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Abstract:
Validation of a method estimating minimum instream flow needs for fish is a prerequisite to its
application. The validity of the average-riffle-wetted-perimeter method was investigated through study
of the relationship between artificially supplemented rainbow trout populations and flow-related
decreases in habitat in three sections of Ruby Creek, Madison County, Montana. Low summer flow
had a regulating influence on trout numbers and biomass in the study sections. Factors other than
short-term summer low flow may also have limited the trout, populations.

Numerical abundance and biomass of trout decreased as flow decreased in all study sections.
Emigration from two study sections influenced by irrigation diversions correlated better with average
daily flow than did emigration from a section with natural flow. Following flow reduction, trout
emigration lagged 11 to 15 days in two of the three stream sections. Emigration from all study sections
was primarily in an up stream direction. Average riffle wetted perimeter was not a consistent index of
summer habitat suitability for trout. In a pool-riffle section, average-wetted' perimeter of riffles was
highly correlated with trout numbers and biomass, and the inflection point on the wetted perimeter
curve corresponded closely with the flow at which the rate of trout emigration increased substantially.
Correlation between average wetted perimeter of riffles and trout numbers in two run-riffle sections
was poor. Most habitat variables were highly correlated with flow and with each other. Variables
estimating riffle surface width associated with depth greater than 15 cm changed in a pattern similar to
percentage change in trout numbers and biomass. 
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ABSTRACT

V a l i d a t i o n  o f  a m e t h o d  e s t i m a t i n g  mi n i mu m i n s t r e a m  
f l o w  n e e d s  f o r  f i s h  i s  a p r e r e q u i s i t e  t o  i t s  a p p l i c a t i o n .  
The  v a l i d i t y  o f  t h e  a v e r a g e —r i f f l e —w e t t e d —p e r i m e t e r  m e t h o d  
wa s  i n v e s t i g a t e d  t h r o u g h  s t u d y  o f  t h e  r e l a t i o n s h i p  b e t w e e n  
a r t i f i c i a l l y  s u p p l e m e n t e d  r a i n b o w  t r o u t  p o p u l a t i o n s  a n d  
f l o w - r e l a t e d  d e c r e a s e s  i n  h a b i t a t  i n  t h r e e  s e c t i o n s  o f  
Ru b y  C r e e k ,  M a d i s o n  C o u n t y ,  M o n t a n a .  Low s u mme r  f l o w  h a d  
a r e g u l a t i n g  i n f l u e n c e  on  t r o u t  n u m b e r s  a n d  b i o m a s s  i n  t h e  
s t u d y  s e c t i o n s .  F a c t o r s  o t h e r  t h a n  s h o r t - t e r m  s u mme r  l o w  
f l o w  may a l s o  h a v e  l i m i t e d  t h e  t r o u t ,  p o p u l a t i o n s .
N u m e r i c a l  a b u n d a n c e  a n d  b i o m a s s  o f  t r o u t  d e c r e a s e d  a s  f l o w  
d e c r e a s e d  i n  a l l  s t u d y  s e c t i o n s .  E m i g r a t i o n  f r o m  t wo 
s t u d y  s e c t i o n s  i n f l u e n c e d  by i r r i g a t i o n  d i v e r s i o n s  c o r r e ­
l a t e d  b e t t e r  w i t h  a v e r a g e  d a i l y  f l o w  t h a n  d i d  e m i g r a t i o n  
f r o m  a s e c t i o n  w i t h  n a t u r a l  f l o w .  F o l l o w i n g  f l o w  
r e d u c t i o n , t r o u t  e m i g r a t i o n  l a g g e d  11 t o  15 d a y s  i n  t wo o f  
t h e  t h r e e  s t r e a m  s e c t i o n s .  E m i g r a t i o n  f r o m  a l l  s t u d y  
s e c t i o n s  wa s  p r i m a r i l y  i n  a n  u p s t r e a m  d i r e c t i o n .  A v e r a g e  
r i f f l e  w e t t e d  p e r i m e t e r  w a s  n o t  a c o n s i s t e n t  i n d e x  o f  
s u mme r  h a b i t a t  s u i t a b i l i t y  f o r  t r o u t .  I n  a p o o l - r i f f l e  
s e c t i o n ,  a v e r a g e - w e t t e d '  p e r i m e t e r  o f  r i f f l e s  w a s  h i g h l y  
c o r r e l a t e d  w i t h  t r o u t  n u m b e r s  a n d  b i o m a s s , a n d  t h e  
i n f l e c t i o n  p o i n t  on  t h e  w e t t e d  p e r i m e t e r  c u r v e  c o r r e ­
s p o n d e d  c l o s e l y  w i t h  t h e  f l o w  a t  w h i c h  t h e  r a t e  o f  t r o u t  
e m i g r a t i o n  i n c r e a s e d  s u b s t a n t i a l l y .  C o r r e l a t i o n  b e t w e e n  
a v e r a g e  w e t t e d  p e r i m e t e r  o f  r i f f l e s  a n d  t r o u t  n u m b e r s  i n  
t wo r u n - r i f f l e  s e c t i o n s  w a s  p o o r . M o s t  h a b i t a t  v a r i a b l e s  
w e r e  h i g h l y  c o r r e l a t e d  w i t h  f l o w  a n d  w i t h  e a c h  o t h e r . 
V a r i a b l e s  e s t i m a t i n g  r i f f l e  s u r f a c e  w i d t h  a s s o c i a t e d  w i t h  
d e p t h  g r e a t e r  t h a n  15 cm c h a n g e d  i n  a p a t t e r n  s i m i l a r  t o  
p e r c e n t a g e  c h a n g e  i n  t r o u t  n u m b e r s  a n d  b i o m a s s .
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INTRODUCTION

W a t e r  d e m a n d  f o r  a g r i c u l t u r a l , i n d u s t r i a l , a n d  

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

o f  ma n y  t r o u t  s t r e a m s  w i t h i n  t h e  w e s t e r n  U n i t e d  S t a t e s .

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

be  a b l e  t o  r e l i a b l y  e s t i m a t e  how mu c h  s t r e a m  f l o w  i s  

n e e d e d  f o r  t h a t  r e s o u r c e .  M e t h o d s  o f  e s t i m a t i n g  a n d  r e c o m  

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

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

d a t a ,  t o  d e t a i l e d  q u a n t i f i c a t i o n  a n d  i n t e r p o l a t i o n  o f  t h e

e c o l o g i c a l  r e q u i r e m e n t s  o f  t h e  s p e c i e s  o f  c o n c e r n . The
!

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

i m p l i c i t  t o  a l l  m e t h o d o l o g i e s .

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

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

i n  s t r e a m s .  W e s c h e  ( 1  9 7 4 ) ,  N i c k e l s o n  ( 1  976 ) ,  N i c k e l s o n  

a n d  R e i s e n b i c h l e r  ( 1 9 7 7 ) ,  N i c k e l  s o n  a n d  H a f e l e  ( 1 9 7 8 ) ,  a n d  

B i n n s  ( 1 9 7 9 )  d e v e l o p e d  a n d  i m p l e m e n t e d  m o d e l s  e x p l a i n i n g  

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

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

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

p a r a m e t e r s .

N e l s o n  ( 1 9 8 0 )  e v a l u a t e d  t h e  a d e q u a c y  o f  f o u r  m e t h o d s  

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

pe  r i m e  t e r  t r a n s e c t  m e t h o d ,  n o n - f i e l d  m e t h o d ,  a n d  i n s t r e a m
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f l o w  g r o u p  i n c r e m e n t a l  m e t h o d ,  I F G)  f o r  r e c o m m e n d i n g  

i n s t r e a m  f l o w  on  l a r g e  r i v e r s .  He f o u n d  t h a t  t h e  w e t t e d -  

p e r i m e  t e r  m e t h o d s  p r o v i d e d  a c c e p t a b l e  a b s o l u t e  mi n i mu m 

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

c r o p  -  f l o w  r e l a t i o n s h i p s  ( T a b l e  I ) .  B a s e d  on  N e l s o n ' s  

s t u d y ,  t h e  M o n t a n a  D e p a r t m e n t  o f  F i s h ,  W i l d l i f e  a n d  P a r k s  

(MDFWP) c h o s e  w e t t e d  p e r i m e t e r  a s  t h e  p r e f e r r e d  m e t h o d  

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

w e t t e d - p e r i m e t e r  m e t h o d  a s s u m e s  t h a t  a s t r e a m ’ s t r o u t  

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

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

p e r i m e t e r  ( MDFWP 1 9 8 1 ) .  C o l l i n g s  ( 1 9 7 2  ) ,  C o l l i n g s  a n d  

H i l l  ( 1 9 7 3 )  a n d  W h i t e  a n d  C o c h n a u e r  ( 1 9 7 5 )  u s e d  m e t h o d s  ' 

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

p r e f e r r e d  by  f i s h  f o r  r e a r i n g .  MDFWP ( 1 9 8 1 )  s t a t e s  t h a t  

r i f f l e - w e t t e d  p e r i m e t e r  may  a l s o  p r o v i d e  a n  i n d e x  o f  o t h e r  

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

s i t e s  a n d  c o v e r .

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

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

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

i s  t h e  d i s t a n c e  a l o n g  t h e  b o t t o m  a n d  s i d e s  o f  a c h a n n e l  

c r o s s - s e c t i o n  i n  c o n t a c t  w i t h  t h e  w a t e r  ( F i g u r e  I ) .  As 

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

a t  a c o n s t a n t  r a t e .  W e t t e d  p e r i m e t e r  i n c r e a s e s  r a p i d l y  

w i t h  i n c r e a s i n g  d i s c h a r g e  up  t o  t h e  p o i n t  w h e r e  t h e



T a b l e  I .  C o m p a r i s o n  o f  t h e  mi n i mu m  i n s t r e a m  f l o w  r e c o m m e n d a t i o n s
d e r i v e d  f r o m  t h e  s i n g l e  a n d  m u l t i p l e - w e t t e d  p e r i m e t e r  m e t h o d s  
a n d  t r o u t  s t a n d i n g  c r o p  a n d  f l o w  d a t a  f o r  f i v e  r e a c h e s  o f  t h e  
M a d i s o n ,  B e a v e r h e a d ,  G a l l a t i n  a n d  B i g  H o l e  r i v e r s  ( f r o m  
N e I  s o n  1 9 8 0 ) .

R e a c h ( s i t e )

In s t r e a m f lo w  recom m enda tions  ( l i t e r s / s e c  x
a

100)

S in g le  t r a n s e c t  
m ethod .

M u l t i p le  t r a n s e c t  
method

T ro u t  s t a n d i n g - c r o p  
f lo w  d a ta

Minimum f lo w Minimum f low A b so lu te  
m in . f lo w

Most d e s i r a b l e  
m in . f low

M adison (# 1 ) 312 255 and 396 255-312 340-390
M adison (#3) 170 142 184 326
B eaverhead  ( # 2 ) 64 28 42 85
G a l l a t i n  (//2) 113 — — 71 148
Big Hole (# 1 ) 127 113 and 198 113

a :  c f s  = l i t e r s / s e c  x 0 .0351



WETTED PERIMETER

F i g u r e  I .  D i a g r a m m a t i c  r e p r e s e n t a t i o n  o f  w e t t e d  p e r i m e t e r  i n  a t y p i c a l  
s t r e a m  c r o s s  s e c t i o n .
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w a t e r  c o v e r s  t h e  e n t i r e  s t r e a m  c h a n n e l .  B e y o n d  t h i s  

p o i n t ,  w e t t e d  p e r i m e t e r  i n c r e a s e s  l e s s  r a p i d l y  a s  

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

c h a n n e l .  P o i n t s  on  w e t t e d  p e r i m e t e r —d i s c h a r g e  c u r v e s  

w h e r e  t h e r e  a r e  a b r u p t  c h a n g e s  i n  w e t t e d  p e r i m e t e r  w i t h  

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

p o i n t s .

T h e r e  a r e  g e n e r a l l y  o n e  o r  t wo i n f l e c t i o n  p o i n t s ,  

d e p e n d i n g  on  t h e  c h a n n e l  c r o s s  s e c t i o n  s h a p e  ( F i g u r e  2 ) .

An i n s t r e a m  f l o w  r e c o m m e n d a t i o n  f o r  a  s e c t i o n  o f  s t r e a m  i s  

m a d e  by a v e r a g i n g  w e t t e d  p e r i m e t e r s  f r o m  3 t o  10 r i f f l e  

t r a n s e c t s  a n d  p l o t t i n g  t h e m a g a i n s t  d i s c h a r g e .  When t h e r e  

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

s e l e c t e d  a s  t h e  l o w  f l o w  r e c o m m e n d a t i o n .  When t h e r e  a r e  

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

( b e t w e e n  t h e  l o w e r  a n d  ' u p p e r  i n f l e c t i o n  p o i n t s )  f r o m  w h i c h  

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

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

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

d e v e l o p e d  by  t h e  MDFWP ( N e l s o n  1 9 8 0 )  . The  WETP m o d e l  u s e s  

2 t o  10  s e t s  o f  w a t e r  s u r f a c e  e l e v a t i o n s  s u r v e y e d  a t  

d i f f e r e n t  k n o wn  d i s c h a r g e s  a t  e a c h  c r o s s - s e c t i o n .  W a t e r  

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

l e a s t - s q u a r e  f i t  o f  l o g - s t a g e  v e r s u s  l o g - d i s c h a r g e .  T h i s  

r a t i n g  c u r v e ,  c o u p l e d  w i t h  a s u r v e y e d  c r o s s - s e c t i o n a l
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INFLECTION POINT

DISCHARGE

STREAM CHANNEL 
CROSS-SECTION

INFLECTION POINTS

DISCHARGE

WETTED PERIMETER 
CURVE

F i g u r e  2 .  D i a g r a m m a t i c  r e p r e s e n t a t i o n  o f  how s t r e a m
c h a n n e l  c r o s s  s e c t i o n  c a n  i n f l u e n c e  t h e  n u m b e r  
o f  i n f l e c t i o n  p o i n t s  on c o r r e s p o n d i n g  w e t t e d  
p e r i m e t e r - d i s c h a r g e  p l o t s .
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p r o f i l e  o f  t h e  s t r e a m  b e d , i s  a l l  t h a t  i s  n e e d e d  t o  

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

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

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

b e e n  s h o wn  on r i v e r s  w i t h  a v e r a g e  a n n u a l  d i s c h a r g e  a b o v e  

1 2 , 0 0 0  l i t e r s / s e c  ( 4 2 4  c u b i c  f e e t  p e r  s e c o n d ,  c f s ) .  The  

g o a l  o f  t h i s  s t u d y  w a s  t o  e x a m i n e  t h e  v a l i d i t y  o f  t h e  

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

d i s c h a r g e  f o r  s m a l l  s t r e a m s  o f  l e s s  t h a n  1 , 4 0 0  l i t e r s / s e c  

( 5 0  c f s )  a v e r a g e  a n n u a l  d i s c h a r g e .  O b j e c t i v e s  o f  t h e  

s t u d y  w e r e  t o  t e s t  t h e  f o l l o w i n g  h y p o t h e s e s :  I .

s a l m o n i d  a b u n d a n c e  i n  s m a l l  s t r e a m s  i s  r e g u l a t e d  by  l o w  

s u mme r  f l o w ,  2 . d e c r e a s e s  i n  f l o w  a n d  f l o w - r e l a t e d  

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

d e c r e a s e s  i n  t r o u t  a b u n d a n c e ,  a n d  3 . a v e r a g e  w e t t e d  

p e r i m e t e r  b a s e d  on  r i f f l e  c r o s s  s e c t i o n s  c a n  be  u s e d  a s  a 

g e n e r a l  i n d e x  o f  a d u l t  s a l m o n i d  h a b i t a t  s u i t a b i l i t y  i n

s m a l l  s t r e a m s .
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DESCRI PTI ON OF STUDY AREA

F i e l d  s t u d i e s  w e r e  c o n d u c t e d  on Ru b y  C r e e k ,  i n

M a d i s o n  C o u n t y ,  M o n t a n a  ( T 9 S ,  R l W , S e c . 1 0 - 1 2 ,  F i g u r e  3 ) .

Ru b y  C r e e k  f l o w s  down t h e  e a s t  s l o p e  o f  t h e  G r a v e l l y

M o u n t a i n  R a n g e . E l e v a t i o n  o f  t h e  8 5  s q u a r e  k i l o m e t e r  
2

( km ) d r a i n a g e  r a n g e s  f r o m  1 6 8 2  m e t e r s  ( m)  t o  2 6 8 2  m .

The Ru b y  C r e e k  d r a i n a g e  h a s  a a n n u a l  a v e r a g e  

p r e c i p i t a t i o n  o f  53 c e n t i m e t e r s  ( c m ,  MDFWP 1 9 8 1 ) .

Ru b y  C r e e k  wa s  c h o s e n  a s  t h e  s t u d y  a r e a  f o r  s e v e r a l  

r e a s o n s  . The  s t r e a m  wa s  s m a l l ,  w i t h  d i s c h a r g e  d u r i n g  t h e  

s t u d y  r a n g i n g  f r o m  8 2 2  t o  351  l i t e r s / s e c  ( 2 9  t o  12 c f s ) .  

A v e r a g e  a n n u a l  d i s c h a r g e  w a s  r e p o r t e d  by MDFWP ( 1 9 8 1 )  t o  be 

l e s s  t h a n  1 , 4 0 0  l i t e r s / s e c  ( 5 0  c f s ) . T h e s e  f l o w s  a l l o w e d  

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

s e m i p e r m a n e n t  f i s h  w e i r s . A l s o  Ru b y  C r e e k  h a d  a d e q u a t e  

n u m b e r s  o f  r a i n b o w  t r o u t  f o r  u s e  i n  e x p e r i m e n t a l  

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

s t u d y  s e c t i o n .  R a i n b o w  t r o u t  ( S a l m o  g a i r d n e r i )  wa s  t h e  

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

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

s p e c i e s  i n  s o u t h w e s t  M o n t a n a • Ru b y  C r e e k  a l s o  w a s  r e p o r t e d  

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

a n g l e r s  r e m o v i n g  f i s h  f r o m  t h e  s t u d y  s e c t i o n s  ( MDFG 1 9 7 6 ) .  

