e  summer o f  1966

P oo l s i z e Avg
T o ta l
c o v e r
( f t 2 )

P o o l 
no o

S u r fa c e
a r e a

f t 2
, Vol 

- f t 3

Avg
d e p th

( f t )

c u r r e n t
v e l

( f . p . s . )
P red o m in an t —̂ ■ • 
w a te r  ty p e s

I 585.4 1 ,0 5 3 .7 1 .8 0 .7 8 DS (52.3#)
DF (29.0% )

253.8
(43.4#)

'2 .  . 1 ,4 5 3 .7 2 ,4 7 1 .3 1 .7 0 .3 0 DS (75.5*) 
SS (24.5#)

2 9 4 .3
(20.2#)

3 49606 '1 ,0 9 2 .5 2.2 0 .3 2 DS (8 1 .3 # )  
DE ( 9 .4 # )

4 6 .2
( 9.3*)

4 858.2 1 ,6 7 6 .4 2 .0 0 .4 2 .DS (96.2#) 
SS ( 3.8#)

46.7 
( 5.6#)

5 888.6 1 ,8 6 6 .1 2 .1 0 .4 8 , DS (77.7#) 
D F ' (15.5#)

54.9 
( 6.2#)

• 6 1,612.6 3,386.5 2 .1 O.63 DS (82.6#) 
BE (11.7#)

496.8
(30.8#)

' 7 487.2 730.8 1 .5 1 .6 7 BE (51.4#)
SE (2 9 .2 # )

1 4 4 .5
(29.7*)

8 ' . 367.3 .808 .1 2 .2 0 .8 9 . DS (68.0#) .
BE (25.4#)

79.4
(21.6#)

9 57606 1,153.2 2 .0 0 . 8 l DS ■ (54.2#) 
DF 35.6#)

158.6■ 
(27.5#).



T a b le  2 ,  C o n tin u ed

P o o l s i z e

P o o l
n o i

S u r fa c e
a r e a

f t 2
Vol
f t 3

Avg
d e p th

( f t )

10 562 .6 1 ,0 6 8 .9 1 .9

11 1 ,8 4 9 .3 4 ,0 6 8 .5 "2 .2

12 1 ,6 2 9 .7 3,748.3 2 .3

13 1 , 069 .9 2 ,6 7 4 .8 .2 .5

' 14 6 6 7 .1 1 , 200 .8 1 .8

15 6 5 5 .3 1 ,4 4 1 .7 . 2 .2

16 700 .0 l , 3 3 o : o 1 .9

17 '4 5 6 .5 593.4 " 1 . 3 -

18 4 3 3 .1  ' 693.0 1 .6

19- 273.9- 6 8 4 .8 2 .5

Avg
c u r r e n t

v e l
( f . p . s . )

P red o m in an t —̂  
w a te r  ty p e s

T o ta l  y
c o v e r
( f t 2 )

■ 0 .7 7 DS (65.6^) 
DF (27.G^)

3 0 .4
( 5.4%)

'0.52 DS (82.0%) 
SS ( 8.4%)

2 0 0 .6
(10.9%)

"0.67 DS (78.0#) 
DF C16.8&).

158.8
( 9.7%)

0 .6 9 DS (69.5^) 
DF (21.2%)

289.6
(27:1%)

1.00 DF (45.3^)
DS (33.590

186 .4
(27.9%)

0.-94 BS (50;99O 
DF (41.7%)

65 .8
. (zo.o%)

1 .0 2 DF (54.7% ) 
DB (31^4%)

134 .5
(19.12%)

1 .2 2 SB (41.7%) 
DF (28.6%)

236 .0
(51.7%)

1 .3 2 DF (68.1%) 
SB (20.6%)

. 79 .0
(18.2%)

0 .8 5 DS .(65.6%) 
DF (34,4%)

0 0 .0  
( 0.0%)

p e r c e n t  .o f s u r f a c e a r e a . -
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F ig u re  4 . D eep -slow  p o o l w i th  e x te n s iv e  b ru s h  c o v e r
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F ig u re  5» D e e p - fa s t  p o o l w i th  l i m i t e d  c o v e r  p ro v id e d  by u n d e rc u t  b an k .

F ig u re  6 . D e e p - fa s t  p o o l show ing  s w i f t  c u r r e n t  a s s o c i a t e d  w ith  dense  
b ru s h  c o v e r .
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p h y s ic a l  p a ra m e te r s ,  t h i s  g ro u p  was e x c lu d e d  from  th e  s t a t i s t i c a l  a n a ly ­

s e s .  Any a c t u a l  p r e f e r e n c e  o f  th e  y e a r l i n g  t r o u t  f o r  s p e c i f i c  p o o l 

c o n d i t io n s  may hav e  b een  o b sc u re d  b y '; th e  dom inance o f  l a r g e r  f i s h  (New­

man, 1956 ) .  . '
'  \

S ta n d in g  c ro p s  o f  l a r g e r  f i s h  (o v e r  6 .9  in c h e s )  found  i n  th e  s tu d y  

p o o ls  a r e  p r e s e n te d  i n  T a b le  3« In  1965 , t r o u t  c o m p rised  53 p e r c e n t ,  

s u c k e r s  35 p e r c e n t  an d  w h i t e f i s h  12 p e r c e n t  o f  th e  4 6 l  f i s h  c o l l e c t e d  i n  

a l l  p o o l s .  ’ I n  1966 , t r o u t  made up 63 p e r c e n t ,  s u c k e r s  31 p e r c e n t  and  

w h i t e f i s h  6 p e r c e n t  o f  393 f i s h .  Brown t r o u t  c o n s t i t u t e d  a b o u t  60 p e rc e n t  

o f  th e  t r o u t  f o r  b o th  y e a r s . The num ber o f  t r o u t  c o l l e c t e d  i n  1965 and  

1966 was- th e  sam e, b u t  num bers v a r i e d  b e tw een  y e a r s  i n  f i v e  p o o ls .

