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Abstract:
A study was conducted on Blacktail Creek in southwestern Montana from May, 1966, to September,
1967, to determine the effects of controlled flow reductions on the ecology of aquatic insects. Two
riffles were selected for study: one served as a control, and the other, the test riffle, was subjected to
flow reduction^ of 75 and 90% during the summers of 1966 and 1967, respectively. Four samples of
aquatic insects were collected with a Surber sampler along a transect in each riffle on each sampling
date.. Samples were collected bimonthly during the periods of dewatering and monthly during the
period of natural flow. Physical and chemical data were collected on each sampling date. Average
depth, average water velocity, and water volume were the physical parameters most affected by flow
reductions. During the period of 75% dewatering, aquatic insect populations in the control riffle
increased, while those in the test riffle remained stable. Insect densities in the test riffle, relative to
those in the control riffle., were higher during the period of 75% dewatering' than during the full-flow
period. A decline in the numbers of aquatic insects/m^2 in the test riffle was associated with the
resumption of natural flow conditions. Total numbers of insects in the test riffle did not reach their
initial high value until two months after the initial high was reached in the test riffle. Trichoptera were
affected most by flow reductions. 
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ABSTRACT

A s tu d y  w as c o n d u c te d  on B l a c k t a i l  C re e k  i n  s o u th w e s te r n  M o n tan a  fyom  
M ay, 1966 , t o  S e p te m b e r ,  1 9 6 7 , t o  d e te r m in e  t h e  e f f e c t s  o f  c o n t r o l l e d  f lo w  
r e d u c t i o n s  on t h e  e c o lo g y  o f  a q u a t i c  i n s e c t s .  Two r i f f l e s  w e re  s e l e c t e d  
f o r  s tu d y :  one  s e r v e d  a s  a  c o n t r o l ,  an d  th e  o t h e r ,  t h e  t e s t  r i f f l e ,  was
s u b j e c t e d  t o  f lo w  r e d u c t i o n ^  o f  75 an d  90$  d u r in g  th e  sum m ers o f  1 9 6 6 . an d  
1 9 6 7 , r e s p e c t i v e l y .  F o u r  s a m p le s  o f  a q u a t i c  i n s e c t s  w e re  c o l l e c t e d  w i t h  a  
S u r b e r  s a m p le r  a lo n g  a  t r a n s e c t  i n  e a c h  r i f f l e  on  e a c h  s a m p lin g  d a t e . .  
S am p le s  w e re  c o l l e c t e d  b im o n th ly  d u r in g  t h e  p e r i o d s  o f  d e w a te r in g  and  
m o n th ly  d u r i n g  t h e  p e r i o d  o f  n a t u r a l  f lo w .  P h y s i c a l  an d  c h e m ic a l  d a t a  
w e re  c o l l e c t e d  on  e a c h  s a m p lin g  d a t e .  A v e ra g e  d e p th ,  a v e r a g e  w a te r  
v e l o c i t y ,  a n d  w a te r  v o lu m e w e re  t h e 'p h y s i c a l  p a r a m e te r s  m o s t a f f e c t e d  b y  
f lo w  r e d u c t i o n s .  D u r in g  t h e  p e r i o d  o f  7 5 $  d e w a te r in g ,  a q u a t i c  i n s e c t  
p o p u l a t i o n s  i n  t h e  c o n t r o l  r i f f l e  i n c r e a s e d ,  w h i l e  t h o s e  i n  t h e  t e s t  r i f f l e  
r e m a in e d  s t a b l e . I n s e c t  d e n s i t i e s  i n  t h e  t e s t  r i f f l e ,  r e l a t i v e  t o  t h o s e  
i n  t h e  c o n t r o l  r i f f l e . ,  w e re  h i g h e r  d u r in g  t h e  p e r i o d  o f  7 5 $  d e w a te r in g ' 
t h a n  d u r in g  t h e  f u l l - f l o w  p e r i o d .  A d e c l i n e  i n  t h e  n u m b ers  o f  a q u a t i c  
i n s e c t s / m ^  i n  t h e  t e s t  r i f f l e  w as a s s o c i a t e d  w i t h  t h e  r e s u m p t io n  o f  
n a t u r a l  f lo w  c o n d i t i o n s .  T o t a l  n u m b ers  o f  i n s e c t s  i n  t h e  t e s t  r i f f l e  . 
d i d  n o t  r e a c h  t h e i r  i n i t i a l  h ig h  v a lu e  u n t i l  tw o m o n th s  a f t e r  t h e  i n i t i a l  
h ig h  w as r e a c h e d  i n  t h e  t e s t  r i f f l e .  T r i c h o p t e r a  w e re  a f f e c t e d  m o s t b y  
f lo w  r e d u c t i o n s .