F i n a l l y ,  t h e  p r e s e n c e  o f  s u c c e s s i v e  i r r i g a t i o n
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D I V E R S I O N S

S E C T I O N  I

S E C T I O N  2
S E C T I O N  3

0 . 5  km

F i g u r e  3 .  L o c a t i o n  o f  s t u d y  s e c t i o n s  a n d  i r r i g a t i o n
d i v e r s i o n s  on Ru by  C r e e k  ( T 9 S , R l W, S e c . 1 0 - 1 2 )  
M o n t a n a ,  1 9 8 2 .
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d i v e r s i o n s  p r o v i d e d  d i f f e r e n t  l e v e l s  o f  r e d u c e d  

d i s c h a r g e s  i n  t wo  s e c t i o n s  o f  t h e  s t r e a m .

T h r e e  s t u d y  s e c t i o n s ,  n u m b e r e d  c o n s e c u t i v e l y  i n  a n  

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

Ru b y  C r e e k  a t  0 . 6 4  k i l o m e t e r  ( k m ) ,  2 . 5 4  km a n d  3 . 3 4  km 

a b o v e  t h e  m o u t h .  S e c t i o n s  2 a n d  I w e r e  b e l o w  s u c c e s s i v e  

i r r i g a t i o n  d i v e r s i o n s  w h i l e  s e c t i o n  3 w a s  a b o v e  d i v e r s i o n s  

a n d  h a d  n o  a r t i f i c i a l  f l o w  c o n t r o l .  S e c t i o n  I wa s
/

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

s e c t i o n s  2 a n d  3 h a d  a p r e d o m i n a n c e  o f  r i f f l e - r u n .  h a b i t a t .  

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

s i n u o s i t y ,  a n d  p r e d o m i n a n t  p a r t i c l e  s i z e  o f  s t r e a m b e d  

m a t e r i a l  ( T a b l e  2 ) .

T a b l e  2 .  G e n e r a l  d e s c r i p t i o n  o f  s t u d y  s e c t i o n s ,  Ru b y  
C r e e k ,  M o n t a n a , 1 9 8 2 .

S e c t i o n
T h a l w e g
d i s t a n c e

(m)

G r a d i e n t
(%)

A v e r a g e  
wi  d t h  

(m)

P r e d o m i n a n t  
p a r  t i d e  

S i n u o s i t y  s i z e  o f
s t r earn b e d  
m a t e r i a l

I 1 2 3 . 7 2 . 2 2 . 4 8 1 . 2  9 8 - 2 0  cm

2 106 . 7 1 . 6 3 .  14 1 . 2 2 8 - 2 0  cm

3 13 3 . 1 1 . 3 4 . 1 2 1 . 4 1 4 - 1 5  cm
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METHODS

F i s h  P o p u l a t i o n  M a n i p u l a t i o n

E m i g r a t i o n  o f  r a i n b o w  t r o u t  f r o m  s t u d y  s e c t i o n s  o f  

Ru b y  C r e e k  wa s  m e a s u r e d  by p l a c i n g  a w e i r  a n d  b o x  t r a p  

( F i g u r e  4 )  a t  t h e  u p s t r e a m  a n d  d o w n s t r e a m  e n d s  o f  e a c h  

s e c t i o n .  The  V - s h a p e d  w e i r s  w e r e  c o n s t r u c t e d  o f  1 . 3  s q u a r e  

c e n t i m e t e r  ( cm ̂ ) m e s h  h a r d wa r e  c l o t h ,  s u p p o r t e d  by s t e e l  

f e n c e  p o s t s . '  A f t e r ,  t h e  w e i r s  a n d  t r a p s  w e r e  i n  p l a c e ,  

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

t h e  s t a r t  o f  t h e  e x p e r i m e n t )  w e r e  r e m o v e d  f r o m  e a c h  s t u d y  

s e c t i o n  by  e l e c t r o f i s h i n g  w i t h  a 1 1 0 - v o l t  d i r e c t - c u r r e n t  

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

r a i n b o w  t r o u t  > 1 0 0  m i l l i m e t e r  ( m m ) , w e r e  r e m o v e d  by 

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

w e r e  a d d e d  t r o u t  e l e c t r o f i s h e d  f r o m  Ru b y  C r e e k  a b o v e  t h e  

s t u d y  s e c t i o n s .  The  s u p p l e m e n t e d  g r o u p  o f  f i s h  wa s  t h e n  

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

r e s i d e n t  f i s h  h a d  b e e n  t a k e n .  B e f o r e  s t o c k i n g ,  f i s h  t o t a l  

l e n g t h ,  m e a s u r e d  t o  t h e  n e a r e s t  m i l l i m e t e r ,  a n d  w e i g h t ,  t o  

t h e  n e a r e s t  g r a m  ( g ) . ,  w e r e  r e c o r d e d . R e s i d e n t  a n d  

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

The  f i s h  w e r e  h e l d  i n  l i v e  b u c k e t s  u n t i l  t h e y  r e c o v e r e d  

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

s e c t i o n s .



F i g u r e  4 .  D i a g r a m m a t i c  r e p r e s e n t a t i o n  o f  a n  u p s t r e a m  f i s h  
w e i r  a n d  t r a p  u s e d  on Ruby  C r e e k ,  M o n t a n a ,  1 9 8 2 .
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F i s h  w e r e  a l l o w e d  t o  a c c l i m a t e  t o  t e s t  s e c t i o n s  f o r  6 

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

s t u d y  s e c t i o n s .  F i s h  c a p t u r e d  i n  t h e  t r a p s  a f t e r  t h e  

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

b e f o r e  b e i n g  r e l e a s e d  b e l o w  s e c t i o n s  I a n d  2 , a n d  a b o v e  

s e c t i o n  3 .  A b u n d a n c e  o f  f i s h  r e m a i n i n g  i n  t h e  s t u d y  

s e c t i o n s  wa s  d e f i n e d  a s  t h e  d i f f e r e n c e  b e t w e e n  t h e  

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

b i o m a s s  o f  f i s h  s t o c k e d  i n t o  t h e  s e c t i o n s  a t  t h e  s t a r t  o f  

t h e  s t u d y .  At  t h e  e n d  o f  t h e  6 3 - d a y  e x p e r i m e n t  ( J u l y  1.7- 

S e p t e m b e r  1 7 ) ,  f i s h  r e m a i n i n g  i n  t h e  s t u d y  s e c t i o n s  w e r e  

r e m o v e d  by r e p e a t e d  e l e c t r o f i s h i n g  p a s s e s  on  2 c o n s e c u t i v e  

d a y s .  E l e c t r o f i s h i n g  wa s  d i s c o n t i n u e d  wh e n  n o  f i s h  w e r e  

c a p t u r e d  on  t wo c o n s e c u t i v e  p a s s e s .  L e n g t h  a n d  c o n d i t i o n  

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

r e g r e s s e d  a g a i n s t  f l o w  ( n e a r e s t  28 l i t e r s / s e c  o r  I c f s )  t o  

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

c l a s s e s  t o  d e c r e a s e s  i n  f l o w .  C o n d i t i o n  f a c t o r s , w e i g h t s  

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

s t a t i s t i c a l l y  c o m p a r e d  u s i n g  t h e  M a n n - W h i t n e y  t e s t .  

C o n d i t i o n  f a c t o r  ( K )  wa s  c o m p u t e d  u s i n g  t h e  e q u a t i o n :

5 3
K= w e i g h t  x 10 / l e n g t h  .
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H a b i t a t  E v a l u a t i o n

P h y s i c a l  c h a r a c t e r i s t i c s  o f  t h e  s t u d y  s e c t i o n s  

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

d i s c h a r g e s  i n  s e c t i o n s  I a n d  2 a n d  a t  two d i s c h a r g e s  i n  

s e c t i o n  3 .  H a b i t a t  c r o s s  s e c t i o n s  w e r e  e s t a b l i s h e d  

p e r p e n d i c u l a r  t o  t h e  f l o w  a t  2 - 4  m i n t e r v a l s  a n d  m a r k e d  

w i t h  w o o d e n  s t a k e s  on  e a c h  b a n k .  S t u d y  s e c t i o n s  I a n d  2 

c o n t a n i n e d  54  a n d  4 4  c r o s s  s e c t i o n s ,  r e s p e c t i v e l y ;  32 

c r o s s  s e c t i o n s  w e r e  e s t a b l i s h e d  i n  s e c t i o n  3 .  A m a p p i n g  

b a s e l i n e  w a s  e s t a b l i s h e d  by r e c o r d i n g  t h e  d i s t a n c e  a n d  

c o m p a s s  b e a r i n g  b e t w e e n  c r o s s  s e c t i o n  h e a d s t a k e s . Th e  

d i s t a n c e  f r o m  t h e  c r o s s  s e c t i o n  h e a d s t a k e s  t o  t h e  w a t e r ' s  

e d g e  wa s  r e c o r d e d  a t  d i f f e r e n t  f l o w s  ( n e a r e s t  0 . 0 1  m) a t  

e a c h  c r o s s  s e c t i o n .

I n  e a c h  c r o s s  s e c t i o n ,  t h e  d i s t a n c e  a l o n g  t h e  

s t r e a m b a n k  h a v i n g  o v e r h a n g i n g  p l a n t  m a t e r i a l  o r  o v e r ­

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

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

w i d t h  o v e r h a n g i n g  t h e  s t r e a m .  S u b m e r g e d  u n d e r c u t  b a n k  a n d  

p l a n t  m a t e r i a l  wa s  a l s o  r e c o r d e d  a s  o v e r h a n g i n g  b a n k .

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

a n d  v e l o c i t y  m a p p i n g .  D e p t h ,  v e l o c i t y  a n d  p r e d o m i n a n t  

p a r t i c l e  s i z e  o f  s t r e a m b e d  m a t e r i a l  m e a s u r e m e n t s  w e r e  m a d e ’, 

a l o n g  t r a n s e c t s  a t  10 e q u a l l y  s p a c e d  p o i n t s .  T h e s e  s a me  

p o i n t s  w e r e  u s e d  d u r i n g  a l l  s u b s e q u e n t  m e a s u r e m e n t s . D e p t h



15 .

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

M a r s h  Mc B u r n e y  e l e c t r o n i c  c u r r e n t  m e t e r .  D e p t h  wa s  

r e c o r d e d  t o  t h e  n e a r e s t  I cm a n d  v e l o c i t y  a t  0 . 6  o f  t h e  

w a t e r ' s  d e p t h  wa s  r e c o r d e d  t o  t h e  n e a r e s t  0 . 3  c e n t i m e t e r  

p e r  s e c o n d  ( c m / s ,  0 . 1  f e e t  p e r  s e c o n d ,  f t / s e c ) .  

P r e d o m i n a n t  p a r t i c l e  s i z e  o f  t h e  s t  r e a m  b e d  m a t e r i a l  wa s  

e s t i m a t e d  w i t h  t h e .  a i d  o f  a m e t e r  s t i c k .

Q u a n t i t y  o f  t h e  f o l l o w i n g  h a b i t a t  v a r i a b l e s  wa s  

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

1.  S u r f a c e  a r e a  ( S A ) - t o t a l  a r e a  o f  w a t e r  

s u r f a c e .

2 .  D e p t h  a r e a  ( DA) - s u r f a c e  a r e a  a s s o c i a t e d  w i t h  

w a t e r  d e p t h s  o f  15 cm o r  m o r e .

3 .  V e l o c i t y  a r e a  ( V A ) - s u r f a c e  a r e a  w i t h  me a n ,  

w a t e r  v e l o c i t y  o f  0 . 3  c m / s ( 0 . 1  f t / s e c )  o r  

l e s s .

4 .  O v e r h a n g i n g  v e g e t a t i o n  a r e a  ( O H V ) - s u r  f a c e  

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

w i t h i n  30  cm o f  t h e  w a t e r ' s  s u r f a c e ,  w a t e r  

d e p t h  o f  15 cm o r  m o r e  b e n e a t h  i t  a n d  

o v e r h a n g  w i d t h  o f  a t  l e a s t  10 cm.

5 .  O v e r h a n g i n g  b a n k  ( 0 H B ) —s u r f a c e  a r e a  

a s s o c i a t e d  w i t h  o v e r h a n g i n g  b a n k  w i t h i n  30 

cm o f  t h e  w a t e r ' s  s u r f a c e , h a v i n g  d e p t h  o f



16

a t  l e a s t  15 cm a n d  m i n i mu m  o v e r h a n g  w i d t h  

o f  10 cm.

H a b i t a t  c r i t e r i a  w e r e  b a s e d  on t h e  r e s u l t s  o f  s t u d i e s  

e v a l u a t i n g  h a b i t a t  u t i l i z e d  by  t r o u t  ( We s c h e  197  4 ,  S t e w a r t  

1 9 7 0 ,  K e n n e d y  a n d  S t r a n g e  1 9 8 2 ) .

A r e a l  h a b i t a t  v a r i a b l e s  w e r e  m e a s u r e d  f r o m  h a b i t a t  

m a p s  by e x t r a p o l a t i n g  b e t w e e n  t r a n s e c t s ,  u s i n g  a T e k t r o n i c  

d i g i t i z e r  p a d  a n d  G e o s c a n  c o m p u t e r  p r o g r a m .  L i n e a r  

i n t e r p o l a t i o n  b e t w e e n  k n o wn  v a l u e s  o f  h a b i t a t  v a r i a b l e s  

wa s  u s e d  t o  o b t a i n  e s t i m a t e s  b e t w e e n  m e a s u r e d  f l o w s .

D i s c h a r g e  m e a s u r e m e n t s  w e r e  m a d e  a t  t h e  s t a r t  a n d  e n d  

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

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

e a c h  s e c t i o n ,  a n d  s t a g e  w a s  r e c o r d e d  t w i c e  d a i l y .  T h e s e  

d a t a  a n d  k n o wn  d i s c h a r g e s  w e r e  u s e d  i n  d e v e l o p i n g  s t a g e -  

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

t o  p r e d i c t  a v e r a g e  d a i l y  f l o w s  i n  e a c h  s e c t i o n  ( F i g u r e s  5 , 

6 , a n d  7 ) .  D a i l y  ma x i mu m a n d  m i n i mu m  w a t e r  t e m p e r a t u r e s  

w e r e  m e a s u r e d  w i t h  m a x i mu m —m i n i m u m  r e g i s t e r i n g  m e r c u r y  

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

C o m p u t e r  M o d e l i n g  o f  W e t t e d  P e r i m e t e r

W e t t e d  p e r i m e t e r  t r a n s e c t s  ( 8  e a c h  i n  s e c t i o n s  I a n d  

2 a n d  9 i n  s e c t i o n  3 )  w e r e  e s t a b l i s h e d  i n  t y p i c a l  r i f f l e s .  

E a c h  t r a n s e c t  w a t e r  s u r f a c e  e l e v a t i o n  wa s  s u r v e y e d  a t  

t h r e e  t o  f o u r  f l o w s , a c c o r d i n g  t o  N e l s o n  ( 1 9 8 0 ) .  W a t e r
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InY= In 4 . 2  3 4- 3 . 4 1  InX

0 . 5

0.2

0 . 1

5 2 5 5 0  1 0 0  3 0 0  9 0 0  2 0 0 0

FLOW, l i t e r s / s e c

F i g u r e  5 .  S t a g e - d i s c h a r g e  r e l a t i o n s h i p  s e c t i o n  I ,  Ruby  
C r e e k ,  M o n t a n a  , 1 9 8 2  .
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9.0

4 . 5
InY = I n 5 . 1 9 +  1 1 . 4 6 InX

1.5

0.5

0.2

0.1

9 0 0  2 0 0 0

FLOW, l i t e r s / s e c

F i g u r e  6 . S t a g e - d i s c h a r g e  r e l a t i o n s h i p  s e c t i o n  2 ,  Ruby  
C r e e k ,  M o n t a n a  , 1 9 8 2 .
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9 . 0

4 . 5

2 . 5 '

1 . 5 '

1 . 0 '

0 . 5

0 . 2

0 . 1 '

F i g u r e

I n Y = I n I S . 5 9 + 1 . 4 1 E - 1 6  InX 

r 2 = . 9 8 

n = 6

5 0  I 0 0  2 0 0  5 0 0  1 7 0 0  4 0 0 0  8 0 0 0

FLOW, l i t e r s / s e c

7 .  S t a g e - d i s c h a r g e  r e l a t i o n s h i p  s e c t i o n  3 ,  Ruby  
C r e e k ,  M o n t a n a  , 1 9 8 2  .



2 0

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

p e r i m e t e r  c o m p u t e r  p r o g r a m  ( T a b l e  3 ,  N e l s o n  1 9 8 3 ) .  Mo d e l  

o u t p u t  i n c l u d e d :

1 .  W e t t e d  p e r i m e t e r  ( WETP)

2 .  A v e r a g e  w a t e r  d e p t h  (DEAR)

3 .  A v e r a g e  w a t e r  v e l o c i t y  i n  t h e  t r a n s e c t  

c r o s s - s e c t i o n  a r e a  (VBAR)

4 .  T o p  w i d t h  o f  t r a n s e c t  (WDTH)

5 .  C r o s s  s e c t i o n a l  a r e a  o f  t r a n s e c t  ( AREA)

6 .  Maxi mum w a t e r  d e p t h  (DMAX)

7.  T o t a l  t o p  w i d t h  a s s o c i a t e d  w i t h  d e p t h  o f  a t  

l e a s t  15 cm (WTOT)

8 .  L o n g e s t  c o n t i n u o u s  t o p  w i d t h  a s s o c i a t e d  

w i t h  w a t e r  d e p t h  o f  a t  l e a s t  15 cm ( WMAX) .

W i t h i n  e a c h  s e c t i o n ,  p h y s i c a l  c h a r a c t e r i s t i c s  o f  a l l  

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

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

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

i n d e x  o f  s a l m o n i d  h a b i t a t  s u i t a b i l i t y  i n  s m a l l  s t r e a m s  wa s  

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

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

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

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

f l o w .