Numbers in c r e a s e d  i n  t h r e e  p o o ls  an d  d e c l in e d  i n  two p o o ls  from  1965 to  

1966 . W h ite f i s h  an d  s u c k e r  p o p u la t io n s  v a r i e d  g r e a t l y  i n  i n d iv i d u a l  

p o o ls  an d  i n  t o t a l  num bers b e tw een  y e a r s .

I n  1966 , p o p u la t io n s  o f  l a r g e r  t r o u t  i n  th e  19 i n d iv i d u a l  p o o ls  

r a n g e d  from  2 t o  34 f i s h  w ith  6 p o o ls .h a v in g  l e s s  th a n  6 t r o u t . Brown 

t r o u t  w ere th e  n u m e r ic a l ly  p red o m in an t t r o u t  i n  11 p o o ls  a n d  co m p rised

from  60 t o  80 p e r c e n t  o f  th e  t r o u t  i n  9 p o o l s .  Rainbow t r o u t  w ere p r e —

' - _■ dom inan t i n  2 p o o ls  an d  made up from  40 t o  5 0 -p e rc e n t  o f  t h e  t r o u t  i n  8

p o o l s .  E le v e n  b ro o k  t r o u t  w ere p r e s e n t  i n  8 p o o ls ,  b u t  no m ore th a n  3

w ere fo und  i n  a n y  one p o o l .  The a v e ra g e  l e n g t h  o f  brown t r o u t . i n  v a r io u s

p o o ls  r a n g e d  from  ,10.3  t o  1 2 .8  in c h e s  com pared w ith  1 0 .1  t o  1 1 .4  f o r

ra in b o w .
. . .

I n  1965 , w h i t e f i s h  w ere found  i n  13 p o o ls  w ith  from  I  t o  6 f i s h  p e r  

p o o l ,  w h ile  i n  1966  th e y  o c c u r r e d  i n  o n ly  9 p o o ls  w ith  I  t o  13 f i s h .  In



-T a b le  3°. . JTish p o p u la t io n s  o f  p o o ls  s tu d i e d  i n  th e  summers o f  1965 an d  1966

S ta n d in g  c ro p s  o f  f i s h  o v e r  6«9 in c h e s

T o ta l Brown Bainbow
P o o l t r o u t t r o u t - t r o u t W h ite f ish - S u c k e rs

no a T e a r No* Wt. No. Mt. No. Wt. No. Wto No. Wt.

I 1965 ' 13 8.91 7 7.20 6 1 .7 1 6 9&48 I i . i 4
1966 14 7.19 ' 6 3*68 8 3.31 13 17.96 0 0.00

2 1965 15 , 6.34 8 3.93 . 5 1.88 I ■1.62 7 . 1 0 .4 2
1966 ' 17 6.24 12 3.07 2 0.33 0 0 .0 0 10 12.88

3 1965 5 1 .3 0 I 0.39 4 P.91 . 4 3.80 0 0 .0 0
1966 2 ■ 1 .1 7 I 0.38 I  - 0.79 0 0 .0 0 2 2 .9 1

4 1965 ■ 2 1 .2 2 I 0.36 0 0 .0 0 '2 2.62 13 18 .72
1966 :4 1.39' 3 1 .4 2 0 0 .0 0 0 . 0.00 I 1 .0 4

5 ■ 1965 6 1 .7 0 I 0.33 5 1.37 • 2 1 .2 2 0 0.00
1966 2 1 .0 3 0 0 .0 0 I 0.80 I 0 .2 9 0 0 .0 0

6 1963 24 11.37 l 4 . 8.33 9 2.84 2 2.63 12 ■ 13.93
1966 31 17.36 24 14.19 6 2.92 2 2 .2 9 20 30.32

7 1965 32 19.31 22 13.18 10 4.33 8 7.60 3 5 .2 2
1966 34 24.76 19 13.26 14 8.93 I 0.48 0 0 .0 0

' 8 1965 l 4 6 .1 2 4 2.33 10 3.39 0 0 .0 0 0 0 .0 0
■1966 16 7.29 7 3.26 7 3.64 0 0.00 I - 1 .4 3

9 1965 6 2.18 4 1.63 2 0.33 '6 1 1 .5 7 0 0.00
1966 20 1 6 .0 7 13 l l . o 4 7 . 3.03 0 0 .0 0 3 4 .9 4

10 1965 11 3.82 3 2.03 8 3.79 0 0 .0 0 13 2 0 .8 4
1966" 4 2 .1 6 2 0.97 2 1 .1 9 0 0 .0 0 0 0 .0 0

I l 1965 16 8.78 11 7.24 5 1 .5 4 7 12.20 32 32.90
1966 15 6.91 10 4 .5 0 5 2 .4 l I 1 .1 0 20 30 .12



T a b le - 3« C on tinued*

S ta n d in g  c ro p s  o f  f i s h  o v e r  6*9 in c h e s
> T o ta l Brown Eainbow

P oo l' t r o u t t r o u t t r o u t W h ite f is h S u c k e rs  ,
no* Y ear No* Wt * No*, Wt * No* ~ wt*; -No* Wt * No* Wt.