INTRODUCTION

The summer f lo w s  o f  m any s t r e a m s  i n  t h e  w e s t e r n  U n i te d  S t a t e s  a r e  r e ­

d u c e d  b y  t h e  d i v e r s i o n  o f  w a te r  f o r  i r r i g a t i o n .  I n  1 9 6 5 , t h e  M on tana  F i s h  

a n d  Game D e p a r tm e n t  s p o n s o r e d  s t u d i e s  on  B l a c k t a i l  C re e k  i n  s o u th w e s te r n  

M o n tan a  t o  d e te r m in e  th e  e f f e c t s  o f  r e d u c e d  f lo w s  on  f i s h  p o p u l a t i o n s .

W a te r w as d i v e r t e d  frp m  a  p o r t i o n  o f  t h e  s t r e a m  t o  s im u la te  c o n d i t i o n s  t h a t  

m ig h t  o c c u r  fro m  d e w a te r in g  f o r  i r r i g a t i o n .  D u r in g  th e  f i r s t  summer o f  th e  

s tu d y  some a q u a t i c  i n s e c t s  w e re  s t r a n d e d  b y  d e w a te r in g  a n d  s e d im e n ta t i o n  

i n c r e a s e d  i n  some a r e a s .  My s tu d y  w as i n i t i a t e d  t o  d e te r m in e  th e  e f f e c t s  

o f  r e d u c e d  , f lo w s  on th e  h a b i t a t  a n d  d y n a m ic s  o f  a q u a t i c  i n s e c t  c o m m u n itie s .  

F i e l d  w o rk  w as c o n d u c te d  fro m  May 6 , 1966 , th r o u g h  S e p te m b e r I ,  1967-

P o p u la t i o n s  o f  a q u a t i c  i n s e c t s  a r e  a f f e c t e d  b y  s t r e a m  f lo w s .  S u rb e r  

( 1 9 3 6 ) ,  T a r z w e l l  ( 1 9 3 7 ) ,  a n d  L ogan  ( 1 9 6 3 ) show ed an  i n v e r s e  r e l a t i o n s h i p  

b e tw e e n  n u m b ers  o f  i n s e c t s  a n d  f lo w ,  a n d  s u g g e s te d  a  s c o u r in g  e f f e c t .

I r v i n g  a n d  C u lp in  ( 1 9 5 6 ) show ed t h a t  d i u r n a l  w a te r  l e v e l  f l u c t u a t i o n s  b e lo w  

a  dam i n  Id a h o  r e d u c e d  t h e  p r o d u c t i o n  o f  a q u a t i c  b o t to m  i n v e r t e b r a t e s .  

P o w e ll  (1 9 4 8 )  co m p ared  a q u a t i c  i n s e c t  p o p u l a t i o n s  b e lo w  a  p o w er dam i n  

C o lo ra d o  w i t h  t h o s e  ab o v e  t h e  im p o u n d m e n t. I n  th e  a r e a  b e lo w  th e  dam, 

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

l a t i o n s  w e re  l e s s ,  i n d i v i d u a l  o rg a n is m s  w e re  s m a l l e r ,  a n d  t h e r e  w ere  

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

B r ig g s  (1 9 4 8 )  r e p o r t e d  t h e  n u m b ers  a n d  w e ig h t s  o f  b o tto m  o rg a n is m s  t o  be  

m uch g r e a t e r  b e lo w  a  p e r c o l a t i o n  dam i n  C a l i f o r n i a  t h a n  ab o v e  a n d  a t ­

t r i b u t e d  t h i s  t o  t h e  s t a b i l i z a t i o n . e f f e c t  o f  t h e  dam on  w a te r  f lo w s .