A l l  s t a t i s t i c a l  a n a y l s e s  w e r e  d o n e  on a H o n e y w e l l  CP6 

( L e v e l  6 6 / D P S  8 )  c o m p u t e r  w i t h  t h e  B i o m e d i c a l  C o m p u t e r



T a b l e  3 .  C a l i b r a t i o n  d a t a  ( S =  s t a g e  i n  m e t e r s ,  Q= d i s c h a r g e  i n
l i t e r s / s e c , a n d  r= c o r r e l a t i o n  c o e f f i c i e n t s )  u s e d  i n  t h e  
w e t t e d  p e r i m e t e r  m o d e l  ( WETP)  f o r  t h r e e  s t u d y  s e c t i o n s  on 
Ru b y  C r e e k ,  M o n t a n a ,  1 9 8 2 .

R if f le  Cross S ec tio n

I 2 3 4 5 6

S ec tio n  Q s Q S Q S Q s Q S  Q S

2319 28.74 2319 29.06
105 28.54 105 28.87
23 28.47 23 28.78

8 28.43 8 28.75

0.995 0.991

360 28.33 360 28.63
54 28.20 54 28.50
28 28.18 28 28.46

r  0 .983 0.998

2319 29.16 2319 29.62 2319 30.59
105 28.93 105 29.41 105 30.34
23 28.83 23 29.32 23 30.26

8 28.80 8 29.31 8 30.24

0.990 0.980 0.972

360 28.75 360 28.99 360 29.15
54 28.61 54 28.89 54 29.06
28 28.58 28 28.86 28 29.01

0.989 I . 000 0.992

3

r

813 29.85 813 30.09
360 29.79 360 30.03
309 29.77 309 30.03

0.998 0.989

813 30.32 813 30.12
360 30.25 360 30.37
309 30.24 309 30.37

0.994 0.977

813 30.60 813 30.68
360 30.52 360 30.62
309 30.52 309 30.60

0.977 0.997



2 2

P r o g r a m s  ( D i x o n  e t  a l . 1 9 8 3 ) ,  S t a t i s t i c a l  P a c k a g e  f o r  t h e  

S o c i a l  S c i e n c e s  ( N i e  e t  a l .  1 9 7 5 )  a n d  MSUSTAT ( L u n d  1 9 8 3 )  

s t a t i s t i c a l  a n a l y s i s  p a c k a g e s .  P a i r e d —c o m p a r i s o n  

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

W h i t n e y  t e s t  ( S n e d e c o r  a n d  C o c h r a n  1 9 8 0 ) .
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RESULTS

A b u n d a n c e  R e g u l a t i o n  by Low Summer  F l o w  

P o p u l a t i o n  M a n i p u l a t i o n

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

s e c t i o n s  i n c r e a s e d  t h e  d e n s i t y  o f  r a i n b o w  t r o u t  f r o m  0 . 0 5  

t o  1 . 4 3 ,  0 . 0 7  t o  1 . 3 0 ,  a n d  0 . 2 2  t o  1 . 0 5  f i s h / m e t e r  i n  

s e c t i o n s  I ,  2 ,  a n d  3 ,  r e s p e c t i v e l y  ( T a b l e  4 ) .  B i o m a s s  

d e n s i t i e s  w e r e  i n c r e a s e d  by  a s i m i l a r  m a g n i t u d e  ( T a b l e  5 ) .  

L e n g t h  o f  e x p e r i m e n t a l  f i s h  r a n g e d  f r o m  1 0 4  t o  3 1 5  mm 

( T a b l e  6 )  a n d  l e n g t h  f r e q u e n c y  d i s t r i b u t i o n  w a s  s i m i l a r  

b e t w e e n  s e c t i o n s .

A c c l i m a t i o n  F l o w  a n d  T r o u t  E m i g r a t i o n

D u r i n g  a 6 - d a y  a c c l i m a t i o n  p e r i o d , f l o w  i n  a l l  

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

c r e a s e d  ( T a b l e  7 ) .  I n  s e c t i o n s  I  a n d  2 ( e a c h  b e l o w  a n  

i r r i g a t i o n  d i v e r s i o n )  f l o w  f l u c t u a t e d  f r o m  71 t o  2 7 4  

l i t e r s / s e  c ( 2 . 5  t o  9 . 7  c f s )  a n d  1 4 0  t o  5 2 4  l i t e r s / s e c  ( 4 . 9  

t o  1 8 . 5  c f s )  , r e s p e c t i v e l y .  D i s c h a r g e  i n  t h e  n a t u r a l  f l o w  

c o n t r o l  s e c t i o n  ( s e c t i o n  3 )  i n c r e a s e d  f r o m  4 6 2  t o  674  

l i t e r s / s e c  ( 1 6 . 3  t o  2 3 . 8  c f s )  d u r i n g  t h e  s a me  p e r i o d .  

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

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

A l t h o u g h  d e n s i t y  wa s  h i g h e s t  a n d  f l o w  wa s  l o w e s t  i n



T a b l e  4 .  Nu m b e r  a n d  d e n s i t y  ( f i s h / m e t e r )  o f  t r o u t  i n  e a c h  s e c t i o n  b e f o r e  a n d  a f t e r  t h e  
s t u d y  on  Ru b y  C r e e k ,  M o n t a n a , 1 9 8 2 .

N um erical abundance

T ro u t
S e c tio n  s p e c ie s

P r e - s tu d y T e s t P o s t - s tu d y % D e n s ity

Number D e n s ity Number D ensity" Number D e n s ity
in c r e a s e

P re -  to  P o s t—stu d y
( f i s h /m e te r ) ( f i s h /m e te r ) ( f i s h /m e te r )

I Rainbow 6 0 .0 5 177 1 .4 3 42 0 .3 4 180

2 Rainbow 8 0 .07 141 1 .32 37 .0 .3 5 400

3 Rainbow 29 0 .2 2 140 1 .0 5 67 0 .5 0 127



T a b l e  5 .  B i o m a s s  ( g )  a n d  d e n s i t y  ( g / m )  o f  t r o u t  i n  e a c h  s e c t i o n  b e f o r e  a n d  
a f t e r  t h e  s t u d y  on  Ru b y  C r e e k , M o n t a n a , 1 9 8 2 .

B iom ass (g )

S e c tio n

P r e - s tu d y  T e s t  P o s t - s tu d y  % D e n s ity
T ro u t •• --------------------------  ---------------------------  in c r e a s e

s p e c ie s  W eight D e n s ity  W eight D e n s ity  W eight D e n s ity  p r e -  to  p o s t- s tu d y  
( g / m e te r)  ( g /m e te r )  ( g /m e te r )

I . Rainbow 826 6 .6 8 14755 119 .28 2389 19 .31 8

2 Rainbow 584 5.47 11829 110.86 2195 20 .57 276

3 Rainbow 2857 21 .47 16066 120 .7 6857 51 .52 140
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T a b l e  6 .  S i z e  r a n g e  (mm)  o f  t r o u t  f o u n d  i n  s t u d y  s e c t i o n s  
I ,  2 a n d  3 b e f o r e , d u r i n g  a n d  a f t e r  t h e  
e x p e r i m e n t  on  R u b y  C r e e k , M o n t a n a , 1 9 8 2 .

T ro u t
S e c t io n s p e c ie s P r e - s tu d y  

(mm)
S t a r t

(mm)
P o s t - s tu d y

(mm)

I Rainbow 102-182 104-315 113-248

2 Rainbow 141-2 73 118-295 128-290

3 Rainbow 117-302 117-310 131-295



T a b l e  7 .  E m i g r a t i o n  o f  r a i n b o w  t r o u t  c a p t u r e d  d u r i n g  t h e
a c c l i m a t i o n  p e r i o d  i n  s e c t i o n s  I ,  2 a n d  3 ,  Ru b y  C r e e k ,

S e c t io n D ate
Number c a p tu re d  

u p stream
Number c a p tu re d  

dow nstream
T o ta l
number

a
Flow

( l i t e r s / s e c )

I 7 / 2 0 4 0 4 144
7 /21 8 10 18 71
7/ 22 6 5 11 77
7 / 23  . 3 2 5 109
7/ 24 9 2 11 274
7 /2 5 6 2 8 232

2 7 /1 9 19 0 ■ 19 249
7 /2 0 19 6 25 277
7 /21 6 0 6 167
7 /22 16 5 21 140
7 /23 14 0 14 308
7 /2 4 8 I 9 524

3 7 /1 9 31 5 36 ___
7 /2 0 26 6 32
7 /21 11 3 14 462
7/ 22 8 3 11
7 /23 6 0 6 674
7 /2 4 3 0 3 614

a : c f s  = l i t e r s / s e c x 0 .0351
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s e c t i o n  I ,  f e w e r  f i s h  a t t e m p t e d  t o  e m i g r a t e  f r o m  t h i s  

s e c t i o n  d u r i n g  t h e  a c c l i m a t i o n  p e r i o d  ( T a b l e  7 ) .  S i m i l a r  

n u m b e r s  a t t e m p t e d  t o  e m i g r a t e  f r o m  s e c t i o n s  2 a n d  3 .  A 

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

F l o w - R e l a t e d  C h a n g e s  i n  T r o u t  A b u n d a n c e

R a i n b o w  t r o u t  r e s p o n d e d  t o  f l o w  r e d u c t i o n s  by  

e m i g r a t i n g  f r o m  e x p e r i m e n t a l  s e c t i o n s  o f  Ru b y  C r e e k .  

E m i g r a t i o n  f r o m  t h e  t wo  s t u d y  s e c t i o n s  i n f l u e n c e d  by 

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

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

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

r e m a i n i n g ,  a n d  f l o w  i n  s e c t i o n s  I ,  2 a n d  3 ,  i n d i c a t e d  t h a t  

t h e  t r o u t  p o p u l a t i o n  i n  s e c t i o n  I a n d  3 d i d  n o t  r e s p o n d  

i m m e d i a t e l y  t o  f l o w  r e d u c t i o n s  ( F i g u r e s  8 ,  9 a n d  1 0 ) .  

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

i n c r e a s e d  c o r r e l a t i o n s  f r o m  0 . 8 5  t o  0 . 9 9  w i t h  a n  1 1 - d a y  

l a g  i n  s e c t i o n  I a n d  f r o m  0 . 0 9  t o  0 . 7 2  w i t h  a 15^- day  l a g  

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

l o s s  o f  o n e  d a t a  p a i r  f o r  e a c h  d a y  l a g g e d  ( T a b l e  8 ) .

T h e s e  l a g s  w e r e  u s e d  i n  a l l  s u b s e q u e n t  a n a l y s e s .  L a g g i n g  

f l o w  i n  s e c t i o n  2 i n c r e a s e d  t h e  c o r r e l a t i o n  b y  o n l y  I % a n d  

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

d a t a  w e r e  n o t  l a g g e d  b e f o r e  e v a l u a t i o n .  I n  a l l  s e c t i o n s ,  

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

o b s e r v a t i o n s  o f  c h a n g e  i n  n u m b e r s  ( F i g u r e s  8 ,  9 a n d  1 0 ) .
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F i g u r e  8 Response of rainbow trout (numbers and biomass) to decreases in
discharge in section I, Ruby Creek, Montana, 1982.

SC

T
R

O
U

T
 B

IO
M

A
SS, 

grem



SECTION 2

2 0 0 5 7 0

5 I O

V) 1 60

CO 1 4 0 FLOW FLOW

Z  1 2 0

3  1 0 0

NUMBERS
BIOMASS

AUGUST SEPTEMBER JULY AUGU
TIMETIME

Figure 9. Response of rainbow trout (numbers and biomass) to decreases in
discharge in section 2, Ruby Creek, Montana, 1982.
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Figure 10. Response of rainbow trout (numbers and biomass) to decreases in
discharge in section 3, Ruby Creek, Montana, 1982.

T
R

O
U

T
 B

IO
M

A
SS, 

gram
»(X

 
10



T a b l e  8 .  C o r r e l a t i o n  c o e f f i c i e n t s  ( r )  b e t w e e n  f i s h  a b u n d a n c e  l a g g e d  by
1982  a n d  d i s c h a r g e  i n  s e c t i o n s  I ,  2 a n d  3 ,  Ru b y  C r e e k ,  M o n t a n a ,

a b C
S e c tio n  I S e c t io n  2 S e c tio n  3

Flow Flow Flow
days la g g e d  r days la g g e d  r day s la g g e d  r

0 0 .8 5 0 0 .9 6
I 0 .8 6 I 0 .9 6
2 0 .8 8 2 0 .97
3 0 .8 9 3 0 .9 6
4 0 .9 1 4 0 .9 5
5 0 .9 2 5 0 .9 4
6 0 .9 3 6 0 .9 4
7 0 .9 5 7 0 .9 2
8 0 .9 6 8 0 .9 1
9 0 .9 7 9 0 .8 8

10 0 .9 8 10 0 .8 6
11 0 .9 9 11 0 .8 4
12 0 .9 8 12 0 .8 4
13 0 .9 6 13 0 .8 3
14 0 .9 4 14 0 .8 2
15 0 .9 2 15 0 .8 2

0
1
2
3
4
5
6
7
8 
9

10
11
12
13
14
15
16

0 .0 9
0 .0 9
0 .1 3
0 .2 0
0 .2 9
0 .4 0
0 .4 0
0 .4 3
0 .4 7
0 .5 0
0 .5 2
0 .5 7
0 .6 1
0.66
0 .71
0 .7 2
0 .6 7

a :  Number o f  d a ta  p o i n t s  = 40 
b : Number o f  d a ta  p o in t s  = 39 
c : Number o f  d a ta  p o i n t s  = 37
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T r o u t  e m i g r a t i o n  r a t e  i n c r e a s e d  i n  a l l  s e c t i o n s  a s  

d i s c h a r g e  wa s  d e c r e a s e d  3 0  t o  40% b e l o w  a c c l i m a t i o n  f l o w  

( F i g u r e s  1 1 ,  12 a n d  1 3 ) ,  e v e n  t h o u g h  i n i t i a l  d i s c h a r g e  i n

s e c t i o n s  2 a n d  3 w a s  m o r e  t h a n  d o u b l e  t h e  d i s c h a r g e  i n  

s e c t i o n  I .  R e d u c t i o n s  i n  d i s c h a r g e  o f  96  a n d  95% r e s u l t e d  

i n  d e c r e a s e s  i n  t r o u t  n u m b e r s  o f  48 a n d  58% i n  s e c t i o n s  I 

a n d  2 ,  r e s p e c t i v e l y .  C o r r e s p o n d i n g  d e c r e a s e s  i n  n u m e r i c a l  

d e n s i t y  w e r e  76 a n d  73% ( T a b l e  4 ) .  I n  t h e  n a t u r a l - f l o w  

s e c t i o n ,  t h e  t o t a l  d e c r e a s e  i n  d i s c h a r g e  o f  43% w a s  

a c c o m p a n i e d  by  a 31% d e c r e a s e  i n . t r o u t  n u m b e r s  a n d  a 52% 

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

d e n s i t y  d e c r e a s e d  a s  t r o u t  n u m b e r s  d e c r e a s e d  i n  e a c h  s t u d y  

s e c t i o n  ( T a b l e .  5 ) .

E m i g r a t i o n  r e s p o n s e  o f  r e s i d e n t  t r o u t  w a s  l e s s  ( 1 2 . 5 -  

1 7 . 2 % )  t h a n  s t o c k e d  t r o u t  ( 4 4 . 4 - 5 9 . 4 % )  i n  e a c h  s t u d y  

s e c t i o n  ( T a b l e  9 ) .  A c h i - s q u a r e  s t a t i s t i c a l  t e s t ,  h o w e v e r , 

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

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

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

s e c t i o n s  i n  a n  u p s t r e a m  d i r e c t i o n  b e t w e e n  93 a n d  99% o f  

t h e  t i m e  ( F i g u r e  1 4 ) .

S i z e  R e l a t e d  R e s p o n s e

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

s e c t i o n s  h a v i n g  l a r g e  f l o w  r e d u c t i o n s  ( T a b l e  1 0 ) .
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Figure 11. The relationship between percent intial trout numbers and
percent initial discharge in section I, Ruby Creek, Montana
1982 .
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F i g u r e  1 3 -  Th e  r e l a t i o n s h i p  b e t w e e n  p e r c e n t  i n i t i a l  t r o u t  n u m b e r s  a n d  
p e r c e n t  i n i t i a l  d i s c h a r g e  i n  s e c t i o n  3 ,  Ruby  C r e e k , M o n t a n a  
1 9 8 2  .



T a b l e  9 .  C o m p a r i s o n  o f  
r a i n b o w  t r o u t  
1 9 8 2  .

e m i g r a t i o n  o f  r e s i d e n t  
f r o m  s e c t i o n s  I ,  2 a n d

( R )  a n d  s t o c k e d  ( NR)
3 ,  Ruby  C r e e k ,  M o n t a n a ,

Sec t io n Or ig  in
Number in  

p o p u la t io n
% in

p o p u la t io n
Number

e m ig ra tin g

% o f  s t a r t i n g  
p o p u la t io n  
e m ig ra t in g P-v a lu e

I R 6 3 .4 I 1 6 .0 0 .321
NR 171 9 6 .6 95 5 5 .5

2 R 8 5 .7 I 1 2 .5 0 .1 4 0
NR 133 9 4 .3 79 5 9 .4

3 R 29 2 0 .7 5 1 7 .2 0 .0 5 6
NR 111 79 . 3 49 4 4 .4
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3 9 3

DOWNSTREAM

UPSTREAM

Ui 5 0

S  4 0

S E C T I O N :

F i g u r e  1 4 .  Nu mb e r  o f  r a i n b o w  t r o u t  t r a p p e d  i n  e a c h  s t u d y  
s e c t i o n  a c c o r d i n g  t o  d i r e c t i o n  o f  e m i g r a t i o n  
f o l l o w i n g  f l o w  r e d u c t i o n  i n  Ru b y  C r e e k , 
M o n t a n a ,  1 9 8 2 .
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T a b l e  1 0 .  C o m p a r i s o n  o f  m e a n  l e n g t h  a n d  w e i g h t  o f  r a i n b o w  

t r o u t  i n  e a c h  s t u d y  s e c t i o n  b e f o r e  a n d  a f t e r  t h e  
e x p e r i m e n t  on  Ru b y  C r e e k  M o n t a n a ,  1 9 8 2 .