12 1965 12 9.88 9 7.99 3 1.89 6- 4.68 4 5.30
-1966 7 6*86 5 6 .0 7 2 0*79 ' -2 1 .0 8 4 ■6 .38

13 1965 6 2.38 6 2.38 0 0 .0 0 •4 5.65 32 4 5 .5 3
1966 5 3 .0 5 4 2 .4 4 I 0 .61 0 0 .0 0 . '10 10677

1 4 1965 21 1 1 .8 6 ‘ 16 10*64 ■ 5 1 .2 2 2 2 .29 14 20*54
-1966 T l 7 .4 7 7 5.84 4 1 .6 3 3 4 .9 5 l l 16*67

15 1965 11 ,5 .4 4 -5 3 .4 5 .6 1*99 4 7 .1 3 T 1 .7 5
1966 7 '2 * 3 5 3 0 .7 6 3 1*46 I 0*47 0 0*00

16 1965 9 5 .1 1 4 2*94 5 2*17 0 0 .0 0 5 - 8.86
1966 21 11*56 11 7.30 TO 4.26 '' I 0 .1 3 15 23*01

17 1965 25 ,14*25 14 8.63 11 5.62 ■ 0 0*00 19 30.35
1966 19 8*70 9 ^.94 9 3*60 0 0 .0 0  . ■22 31*25

18 1965 15 6.55 12 5.94 2 0 .4 8 0 0 .0 0 T ' i* 5 o
1966 13 8*25 10 6 .6 3 3 1*62 0 0*00 0 0*00

19' •1965 4 2*03 2 1*46 • ■2 0*57 0 0*00 3 4.94
■1966 5 2*45 I 1*02 4 1*43 . 0  ■ 0 .0 0 2 4*38

T o t a l s ' ' ■ 1965 247 130*95 144 92.84 98 36.43 ■54 74*51 160 .2 4 1 * 9 6
' 1966 24? 142*46 14? 94*77 1 89 4 5 .1 5 25 28.75 121 176*10
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1965 , s u c k e r s  ra n g e d  from  I  t o  32 p e r  p o o l i n  15 p o o ls ;  a n d , i n  1966 , th e y  

ra n g e d  from  I  t o  22 p e r  p o o l i n '13  p o o l s .  - In  many o f  th e  p o o ls  s u c k e r s  

w ere p re d o m in a n t■by  num ber a n d /o r  w e ig h t .  F lu c tu a t io n s  i n  th e  num bers o f  

w h i t e f i s h  a n d  s u c k e r s  b e tw een  y e a r s  d id  n o t  a p p e a r  t o  have  a n y  e f f e c t  on 

t r o u t  p o p u la t io n s .  ,

R e l a t i o n s h ip  o f  P oo l P h y s ic a l  P a ra m e te rs  
t o  T ro u t P o p u la t io n s

A m u l t ip l e  l i n e a r  r e g r e s s i o n  was s e t  up w ith  p o o l s u r f a c e  a r e a ,  

vo lum e, a v e ra g e  d e p th ,  a v e ra g e  c u r r e n t  v e l o c i t y ,  p e rc e n t  c o v e r  and  t o t a l  

c o v e r  a s  th e  in d e p e n d e n t v a r i a b l e s  a n d  num ber o f  t r o u t  p e r  p o o l a s  th e  

d e p e n d en t v a r i a b l e .  F o llo w in g  th e  i n i t i a l  r e g r e s s i o n  a n a l y s i s  th e  i n ­

d e p e n d e n t v a r i a b l e s  t h a t  ad d e d  l i t t l e  t o  th e  o v e r a l l  r e l a t i o n s h i p  w ere r e ­

moved a n d  th e  r e g r e s s i o n  r e c a l c u l a t e d  t o  f i n d  th e  f a c t o r s  t h a t  s i g n i f i - - 

■ c an tly  in f lu e n c e d  t r o u t  n um bers . W eigh ts  w ere n o t u se d  s in c e  th e y  

p a r a l l e l e d  n u m b ers . R e g re s s io n  l i n e s  w ere com puted f o r  a l l  t r o u t ,  r a i n ­

bow t r o u t  an d  brown t r o u t .  O nly  th e  t r o u t  p o p u la t io n s  f o r  1966  w ere u sed  

i n  th e  s t a t i s t i c a l  a n a ly s e s  s in c e  p o o l p h y s ic a l  p a ra m e te rs  w ere  m easured  

i n  t h a t  y e a r  o n ly  an d  th e  low  w a te r  l e v e l s  o f  1966 i n c r e a s e d  sam p lin g  

e f f i c i e n c y  ( E l s e r , 1967)0

The s i x  p h y s ic a l  p a ra m e te rs  a c c o u n te d  f o r  7 5 9 77 an d  70 p e rc e n t  o f  

th e  v a r i a t i o n  i n  th e  num bers o f  t o t a l  t r o u t ,  brown t r o u t  a n d  ra in b o w  t r o u t  

r e s p e c t i v e l y .  The m u l t ip l e  r e g r e s s i o n s  in v o lv in g  a l l  p h y s ic a l  f a c t o r s  

w ere s i g n i f i c a n t  a t  th e  0 .0 5  l e v e l ,  a n d  th e  m u l t ip le  c o r r e l a t i o n  co ­

e f f i c i e n t s  r a n g e d  from  0 .8 4  t o  0 .8 8 .  P oo l a r e a ,  volum e a n d  d e p th  a c c o u n t­

ed f o r  v e ry  l i t t l e  o f  t h e ■v a r i a t i o n  i n  n u m b ers . P e rc e n t  c o v e r  added
1
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.

l i t t l e  t o  th e  r e l a t i o n s h i p ■s in c e  i t  was c l o s e l y  c o r r e l a t e d  w ith  t o t a l  

c o v e r  an d  i t s  e f f e c t  had  a l r e a d y  b een  a c c o u n te d  f o r  by  th e  l a t t e r .

C u r re n t  v e l o c i t y  an d  t o t a l  c o v e r  w ere th e  m ost im p o r ta n t  f a c t o r s .  To­

g e th e r  th e y  a c c o u n te d  f o r  66 , 66 and  59 p e r c e n t  o f  th e  v a r i a t i o n  i n  

num bers o f  t o t a l  t r o u t ,  brow n t r o u t  a n d  ra in b o w  t r o u t  r e s p e c t i v e l y .  The 

r e g r e s s i o n s  w ith  t h e s e  v a r i a b l e s  w ere h ig h ly  s i g n i f i c a n t  (0 .0 1  l e v e l ) ,  

an d  th e  m u l t ip l e  c o r r e l a t i o n  c o e f f i c i e n t s  ra n g e d  from  0 .7 7  t o  0 . 8 l  

(T a b le  4 ) .