METHODS

The t e s t  r i f f l e  w as s e l e c t e d  i n  t h e  u p p e rm o s t  s e c t i o n  (A , F ig .  l ) ,  o f  

t h e  52 m p o r t i o n  o f  t h e  s t r e a m  u s e d  f o r  t h e  f i s h  p o p u l a t i o n  s t u d i e s  c o n ­

d u c t e d  b y  W ipperm an ( 1 9 6 6 ,  1 9 6 7 ) o f  t h e  M o n tan a  F is h  a n d  Game D e p a r tm e n t 

a n d  K r a f t  ( 1 9 6 8 ) .  A d e w a te r e d  s t a t e  w as m a in t a in e d  th r o u g h o u t  a  t h r e e  

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

o f  0 .9 0  m ^ /s e c .  The b a s e  f lo w  i n  S e c t i o n  A w as r e d u c e d  75% t o  0 .2 2  m ^ /s e c  

fro m  May 23 t o  A u g u s t 2 3 ,  1 9 6 6 . F low  w as d e c r e a s e d  90% t o  0 ,0 9  m ^ /s e c  fro m  

J u l y  3 t o  S e p te m b e r  3 , 1 9 6 7 - A n o th e r  r i f f l e ,  t h e  c o n t r o l ,  w as s e l e c t e d  

u p s t r e a m  i n  a n  a r e a  f r e e  fro m  d e w a te r in g  i n f l u e n c e s  ( F i g .  l ) .

T h re e  0 . 3 m  s a m p le s  o f  t h e  s t r e a m  b o t to m  w e re  c o l l e c t e d  a lo n g  a  

t r a n s e c t  i n  e a c h  r i f f l e  w i t h  a  S u r b e r  s a m p le r .  M a t e r i a l  w as c o l l e c t e d  t o  

a  d e p th  o f  a b o u t  7 -5  cm i n  t h e  t e s t  r i f f l e ,  b u t  o n ly  t o  5 cm i n  t h e  c o n t r o l  

r i f f l e  due t o  t h e  p r e s e n c e  o f  b e d r o c k .  The sa m p le s  fro m  e a c h  r i f f l e  w ere  

d r i e d  an d  p u t  t h r o u g h  a  s e r i e s  o f  T y le r  s o i l  s c r e e n s  t o  s e p a r a t e  th em  i n t o  

s e v e n  s i z e  c a t e g o r i e s .  The v o lum e o f  e a c h  s i z e  c a te g o r y  w as d e te r m in e d  b y  

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

A q u a t ic  i n s e c t  s a m p le s  w e re  t a k e n  w i t h  a  S u rb e r  s a m p le r .  Thq lo w e r

e n d  o f  e a c h  r i f f l e  w as s a m p le d  f i r s t  so  u p s t r e a m  a r e a s ,  t o  b e  sa m p led  l a t e r ,
2

w o u ld  n o t  b e  d i s t u r b e d .  F o u r  0 .3  m s a m p le s ,  s p a c e d  0 .6  m a p a r t  a l o n g ' a  

t r a n s e c t ,  w e re  c o l l e c t e d  i n  e a c h  r i f f l e  on  e a c h  s a m p lin g  d a t e . A re a s  w i th  

l a r g e  am o u n ts  o f  a q u a t i c  v e g e t a t i o n  o r  l a r g e  r u b b le  w e re  a v o id e d .  S u c­

c e e d in g  s a m p le s  w e re  t a k e n  i n  a  s i m i l a r  m an n er on  t r a n s e c t s  e s t a b l i s h e d  

a b o u t  0 .6  m u p s t r e a m  fro m  t h e  p r o c e e d in g  o n e .  A f t e r  s e v e n  m o n th s  o f
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s a m p l in g ,  t h e  u p p e r  e n d s  o f  t h e  r i f f l e s  w e re  r e a c h e d  a n d  c o l l e c t i o n s  w e re  