S e c  t i o n B o d y  s i z e Ti me Nu m b e r Me a n P - v a l u e
v a r i a b l e o f  f i s h

I L e n g t h ( m m) Be f o r e 17 7 182 0 . 1 7 4

-
A f t e r 42 171

W e i g h t ( g ) B e f o r e 177 83 0 . 0 0 0 *
A f t e r 42 55 ■

. 2 L e n g t h ( mm) B e f o r e 140 1 9 0 0 .  103
A f t e r 37 174

W e i g h t (  g) B e f o r e • 140 84 0 . 0 6 4
Af  t e r 37 59

3 L e n g  t h ( mm) B e f o r e 140 1 9 0 0 . 5 2 9
A f t e r 67 194

W e i g h t ( g) B e f o r e 140 91 0 . 7 3  8
A f t e r 67 86

* S i g n i f i c a n t l y  d i f f e r e n t  P < 0 . 0 1

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

r a i n b o w  t r o u t  l e n g t h  d i s t r i b u t i o n s  a t  t h e  s t a r t  a n d  e n d  o f  

t h e , e x p e r i m e n t  ( M a n n - W h i t n e y  n o n p a r a m e  t r i e  t e s t ,  D i x o n ,  e t  

a l . 1 9 8 3 ) ,  i n s p e c t i o n  o f  t h e  d a t a  i n d i c a t e s  t h a t  l a r g e r  

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

s m a l l e r  f i s h  ( F i g u r e s  15 a n d  1 6 ) .  I n  t h e  c o n t r o l  s e c t i o n ,  

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

1 7 ) .

Me a n  b o d y  w e i g h t  o f  f i s h  i n  a l l  s t u d y  s e c t i o n s  d e ­

c r e a s e d  d u r i n g  t h e  s t u d y  p e r i o d .  Me an  w e i g h t  o f  f i s h  i n
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Figure 15. Comparison of the length distributions of trout
(by 10 mm groups) in section I at the start and
end of the study on Ruby Creek, Montana, 1982.
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s e c t i o n  I wa s  s i g n i f  i c a n t l y  l e s s  a t  t h e  e n d  . o f  t h e  s t u d y . ,  

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

b e t w e e n  t h e  b e g i n n i n g  a n d  e n d  o f  t h e  s t u d y  i n  s e c t i o n s  2 

a n d  3 ( T a b l e  1 0 ) .  P e r c e n t a g e  w e i g h t  d e c r e a s e  i n  s e c t i o n s  

I ,  2 a n d  3 wa s  3 4 ,  30 a n d  5%,  r e s p e c t i v e l y .

C h a n g e s  i n  C o n d i t i o n  F a c t o r s

C o n d i t i o n  f a c t o r s  o f  r a i n b o w  t r o u t ,  g r o u p e d  by  20 mm 

i n t e r v a l s ,  g e n e r a l l y  d e c r e a s e d  d u r i n g  t h e  e x p e r i m e n t  i n  

a l l  s t u d y  s e c t i o n s  ( T a b l e s  1 1 ,  12 a n d  1 3 ) .  D e c r e a s e s  i n

s e c t i o n  I w e r e  s t a t i s t i c a l l y  d i f f e r e n t  (P < 0 . 0 5 )  f o r  a l l  

20 mm l e n g t h  g r o u p s  b e t w e e n  1 2 0 - 2 3 9  mm, b u t  n o t  f o r  t h e  

s m a l l e s t  ( 1 0 0 - 1 1 9  mm) o r  t h e  l a r g e s t  l e n g t h  g r o u p  ( 2 4 0 - 2 5 9  

mm) .  I n  s e c t i o n  2 ,  w h i c h  w a s  a l s o  s u b j e c t e d  t o  l a r g e  

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

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

t h e  s t a r t  a n d  e n d  o f  t h e  s t u d y  f o r  a n y  s i z e  g r o u p .  T r o u t  

i n  s e c t i o n  3 ,  w h i c h  w e r e  s u b j e c t e d  t o  n a t u r a l  f l o w  

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

a l l  s i z e  g r o u p s  b e t w e e n  120 a n d  2 3 9  mm e x c e p t  f o r  t h e  2 0 0 -  

219  mm g r o u p . At  t h e  b e g i n n i n g  o f  t h e  s t u d y ,  m e a n  

c o n d i t i o n  f a c t o r s  r a n g e d  f r o m  1 . 0 1 7  t o  1 . 5 9 8  i n  s e c t i o n  I ,  

0 . 6 0 9  t o  1 . 0 9 6  i n  s e c t i o n  2 ,  a n d  1 . 0 0 8  t o  1 . 1 6 8  i n  s e c t i o n  

3 .  I n  s e c t i o n  I  t h e  l a r g e s t  d e c r e a s e s  i n  c o n d i t i o n  

b e t w e e n  t h e  b e g i n n i n g  a n d  e n d  o f  t h e  t e s t s  w e r e  4 2  a n d  41% 

i n  t h e  t wo s m a l l e s t  s i z e  g r o u p s  ( 1 0 0 - 1 1 9  mm; 1 2 0 - 1 3  9 mm) .
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Table 11. Comparison of condition factors of rainbow trout
stocked, those emigrating, and those remaining
at the end of reduced flow experiments in study
section I, Ruby Creek, Montana, 1982.

S iz e  ra n g e  
of f i sh(mm)

K - v . l u e
s t a r t - e n d

Mean K

S e c t i o n e x p e r im e n t f i s h  Min. Mean Max.
era Ig r a r i n g - e n d

100-119 6 1.246 1.598 1.803
E m ig ra t in g 0 .0 56

2 0.832 0 .9 33 1.035
No .(X)Otlss ing 4 ( 6 6 )

120-139 S t a r t 31 0.954 1.390 1.637
E m ig ra t in g 10 0 .6 5 2 0 .9 0 2 1.451 0 .000 ** 0 .0 00** 0 .8 8 0
End 10 0.565 0.822 0.922
No. ( X )m ie s in g 11 (3 5 )

140-159 S t a r t 33 0.943 1.221 1.482
E m ig ra t in g 16 0 .7 5 4 0 .9 0 9 1.090 0 .001 ** 0 .0 00** 0.412
End 9 0.811 1.013 2.204
No .(X )ml s s l n g 8 ( 2 4 )

160-179 S t a r t 14 1.076 1.218 1.482
Em lg ra t In g 7 0 .6 5 3 0.881 1 .001 0.008** 0 .0 00** 0 .9 0 9

3 0.823 0.897 0.974
No.( X ! m is s in g 4 ( 2 9 )

180-199 S t a r t 28 0.884 1.240 2.932
E m ig ra t in g 14 0 .7 4 2 0 .9 2 9 1 . 181 0.001** 0 .0 00** 0.742

6 0 .8 3 0 0.944 1 .061
No.(X )m ls s ln g 8 ( 2 9 )

200-219 22 0.899 1.126 1.358
Em lg ra t In g 17 0 .7 5 0 0 .9 5 0 I .  184 0 .002 ** 0 .0 00** 0.624

6 0.825 0.931 1.025
No.(X )m ls s ln g 1 (4 )

220-239 20 1.022 1.155 1.367
E m ig ra t in g 15 0.751 0.964 1.157 0.008** 0 .0 00** 0.  767

3 0.857 0.944 1.023
No . ( X) mi s a l  ng 2(1 0 )

240-259 17 0 .  744 1.070 1.432
E m ig ra t in g 13 0.867 0.932 1.100 0 .  368 0 .0 01** 0 .2 5 3

3 0.911 I .008 1.129
N o .( X ) m ls s ln g 1(1 6)

260-2 79 5 1.018 1.070 I .  127
E m ig ra t in g

N o . ( Z ) m la s in g

0 . 9 1 8 0 .9 5 3 1.018

1(2 0)

280-2 99
Emlgra t i n g  
End
No. (X ) m is s l n g

300-319

0 ( 0 )

1.017S t a r t
QE m ig r a t in g  

No.( X ) m ls s l n g
0
1(1 00)

— — —

O v e r a l l  s i z e s 177 0.744 1.233 2.932
E m ig ra t in g 96 0.652 0 .9 3 0 1.451 0 .0 24* 0 .0 00** 0.233

42 0.  565 0 .9 2 9 2.204
No. ( Z ) m i s s l n g 39 (2 2 )

S i g n i f i c a n t l y  d i f f e r e n t  P < 0 . 05
S i g n i f i c a n t l y  d i f f e r e n t  P < 0. 01
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Table 12. Comparison of condition factors of rainbow trout
stocked, those emigrating, and those remaining
at the end of reduced flow experiments in study
section 2, Ruby Creek, Montana, 1982.

S iz e  r a nge 
S e c t i o n  o f  f ish(mm) e x p e ri m e n t

Number of  
f i s h

s t a r t - e n d
Min. Mean

2 100-119 S t a r t I 0 .609
E m ig ra t in g I 0 .8 9 0
End 0
No. ( t  ) m l s s ln g 0 ( 0 )

120-139 S t a r t 25 0 .6 5 0 0.92 7 1.379
E m ig r a t in g 7 0.667 0.934 1.205 0.  101

7 0.890 0.985 1 .097
No. ( X)m ls s l n g 11( 44)

140-159 24 0 .7 39 0.970 1.172
E m ig r a t in g 10 0.684 0.871 1.039 0 .4 9 6

10 0.871 0.946 1.014
No.(%) m l s s l n g 4 ( 1 7 )

160-179 S t a r t 17 0.884 1.019 1.160
E m ig r a t in g 8 0 .8 8 0 0.967 1.082 0 .0 7 0

7 0.868 0.951 1.088
N o. ( X )m les lng 2(1 2 )

180-199 S t a r t 13 0.876 0 .9 99 1.092
E m ig r a t in g 6 0 .8 5 0 0 .9 4 2 1.005 0 .4 6 0
End 5 0.869 0.974 1.044
No .(% )ml s s l n g 2(1 5 )

200-219 S t a r t 20 0.911 1.060 1.313
E m ig ra t in g 15 0 .8 2 5 0.962 1.084 0 .1 7 0
End 2 0 .9 78 0.983 0.988
No. ( Z)ml s s l n g 3(1 5)

220-239 S t a r t 16 0.694 1.096 1.787
E m ig ra t in g 16 0 .8 9 8 0 .9 6 4 I .  130 0.325
End 2 0.871 0.971 1.071
No. ( X ) m is s l n g +2 (+13)

240 -2 59 S t a r t 14 0 .9 6 0 1.056 1.249
Em ig ra t In g 10 0 .8 1 2 0 .9 8 6 1.108 0.751

2 0 .9 9 3 1.022 1.051
N o . ( X )m lse ln g 2(1 4 )

260-2  79 S t a r  t 7 0 .9 83 1.090 1.232
E m i g r a t i n g 4 1.006 1 .0 70 1.130

I 1.026
No . ( Z ) m i s s i n g 2(2 9)

280-299 S t a r t 3 0.951 1.011 1.054
E m ig r a t in g 2 0.912 0 .9 8 9 1.065

I 0 .9 4 2
No .( X ) m is s ln g 0 ( 0 )

300-3 19 S t a r t I 0 .9 6 0
E m ig ra t in g I - - - - - 0 .9 3 5

0
No. ( Z ) m ls s ln g 0 ( 0 )

O v e r a l l  s i z e s 141 0 .6 0 9 I . Oil 1.787
E m i g r a t i n g 80 0 .6 6 7 0 . 9 4 8 1.205 0 .3 02

37 0.868 0 .9 6 5 1.097
N o . ( Z ) m ls s l n g 2 4 ( 1 7 )

Mean K Mean K
s t a r t - e m i g r a t i n g  e m l g r a t l n g - e n d  

P - v a l u e  P - v a lu e

0 .6 9 8  0 .3 3 8

0 .0 7 3  0.199

0.091 0 .4 1 8

0 .0 3 5 *  0.201

0 .0 0 9 * *  0.766

0 .0 0 5 * *  0.888

0 .0 8 4  0 .4 8 0

0 .8 5 0

I . 000 0 .221

0 . 0 0 1 * *  0 .8 1 5

* S i g n i f i c a n t l y  d i f f e r e n t  P < 0. 05
** S i g n i f i c a n t l y  d i f f e r e n t  P < 0 . 01
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Table 13. Comparison of condition factors of rainbow trout
stocked, those emigrating, and those remaining
at the end of reduced flow experiments in study
section 3, Ruby Creek, Montana, 1982.

S e c 11 on
S iz e  ra n g e  Time o f  Number o f
o f  f lsh(mm) e x p e ri m e n t  f i s h Min. Mean Max.

s t a r t - e n d s t a r t - e m i g r a t i n g emIg r a t  I n g - end

3 100-119

120-139

140-159

160-179

180-199

200-219

220 -23 9

240-2 59

260-279

280-2 99

300-3 19

O v e r a l l  s i z e s

S t a r t 7 1.061
Emlgra t  Ing 0 —————
End 0
No. ( Z ) B l s s i n g 7(1 0 0 )

S t a r t 16 1.000
E m ig r a t in g 2 1.057
End 5 0.931
No.( Z ) = I s e l n g 9 ( 5 6 )

S t a r t 21 0 .8 38
E m ig r a t in g 3 0 .9 1 9
End 15 0.864
N o . ( Z ) m is s ln g 3 (1 4 )

S t a r t 25 0.963
E m ig r a t in g 5 0 .8 3 0
End 12 0 .8 8 0
N o - ( Z ) B i s s in g 8 ( 3 2 )

S t a r t 12 1.003
E m ig ra t in g 7 0 .9 0 3
End 8 0.781
No . (Z ) a l  s s l n g +3(+2 5)

S t a r t 14 0.847
E m ig ra t in g 5 0 .9 4 3

7 0 .9 2 5
N o . (% )m ls s ln g 2(1 4 )

S t a r t 20 0 .9 4 9
F.mlg r a t i n g 17 0.741

0 .8 4 3
No. ( Z ) m i s s l n g ♦4 (+20)

S t a r t I l 0 .9 4 7
E m ig ra t in g 9 0 .8 5 3

5 0.932
No . ( Z )m l s s ln g +3 (+27)

S t a r t 8 0.961
E m ig ra t in g 4 0 .5 5 8
End 4 0 .9 3 5
N o - ( Z ) B i s s ln g 0 ( 0 )

S t a r t 4 0 .9 7 9
E m ig ra t in g 0
End 0.889
No. ( Z ) B i s s l n g 0 ( 0 )

2 0 .8 9 7
E m ig r a t in g 2 0 .8 3 5

0
No . ( Z ) m le 6 ln g 0 ( 0 )

S t a r t 140 0 .8 3 8
E m ig r a t in g 54 0.  558

67 0 .8 4 3
N o .( Z ) m ls s l n g 19 (1 4 )

1.167 1.317

—

1.114 1.205
1.196 1.335 0 .0 2 1 *
1.010 1.172

1.168 2.198
0 .9 6 3 0 .9 9 8 0.000**
0.962 1.019

1.093 1.432
0 .9 5 0 1.031 0.008**
0 .9 6 6 1.200

1.138 1.281
1.002 1.077
0.797 0.823

1.112 1.219
1 .0 28 1.097 0.073
1 .0 30 1.155

1.088 1.260
0 .9 4  9 
0.992

1.071
1.080

0 .0 2 7 *

1.092 1.202
0 .9 7 6 1.159 0.  157
1.028 1.092

1.069 1.218
0.899 1.104 0 .4 9 7
1 .0 2 6 1.137

1.086 1.147

0 .9 8 9 1.091

1.008 1.118
0 . 9 2 6 1.017

1.112
0 .9 8 8

2 .1 9 8
1.335 0.099

0 .9 9 2 1.200

0 .7 7 9  0.121

0 .0 3 6 *  0 .9 5 3

0 .0 0 7 * *  0 .9 1 6

0 .0 0 2 * *  0.862

0 . 0 3 7  0 .9 3 5

0 .0 0 0 * *  0 .2 1 6

0 . 012* 0.221

0 .2 3 5  0.387

0 . 4 3 9

0 . 0 0 0 * *  0 .4 7 5

* S i g n i f i c a n t l y  d i f f e r e n t  P < 0. 05
** S i g n i f i c a n t l y  d i f f e r e n t  P < 0 . 01



47

I n  s e c t i o n s  2 a n d  3 t h e  l a r g e s t  d e c r e a s e  i n  c o n d i t i o n  o f  

a n y  s i z e  g r o u p  w a s  11% a n d  30%,  r e s p e c t i v e l y .  I n  g e n e r a l ,  

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

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

e n d  o f  t h e  s t u d y  ( T a b l e s  1 1 ,  12 a n d  1 3 ) .