T here  w ere d i f f e r e n c e s  i n  th e  r e l a t i v e  im p o r ta n c e  o f  c u r r e n t  v e l o c i ­

t y  an d  c o v e r  t o  th e  t h r e e  g ro u p s  o f  t r o u t  a s  shown by  th e  p a r t i a l  r e ­

g r e s s io n  c o e f f i c i e n t s  and  th e  s i g n i f i c a n c e  o f  t h e i r  c o r r e s p o n d in g  T ' 

v a lu e s  (T a b le  4 ) .  Each o f  t h e s e  two f a c t o r s  c o n t r ib u te d  s i g n i f i c a n t l y  to  

t o t a l  t r o u t  num bers a n d  w ere o f  n e a r l y  e q u a l  im p p r ta n c e . C over was th e  

m ost im p o r ta n t  f a c t o r  f o r  brow n t r o u t  i n d i c a t i n g  t h a t  th e y  u t i l i z e d  c o v e r  

even  a t  t h e  s lo w e r  c u r r e n t  v e l o c i t i e s  m e a su re d . How ever, f a s t e r  c u r r e n t  

v e l o c i t i e s  c o n t r i b u te d  t o  a n  i n c r e a s e  i n  brpwn t r o u t  num bers abo v e  t h a t  

e x p e c te d  on th e  b a s i s  o f  c o v e r  a lo n e .  C u r re n t  v e l o c i t y  was th e  o n ly  

s i g n i f i c a n t  f a c t o r  f o r  ra in b o w  t r o u t  an d  i n  a n a l y s i s  4 (T a b le  4 ) a c c o u n te d  

f o r  51 p e r c e n t  o f  t;he v a r i a n c e  i n  ra in b o w  t r o u t  num bers. H ow ever, th e
‘ I

■ f a s t - w a t e r  p o o ls  u t i l i z e d  by  ra in b o w  t r o u t  a l s o  tiad a  r e l a t i v e l y  l a r g e  

am ount o f  c o v e r .  v “

The num ber o f  t r o u t  p e r  u n i t  a re a , o f  c o v e r  ( c o v e r  q u a l i t y )  an d  th e  

num ber p e r  u n i t  o f  p o o l s u r f a c e  a r e a  (p o o l  q u a l i t y )  in c r e a s e d  s i g n i f i ­

c a n t l y  a s  c u r r e n t  v e l o c i t y  becam e g r e a t e r .  T h is  i s  shown by  th e  r e g r e s ­

s io n  a n a ly s e s  w i th  num ber o f  t r o u t  p e r  5 0 ■s q u a re  f e e t  o f  c o v e r  an d  p e r  50
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T a b le  4. R e s u l t s  o f  m u l t ip l e  r e g r e s s i o n  a n a ly s e s  w ith  c u r r e n t  v e l o c i t y  
an d  t o t a l  c o v e r  a s  t h e  in d e p e n d e n t  v a r i a b l e s

P a r t i a l
A n a l- T ro u t In d e p e n d e n t r e g r

T: . i / F - Z
M u lt ip le

E2A /y s i s g ro u p v a r i a b l e s c o e f R 3 /

I T o ta l C u r re n t  v e l
t r o u t ( f . p . s . ) +15-1191 3.85** 15.25** 0 . 8 l 0 .6 6

T o ta l  c o v e r
( f r ) + 0 .0 4 8 1 4 .2 8 * *

2 Brown C u r re n t  v e l
t r o u t  ■ ( f . p . s . ) 

.T o ta l0Cover

+ 7.5957 2.85* 15.26** 0 . 8 l 0.66

(ft^) + 0.0378 4 . 96**

3 R a in - C u r re n t  v e l
bow ( f . p . s . ) + 7.8560 4 . 5 9 ** 1 1 . 60** 0.77 0*59

t r o u t
T o ta l0C over

(ft^) + 0.0090 1 .8 3
.4 R a in - C u r re n t  v e l

bow
t r o u t

( f \ p . s . ) + 7.5739 4 .i6 * * 17.38** 0 .7 1 0 .51

I /

2/

*  *  

*

T r e f e r s  t o  s tu d e n t - t y p e  t e s t  t o  d e te rm in e  i f  th e  p a r t i a l  r e g r e s s i o n  
c o e f f i c i e n t  i s  s i g n i f i c a n t l y  g r e a t e r  th a n  z e ro .

F t e s t s  s i g n i f i c a n c e  o f  o v e r a l l  r e g r e s s i o n .
M u l t ip le  c o r r e l a t i o n  c o e f f i c i e n t .
R2 i s  am ount o f  v a r i a n c e  e x p la in e d  by  th e  in d e p e n d e n t v a r i a b l e s .  
S i g n i f i c a n t  a t  0 .0 1  l e v e l .
S i g n i f i c a n t  a t  0 .0 5  l e v e l .
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s q u a re  f e e t  o f  p o o l s u r f a c e  a r e a  a g a i n s t  c u r r e n t  v e l o c i t y  ( F ig u r e s  7 an d  

8 ) .  T hese r e g r e s s i o n s  w ere s i g n i f i c a n t  a t  t h e  0 .0 1  l e v e l .  C u r re n t  v e ­

l o c i t y  a c c o u n te d  f o r  42 p e r c e n t  o f  th e  v a r i a t i o n  i n  num ber o f  t r o u t  p e r-  

u n i t  a r e a  o f  c o v e r  an d  f o r  66 p e rc e n t  o f  t h a t  . i n  .number p e r  u n i t  o f  p o o l 

.s u r f a c e  a r e a .