t a k e n  a t  t h e  d o w n s tre a m  e n d s  b u t  w e re  s t a g g e r e d  so  t h a t  sam p le  s i t e s  i n  

t h e  s e c o n d  s e r i e s  f e l l  b e tw e e n  th o s e  o f  t h e  f i r s t  s e r i e s  ( F i g .  2 ) .  S am p les  

w e re  c o l l e c t e d  e v e r y  tw o w eek s  d u r in g  th e  p e r i o d s  o f  d e w a te r in g  an d  e v e r y  

f o u r  w eek s d u r in g  n a t u r a l  f lo w s  (A u g u s t 2 6 ,  1 9 6 6 , t o  J u n e  2 5 ,  1 9 6 7 ) e x c e p t  

i n  J u n e ,  1 9 6 7 , w hen h i g h  s p r i n g  f lo w s  p r e v e n t e d  s a m p lin g .  H e r e a f t e r ,  t h e  

t h r e e  ab o v e  m e n t io n e d  f lo w  p e r i o d s  w i l l  b e  r e f e r r e d  t o  a s  t h e  p e r i o d  o f  

75% d e w a te r in g ,  90% d e w a te r in g ,  a n d  f u l l - f l o w .

A t o t a l  o f  l6 8  s a m p le s  w e re  c o l l e c t e d  (8 4  fro m  e a c h  r i f f l e )  on B I  

s a m p lin g  d a te s - .  S am p les  w e re  p l a c e d  i n  p l a s t i c  b a g s ,  p r e s e r v e d  i n  10% 

f o r m a l i n ,  t h e n  l a t e r  s o r t e d  t o  O rd e r ,  c o u n te d ,  a n d  p r e s e r v e d  i n  70% 

a l c o h o l .  V olum es o f  i n s e c t s  w e re  d e te r m in e d  t o  t h e  n e a r e s t  0 . 1  cc  b y  

d i s p l a c e m e n t  i n  70% a l c o h o l .  T r i c h o p t e r a  c a s e s  w e re  n o t  i n c l u d e d  i n  

v o l u m e t r i c  m e a s u re m e n ts .  N um bers an d  v o lu m e s  o f  i n s e c t s  f ro m  t h e  t e s t  

r i f f l e  w e re  co m p ared  t o  t h o s e  fro m  t h e  c o n t r o l  r i f f l e  b y  f lo w  p e r i o d  w i th  

an  a n a l y s i s  o f  v a r i a n c e  t e s t .  S i g n i f i c a n c e  i s  r e p o r t e d  a t  t h e  1% l e v e l  

u n l e s s  o th e r w is e  s t a t e d .  I n s e c t s  f ro m  t h r e e  s e l e c t e d  s a m p lin g  d a t e s  

(M arch  2 4 , J u l y  7? a n d  S e p te m b e r  I ,  1 9 6 7 ) w e re  i d e n t i f i e d  t o  s p e c i e s  w h ere  

p r a c t i c a b l e .

P h y s i c a l  a n d  c h e m ic a l  d a t a  w e re  c o l l e c t e d  on e a c h  s a m p lin g  d a t e .

F lo w s w e re  c a l c u l a t e d  fro m  v e l o c i t y  a n d  d e p th  m e a su re m e n ts  t a k e n  w i t h  a  

G u r le y  c u r r e n t  m e te r  a t  0 . 3  m i n t e r v a l s  on  a  t r a n s e c t  a c r o s s  t h e  s t r e a m . 