P o s t - S t u d y  D e n s i t i e s

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

w e r e  n o t  r e d u c e d  t o  p r e - s t u d y  l e v e l s  by  f l o w  r e d u c t i o n  

e x p e r i e n c e d  d u r i n g  t h e  6 3 - d a y  s t u d y  p e r i o d  ( T a b l e  4 a n d  

5 ) .  O r i g i n a l  n u m e r i c a l  d e n s i t i e s  ( f i s h / m e t e r )  i n  s e c t i o n s  

I ,  2 a n d  3 w e r e  0 . 1 2 ,  0 . 0 7 ,  a n d  0 . 2 2  r a i n b o w  t r o u  t / me t e r ,

r e s p e c t i v e l y .  T h e s e  w e r e  i n c r e a s e d  t o  1 . 4 3 ,  1 . 3 0  a n d  1 . 0 5

r a i n b o w  t r o u t / m e  t e r  a t  t h e  b e g i n n i n g  o f  t h e  s t u d y .  When 

t h e  s t u d y  w a s  c o m p l e t e d  in.  S e p t e m b e r ,  n u m e r i c a l  d e n s i t i e s  

h a d  d e c r e a s e d  t o  0 . 3 4 ,  0 . 3 5  a n d  0 . 5 0  i n  s e c t i o n s  I , .  2 a n d  

3 ,  r e s p e c t i v e l y .  T h e s e  d e n s i t i e s  w e r e  1 8 0 ,  4 0 0  a n d  127% 

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

e x p e r i m e n t  ( T a b l e  4 )  ., P o s t  s t u d y  b i o m a s s  d e n s i t i e s  h a d  

i n c r e a s e d  8 ,  276  a n d  140% i n  s e c t i o n s  1 , 2  a n d  3 ,  

r e s p e c t i v e l y . ( T a b l e  5 ) .  S e c t i o n s  I  a n d  2 ,  s u b j e c t e d  t o  

s i m i l a r  l a r g e  f l o w  r e d u c t i o n s  ( 9 6  a n d  95%,  r e s p e c t i v e l y ) , 

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

t h e  s t u d y .  T h e  c o n t r o l  s e c t i o n ,  w i t h  n a t u r a l  f l o w
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r e d u c t i o n '  o f  5 7 . 2 % ,  h a d  h i g h e r  t r o u t  d e n s i t i e s  b o t h  b e f o r e  

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

f l o w  r e d u c t i o n s .

F i s h  No t  A c c o u n t e d  F o r

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

a c c o u n t e d  f o r  a t  t h e  e n d  o f  t h e  s t u d y  ( T a b l e  1 4 ) .

T a b l e  1 4 .  F i s h  n u m b e r s  a n d . b i o m a s s  n o t  a c c o u n t e d  f o r  by 
e m i g r a t i o n  f r o m  s e c t i o n s  I ,  2 ,  a n d  3 ,  Ruby 
C r e e k , M o n t a n a ,  1 9 8 2 .

S e c t i o n

T r o u t u n a c c o u n t e d  f o r %Lo s s

N u m b e r s B i o m a s s ( g ) Nu mb e r  s B i o m a s s ( g )

I 39 4 6 9 2 22 32
2 24 2 0 0 9 17 I 7
3 19 2 1 1 0 14 16

E l e c t r o f i s h i n g  up  s t r e a m  f r o m  s e c t i o n  I t o  a n a t u r a l  f i s h  

b a r r i e r  p r o d u c e d  f o u r  m a r k e d  r a i n b o w  t r o u t . T h e s e  f i s h  

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

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

s e c t i o n  2 i n  a l a r g e  p o o l  p r o d u c e d  n o  m a r k e d  f i s h .  No 

a t t e m p t  w a s  m a d e  t o  r e c o v e r  l o s t  f i s h  a b o v e  s e c t i o n  3 .  The  

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

s e c t i o n s  w e r e  f r o m  l e n g t h  g r o u p s  l e s s  t h a n  140  mm t o t a l  

l e n g t h  ( T a b l e s  1 1 ,  12 a n d  1 3 ) .
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F l o w  R e l a t e d  D e c r e a s e s  i n  H a b i t a t  A v a i l a b i l i t y  

H a b i t a t  D i f f e r e n c e s

S e c t i o n  I w a s  c h a r a c t e r i z e d  by  a  p o o l - r i f f l e  c h a n n e l  

s t r u c t u r e  w h i l e  s e c t i o n s  2 a n d  3 h a d  a p r e d o m i n a n c e  o f  

r i f f l e - r u n  h a b i t a t .  B e c a u s e  o f  f l o w  d i f f e r e n c e s  b e t w e e n  

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

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

d i f f e r e n c e s  b e t w e e n  s e c t i o n s  d i f f i c u l t  ( F i g u r e s  1 8 ,  19 a n d  

2 0 ) .

Me a n  d e p t h  w a s  e s s e n t i a l l y  t h e  sam e  i n  a l l  t h r e e  

s e c t i o n s ,  a l t h o u g h  d i s c h a r g e  i n  s e c t i o n s  2 a n d  3 wa s  2 . 6  

a n d  2 . 9  t i m e s  l a r g e r ,  r e s p e c t i v e l y ,  t h a n  i n  s e c t i o n  I a t  

t h e  i n i t i a t i o n  o f  t h e  s t u d y  ( T a b l e  1 5 ) .  I n i t i a l  m e a n  

t h a l w e g  d e p t h s  w e r e  s i m i l a r  i n  s e c t i o n s  2 a n d  3 ,  b u t  wa s  

11% d e e p e r  i n  s e c t i o n  I .  At  t h e  e n d  o f  t h e  s t u d y ,  m e a n  

d e p t h  a n d  m e a n  t h a l w e g  d e p t h  i n  s e c t i o n s  I  a n d  2 b u t  w e r e  

a b o u t  50% s h a l l o w e r  t h a n  i n  s e c t i o n  3 .  Me an  v e l o c i t y  a t  

t h e  b e g i n n i n g  o f  t h e  s t u d y  w a s  s i m i l a r  i n  s e c t i o n s  I ( 61  

c m / s e c )  a n d  2 ( 6 4  c m / s e c ) ;  s e c t i o n  3 h a d  a s l i g h t l y  h i g h e r  

m e a n  v e l o c i t y  ( 7 3  c m / s e c ) .  Me a n  v e l o c i t y  h a d  b e e n  r e d u c e d  

80% i n  s e c t i o n  I ,  71% i n  s e c t i o n  2 a n d  19% i n  s e c t i o n  3 b y  

t h e  e n d  o f  t h e  s t u d y .

Due  t o  f l o w  a n d  c h a n n e l  d i f f e r e n c e s ,  t h e  o r d e r  o f  

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

d i f f e r e d  b e t w e e n  s e c t i o n s .  A l I  v a r i a b l e s  e x c e p t  v e l o c i t y
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F i g u r e  1 9 .  A v e r a g e  t r a n s e c t  d e p t h  o f  s e c t i o n  2 a t  167 l i t e r s / s e c  ( 5 . 9  c f s )  
C r e e k , M o n t a n a ,  1 9 8 2 .
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D I S T A N C E  U P S T R E A M ,  m e t e r s

Figure 20. Average transect depth of section 3 at 351 liters/sec (12.4 cfs) Rubv
Creek, Montana, 1982. *



T a b l e  1 5 .  Mean d e p t h  ( m)  , d e p t h  s t a n d a r d  d e v i a t i o n  a n d  m e a n
v e l o c i t y  ( c m / s e c )  i n  s t u d y  s e c t i o n s  I ,  2 a n d  3 R u b v  
C r e e k ,  M o n t a n a , 1 9 8 2 .  y

Flow
S e c t io n  ( l i t e r s / s e c ,  c f s )

Number o f  Mean 
o b s e r v a t i o n s  dep th  

(m e te r s )

Depth
s ta n d a r d  d e v i a t i o n Mean v e l o c i t y

I 283 ( 1 0 .0 ) 285 0 .23 0 .14 61113 ( 4 . 0 ) 239 0 .1 7 0 .1 2  ' 4023 ( 0 .8 ) 191 0.11 0 .10 21. 8 ( 0 . 3 ) 163 0 .0 9 0 .0 9 12
2 669 ( 2 3 .7 ) 225 0 .22 0 .1 0 73167 ( 5 . 9 ) 194 0 .1 6 0 .0 8 4954 ( 1 .9 ) 186 0 .09 0 .06 3028 ( 1 . 0 ) 171 0 .07 0 .0 5 21
3 821 ( 2 9 .0 ) 149 0.21 0 .12 64351 ( 1 2 .4 ) 144 0 .1 6 0 .1 0 52

Ui
Co

<
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a r e a  ( s u r f a c e  a r e a  w i t h  m e a n  v e l o c i t y  0 . 3  c m / s e c  ( 0 . 1  

f t / s e c )  d e c r e a s e d  a s  f l o w  d e c r e a s e d  ( T a b l e  1 6 ) .

D e c r e a s e s  i n  H a b i t a t

I n  b o t h  r e d u c e d  f l o w  s e c t i o n s ,  100%. o f  u s a b l e  o v e r ­

h a n g i n g  b a n k  c o v e r  ( O H B - s u r f a c e  a r e a  a s s o c i a t e d  w i t h  

o v e r h a n g i n g  b a n k  w i t h i n  30  cm o f  t h e  w a t e r s  s u r f a c e  w i t h  a 

d e p t h  o f  15 cm a n d  a o v e r h a n g  w i d t h  2  10'  cm)  wa s  l o s t .

I n  s e c t i o n  I ,  w h e r e  t o t a l  f l o w  r e d u c t i o n  w a s  9 7 %,  d e p t h  

a r e a  ( D A - s u r f a c e  a r e a  w i t h  a s s o c i a t e d  d e p t h  o f  15 cm o r  

m o r e )  w a s  r e d u c e d  9 1 . 8 % ;  o v e r h e a d  v e g e t a t i o n  ( O H V - s u r f a c e  

a r e a  h a v i n g  v e g e t a t i o n  w i t h i n  30  cm o f  w a t e r  s u r f a c e  w i t h  a 

d e p t h  o f  2  15 cm a n d  o v e r h a n g  w i d t h  o f  2  I 0 cm)  by  73 . 3 % 

a n d  t o t a l  s u r f a c e  a r e a  ( SA)  by  4 5 . 2 %  ( F i g u r e  2 1 ) .  Th e  96% 

d e c r e a s e  i n  f l o w  i n  s e c t i o n  2 w a s  a c c o m p a n i e d  by  a 100% 

r e d u c t i o n  i n  OHV f o l l o w e d  by  a  r e d u c t i o n  i n  DA o f  98%,  VA 

o f  97%,  a n d  SA o f  2 5 . 8 %  ( F i g u r e  2 2 ) .

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

5 7 . 2 % .  A c c o m p a n y i n g ,  d e c r e a s e  i n  OHV w a s  3 8 . 3 %  f o l l o w e d  

by  a 2 8 . 1 %  d e c r e a s e  i n  DA a n d  a n  8 . 2 % d e c r e a s e  i n  SA 

( F i g u r e  2 3 ) .  T h e r e  w a s  n o  OHB c o v e r  i n  s e c t i o n  3 .

H a b i t a t  C o r r e l a t i o n s

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

w i t h  t h e  e x c e p t i o n  o f  VA i n  s e c t i o n  I  w h i c h  h a d  l o w e r  

c o r r e l a t i o n  w i t h  o t h e r  h a b i t a t  v a r i a b l e s .  S i m i l a r l y  e a c h



T a b l e  1 6 .  C a l c u l a t e d  s u r f a c e  a r e a  a n d  p e r c e n t  c h a n g e  o f  f i v e  h a b i t a t  
v a r i a b l e s  ( p e r  100  m s t r e a m  l e n g t h ) .  Ruby  C r e e k , M o n t a n a  
I 982  .

a
S e c t io n Date Flow SA DA VA 0HV 0HB

( l i t e r s /  sec ) ZChange (m2) ZChange (m2) ZChange (m2 ) ZChange (m2 ) ZChange (m2) ZChange

I 7/24 283 0 . 0 251 .6 0 . 0 8 5 .0 0 . 0 135.1 0 . 0 7 .5 0 .0 0 .6 0 . 0
7 /2 0 113 - 6 0 .0 213 .3 - 1 5 .2 69 .8 - 1 7 .9 148.8 - 1 0 .1 6 .5 -1 3 .1 0.6 0 .0
9/1 23 - 9 2 . 0 171 .0 - 3 2 . 0 1 4 .6 - 8 2 . 8 166 .9 - 2 3 .5 2 .6 - 6 5 .3 0 . 0 - 1 0 0 .0
9 /8 9 - 9 7 .0 137.9 -4 5 .2 7.0 - 9 1 .8 137.8 2.0 2.0 - 7 3 .3 0 .0 - 1 0 0 .0

2 7/24 671 0 . 0 302 .3 0 . 0 192 .9 0 . 0 106 .9 0 . 0 9 .2 0 .0 0 . 1 0 . 0
7/21 167 - 7 5 .1 275.1 - 9 . 0 105.3 - 4 5 .4 112.6 5.3 2.6 - 7 1 .7 0.1 0 .0
9/2 54 - 9 2 . 0 2 5 5 .0 - 1 5 . 6 6 2 .9 - 6 7 .4 193.3 8 0 .0 0 . 0 - 1 0 0 .0 0 . 0 - 1 0 0 .0
9 /9 28 -9 5 -8 224 .2 - 2 5 .8 3.2 - 9 8 .3 219.4 105 .2 0 .0 -1 0 0 .0 0 .0 - 1 0 0 .0

3 7/22 822 0 . 0 448 .2 0 . 0 231 .3 0 . 0 2 2 8 . 1 0 . 0 6 .0 0 . 0 0 . 0 0 . 0
8/11 351 - 5 7 .2 41 1 .3 - 8 . 2 166.3 -28 .1 233 .8 2.5 3.7 -3 8 .3 0 .0 0 .0

S u r fa ce  Area-(SA) Depth Area-(DA)
V e l o c i t y  Area-(VA) O verhanging Bank-(OHB)
O verhanging V e g a ta t i o n  Area-(OHV)

a :  c f  s -  l i t e r s /  sec x 0 .03531



DISCHARGE -  2 8 3  I I I * , # / * * ,

SURFACE AREA -  3 1 1 . 2  m '

FLOW |>,
DISCHARGE -  0  I U * r # / * * c

TOTAL SURFACE AREA -  2 3 9 . 2  m '

RUBY CREEK SECTION I
LEGEND

--------------WETP TRANSECT

------------- HABITAT CROSS SECTION

----------—  THALWEG

\  9- ■ . 15m
^  SCALE

F i g u r e  2 1 .  S u r f a c e  a r e a  a n d  t h a l w e g  o f  h i g h e s t  a n d  l o w e s t  f l o w s  m e a s u r e d  a n d
l o c a t i o n  o f  w e t t e d  p e r i m e t e r  a n d  h a b i t a t  t r a n s e c t s  i n  s e c t i o n  I Rubv  
C r e e k ,  M o n t a n a ,  1 9 8 2 .



D I S C H A R G E  -  6 7 1  I l U r a  t c c

TOTAL SURFACE AREA -

DISCHARGE -  2 6  l l l e r e / e e c

TOTAL SURFACE AREA -  2 2 $  2 m>

RUBY CREEK SECTION 2
LEGEND

— ........... WETP TRANSECT

-------------HABITAT CROSS SECTION

-------- —  THALWEG

SCALE

F i g u r e  2 2 .  S u r f a c e  a r e a  a n d  t h a l w e g  o f  h i g h e s t  a n d  l o w e s t  f l o w s  m e a s u r e d  a n d  
l o c a t i o n  o f  w e t t e d  p e r i m e t e r  a n d  h a b i t a t  t r a n s e c t s  i n  s e c t i o n  2 
Ru b y  C r e e k , M o n t a n a ,  1982  .
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F i g u r e  2 3 .  S u r f a c e  a r e a  a n d  t h a l w e g  o f  h i g h e s t  a n d  l o w e s t  
f l o w s  m e a s u r e d  a n d  l o c a t i o n  o f  w e t t e d  p e r i m e t e r  
a n d  h a b i t a t  t r a n s e c t s  i n  s e c t i o n  3 ,  Ruby C r e e k  
M o n t a n a ,  1 9 8 2 .  ’
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h a b i t a t  v a r i a b l e  h a d  a h i g h  p o s i t i v e  c o r r e l a t i o n  w i t h  f l o w  

e x c e p t  f o r  VA w h i c h  wa s  n e g a t i v e l y  c o r r e l a t e d  i n  a l l  

s e c t i o n s  a n d  wa s  p o o r l y  c o r r e l a t e d  ( r =  - 0 . 6 0 )  i n  s e c t i o n  I 

( T a b l e s  1 7 ,  18 a n d  1 9 ) .  W i t h  t h e  e x c e p t i o n  o f  SA i n  

s e c t i o n s  2 a n d  3 ,  a l l  o t h e r  c o r r e l a t i o n s  w e r e  a b o v e  0 . 9 3 .

I n  g e n e r a l , t r o u t  n u m b e r s  a n d  b i o m a s s  w e r e  n o t  a s  

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

e x c e p t i o n  wa s  s e c t i o n  I  w h e r e  a l l  h a b i t a t - f l o w  c o r r e ­

l a t i o n s  w e r e  a b o v e  0 . 9 5 ,  e x c e p t  f o r  v e l o c i t y .  I n  s e c t i o n  

2 ,  t h e  c o r r e l a t i o n  b e t w e e n  OHV a n d  n u m b e r s  wa s  6 . 9 0 .

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

0 . 7 5  t o  0 . 8 3 .  I n  s e c t i o n  3 ,  n o  h a b i t a t  v a r i a b l e  c o r r e ­

l a t e d  h i g h l y  w i t h  n u m b e r s .  C o r r e l a t i o n s  r a n g e d  f r o m  0 . 6 5  

t o  0 . 6 8 .

T e m p e r a t u r e

Me a n  d a i l y  w a t e r  t e m p e r a t u r e ,  m e a s u r e d  i n  s e c t i o n s  I 

a n d  3 ,  g e n e r a l l y  d e c r e a s e d  d u r i n g  t h e  s t u d y  p e r i o d . The 

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

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

r a n g e d  f r o m  I t o  17 C a n d  I t o  18 C , i n  s e c t i o n s  I a n d  3 ,  

r e s p e c t i v e l y  ( F i g u r e s  24 a n d  2 5 ) .  A v e r a g e  m e a n  d a i l y  

t e m p e r a t u r e s - ,  o v e r  t h e  s t u d y  p e r i o d ,  w e r e  1 1 . 1  C i n  

s e c t i o n  I a n d  1 0 . 8  C i n  s e c t i o n  3 ( T a b l e  2 0 ) .



T a b l e  17 .  C o r r e l a t i o n s  b e t w e e n  h a b i t a t  v a r i a b l e s , me a n  r i f f l e
t r a n s e c t  v a r i a b l e s  a n d  t r o u t  n u m b e r s  r e m a i n i n g  i n  s e c t i o n  
I ,  R u b y  C r e e k , M o n t a n a  , 1982  . H a b i t a t  v a r i a b l e s  w e r e  
m e a s u r e d  a t  f l o w s  r a n g i n g  f r o m  2 3 2  t o  6 l i t e r s / s e c  ( 8 . 2  t o  
0 . 3  c f s )  .