• R e la t i o n s h ip  o f  P oo l P h y s ic a l  P a ra m e te rs  
t o  O th e r  F i s h  S p e c ie s

S u c k e rs  w ere e x c lu d e d  from  th e  s t a t i s t i c a l  a n a ly s e s  b e c a u s e  o f  p oo r 

s a m p lin g  e f f i c i e n c y  (56  p e r c e n t )  an d  b e c a u s e  a  l a r g e  .number -of th o s e  

sam p led .m ay  n o t  hav e  b een  r e s i d e n t  i n  th e  p o o ls  due t o  sp aw n in g  m ovem ent. 

A lth o u g h  l i t t l e  em p h asis  c o u ld  be p la c e d  on h a b i t a t  p r e f e r e n c e  by s u c k e r s ,  

th e y  w ere m ost common i n  l a r g e  p o o ls  w i th  a  p redom inance  o f  d e e p -s lo w  

w a te r  an d  e x te n s iv e  c o v e r .  The s m a ll  num ber o f  w h i t e f i s h  c o l l e c t e d  p r e ­

c lu d e d  a n y  a t te m p t  t o  d e te rm in e  th e  h a b i t a t  p r e f e r e n c e  o f  t h i s  s p e c i e s .

P o p u la tio n . S t a b i l i t y

A n o th e r  m easu re  o f  p o o l q u a l i t y  i s  p o p u la t io n  s t a b i l i t y .  A nnual 

p o p u la t io n  s t a b i l i t y  was d e te rm in e d  f o r  a l l  p o o ls  from  A u g u s t, 1965 , t o  

J u ly ,  1966 , on th e  b a s i s  o f  t a g  r e t u r n s .  .The number o f  ta g g e d  f i s h  (231 ) 

was a d ju s t e d  f o r  th o s e  known t o  have  b e e n  c a u g h t by a n g le r s  ( 2 0 ) .  Of 211 

a v a i l a b l e  ta g g e d  t r o u t ,  4? o r  22 p e r c e n t  w ere found  i n  th e  home p o o ls  one , 

y e a r  l a t e r .  Brown t r o u t  p o p u la t io n s  w ere m ost s t a b l e  w i th  30 p e rc e n t  r e ­

c o v e re d  i n  home p o o ls  com pared w ith  13 p e r c e n t  f o r  ra in b o w  t r o u t .  Deep- 

s lo w  p o o ls  w i th  a  l a r g e  am ount o f  c o v e r  had  th e  m ost s t a b l e  p o p u la t io n s .  

F a s t - w a te r  p o o ls  an d  th o s e  w ith  l i t t l e  c o v e r  had  th e  g r e a t e s t  p o p u la t io n
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t u r n o v e r .  The l o s s e s  o b s e rv e d  from  one summer t o  th e  n e x t  w ere due to  

n a t u r a l  m o r t a l i t y ,  unknown a n g le r  m o r t a l i t y  o r  m ovem ent. The e x te n t  o f  ■ 

movement was unknown s in c e  no s y s te m a t ic  e f f o r t  was made t o  r e c o v e r  f i s h  

ab o v e  a n d  be low  th e  p o o ls .

The a n n u a l  s t a b i l i t y  o f  w h i t e f i s h  a n d  s u c k e r  p o p u la t io n s  was v e ry  

lo w . O nly  2 o f  46 w h i t e f i s h  (4  p e r c e n t ) an d  3 o f  152 s u c k e r s  (2  p e r c e n t )  

w ere r e c o v e r e d  i n  th e  p o o l w here ta g g e d .  The low  s t a b i l i t y  o f  s u c k e rs  

a p p e a r s  t o  be  due to  m ovem ent. Tag r e t u r n s  i n d i c a t e d  a  g e n e r a l  u p s tre a m  

movement i n  th e  s p r i n g  an d  a  g r a d u a l  dow nstream  d r i f t  th ro u g h o u t  th e  

sum m er. A s i m i l a r  p a t t e r n  was o b se rv e d  by  S te f a n ic h  (1 9 5 1 ) on lo w e r 

p o r t i o n s  o f  th e  same s t r e a m .

S e a s o n a l  p o p u la t io n  s t a b i l i t y  was s t u d i e d  i n  th e  s t a b i l i t y  a r e a .

„ R i f f l e s  made up 80 p e r c e n t  o f  th e  l e n g t h  o f  t h i s  s tre a m  s e c t i o n  and  w ere 

from  150 t o  3^0 f e e t  lo n g .  From 70 t o  80 p e rc e n t  o f  th e  w a te r  i n  th e  

r i f f l e  a r e a s  was s h a l l o w - f a s t  w i th  d e p th s  a v e ra g in g  0 .6  t o  0 .7  f e e t .

• C over was s p a r s e  i n ' t h e  r i f f l e s  r a n g in g  from  30 to  98 s q u a re  f e e t .  The 

t h r e e  p o o ls  . in  th e  a r e a  (pum bers 1 7 , l 8  a n d  1 9 ) had p h y s ic a l  c h a r a c t e r ­

i s t i c s  t h a t  w ere n o t  a s s o c i a t e d  w ith  h ig h  a n n u a l  p o p u la t io n  s t a b i l i t y . -  A 

t o t a l  o f  87 t r o u t  lo n g e r  th a n  6 .9  in c h e s  was c o l l e c t e d  i n  th e  a r e a  A ugust 

3 , 1965<> T h ere  w ere 53 brow n t r o u t , 31 ra in b o w  t r o u t  an d  3 b ro o k  t r o u t .