V e l o c i t i e s '  w e re  o b t a i n e d  a t  0 . 4  t h e  d e p th  o f  t h e  w a te r .  The v e l o c i t y  an d
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Aio

SCALE LEGEND

WATER LINE a t  0 .9 0  m3/$ec
WATER LINE a t  0 .22  m3/sec
WATER LINE a t  0 .09  m3/sec
SAMPLE SITES a t  0 . 2 2  m3/sec
SAMPLE SITES a t  0 . 9 0  m3/sec
SAMPLE SITES a t  0 . 0 9  m3/sec

F ig u r e  2 .  Map o f  t e s t  r i f f l e  sh o w in g  sam p le  s i t e s  an d  w a te r  l i n e s  a t  
t h r e e  f lo w  c o n d i t i o n s .  N um bers i n d i c a t e  t h e  l o c a t i o n  o f  
t r a n s e c t s  an d  t h e  s e q u e n c e  i n  w h ic h  t h e y  w e re  e s t a b l i s h e d .



d e p th  a t  e a c h  sam p le  s i t e  w e re  r e c o r d e d .  W a te r  t e m p e r a t u r e s  w e re  r e c o r d e d  

on T a y lo r  th e rm o g ra p h s  d u r in g  t h e  d e w a te r e d  p e r i o d s .  Maximum-minimum 

th e rm o m e te r s  w e re  u s e d  th r o u g h o u t  th e  f u l l - f l o w  p e r i o d  an d  w e re  r e a d  on 

e a c h  s a m p lin g  d a t e .  A m o d e l DR-EL E ach  k i t  w as u s e d  t o  d e te r m in e  d i s s o l v e d  

o x y g e n , a l k a l i n i t y ,  pH , a n d  t u r b i d i t y  on  e a c h  sam p le  d a t e .

Maps w e re  c o n s t r u c t e d  o f  b o th  r i f f l e s  when f lo w  w as n e a r  t h e  c a l c u l a t e d  

b a s e  o f  O .9O n r1/ s e c  a n d  o f  t h e  t e s t  r i f f l e  w hen th e  f lo w  w as r e d u c e d  b y  75 

a n d  90%. A p o l a r '  p l a n i m e t e r  w as u s e d  t o  d e te r m in e  th e  a r e a  o f  t h e  w a te r e d

z o n e s  u n d e r  e a c h  f lo w  c o n d i t i o n .



DESCRIPTION OF STUDY AREA

B l a c k t a i l  C ree k  o r i g i n a t e s  fro m  t h r e e  m a jo r  t r i b u t a r i e s  i n  s o u th ­

e a s t e r n  B e a v e rh e a d  C o u n ty , M o n tan a  ( F i g .  l ) . The t r i b u t a r i e s  h e a d  a t  an  

e l e v a t i o n  o f  a b o u t  24 0 0  m i n  t h e  s n o w f ie ld s  o f  t h e  S n o w c re s t  R an g e , a  

s e r i e s  o f  m o u n ta in s  com posed  o f  f o l d e d  a n d  f a u l t e d  S e d im e n ta ry  r o c k  fro m  

t h e  P re c a m b r ia n  t o  U p p er C r e ta c e o u s  P e r i o d s  ( K le p p e r ,  1 9 5 0 ) .  B l a c k t a i l  

C re e k  i s  fo rm e d  w h e re  t h e  E a s t  F o rk  j o i n s  t h e  co m b in ed  f lo w s  o f  t h e  M id d le  

a n d  W est F o rk s  a t  an  e l e v a t i o n  o f  a b o u t  1900  m. B l a c k t a i l  C re e k  f lo w s  

n o r t h w e s t e r l y  45 km th r o u g h  c o n i f e r o u s  f o r e s t s  w h ic h  m erg e  w i t h  s a g e b ru s h
O

a n d  g r a s s l a n d  h i l l s .  I t  d r a i n s  an  a r e a  o f  a b o u t  808  km a n d  e m p t ie s  i n t o  

t h e  B e a v e rh e a d  R i v e r ,  a b o u t  3 km s o u t h e a s t  o f  D i l l o n ,  M o n ta n a . -

T h is  c r e e k  f lo w s  t h r o u g h  a  b r o a d  v a l l e y  c a p p e d  w i t h  c o a l e s c e n t  ' '  

a l l u v i a l  f a n s  w h ic h  h e a d  a t  t h e  m o u th s  o f  t h e  m any g u lc h e s  (A ld e n , 1953 ) • 

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

o u tw a s h ,  s a n d ,  a n d  g r a v e l  (A ld e n ,  1 9 5 3 ) t h a t  i s  l i n e d  w i t h  w i l lo w  ( S a l i x  

s p . ) i n t e r s p e r s e d  w i t h  g r o v e s  o f  c o t to n w o o d  ( P o p u ly s  s p . ) .