Flow Numbers SA DA VA OHV

Flow 1.000
Num h e r s 0 .978 1.000

SA 0.963 0.947 1.000
DA 0.963 0 .9 6 5 0.971 1 .000
VA -0 .5 9 8 -0 .6 1 0 -0 .3 9 4 -0 .5 6 7 1.000

OHV 0.965 0 .966 0.973 0. 999 - 0 .5 6 6 1 .000
OHB 0.958 0 .963 0 .952 0.995 -0 .6 2 2 0.997

WETP 0.8 4 3 0.892 0.955 0 .979 - 0 .1 2 2 0.881
DBAR 0.952 0.941 0.996 0.974 -0 .3 9 8 0.975
VBAR 0.684 0 .683 0.482 0 .6 2 6 - 0 .9 6 5 0 .6 2 0
WDTH 0.830 0.816 0.948 0.865 -0 .0 9 8 0.869
AREA 0.963 0.952 0.997 0 .9 8 0 - 0 .4 3 2 0.982
DMAX 0.949 0.939 0.997 0 .972 -0 .3 8 8 0 .974
WTOT 0.980 0 .9 8 5 0 .9 4 9 0 .983 -0 .6 5 2 0 .9 8 5
WMAX 0.990 0.986 0. 940 0.962 -0 .6 5 3 0 .965

OMB WF.TP DBAR VBAR WDTH AREA WMAX

1.000
0 .8 4 3 1 .000
0.956 0.956 1.000
0 .665 0 .2 0 3 0 .476 1.000
0 .8 3 0 1.000 0.948 0.179 1.000
0 .9 6 5 0 .9 4 5 0 .999 0. 510 0 .9 3 6 1 .000
0 .954 0 .959 1.000 0.467 0.952 0 .999 1.000
0 .987 0 .8 2 3 0 .94  3 0 .708 0 .8 0 9 0 .9 5 6 0.941
0.964 0 .808 0.933 0.724 0.794 0 .946 0 .9 3 0

WTOT WMAX

1.000
0.991 1.000

O'
O

S u r fa c e  Area (SA)
Depth Area (DA)
V e lo c t ty  Area (VA)
Overhanging  V e g l t a t l o n  Area (OHV) 
Overhanging Rank Area (OHB)
W etted  P e r im e te r  (WETP)
Average Depth (DBAR)

Average V e l o c i t y  (VBAR)
Top Width o f  T r a n s e c t  (WDTH)
T r a n s e c t  Area (AREA)
Maximum Depth (DMAX)
T o ta l  Top Width w ith  Depth o f  15 cm or more (WTOT) 
L onges t  C o n t in u o u s  Top Width A s so c ia te d  w i th  a Depth of 

15 cm or more (WMAX)



T a b l e  1 8 .  C o r r e l a t i o n s  b e t w e e n  h a b i t a t  v a r i a b l e s ,  m e a n  r i f f l e
v a r i a b l e s  a n d  t r o u t  n u m b e r s  r e m a i n i n g  i n  s e c t i o n  2 ,  Ruby  
C r e e k ,  M o n t a n a , 1 9 8 2 .  H a b i t a t  v a r i a b l e s  w e r e  m e a s u r e d  a t
f l o w s  r a n g i n g  f r o m  5 2 4  t o  28 l i t e r s / s e c  ( 1 8 . 5  t o  1 . 0  c f s ) .

Flow Numbers SA DA VA

Flow 1.000
Num be r s 0 .918 1 .000

SA 0.896 0.766 1.000
DA 0.934 0 .8 1 5 0 .995 1.000
VA -0 .9 0 0 -0 .7 5 1 -0 .9 8 3 -0 .9 7 9 1.000

OHV 0.997 0 .904 0 .895 0.931 -0 .9 1 1
OHB 0.964 0.833 0 .970 0.984 -0 .9 7 9

WETP 0.899 0 .766 0 .9 9 6 0.991 -0 .9 8 2
DBAR 0.962 0.834 0.977 0 .990 -0 .9 8 2
VBAR 0.995 0.914 0 .8 5 6 0 .9 0 0 -0 .8 7 2
WDTH 0.879 0.746 0.995 0.986 -0 .9 7 7
AREA 0.967 0 .842 0 .974 0 .9 8 8 -0 .9 7 9
DMAX 0.958 0.832 0.982 0.993 -0 .9 8 3
WTOT 0.980 0 .8 5 0 0 .9 1 0 0 .9 3 7 -0 .9 3 4
UMAX 0.992 0.892 0.896 0.931 -0 .9 0 7

OHV OHB UETP DIlAR VBAR WDTH

1.000
0.969 1.000
0.897 0 .969 I .000
0.965 0.998 0.978 1.000
0 .9 9 6 0 .946 0 .8 5 8 0 .940 1 .0 0 0
0 .877 0.957 0 .999 0 .968 0 .835 1.000
0 .9 7 0 0 .9 9 8 0 .9 7 5 1 .000 0 .9 4 7 0 .964
0.961 0.967 0 .983 1.000 0.934 0.973
0 .988 0.979 0.91 5 0.976 0 .978 0 .896
0.993 0.967 0.901 0.965 0 .990 0.881

AREA DMAX

1.000
0.999  1.000
0 .9 7 9  0.971
0 .970  0.961

WTOT

1.000
0.990

UMAX

1.000

S u rfa ce  Area (SA) Average V e l o c i t y  (VBAR)
Depth Area (DA) Top Width o f  T r a n s e c t  (WDTH)
V e lo c i ty  Area (VA) T r a n s e c t  Area (AREA)
Overhanging  V e g i t a t i o n  Area (AREA) Maximum Depth (DMAX)
Overhanging Bank Area (OHB) T o ta l  Top Width w ith  Depth o f  15 cm or more (WTOT)
W etted P e r im e te r  (WETP) L ongest  C o n t in u o u s  Top Width A s s o c ia te d  w ith  a Depth of
Average Depth (DBAR) 15 cm or more (WMAX)



T a b l e  1 9 .  C o r r e l a t i o n s  b e t w e e n  h a b i t a t  v a r i a b l e s ,  m e a n  r i f f l e  
t r a n s e c t  v a r i a b l e s  a n d  t r o u t  n u m b e r s  r e m a i n i n g  i n  
s e c t i o n  3 ,  Ru b y  C r e e k ,  M o n t a n a ,  1 9 8 2 .  H a b i t a t  v a r i a b l e s  
w e r e  m e a s u r e d  a t  f l o w s  r a n g i n g  f r o m  615 t o  351 
l i t e r s / s e c  ( 2 1 . 7  t o  1 2 . 4  c f s ) .

Flow Numbers SA PA VA OHV WETP DBAR VBAR WDTH AREA DMAX WTOT

Flow 1.000
Numbers 0 .647

SA 0.785
DA 0.997
VA -0 .9 9 7

OHV 0.997
WETP 0.987
DBAR 0.990
VBAR 0.999
WDTH 0.986
AREA 0.998
DMAX 0.992
WTOT 0.964
WMAX 0.986

1.000
0 .650 1.000
0 .683 0 .804
0.684 0 .804
0.682 0 .803
0.717 0.814
0 .6 5 0 0.811
0.648 0.788
0 .720 0 .8 1 5
0 .677 0 .800
0 .695 0.793
0 .724 0 .845
0.666 0.812

1.000
- 1 .0 0 0  1 .0 0 0

1 .0 0 0  - 1 .0 0 0  
0.997  -0 .9 9 7  
0 .992 -0 .9 9 2  
0 .997 -0 .9 9 7  
0 .9 9 6  - 0 .9 9 6
1.000  - 1.000 
0 .9 9 7  -0 .9 9 7  
0.981 -0 .9 8 1  
0 .992  -0 .9 9 2

1.000
0 .997 1.000
0.992 0 .987
0 .997 0 .989
0 .9 9 6 1 .000
1.000 0.995
0 .997 0 .994
0.980 0.991
0 .992 0 .990

1.000
0 .990 1.000
0.987 0 .9 8 8
0.992 0.998
0 .992 0 .992
0.972 0 .966
0 .9 8 5 0.987

1.000
0.995 1.000
0 .994 0 .9 9 6
0.991 0.978
0 .9 9 0 0.992

1.000
0.978  1.000
0.987  0 .984

WMAX

1.000

O '
NJ

S u rfa ce  Area (SA)
Depth Area (DA)
V e l o c i t y  Area (VA)
Overhanging  Vegi t a t  ion Area (AREA) 
W etted P e r im e te r  (WETP)
Average Depth (DBAR)

Average V e l o c i t y  (VBAR)
Top Width of T r a n s e c t  (WDTH)
T r a n s e c t  Area (AREA)
Maximum Depth (UMAX)
T o ta l  Top Width w i th  Depth o f  15 cm o r  more (WTOT) 
Longest C on t inuous  Top Width A s s o c ia t e d  w ith  a Depth o f  

15 cm o r  more (WMAX)
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SECTION 1

MISSING DATA

2 3  2 5 2 7  2 9  31 4 6 , 8  10 12JULY AUGUST SEPTEMBER

F i g u r e  2 4 .  A v e r a g e  d a i l y  w a t e r  t e m p e r a t u r e s  ( C )  o f  s e c t i o n  
I ,  Ruby  C r e e k ,  M o n t a n a ,  1 9 8 2 .
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SECTION 3

14 -

13 ■

I 2 -

I I ■ 
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TIME

F i g u r e  2 5 .  A v e r a g e  d a i l y  w a t e r  t e m p e r a t u r e s  ( C )  o f  s e c t i o n  
3,  Ruby  C r e e k ,  M o n t a n a ,  1 9 8 2 .
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W e t t e d  P e r i m e t e r  a s  a H a b i t a t  I n d e x  

W e t t e d  P e r i m e t e r  a n d  H a b i t a t  C o r r e l a t i o n s

W e t t e d  p e r i m e t e r  c o r r e l a t e d  h i g h l y  w i t h  t h e  f i v e  

h a b i t a t  v a r i a b l e s  i n  a l l  s e c t i o n s ,  e x c e p t  f o r  v e l o c i t y  

a r e a  i n  s e c t i o n  I .  C o r r e l a t i o n  o f  w e t t e d  p e r i m e t e r  w i t h  

h a b i t a t  v a r i a b l e s  i n  s e c t i o n  I r a n g e d  f r o m  a l o w  o f  - 0 . 1 2 2  

f o r  v e l o c i t y  a r e a  ( VA)  t o  a h i g h  o f  0 . 9 7 9  f o r  d e p t h  a r e a  

( DA,  T a b l e  1 7 ) .  I n  s e c t i o n ,  2 w e t t e d  p e r i m e t e r  c o r r e ­

l a t i o n  w i t h  h a b i t a t  v a r i a b l e s  r a n g e d  f r o m  0 . 8 9 7  OHV t o  

0 . 9 9 6  f o r  SA ( T a b l e  1 8 ) .  I n  s e c t i o n  3 ,  t h e  c o r r e l a t i o n  

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

v a r i a b l e s  d e p t h  a r e a  ( D A ) ,  v e l o c i t y  a r e a  ( V A ) , a n d  

o v e r h a n g i n g  v e g e t a t i o n  ( OHV)  w e r e  0 . 9 9 7 .  Th e  l o w e s t  

c o r r e l a t i o n  i n  s e c t i o n  3 w a s  w i t h  SA ( r =  0 . 8 1 4 ,  T a b l e  

1 9 ) .

T r o u t  A b u n d a n c e  a n d  W e t t e d  P e r i m e t e r

C h a n g e s  i n  w e t t e d  p e r i m e t e r  w e r e  p a r a l l e l e d  by 

c h a n g e s  i n  t r o u t  n u m b e r s  i n  s e c t i o n  I ( F i g u r e  2 6 )  w i t h  a 

c o r r e l a t i o n  o f  0 . 8 9 2  ( T a b l e  1 7 ) .  ' W e t t e d  p e r i m e t e r  a n d  

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

b e l o w  140  l i t e r s / s e c  ( 4 . 9  c f s ) .

T r o u t  n u m b e r s  d e c r e a s e d  i n  s e c t i o n  2 b e f o r e  l a r g e  

d e c r e a s e s  i n  w e t t e d  p e r i m e t e r  o c c u r r e d  ( F i g u r e  2 7 ) .  T r o u t  

n u m b e r  a n d  w e t t e d  p e r i m e t e r  h a d  a  c o r r e l a t i o n  o f  0 . 7 6 6 .
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Figure 26. The relationship between wetted perimeter and trout numbers
remaining in section I, Ruby Creek, Montana, 1982.
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Figure 27. The relationship between wetted perimeter and trout numbers
remaining in section 2 , Ruby Creek, Montana, 1982.
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T r o u t  n u m b e r  i n  s e c t i o n  2 d e c r e a s e d  r a p i d l y  w i t h  s m a l l  

d e c r e a s e s  i n  d i s c h a r g e  b e l o w  3 6 0  l i t e r s / s e c  ( 1 2 . 7  c f s ) .  ' 

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

r e d u c e d  b e l o w  130 l i t e r s / s e c  o r  4 . 6  c f s .

I n  t h e  n a t u r a l  f l o w  s e c t i o n  ( s e c t i o n  3 )  t h e  c o r r e ­

l a t i o n  b e t w e e n  t r o u t  n u m b e r s  a n d  w e t t e d  p e r i m e t e r  wa s  

0 . 7 1 7 .  W i t h  a 1 5 - d a y  l a g  b e t w e e n  f l o w  c h a n g e  a n d  t r o u t  

e m i g r a t i o n  r e s p o n s e  , t r o u t  n u m b e r s  s t a b i l i z e d  a s  f l o w  

s t a b i l i z e d  a t  a b o u t  3 9 0  l i t e r s / s e c  o r  1 3 . 8  c f s .

C a l c u l a t e d  w e t t e d  p e r i m e t e r  d e c r e a s e d  m o s t  r a p i d l y  a s  

d i s c h a r g e  w a s  r e d u c e d  b e l o w  4 6 0  l i t e r s / s e c  ( 1 6 . 4  c f s ,  

F i g u r e  2 8 ) .  I n c r e a s e d  r a t e  o f  t r o u t  e m i g r a t i o n  

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

t h e  w e t t e d  p e r i m e t e r  c u r v e .

Th e  w e t t e d - p e r i m e t e r  c o m p u t e r  m o d e l  p r e d i c t e d  t h e  

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

d e p t h  ( DB A R ) , a v e r a g e  c r o s s  s e c t i o n  v e l o c i t y  ( V B A R ) , c r o s s  

s e c t i o n  w i d t h  (WDTH) , c r o s s  s e c t i o n  w a t e r  a r e a  ( ARE A) ,  

ma x i mu m c r o s s  s e c t i o n  d e p t h  ( DMAX) , t o t a l  t o p  w i d t h  h a v i n g  

a d e p t h  o f  15 cm o r  m o r e  (WTOT) , a n d  t h e  l o n g e s t  

c o n t i n u o u s  t o p  w i d t h  w i t h  d e p t h  o f  15 cm o r  m o r e  ( WMAX) .

O r d e r  o f  i m p o r t a n c e  o f  w e t t e d  p e r i m e t e r  h a b i t a t  

v a r i a b l e s , b a s e d  u p o n  c o r r e l a t i o n  w i t h  t r o u t  n u m b e r s ,  wa s  

n o t  c o n s i s t e n t  b e t w e e n  s t u d y  s e c t i o n s .  I n  s e c t i o n  I  a l l  

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

n u m b e r s  o f  t r o u t  l a r g e r  t h a n  0 . 9 3 ,  i n d i c a t i n g  t h a t  t h e y
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remaining in section 3, Ruby Creek, Montana, 1982.
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a r e  a l l  h i g h l y  i m p o r t a n t .  I n  s e c t i o n  2 VBAR' w a s  t h e  o n l y  

v a r i a b l e  w i t h  a c o r r e l a t i o n  e x c e e d i n g  0 . 9 0 .  WDTH h a d  a 

c o r r e l a t i o n  o f  0 . 7 5  a n d  e a c h  o f  t h e  r e m a i n i n g  f i v e  v a r i a ­

b l e s  h a d  c o r r e l a t i o n s  r a n g i n g  f r o m  0 . 8 3  t o  0 . 8 9 .  No 

v a r i a b l e  w a s  h i g h l y  c o r r e l a t e d  w i t h  n u m b e r s  i n  s e c t i o n  3 .  

B o t h  WDTH a n d  WTOT h a d  a c o r r e l a t i o n  o f  0 . 7 2 ,  w h i l e  o t h e r  

w e t t e d  p e r i m e t e r  v a r i a b l e s  h a d  c o r r e l a t i o n s  o f  0 . 6 4 - 0 . 7 0 .

V a r i a b l e s  V e r s u s  T r o u t  N u m b e r s

B e c a u s e  o f  h i g h  i n t e r c o r r e l a t i o n  o f  v a r i a b l e s , 

s t a n d a r d  m u l t i v a r i a t e  t e s t s  w e r e  u n s u i t a b l e  f o r  

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

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

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

3 0 - 4 0 % o f  i n i t a l  d i s c h a r g e  ( F i g u r e s  2 9 ,  30 a n d  3 1 ) ,  p e r c e n t  

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

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

i n i t i a l  f l o w .  V i s u a l  e v a l u a t i o n  o f  t h e s e  p l o t s  i n d i c a t e d  

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

n u m b e r s .  Th e  p a t t e r n  o f  d e c r e a s e  o f  w e t t e d  p e r i m e t e r  

v a r i a b l e s  WTOT a n d  WMAX, h o w e v e r , w a s  s i m i l a r  t o  t h e  

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

o f  t h e  E i s h  p o p u l a t i o n .  E a c h  o f  t h e s e  V a r i a b l e s  i s  a 

m e a s u r e  o f  t h e  r i f f l e  h a b i t a t  d e e p e r  t h a n  15 cm.



71

F i g u r e

100.0

8 7 . 5

6 2 . 5

50.a

3 7 . 5

25.0

12.5

LU

100.0

8 7 . 5

6 2 . 5

50.0.