T w en ty -sev en  brow n t r o u t  and  13 ra in b o w  t r o u t  w ere ta g g e d  i n  th e  3 

p o o ls  A ugust 3 , 1 9 6 5 . S ix te e n  o r  40 p e r c e n t  w ere found  i n  t h e  home p o o ls  

Dppember 2 0 , 1965 , b u t  by  th e  fo l lo w in g  summer home p o o l r e t u r n s  had 

d ro p p ed  t o  18 p e r c e n t .  Brown t r o u t  i n  t h e  p o o ls  had  h ig h e r  s e a s o n a l  popu­

l a t i o n  s t a b i l i t y "  th a n  .ra inbow  t r o u t .  D u rin g  th e  t h r e e  s e a s o n a l  sa m p lin g
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p e r io d s  (D ecem ber 2 0 , 1965» A p r i l  I , .1966 ; an d  J u ly  1 9 , 1966) 44 r e ­

c a p tu r e s  o f  f i s h  o r i g i n a l l y  ta g g e d  i n  th e  p o o ls  w ere made i n  th e  a r e a .  Of 

t h e s e  4 4 , 27 o r  6 l  p e r c e n t  w ere i n  home p o o ls  and  I ?  o r  39 p e rc e n t  w ere i n  

o th e r  p o o ls  o r  r i f f l e s  o f  th e  a r e a .  Of th e  17 r e c a p tu r e s  in y o lv in g  move­

ment- w i th in  t h e  a r e a ,  8 moved u p s tre a m  a  maximum o f  340 f e e t  w h ile  9 moved 

dow nstream  a  maximum o f  710 f e e t*  The s t a b i l i t y  an d  p a t t e r n  o f  movement 

was v e ry  s i m i l a r  f o r  . t r o u t  ta g g e d  i n  th e  r i f f l e s .  T hese d a ta  s u g g e s t  a  

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

o f  s tr e a m  an d  c o rre s p o n d  w ith  th e  f in d in g s  o f  M i l l e r  (1 9 5 7 ) an d  S te f a n ic h  

(1951 ) • No s y s te m a t ic  a t te m p t  was made .-to r e c o v e r  f i s h  ab o v e  an d  below  

th e  a r e a .

. S am p ling  done i n  t h e  - s t a b i l i t y  a r e a  a l s o  y ie ld e d  in f o r m a t io n  on th e  

s e a s o n a l  im p o r ta n c e  o f  p o o ls  t o  t r o u t  lo n g e r  th a n  6 .9  i n c h e s .  Of th o s e  

c o l l e c t e d  A ugust 3» 1965» 49 p e rc e n t  w ere f o u n d 'in  th e  r i f f l e s  and  51 p e r ­

c e n t  i n  t h e  p o o l s .  H ow ever, on December 2 0 , 1965» 70 - p e r c e n t  w ere found  

i n  th e  p o o l s .  The d i s t r i b u t i o n  was s i m i l a r  b o th  sum m ers. The p a t t e r n  o f  

s e a s o n a l  d i s t r i b u t i o n  was th e  same f o r  brow n t r o u t  and  r a in b o w - t r o u t .  A 

g r e a t e r  u s e  o f  p o o ls  d u r in g  th e  w in te r  i s - i n  c o n t r a s t  w i th  t h e  f in d in g s  

o f  Logan (1963 ) w h o - re p o r te d  g r e a t e r  u s e  o f  r i f f l e s  d u r in g  th e  w in te r  due 

t o  c o v e r  p ro v id e d  by  s u r f a c e  i c e .  H ow ever, s h e l f  i c e  d id  n o t  form  i n  th e  

r i f f l e s  o f  th e  s t a b i l i t y  a r e a  due t o  - s h a l lo w - f a s t  w a te r .  The i c e  t h a t  d id  

form  a t  t h e  r i f f l e  m arg in s  -red u ced  th e  am ount o f  c o v e r  a v a i l a b l e .

S i x t y - e i g h t  p e r c e n t  o f  th e  t r o u t  ( 4 .0  to  6 .9  in c h e s  lo n g )  c o l le c te d ,  

i n  th e  s t a b i l i t y  a r e a  w ere fo und  i n  th e  r i f f l e s  d u r in g  b o th  sum m ers. O nly 

5 o f  th e  50 c o l l e c t e d  on A ugust 3» 1965» w ere found  d u r in g  th e  w in te r
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sam pling- p e r i o d .  T h is  r e p r e s e n te d  a  d ro p  o f  90 p e rc e n t  a n d  s u g g e s te d  a  

l a r g e  w in te r  m o r t a l i t y  i n  t h i s  g ro u p . How ever, by  th e  f o l lo w in g  summer 

r e c r u i tm e n t  ( p r i m a r i l y  ra in b o w  t r o u t )  had  in c r e a s e d  th e  num ber b y '48 p e r ­

c e n t  o v e r  th e  p r e v io u s  summ er.



DISCUSSION

The p o p u la t io n  d e n s i t y  o f  t r o u t  i n  p o o ls  i s  d e te rm in e d  t o  a  g r e a t  e x ­

t e n t  by  th e  p h y s ic a l  e n v iro n m e n t, e s p e c i a l l y  c o v e r  and  c u r r e n t  v e l o c i t y .  

The v a lu e  o f  c o v e r  i s  p ro b a b ly  r e l a t e d  t o  s e c u r i t y  an d  th e  p h o to n e g a t iv e  

r e s p o n s e  o f  t r o u t  c a u s in g  them  t o  s e e k  o u t o v e rh e a d  c o v e r  (G ib so n  and  

K e e n le y s id e , 1 966 ; McCrimmon an d  K w ain, 1966 ) .  P o p u la t io n  i n c r e a s e s  a s ­

s o c i a t e d  w ith  h ig h  c u r r e n t  v e l o c i t y  may be  r h e o t a c t i c  r e s p o n s e s ,  b u t  m ost 

p ro b a b ly  a r e  r e l a t e d  t o  f e e d in g  r e l a t i o n s h i p 's 'a n d  th e  t e r r i t o r i a l  c o n c e p t .  