B l a c k t a i l  C re e k  i s  c h a r a c t e r i z e d  b y  h ig h  s p r i n g  r u n o f f s  w i t h  low  

f lo w s  t h e  r e m a in d e r  o f  t h e  y e a r  ( F i g .  3 ) .  The U n i te d  S t a t e s  G e o lo g ic a l  

S u rv e y  o p e r a t e d  a  g a g e  s t a t i o n  a b o u t  13 km b e lo w  th e  s tu d y  a r e a  from  

J a n u a r y ,  1 9 4 7 , t h r o u g h  S e p te m b e r ,  1 9 6 6 . The h i g h e s t  m ean m o n th ly  f lo w  

( 6 .6  x c ? / s e c )  f o r  t h e  19  y e a r  p e r i o d  1947  th r o u g h  1965 w as r e c o r d e d  i n  

J u n e ,  1 9 6 4 . The lo w e s t  m ean m o n th ly  f lo w  ( 0 . 4  m ^ /s e c )  w as r e c o r d e d  i n  

J a n u a r y  a n d  F e b r u a r y  o f  t h e  same y e a r .
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FLOW

19 Y e o r  o v e r a g e

1 9 6 6  F low  o t  t h e  
U.S.G.S. g a g e

1966 Flow a t  t h e  
s t u d y  a r e a

1967  F lo w  a t  t h e  
s t u d y  a r e a

E S -

F e b  M a r  A p r  M a y  J u n e  J u l y  Aug  S e p t  Oc t
MOMTH

F ig u r e  3 . Mean m o n th ly  d i s c h a r g e s  f o r  1 9 6 6 , I 967 , an d  t h e  19 y e a r  a v e r a g e .
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I n  1966  f lo w s  a t  t h e  g a g e  s t a t i o n  w e re  b e lo w  t h e  I 9 y e a r  a v e r a g e . 

T o t a l  p r e c i p i t a t i o n ,  m e a s u re d  a t  t h e  D i l l o n  WMCE R e c o r d in g  S t a t i o n  i n  

D i l l o n ,  was 1 3 ,8  cm b e lo w  t h e  1 9 4 7 -1 9 6 5  a v e r a g e ,

Wo USGS f lo w  d a t a  w e re  a v a i l a b l e  f o r  1967 ,  b u t  a  c o m p a r is o n  o f  f lo w s  

o b t a i n e d  f ro m  a  w a te r  s t a g e  r e c o r d e r  i n  t h e  s tu d y  a r e a  t o  t h e  19  y e a r  

a v e r a g e  a t  t h e  g a g e  s t a t i o n  i n d i c a t e d  ab o v e  a v e r a g e  f lo w s  f o r  t h a t  y e a r .  

F lo w s  i n  t h e  s tu d y  a r e a  f ro m  J u n e  th r o u g h  A u g u s t ,  n e a r l y  p a r a l l e l e d  t h e  

19 y e a r  a v e r a g e  o b t a i n e d  I 3 km d o w n s tre a m . T o t a l  p r e c i p i t a t i o n  a t  D i l l o n  

f o r  t h e  f i r s t  n in e  m o n th s  o f  1967  was 5 ,4  cm a b o v e  t h e  I 9 y e a r  a v e r a g e .

The s tu d y  a r e a  ( F i g .  l )  w as l o c a t e d  a b o v e  i r r i g a t i o n  d i v e r s i o n s  a n d  

a b o u t  35 km s o u t h e a s t  o f  D i l l o n  o n  t h e  u p p e r  h a l f  o f  B l a c k t a i l  C ree k  