3 7 . 5

25.0

12 5

10 0 .0

8 7 . 5

6 2 . 5

3 7 . 5

12.5

PERCENT INITIAL DISCHARGE
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a n d  l o n g e s t  c o n t i n u o u s  t o p  w i d t h  w i t h  d e p t h
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PERCENT INITIAL DISCHARGE
F i g u r e  3 0 .  T h e  r e l a t i o n s h i p  b e t w e e n  p e r c e n t  i n i t i a l

d i s c h a r g e  a n d  t r o u t  n u m b e r s  r e m a i n i n g ,  t o t a l  
t o p  w i d t h  w i t h  d e p t h  g r e a t e r  t h a n  15 cm (WTOT) 
a n d  l o n g e s t  c o n t i n u o u s  t o p  w i d t h  w i t h  d e p t h  
g r e a t e r  t h a n  15 cm (WMAX) f o r  s t u d y  s e c t i o n  2 
Ruby  C r e e k ,  M o n t a n a ,  1 9 8 2 .
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i s c h a r g e  a n d  t r o u t  n u m b e r s  r e m a i n i n g , t o t a l  
t o p  w i d t h  w i t h  d e p t h  g r e a t e r  t h a n  15 cm (WTOT) 
a n d  l o n g e s t  c o n t i n u o u s  t o p  w i d t h  w i t h  d e p t h
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A b u n d a n c e '  R e g u l a t i o n  by  Low Summe r  F l o w

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

Ru b y  C r e e k  w a s  n o t  r e d u c e d  t o  p r e - s t u d y  l e v e l s  d u r i n g  t h e  

6 3 - d a y  e x p e r i m e n t .  N u m e r i c a l  d e n s i t y  i n .  s e c t i o n s  I ,  2 a nd .  

3 wa s  1 8 0 ,  4 0 0  a n d  127% l a r g e r , r e s p e c t i v e l y ,  a t  t h e  e n d  

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

i n c r e a s e s  o f  8 ,  276  a n d  140%.  The  s m a l l e r  i n c r e a s e  i n  

b i o m a s s ,  c o m p a r e d  t o  n u m b e r s , i n  a l l  s e c t i o n s  w a s  due  t o  

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

m e n t a l  t r o u t .

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

d e n s i t i e s  o f  r a i n b o w  t r o u t  a t  t h e  e n d  o f  t h e  sum m er l o w 

f l o w  p e r i o d  i n  a l l  s e c t i o n s ,  c o m p a r e d  t o  i n i t i a l  

d e n s i t i e s ,  i s  n o t  c l e a r . P o s s i b l e  e x p l a n a t i o n s  i n c l u d e  

a l t e r a t i o n  i n  s o c i a l  t o l e r a n c e  by  f o r c e d  i n i t i a l  d e n s i t y  

i n c r e a s e s ,  t h e  p o s s i b i l i t y  t h a t  s u mme r  l o w  f l o w  i s  n o t  t h e  

l i m i t i n g  f a c t o r  on  R u b y  C r e e k , o r  t h a t  t h e  s t u d y  w a s  n o t  o f  

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

A l t e r a t i o n  o f  s o c i a l  t o l e r a n c e  by  i n i t i a l  s t o c k i n g  

d e n s i t y  i s  n o t  k n o wn  t o  h a v e  b e e n  r e p o r t e d  i n  t h e  

l i t e r a t u r e . .  H o w e v e r ,  R o b e r t  G. W h i t e  ( u n p u b l i s h e d  d a t a ,  

M o n t a n a  S t a t e  U n i v e r s i t y )  h a s  o b s e r v e d  i n  p r e v i o u s  

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

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

DISCUSSION
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t h e  i n i t i a l  s t o c k i n g  d e n s i t y  o f  j u v e n i l e  r a i n b o w - s t e e I  h e a d  

t r o u t , t h e  l a r g e r  t h e  s t a b i l i z a t i o n  n u m b e r  ( a t  c o n s t a n t  

f l o w )  a n d  t h e  l a r g e r  t h e  e n d i n g  d e n s i t y  f o l l o w i n g  s e v e r e  

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

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

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

A n o t h e r  c o n s i d e r a t i o n  i s  t h a t  f a c t o r s  o t h e r  t h a n  l o w  

s u mme r  f l o w s  r e g u l a t e  r a i n b o w  t r o u t  a b u n d a n c e  i n  Ruby  

C r e e k .  A b n o r m a l l y  h i g h  s p r i n g  s c o u r i n g  f l o w s  h a v e  b e e n  

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

( N e h r i n g  1 9 8 3 ) .  I n  R u b y  C r e e k ,  h o w e v e r , t h e r e  i s  no  

e v i d e n c e  t h a t  s p r i n g  s c o u r i n g  i s  a common e v e n t .  W i n t e r  

m o r t a l i t y  i s  a l s o  k n o w n  t o  be  l a r g e  i n  ma n y  s t r e a m s  ( H u n t  

1 9 6 9 ,  V i n c e n t  1 9 8 4 ) .  B e c a u s e  o f  t h e  r e l a t i v e l y  s m a l l  s i z e  

o f  R u b y  C r e e k  a n d  t h e  h a r s h  w i n t e r  c o n d i t i o n s  i n  t h e  

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

l a t i o n  a b u n d a n c e  .

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

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

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

i n  a l l  s e c t i o n s  h a d  s t a b i l i z e d  12 o r  m o r e  d a y s  p r i o r  t o  

t h e  e n d  o f  t h e  s t u d y .

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

p o p u l a t i o n s  i n  r i f f l e - r u n  h a b i t a t  m a y b e  i l l u s t r a t e d  by 

c o m p a r i n g  i n i t i a l  r a i n b o w  t r o u t  d e n s i t i e s  f r o m  s e c t i o n s  2
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a n d  3 .  S e c t i o n  2 h a s  h i s t o r i c a l l y  b e e n  d e w a t e r e d  f r o m  

A u g u s t  t o  m i d - S e p t e m b e r  ( MDFWP 1 9 8 1 )  w h i l e  s e c t i o n  3 h a s  

n o t  b e e n  i n f l u e n c e d  by  a r t i f i c i a l  f l o w  r e d u c t i o n s .

A l t h o u g h  h a b i t a t  i n  t h e  t wo s e c t i o n s  i s  v e r y  s i m i l a r , 

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

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

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

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

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

n e g a t i v e l y  t o  c h a n g e s  i n  s t r e a m  d i s c h a r g e .  T h e  l a r g e r  

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

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

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

t r o u t .  F r o m t h e s e  c o m p a r i s o n s  i t  a p p e a r s  c l e a r  t h a t  l o w  

su m m er  f l o w  h a s  a r e g u l a t i n g  i n f l u e n c e  on r a i n b o w  t r o u t  

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

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

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

d e c r e a s e d  i n  a l l  s t u d y  s e c t i o n s .  I n  s e c t i o n s  I  a n d  3,  

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

u n t i l  1 1  a n d  15 d a y s  a f t e r  m a j o r  f l o w  r e d u c t i o n s .  The 

m e c h a n i s m  f o r  t h i s  d e l a y e d  r e s p o n s e  i s  n o t  k n o w n , b u t  I  

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

i n c r e a s e d  t r o u t  d e n s i t i e s .

O t h e r  r e s e a r c h e r s  h a v e  r e p o r t e d  r e d u c t i o n  i n  t r o u t  

n u m b e r s  a s  w e l l  a s  l a g s  i n  r e s p o n s e  t o  f l o w  c h a n g e s .
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K r a f t  ( 1 9 6 8  a n d  1 9 7 2 )  e x a m i n e d  t h e  r e l a t i o n s h i p  b e t w e e n  

b r o o k  t r o u t  i n  B l a c k t a i l  C r e e k ,  M o n t a n a  a n d  f l o w - r e l a t e d  

c h a n g e s  i n  h a b i t a t .  D u r i n g  a 3 - m o n t h  s t u d y  w i t h  90% 

r e d u c t i o n  i n  f l o w ,  t r o u t  a b u n d a n c e  i n  t h e  r e d u c e d  f l o w  

s e c t i o n  d e c r e a s e d  a n  a v e r a g e  o f  62% i n  r u n s ,  c o m p a r e d  t o  

20% i n  c o n t r o l - s e c t i o n  r u n s ,  a n d  m o v e m e n t  o u t  o f  t h e  s t r e a m  

s e c t i o n  p e a k e d  1 0  d a y s  f o l l o w i n g  f l o w  r e d u c t i o n  ( K r a f t  

1 9 7 2 ) .  T r o u t  n u m b e r s  i n  p o o l s  o f  t h e  t e s t  s e c t i o n s  

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

c o n t r o l  s e c t i o n  d e c r e a s e d  m o r e  t h a n  14%.  K r a f t ’ s ( 1 9 7 2 )  

d a t a  s u g g e s t ,  t h a t  t r o u t  h a b i t a t  i n  r u n s  b e c o m e s  l e s s  

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

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

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

p o p u l a t i o n  .

B a c h m a n  ( I  98 4 )  d e s c r i b e d  a d e n s i t y - r e l a t e d  s o c i a l  

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

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

f o r a g i n g  s i t e s  t h a t  a l l o w e d  d r i f t  f e e d i n g  w i t h  a m i n i mu m  o f  

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

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

s i t e s  a n d  n o t  w i t h  r e f u g e  s i t e s .  K r u e g e r  ( 1 9 7 9 )  e x a m i n e d  

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

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

c h a n n e l . When d i s c h a r g e  w a s  r e d u c e d  94% o v e r  a 4 8 - h o u r
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p e r i o d ,  f i s h  e m i g r a t e d  f r o m  t h e  c h a n n e l  u n t i l  53  a n d  46% o f  

w i l d  a n d  h a t c h e r y - r e a r e d  f i s h  r e m a i n e d , r e s p e c t i v e l y .  

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

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

f r o m  1 7  t o  3 l i t e r s /  s e c .

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

u p s t r e a m  f r o m  t h e  s t u d y  s e c t i o n s .  M o v e m e n t  u p s t r e a m  w hen 

d i s c h a r g e  i s  r e d u c e d  h a s  b e e n  f o u n d  by  K r a f t  ( 1  9 7 2 ) .  a n d  

E a s t e r b r o o k s  ( 1 9 8 1 ) .  C l o t h i e r  ( 1 9 5 3  a n d  1 9 5 4 )  r e p o r t e d  t h a t  

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

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

( 1 9 8 1 )  a l s o  f o u n d  t h a t  m o s t  j u v e n i l e  r a i n b o w - s t e e ! h e a d  

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

E a s t e r b r o o k s  ( 1 9 8 1 )  o b s e r v e d  s i m i l a r  u p s t r e a m  m o v e m e n t  i n  

f l o w  r e d u c t i o n  t e s t s  w i t h  w i l d  r a i n b o w  a n d  c u t t h r o a t  t r o u t . 

He s p e c u l a t e d  t h a t  u p s t r e a m  e m i g r a t i o n  may be  t r i g g e r e d  by 

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

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

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

w a t e r  t e m p e r a t u r e  i n  d o w n s t r e a m ,  m a i n s  t em s t r e a m  r e a c h e s .  

A n o t h e r  p o s s i b l e  e x p l a n a t i o n  w o u l d  be  t h a t  t r o u t  move  

u p s t r e a m  t o  s e e k  p r e f e r r e d  h a b i t a t  a b o v e  f i s h  w i t h  s o c i a l  

d o m i n a n c e .

Me an  t r o u t  l e n g t h  d e c r e a s e d  i n  t h e  t wo s t u d y  s e c t i o n s  

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

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

( F i g u r e s  15 a n d  1 6 ) .  T h i s  s u g g e s t s  t h a t  l a r g e r  f i s h  

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

i n  h a b i t a t  r a t h e r  t h a n  f o o d .  I f  f o o d  w e r e  l i m i t e d ,  l a r g e r  

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

o n e  w o u l d  e x p e c t  a  l a r g e r  r e l a t i v e  p e r c e n t a g e  d e c r e a s e  i n  

n u m b e r s  o f  s m a l l  t r o u t . .  W h i t e  e t  a l . ( 1 9 8 1 )  r e p o r t e d  

s i m i l a r  r e s p o n s e  o f  j u v e n i l e  s t e e l h e a d - r a i n b o w  t r o u t  i n  

r e d u c e d  f l o w  t e s t s  c o n d u c t e d  i n  a r t i f i c i a l  c h a n n e l s .  T h e y  

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

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

a b u n d a n c e  w a s  r e d u c e d . F o o d  a v a i l a b i l i t y  w a s . n o t  

i n v e s t i g a t e d  d u r i n g  my s t u d y .

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

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

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

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

o f  n e a r l y  a l l  s i z e  g r o u p s  o f  t r o u t  d e c r e a s e d .  I n  g e n e r a l , 

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

t h o s e  r e m a i n i n g  u n t i l  t h e  e n d  o f  t h e  s t u d y  ( T a b l e s  11., 12

a n d  1 3 ) .  D e c r e a s e  i n  o v e r a l l  m e a n  w e i g h t  i n  r e d u c e d  f l o w  

s e c t i o n s  w a s ,  i n  p a r t ,  d u e  t o  a  d i s p r o p o r t i o n a t e  n u m b e r  o f  

l a r g e  f i s h  e m i g r a t i n g  f r o m  t e s t  s e c t i o n s .  D e c r e a s e  i n  

m e a n  c o n d i t i o n ,  h o w e v e r ,  w a s  n o t  a r e s u l t  o f  s i z e  r e l a t e d

e m i g r a  t i o n .
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The  o b s e r v a t i o n  t h a t  m e a n  w e i g h t  a n d  c o n d i t i o n  

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

f o o d  l i m i t a t i o n  w o u l d  n o t  be  e x p e c t e d ,  m a k e s  i n t e r p r e ­

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

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

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

a r e a  b e c a u s e  o f  s o c i a l  i n t e r a c t i o n .  A s i m i l a r  c o n c l u s i o n  

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

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

c a l l y  s i g n i f i c a n t ,  f i s h  i n  t h e s e  s i z e  g r o u p s - i n  a l l  

s e c t i o n s  l o s t  c o n d i t i o n  d u r i n g  t h e  s u mme r  s t u d y  p e r i o d ,  

w h e n  c o n d i t i o n  s h o u l d  h a v e . r e m a i n e d  t h e  s a me  o r  i n c r e a s e d  

( C a r l a n d e r  1 9 6 9 ) .

I t  i s  t h o u g h t  t h a t  t h e  n u m b e r s  r e m a i n i n g  i n  s t u d y  

s e c t i o n s  w e r e  w i t h i n  t h e  s o c i a l  t o l e r a n c e  f o r  r a i n b o w  t r o u t  

d u r i n g  t h e  p r e s e n t  s h o r t - t e r m  s t u d y .  A l t h o u g h  q u a n t i t y  o f  

f o o d  may  h a v e  b e e n  l e s s  t h a n  o p t i m u m ,  i t  a p p a r e n t l y  w a s  n o t  

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

a d  j  u s  t me n  t  s . .

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

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

w i t h  s i m i l a r  d e s i g n s .  K r u e g e r  ( 1 9 7 9 )  r e p o r t e d  l o s s  o f  

j u v e n i l e  c h i n o o k  s a l m o n  b e t w e e n  5 a n d  21% o f  t h e  s t o c k e d  

f i s h .  W h i t e  e t  a l . ( 1 9 8 1 )  r e p o r t e d  11 t o  27% u n a c c o u n t e d  

f i s h  d u r i n g  t h e  1 9 7 8  a n d  1 9 7 9  f l o w  t e s t s .  A h i g h e r  p e r ­

c e n t a g e  o f  b i o m a s s ,  c o m p a r e d  w i t h  n u m b e r s ,  r e m a i n e d
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u n a c c o u n t e d  f o r  d u r i n g  t h e  s t u d y  i n  s e c t i o n s  I  a n d  2 .

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

my s t u d y .  T h e  l o s s  o f  t r o u t  n u m b e r s  d u r i n g  t h i s  s t u d y  i s  

l i k e l y  d u e  t o  t h e  r e d u c t i o n  i n  c o v e r  w i t h  d e c r e a s e d  

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

p r e d a t i o n  by  k i n g f i s h e r , g r e a t  b l u e  h e r o n  a n d  r i v e r  o t t e r .

F l o w  R e l a t e d  D e c r e a s e s  i n  H a b i t a t  A v a i l a b i l i t y

S e c t i o n s  2 a n d  3 w e r e  c h a r a c t e r i z e d  by  a r u n - r i f f l e  

h a b i t a t  s t r u c t u r e .  S t u d y  s e c t i o n  I  w a s  c h a r a c t e r i z e d  by a 

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

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

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

i n i t i a t i o n  o f  t h e  s t u d y  w a s  m o r e  t h a n  50% l e s s  i n  t h e  p o o l -  

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

m e a n  t h a l w e g  d e p t h  wa s  11% g r e a t e r  t h a n  i n  t h e  r u n - r i f f l e  

c h a n n e l s .

I n  s e c t i o n  3 ( n a t u r a l  f l o w )  l a g g e d  t r o u t  n u m b e r  

s t a b i l i z e d  a s  d i s c h a r g e  s t a b i l i z e d  a t  a b o u t  3 5 0  l i t e r s / s e c  

o r  12 c f s  ( F i g u r e  1 0 ) ,  w h i l e  n u m b e r s  i n  s e c t i o n  2 c o n t i n u e d  

t o  d e c l i n e  a s  f l o w  d e c l i n e d  ( F i g u r e  9 ) .  T h i s  i n t e r p r e ­

t a t i o n  i s  b a s e d  on  t h e  a s s u m p t i o n  t h a t  t h e  1 5 - d a y  l a g  i n  

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

3 i s  c o r r e c t .  S i n c e  e s s e n t i a l l y  n o  l a g  wa s  s e e n  i n  s e c t i o n  

2 t h e  m i x t u r e  o f  h a b i t a t  c h a r a c t e r i s t i c s  w i t h i n  s e c t i o n s
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m u s t  be  s u b s t a n t i a l l y  d i f f e r e n t  b e c a u s e  o f  t h e  o b s e r v e d  

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

h a b i t a t s  w e r e  t h e  s a me  b e t w e e n  s e c t i o n s  2 a n d  3 a  s i m i l a r  

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

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

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

t o l e r a n c e  r a n g e  o f  r a i n b o w  t r o u t  a n d  w o u l d  n o t  be  e x p e c t e d  

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

( C a r l a n d e r  1 9 6 9 ) .  R e l a t i v e l y  s i m i l a r  t e m p e r a t u r e s  i n  

s e c t i o n s  I  a n d  3 d u r i n g  e x t r e m e  d i f f e r e n c e s  i n  f l o w  a n d  

t h e  l o w e r  v a r i a t i o n  o f  w a t e r  t e m p e r a t u r e s  i n  s e c t i o n  I ,  

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

s e c t i o n  I .