Chapman ( 1966 ) r e f e r s  t o  t h i s  a s  t h e  s p a c e - fo o d  c o n v e n tio n . M u lle r  (1953) 

a n d  N i ls s o n  (1 9 5 7 ) found  t h a t  o rg an ism  d r i f t  i s  th e  m a jo r  fo o d  s o u rc e  i n  

s t r e a m s ,  a n d  i n  a r e a s  o f  f a s t e r  c u r r e n t  v e l o c i t y  th e  s u p p ly  o f  d r i f t  w ould 

be  g r e a t e r .  T hus, i n  s w i f t e r  a r e a s  o f  th e  s tr e a m , f i s h  r e q u i r e  l e s s  s p a c e  

t o  o b t a in  n eed ed  fo o d , t e r r i t o r y  s i z e  i s  re d u c e d  and  p o p u la t io n  d e n s i t i e s  

can  be  g r e a t e r  (Chapman^ 1 9 ^ 6 ) .  K a l le b e rg  (1958) fo und  s m a l le r  t e r r i t o ­

r i e s  f o r  j u v e n i l e  A t l a n t i c  sa lm on  an d  brow n t r o u t  i n  .h ig h e r  c u r r e n t  v e ­

l o c i t i e s  r e l a t i n g  t h i s  t o  v i s u a l  i s o l a t i o n .  T hese c o n c e p ts  may e x p la in  

th e  g r e a t e r  d e n s i t i e s  o f  t r o u t  p e r  u n i t  a r e a  o f  c o v e r  an d  p e r  u n i t  o f  

p o o l s u r f a c e  a r e a  found  i n  th e  f a s t - w a t e r  p o o ls  s tu d i e d .

The im p o r ta n c e  o f  c u r r e n t  v e l o c i t y  t o  ra in b o w  t r o u t  a n d  c o v e r  to  

brow n t r o u t  may be th e  r e s u l t  o f  a c t u a l  h a b i t a t  p r e f e r e n c e  o r  s p e c ie s  

s e g r e g a t io n  due t o  i n t e r - s p e c i f i c  c o m p e t i t io n .  Newman (1 9 5 6 ) s t a t e s  t h a t  

dom inance i s  b a s e d  on s i z e  and  s in c e  brow n t r o u t  w ere l a r g e r  th a n  ra in b o w  

t r o u t  th e  h a b i t a t  p r e f e r e n c e  o f  ra in b o w  t r o u t  may have b e e n  o b sc u re d  i f  

b e h a v io r a l  i n t e r a c t i o n  was a  f a c t o r . ' I n  t h e  a b se n c e  o f  brow n t r o u t , r a i n ­

I
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bow t r o u t  may have  u t i l i z e d  c o v e r  i n  s lo w -w a te r  p o o ls  t o  a  g r e a t e r  d e g re e .

There, w ere o th e r  f a c t o r s  n o t m easu red  t h a t  c o u ld  a c c o u n t  f o r  some o f  

th e  u n e x p la in e d  v a r i a t i o n  i n  t r o u t  n u m b ers . F o rem ost among th e s e  i s  food  

w hich  may be  c o n s id e r a b ly  more a b u n d a n t i n  one p o o l th a n  a n o th e r  p a r t i a l l y  

d e p e n d in g  on th e  e x te n t  o f  r i f f l e  im m e d ia te ly  above  th e  p o o l .  A n o th e r 

f a c t o r  may b e - l i g h t  i n t e n s i t y  u n d e r th e  c o v e r .  • I n  v iew  o f  th e  p h o to ­

n e g a t iv e  r e s p o n s e  o f  t r o u t  d e n s e r  c o v e r  t h a t  a l lo w s  l e s s  l i g h t  p e n e t r a t io n "  

may be more a t t r a c t i v e  t o  t r o u t .  A n g le r  m o r t a l i t y  o f  f i s h  was a l s o  a  

p o s s ib l e  s o u rc e  o f  e r r o r  .s in c e  some o f  th e  pool's s tu d i e d  w ere more a c c e s s  

s i b l y t o  a n g le r s  th a n  o t h e r s . Of 35^ t r o u t  ta g g e d  i n  a l l  a r e a s  from  A ugust 

3 , 19659 t o  A p r i l  I ,  1966 , 37 t a g s  o r  11 p e r c e n t  w ere r e t u r n e d  a s  o f  No­

vem ber 3 0 , 1 9 6 6 . The p e r c e n t  r e t u r n  f o r  brow n t r o u t  an d  ra in b o w  t r o u t  was 

a b o u t  th e  sam e. T hese  f i g u r e s  a r e  m in im al a s .n o  e f f o r t  was made to  r e ­

c o v e r  t a g s .  '

The r e s u l t s  o f  t h i s  s tu d y  may h o t  a p p ly  t o  d i f f e r e n t"  ty p e s ' o f  

s t r e a m s ,  l a r g e r  r i v e r s  o r  s i m i l a r  s tr e a m s  w ith  d i f f e r e n t  s p e c i e s  com posi­

t i o n .  The r e l a t i o n s h i p s  found  a p p ly  o n ly  to  low  summer w a te r  c o n d i t io n s  

s in c e  th e  r e l a t i v e  im p o r ta n c e  o f  p h y s ic a l ,  f a c t o r s  may change  s e a s o n a l ly .  

Chapman (1966 ) s p e c u l a t e s  t h a t  i n  s p r i n g ,  summer an d  e a r l y  f a l l ' th e  s p a c e -  

fo o d  c o n v e n tio n  may be  m ost im p o r ta n t ,  b u t  i n  w in te r  s p a c e  a lo n e  may 

g o v e rn  d e n s i t y .  T hus, d u r in g  t h e 'w i n t e r  o th e r  p o o l ty p e s  may become more

im p o r ta n t„
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T a b le  5« M u l t ip le  r e g r e s s i o n  a n a ly s e s  f o r  t o t a l  t r o u t

A n a ly s is

In d e p e n d e n t
v a r i a b l e s

Xi

P a r t i a l  
r e g r  

■ c o e f
M u l t ip le

T F R . R2

I S u rfa c e *  
a r e a ( f t  ) + 0 .0 6 4 9 • +1.57 6.00** 0.87 0.75
Volum e( f t ^ ) -  0.0276 -1 .6 1  •