( T .1 0 S . ,  R eJWr. ,  S e c s .  11  & 1 3 ) ,  The e l e v a t i o n  a t  t h i s  s i t e  i s  a b o u t  l8 4 o  

m a n d  t h e  s t r e a m  g r a d i e n t  i s  7  m /km . The m a jo r  l a n d  u s e  c o n s i s t e d  o f  

l i v e s t o c k  g r a z i n g  a n d  h a y in g  o f  n a t i v e  m eadow s. K r a f t  ( 1968 ) l i s t e d  t h e  

d o m in a n t p l a n t  s p e c i e s  i n  t h e  a r e a .  The t e s t  r i f f l e  w as l o c a t e d  a b o u t  

150 m ( s t r e a m  d i s t a n c e )  b e lo w  t h e  h e a d g a te  c o n t r o l l i n g  f lo w s  i n  t h e  

s e c t i o n .  T he c o n t r o l  r i f f l e  w as s i t u a t e d  a b o u t  625 m a b o v e  t h e  t e s t  

r i f f l e  ( F i g .  l ) .

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

n a t u r a l  f lo w s  a r e  p r e s e n t e d  i n  T a b le  I .  On t h e  a v e r a g e ,  t h e  t e s t  r i f f l e  

w as w id e r  b u t  s h a l lo w e r  t h a n  t h e  c o n t r o l ,  a n d  c o n ta in e d  23$  l e s s  v o lu m e . 

A v e ra g e  f lo w s  w e re  a b o u t  O .0 8  m ^ /s e c  h i g h e r  i n  t h e  t e s t  r i f f l e  t h a n  i n  t h e



-1 0 -

T a b le  I .  A v e rag e  v a l u e s  ( r a n g e s )  o f  p h y s i c a l  an d  c h e m ic a l  c h a r a c t e r i s t i c s  
o f  s tu d y  r i f f l e s .

E n v iro n m e n ta l  F a c t o r s *  C o n t r o l  R i f f l e  T e s t  R i f f l e

P h y s i c a l
W id th  (m )**  6 . 8  ( 
D e p th  (cm )* *  2 2 0 .7  ( 
W a te r S u r f a c e  A re a  (m )
W a te r  Volum e (m3)
W a te r V e l o c i t y  ( m /s e c )  0 .4 $ (  
F low  (m 3 /s e c )  0 .4 8 (  
T e m p e ra tu re  (c) 4 .9  ( 
T u r b i d i t y  (ppm ) 1 1 .8  ( 
B o tto m  M a t e r i a l s

6 . 4 t o 7 .2  ) 7 .4  ( 7 . 0 t o 7 .9 )
9 .2 t o 4 5 .8  ) 1 5 .9  ( 0 . 0 t o 3 6 .6 )

2 2 . '50 2 2 . 80
4.<S i 3 . 57

0 .0 6 t o 1 . 1 5 ) 0 .4 7 ( 0 .0 5 t o 1 . 3 5 )
0 .3 1 t o 1 . 1 6 ) 0 . 56 ( 0 .3 9 t o 0 .8 4 )
0 .7 t o 1 6 .9  ) 4 .9  (-- 0 .7 t o 1 6 .6 )
0 . 0 t o 6 0 .0  ) 1 3 .1  ( 0 .0 t o 6 2 .5 )

C la s s
R u b b le

L a rg e
S m a ll

G ra v e l
L a rg e
S m a ll

S and

S iz e  (mm) 

>152
7 6 .0  - 1 5 1 .9

1 9 .0  -  7 5 -9  
4 .7  -  1 8 .9

< 4 . 6

P e r c e n t  o f  T o t a l  Volum e
54 44

18 16
36 28

44 55
34 44
10 11

2 I

C h e m ic a l
D i s s o lv e d  O xygen (ppm ) 
A l k a l i n i t y  (ppm CaCOg) 

P h e n o l p h t h a l e i n  
M e th y l o ra n g e

1 1 .7  ( 

1 7 3 .0  (
8 .4 9 (

8 .2  t o

0 .0  
i4o t o  

8 .3 0  t o

1 5 .5  )

190  )
8 . 68)

1 1 .9  (

1 7 8 .6  ( 
8 .4 5 (

8 .5  t o

0.0 
145  t o  

8 .3 0  t o

1 5 .0  )

200  ) 

8 .5 7 )

* A l l  m e a s u re m e n ts  e x c e p t  t h o s e  o f  w i d t h ,  d e p t h ,  an d  b o t to m  m a t e r i a l s  a r e  
b a s e d  on t h e  11 s a m p le s  c o l l e c t e d  th r o u g h o u t  t h e  f u l l - f l o w  p e r i o d  (A u g u s t 
2 6 ,  1966  t o  J u n e  2 5 ,  1 9 6 7 ) .