W e t t e d  P e r i m e t e r  a s  a H a b i t a t  I n d e x .

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

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

t h i s , m u l t ! v a r i a n t  s t a t i s t i c s  w e r e  u n s u i t a b l e  f o r  d i s ­

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

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

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

e v a l u a t i o n  wa s  d e t e r m i n e d  t o  be  i n a p p r o p r i a t e , p l o t s  o f  

p e r c e n t a g e  c h a n g e  i n  e a c h  h a b i t a t  a n d  w e t t e d  p e r i m e t e r  

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

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

w a s  t h e n  r e l a t e d  t o  o b s e r v e d  p e r c e n t  d e c r e a s e  i n  r a i n b o w
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t r o u t  a b u n d a n c e  w i t h  p e r c e n t  d e c r e a s e  i n  f l o w .  Of  t h e  13 

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

a s s o c i a t e d  w i t h  d e p t h  o f  a t  l e a s t  15 cm (WTOT)  a n d  l o n g e s t  

c o n t i n u o u s  t o p  w i d t h  a s s o c i a t e d  w i t h  a d e p t h  o f  15 cm o r  

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

w i t h  f l o w  ( F i g u r e s  2 9 ,  30 a n d  3 1 ) .  B o t h  o f  t h e s e  

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

a r e  a  m e a s u r e  o f  q u a n t i t y  o f  r i f f l e  d e p t h  g r e a t e r  t h a n  15 

cm .

O t h e r  r e s e a r c h e r s  h a v e  a l s o  r e p o r t e d  t h a t  d e p t h  i s  

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

( 1 9 7 0 )  f o u n d  t h a t  o f  15 v a r i a b l e s  e v a l u a t e d ,  m e a n  d e p t h  wa s  

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

w i l d  b r o o k  a n d  r a i n b o w  t r o u t .  He s p e c u l a t e d  m e a n  s e c t i o n  

d e p t h  wa s  a n  i n d e x  o f  d e e p  w a t e r  s u i t a b l e  f o r  f r i g h t  c o v e r .  

E v e r e s t  ( 1 9 6 9 )  c o r r e l a t e d  d e n s i t y  o f  j u v e n i l e  s t e e l h e a d  

t r o u t  a n d  c h i n o o k  s a l m o n  w i t h  s u b s t r a t e  s i z e ,  b o t t o m  

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

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

s i g n i f i c a n t  c o r r e l a t i o n  w i t h  d e n s i t y  o f  a g e  0 - c h i n o o k  

s a l m o n .  I n  o n e  s t r e a m ,  d e p t h  a l s o  a c c o u n t e d  f o r  t h e  

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

W h i t e  ( 1 9 7 6 )  a t t e m p t e d  t o  p r e d i c t  e f f e c t s  o f  f l o w  

r e d u c t i o n s  on r a i n b o w  t r o u t  p o p u l a t i o n s  i n  t h e  T e t o n  R i v e r ,  

I d a h o .  He p r e d i c t e d  t h a t  c o v e r ,  i n  t h e  f o r m  o f  s u f f i c i e n t
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d e p t h ,  w o u l d  be  l i m i t i n g  a s  d i s c h a r g e  d e c l i n e d  i n  r u n -  

r i f f l e  c h a n n e l s .  E a s t e r b r o o k s  ( 1 9 8 1 )  r e p o r t e d  t h a t  w i l d  

r a i n b o w  a n d  c u t t h r o a t  t r o u t  e x h i b i t e d  a  l i n e a r  d e c r e a s e  i n  

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

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

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

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

d u c t i v i t y  r e s p o n d e d  t o  d e p t h  r e d u c t i o n s  d i f f e r e n t l y .  G i v e n  

e q u a l  f l o w  a n d  d e p t h  c o n d i t i o n s ,  a b u n d a n c e  o f  e x p e r i m e n t a l  

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

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

I f  t h e  r e s u l t s  a r e  r e p r e s e n t a t i v e  o f  t h e  h a b i t a t  

t y p e s  s t u d i e d  i t  a p p e a r s  t h a t  r i f f l e  w e t t e d  p e r i m e t e r  may  

n o t  b e  a g o o d  i n d e x  o f  s u mme r  h a b i t a t  s u i t a b i l i t y  f o r  

r a i n b o w  t r o u t  i n  r i f f l e - r u n  h a b i t a t s  i n  s m a l l  s t r e a m s  

s i m i l a r  t o  Ru b y  C r e e k .  A l t h o u g h  t h e  w e t t e d - p e r i m e t e r  

c u r v e s  w e r e  c o n s i d e r a b l y  d i f f e r e n t  b e t w e e n  t h e  t wo  r u n -  

r i f f l e  s e c t i o n s  ( s e c t i o n s  2 a n d  3 ) ,  a n d  t h e  l o w e s t  f l o w  w a s  

92% l e s s  i n  s e c t i o n  2 t h a n  i n  s e c t i o n  3 ,  s i m i l a r i t y  b e t w e e n  

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

t h e  f i s h  p o p u l a t i o n  ( F i g u r e s  1 2 ,  1 3 ,  27 a n d  2 8 ) .  I n  b o t h  

s e c t i o n s ,  a s  d i s c h a r g e  w a s  r e d u c e d  b e l o w  a p p r o x i m a t e l y  400  

l i t e r s / s e c  ( 1 4  c f s ) ,  t h e  r a t e  o f  c h a n g e  i n  t r o u t  a b u n d a n c e  

i n c r e a s e d .  I f  t h e  i n f l e c t i o n  p o i n t  on  t h e  w e t t e d  p e r i m e t e r  

c u r v e  f o r  s e c t i o n  2 w e r e  u s e d  a s  t h e  r e c o m m e n d e d  f l o w  

( a b o u t  1 5 0  l i t e r s / s e c  o r  5 c f s ) ,  t h i s  r e c o m m e n d a t i o n  w o u l d



85

s u b s t a n t i a l l y  u n d e r e s t i m a t e  t h e  a p p r o x i m a t e  3 7 5  l i t e r s / s e c  

( 1 3 . 2  c f  s )  w h i c h  a p p e a r e d  o p t i m u m  f o r  my e x p e r i m e n t a l  f i s h  

p o p u l a t i o n  ( F i g u r e  2 7 ) .  I n  s e c t i o n  3 t h e r e  w e r e  t wo 

i n f l e c t i o n  p o i n t s  ( F i g u r e  2 8 ) ;  o n e  a t  a b o u t  475  l i t e r s / s e c  

( 1 7  c f s )  a n d  o n e  a t  a b o u t  3 0 0  l i t e r / s e c  ( 1 1  c f s ) .  The  

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

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

I n  c o n t r a s t ,  t h e  i n f l e c t i o n  p o i n t  on  t h e  w e t t e d  

p e r i m e t e r  c u r v e  f o r  t h e  p o o l - r i f f l e  h a b i t a t  i n  s e c t i o n  I 

( F i g u r e  2 6 )  c o r r e s p o n d e d  w e l l  w i t h  t h e  f l o w  ( 1 5 0  

l i t e r s / s e c  , 5 c f s )  a t  w h i c h  f a t e  o f  t r o u t  e m i g r a t i o n  

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

s e c t i o n  w a s  s t u d i e d  ( s e c t i o n  I ) ,  i t  i s  n o t  k n o wn  i f  t h e s e  

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

h a b i t a t  i n  g e n e r a l  .

A n n e a r  a n d  C o n d e r  ( 1 9 8 3 )  f o u n d  t h a t  s u b j e c t i v e l y  

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

p e r i m e t e r  c u r v e s  o v e r e s t i m a t e d  m i n i m u m  f l o w  77% o f  t h e  

t i m e ,  wh e n  c o m p a r e d  t o  a  v a l i d a t e d  h a b i t a t  q u a l i t y  i n d e x  

( HQI  M o d e l  I I ,  B i n n s  1 9 7 9 ) .  T h e s e  r e s u l t s  a r e  i n  c o n t r a s t  

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

w e t t e d  p e r i m e t e r  i n f l e c t i o n  p o i n t s  e i t h e r  p r e d i c t e d  f l o w  , 

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

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

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

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

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

h a b i t a t  f o r  t r o u t  i n  s t r e a m s .  W h i t e  e t  a l . ( 1 9 8 3 )  f o u n d  

t h a t  t r o u t  s t a n d i n g  c r o p s  p r e d i c t e d  by t h e  HQI  m e t h o d  

w e r e  p o o r l y  c o r r e l a t e d  ( r =  0 . 2 2 8 )  w i t h  a c t u a l  s t a n d i n g  

c r o p s  f o u n d  i n  s t u d i e d  s t r e a m  r e a c h e s .  S u b j e c t i v e  h a b i t a t  

p a r a m e t e r  m e a s u r e m e n t s  r e q u i r e d  i n  t h e  HQI m o d e l  may  

e x p l a i n  t h e  p o o r  c o r r e l a t i o n  b e t w e e n  p r e d i c t e d  a n d  a c t u a l  

s t a n d i n g  c r o p s  o f  t r o u t .  T h e  s u b j e c t i v e n e s s  o f  c h o o s i n g  

w e t t e d  p e r i m e t e r  i n f l e c t i o n  p o i n t s  ma y  a l s o  b e  r e s p o n s i b l e  

f o r  i n c o n s i s t e n c i e s  b e t w e e n  A n n e a r  a n d  C o n d e r  ( 1 9 8 3 )  a n d  

t h e  p r e s e n t  s t u d y .

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

d e t e r m i n i n g  m i n i m u m  s t r e a m  d i s c h a r g e  on  s m a l l  s t r e a m s  d o e s  

n o t  a p p e a r  t o  be  a c o n s i s t e n t  i n d e x  o f  r a i n b o w  t r o u t  

h a b i t a t  s u i t a b i l i t y .  I n  p o o l - r i f f l e  h a b i t a t  o f  Ruby  C r e e k  

t h e  m e t h o d  w o r k e d  w e l l .  I n  r u n - r i f f l e  h a b i t a t s ,  h o w e v e r ,  

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

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

r e a s o n a b l e  l e v e l .

S i n c e  my s t u d y  w a s  c o n d u c t e d  on  h a b i t a t  t y p e s  i n  o n l y  

o n e  s m a l l  s t r e a m  a n d  f o r  o n l y  o n e  s u mme r  s e a s o n ,  r e s u l t s  

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

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

p a r t i c u l a r l y  r e l a t e d  t o  t h e  q u a n t i t y  o f  r i f f l e  h a b i t a t  

w i t h  d e p t h s  g r e a t e r  t h a n  15 cm.  Re s e a r c h e r s  s h o u l d  

e x a m i n e  t h e  e f f e c t s  o f  s t o c k i n g  d e n s i t i e s  a n d  t h e  

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

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

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

u s i n g  t h e  i n f l e c t i o n  p o i n t  on  t h e  c u r v e s  o f  l o n g e s t  

c o n t i n u o u s  r i f f l e  t o p  w i d t h  w i t h  d e p t h s  2  1 5 cm a n d  t o t a l  

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

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

s h o u l d  be  e x a m i n e d .
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T a b l e  2 0 .  L i s t  o f  r a n g e s  a n d  m e a n s  o f  d a i l y  w a t e r  

t e m p e r a t u r e s  i n  s e c t i o n  I  a n d  3 R u b y  C r e e k  
M o n t a n a  1 9 8 2 .

D a t e

S e c t i o n  I ( C ) Se c t i o n 3 ( C )

R a n g e Mean R a n g e Me a n

7 - 2 4 8 . 0 - 1 0 . 0 9 . 0
25
26 8 . 5 - 1 1 . 0 9 . 8
27 8 . 5 - 1 7 . 5 1 3 . 0
28 9 . 0 - 1 6 . 0 1 2 . 5
29
30
31 1 3 . 0 - 1 6 . 0 1 4 . 5

8 - I 1 2 . 0 - 1 6 .  5 1 4 . 3 7 . 0 - 1 8 . 0 1 2 . 5
2 7 . 0 - 1 7 . 0 1 2 . 0
3 7 . 0 - 1 6 . 0 1 1 . 5
4 7 . 0 - 1 5 .  0 1 1 . 0
5
6 9 . 0 - 1 4 . 0 1 1 . 5 7 . 0 - 1 2 . 0 9 .  5
7 1 1 . 0 - 1 5 . 0 1 3 . 0 7 . 0 - 1 7 . 0 1 2 . 0
8 1 1 . 0 - 1 2 . 0 1 1 . 5 8 . 0 - 1 6 . 0 1 2 . 0
9 1 1 . 0 - 1 4 . 0 1 2 . 5 8 . 0 - 1 5 . 0 1 1 . 5
10 1 1 . 0 - 1 5 . 0 1 3 . 0 8 . 0 - 1 7 . 0 1 2 . 5
11 1 1 . 0 - 1 4 . 0 1 2 . 5 7 . 0 - 1 7 . 0 1 2 . 0
12 7 . 0 - 1 5 . 0 1 1 . 0
13 9 . 0 - 1 4 . 0 1 1 . 5 6 . 0 - 1 6 . 0 1 1 . 0
14 1 1 . 0 - 1 3 . 0 1 2 . 0 8 . 0 - 1 6 . 0 1 2 . 0
15 1 1 . 0 - 1 4 . 0 1 2 . 5  . 8 . 0 - 1 7 . 0 1 2 .  5
16 9 . 0 - 1 7 . 0 1 3 . 0 9 . 0 - 1 7 . 0 1 3 . 0
17 8 . 0 - 1 6 . 0 1 2 . 0 8 . 0 - 1 6 . 0 1 2 . 0
18 8 . 0 - 1 6 . 0 1 2 . 0 8 . 0 —1 6 . 0 1 2 . 0
19 9 . 0 - 1 7 . 0 1 3 . 0 8 . 0 - 1 7 . 0 1 2 . 5
20 9 . 0 - 1 5 . 0 1 2 . 0 8 . 0 - 1 5 . 0 1 1 . 5
21 9 . 0 - 1 5 .  5 1 2 . 3 8 . 0 - 1 6 . 0 1 2 . 0
22 9 . 0 - 1 6 . 0 1 2 . 5 7 . 5 - 1 6 . 0 1 1 . 8
23 8 . 0 - 1 6 . 0 1 2 . 0 6 . 5 - 1 6 . 0 1 1 . 3
24 8 . 0 - 1 5 . 5 1 1 . 8  . 6 . 5 - 1 5 . 5 1 1 . 0
25 8 . 0 - 1 5 . 0 1 1 .  5 6 . 0 - 1 5 . 0 1 0 . 5
26 8 . 0 - 1 4 . 0 1 1 . 0 6 . 5 - 1 4 . 5 1 0 .  5
27 8 . 0 - 1 5 .  5 1 1 . 8 6 . 5 - 1 6 . 0 1 1 . 3
28 9 . 5 - 1 4 . 0 1 1 . 8 7 . 5 - 1 5 . 5 1 1 . 5
29 8 . 0 - 1 4 . 5 1 1 . 3 7 . 5 - 1 4 . 5 1 1 . 0
30 1 0 . 0 - 1 3 . 0 1 1 . 5 1 0 . 0 - 1 4 . 0 1 2 . 0
31 8 .  5 - 1 3 . 5 1 1 . 0 6 . 5 - 1 4 . 5 1 0 . 5

9 - I 7 . 0 - 1 4 . 0 1 0 . 5 6 . 0 - 1 4 . 0 1 0 . 0
.2 8 . 0 - 1 4 . 0 1 1 . 0 7 . 0 - 1 5 . 0 1 1 . 0



T a b l e  20 ( c o n t i n u e d )
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4 1 0 . 5 - 1 5 . 5 1 3 . 0 8 . 0 - 1 5 . 3 1 1 . 5
5 6 . 5 - 1 4 . 5 1 0 . 5 5 . 5 - 1 4 . 0 9 . 8
6 6 . 5 - 1 3 . 5 1 0 . 0 5 . 0 - 1 4 . 0 9 . 8  .
7 7 . 0 - 1 4 . 5 1 0 . 8 5 . 0 - 1 4 . 5 9 . 8
8 8 . 0 - 1 6 . 0 1 2 . 0 5 . 5 - 1 4 . 5 1 0 . 0
9 7 . 5 - 1 5 . 0 1 1 . 3 6 . 0 - 1 4 . 5 1 0 . 3
10 5 . 0 - 1 0 . 0 7 .  5
11 5 . 0 - 1 2 . 5 8 . 8 5 . 0 - 1 2 . 5 8 .  8
12 7 . 0 - 1 1 . 5 9 . 3 6 . 0 - 1 1 . 0 8 .  5
13 3 . 0 - 7 . 5 5 . 3 4 . 5 - 1 3 . 5 9 . 0
14 2 . 0 - 8 . 0 5 . 0 1 . 0 - 8 . 5 4 . 8
15 I . 0 - 8 . 0 4 . 5 1 . 0 - 7 . 0 4 . 0
16 3 . 0 —7 . 0 5 . 0 5 . 0 - 8 . 0 6 . 5

Bi Ii CO 4> O v e r a l l  m e a n = l I . I N=IOO O v e r a l l m e a n = 10
S t a n d a r d  d e v i a t i o n = 3 . 8 ( C )  S t a n d a r d  d e v i a t i o n = 4 . 5 ( C )
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