D e p t h ( f t ) +16.0309 +1.01
C u rre n t  v e l  

( f . p . s ) +20.5790 +3.23**
T o ta l  c o v e r  

( f t 2 ) ' + 0.0290 +0.79
P e rc e n t
c o v e r + 0.0821 +0.26

. R e g re s s io n  l i n e :  Y = -48 .6 4  + 0.06X --0.03X2 + 16.03X + 20.58X. +
- 0.03X^ + 0.08Xg

2 D e p th ( f t ) -  4.7020 ' -0 .9 1  10.34** 0.82 0.67
C u r re n t  v e l  

( f . p . s . ) .+12.7521 +2.70*
'T o ta l  c o v e r  

( f t 2 ) + 0,0457 +3.93** -

■ R e g ress io n  l i n e :  Y = 4.98 -  4.70X1 + 12.75X2 ,+ 0.05X

3 C u r re n t  v e l  
- ( f . p . s . ) +15.1191 3.85** 15.25** 0.81 0 .66

. T o t a l 9Cover 
( f t 2 )

' R e g re s s io n  l i n e :  Y =
+ o .o 4 8 l 

-6 .6 6  + 15<
.4.28**

,12X1 + O.O5X2

** S i g n i f i c a n t  a t  0 .0 1  l e y e l . 
* S i g n i f i c a n t  a t  0 .0 5  l e v e l .
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•Table 6 . M u l t ip le  r e g r e s s i o n  a n a ly s e s  f o r  browp t r o u t

In d e p e n d e n t
v a r i a b l e s

A n a ly s is

■ P a r t i a l  
r e g r  
c o e f T F

M u lt ip le  _
R K

I  S u r f a c e -
a r e a  ( f t -  ) + 0 .0 2 0 0 +0 .7 4  -b lyy** 0.88 0.77
V o lu m e (f t^ ) - .0 .0 0 9 1 . - 0 .8 1

D e p t h ( f t ) + 1.1558 +0 . 1 1 .

C u r re n t  v e l  '
( f . p .S o ) + 11.0441 +2 . 68*

T o ta l - c o v e r
( f t 2 ) + 0 .6500 +2 .1 2

P e r c e n t
c o v e r ' -  0.2085 - 1 .0 3 ■

R e g re s s io n  l i n e :  Y = -8  A y  + 0 . 02X -O o O lX 2 + I . 16X + ■■ll.o4xif +

0.05X 5 -  0.21X g.

2 . D e p t h ( f t ) -  2 .4490 - 0 .6 9  1 0 . 0 0 ** 0.82 0.67
C u rre n t  v e l

( f . p . S o ) ■ + 6 .3629 +1 .9 6

T o ta l  c o v e r  
( f t 2 ) ' + 0 .0365 +4 . 59**

R e g re s s io n  l i n e :  Y = 1.80"- 2.45% + 6 . 36X + 0.04X  • c. 3

3 C u r r e n t ' v e l
( f . p . s . ) -+ 7 .5 9 5 7 +2 . 85* -1 5 . 2 6 ** 0 . 8 l  0 .6 6

T o ta l„ c o v e r  
( f t ^ )  . ■+ 0.0378 +4 . 96**

R e g re s s io n  l i n e :  Y ^ -4 .2 6  + 7 .6 o x i + 6.o4x

** S i g n i f i c a n t  a t  0 .0 1  
* ' S i g n i f i c a n t  a t  0 .0 5

l e v e l . 
l e v e l .
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.T a b le  7« M u l t ip le  r e g r e s s i o n  a n a ly s e s  f o r  ra in b o w  t r o u t

A n a ly s is

In d e p e n d e n t
v a r i a b l e s

. Xi

E fe r t ia l
r e g r
c o e f T ■ F

M u lt ip le  -
R R

I S u r f a c e ,  
a r e a ( f t  ) + 0 .0 3 1 9 + 1 .7 7  4 .7 7 * 0 .8 4  0 .7 0

Volume ( f t" '’) -  0 .0 1 3 0 - 1 .7 4

D e p th ( f t ) + 11 .4509 + 1 .6 6

C u r re n t  v e l  
C f„ p „ s „ ) + 9 .1 6 5 1 + 3 .31**

T o ta l  c o v e r
. ( f t ^ ) -  0 .0 1 7 5

/

+ 0 .2549

- 1 .1 0

P e rc e n t  
c o v e r  - + 1 .88

'

R e g re s s io n  l i n e :  Y = - 32 .20  + 0 . 0 3 ^ -  O0OlX2 + 11.45X + 9.17% ^ -■

0 .02X  + 0 ..25Xg

2 D e p th ( f t ) -  i . i 4 8 o - 0 .5 0  -■ 7 .4 5 * * 0 .7 7  O.6 0

'•■Current v e l  
( f . p . s . ) + 7.2781 + 3.47**

T o ta l - c o v e r
( f t 2 ) + o .o o 8 4 +1 .6 3

R e g re s s io n  l i n e :  Y = - 0 .2 0  -  ! .IS X 1 + 7 . 28x2 + 0 .01X

3 C u rre n t  v e l  
( f . p . s . ) + 7 .8 5 6 0 4 . 5 9 ** 1 1 . 60** 0 .7 7  0 .5 9

T o ta l - c o v e r
( f t 2 ) + 0 .0090 1 .8 3

R e g re s s io n  l i n e :  Y = - 3 .0 4  + -T0SSX1 + 0 .01X

4. C u r re n t  v e l  
■ ( f . p . s . ) + 7 .5 7 3 9 4 .1 6 * *  1 7 .3 8 * ? 0 .7 1  0 .5 1

R e g re s s io n  l i n e :  Y =■=1.41 + 7 . 57X

*  *  

*
S i g n i f i c a n t  a t  0 .0 1  l e v e l .  
S i g n i f i c a n t  a t  0o05_ l e v e l .
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