* *  M e a su re m e n ts  b a s e d  on f lo w s  o f  a b o u t  0 . 9  m ^ /s e c  i n  e a c h  r i f f l e .

c o n t r o l  d u e  t o  a c c r e t i o n s  fro m  g ro u n d w a te r  an d  th e  p r e s e n c e  o f  a  s m a l l  

s p r i n g  c r e e k  w h ic h  e n t e r e d  B l a c k t a i l  C re e k  m idw ay b e tw e e n  t h e  tw o s tu d y  

r i f f l e s .  A v e ra g e  w a te r  v e l o c i t y  i n  t h e  tw o  r i f f l e s  w as n e a r l y  t h e  sam e. 

The c o n t r o l  r i f f l e  c o n t a i n e d  1 0$  m ore r u b b l e  an d  11$ l e s s  g r a v e l  t h a n  th e
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t e s t  r i f f l e ,  h o w e v e r , t h i s  m ay h av e  b e e n  due i n  p a r t  t o  t h e  f a c t  t h a t  e a c h  

r i f f l e  w as s a m p le d  t o  a  d i f f e r e n t  d e p th .  T u r b i d i t y ,  d i s s o l v e d  o x y g en , 

a l k a l i n i t y ,  a n d  pH r e a d i n g s  w e re  s i m i l a r  f o r  b o th  r i f f l e s .  W a te r te m p e r a ­

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

i n  D e c e m b e r .a n d  t h e  h i g h e s t  i n  J u l y  a n d .A u g u s t ( F i g .  4 ) ,
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M A X

m e a n

CONTROL RIFFLE MlN

MAX

MEAN
1 4 -

TEST RIFLE
M lN

1966 1967

F ig u r e  b .  M o n th ly  w a te r  t e m p e r a t u r e s  i n  t h e  s tu d y  r i f f l e .



RESULTS

P h y s i c a l  C h an g es i n  t h e  T e s t  R i f f l e  

The e f f e c t s  o f  f lo w  r e d u c t i o n s  on  v e l o c i t y ,  d e p th ,  w i d t h ,  w a te r  

s u r f a c e  a r e a ,  a n d  w a te r  v o lu m e o f  t h e  t e s t  r i f f l e  a r e  show n i n  F ig u r e s  

2 ,  5 , 6 ,  7 a n d  T a b l e ' l l .  F lo w  r e d u c t i o n s  o f  75  a n d  $ 0 ^  h a d  th e  l e a s t  

e f f e c t  on  a v e r a g e  w id th  o f  t h e  w a te r e d  a r e a  a n d  s u r f a c e  a r e a  o f  t h e  w a te r .

T a b le  I I .  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 e s t  r i f f l e  n e a r  b a s e  f lo w  ( 0 .9 5  
m 3 /s e c )  a n d  f lo w  r e d u c t i o n s  o f  75% ( 0 .2 2  m 3 /s e c )  a n d  90% 
( 0 .0 9  m 3 /s e c ) .

F lo w  C o n d i t io n A v e rag e W a te r S u r f a c e W a te r
V e l o c i t y D e p th W id th A re a Volume

m / s e c cm m m2 m3

B ase  F low 0 .6 l 15.9 7 .4 22.8 3,57
75% D e w a te re d 0 .4 4 7 .6  . 6 .0 18.8 1 .4 2
90% D e w a te re d 0 .1 6 5 .5  ' 4 .8 1 5 .4 0.84

A v e ra g e  w id th  w as r e d u c e d  b y  I 9 a n d  35% a t  t h e  r e s p e c t i v e ,  f l o w s ,  w h i le  

s u r f a c e  a r e a  d e c r e a s e d  18 a n d  32%, r e s p e c t i v e l y . A v e rag e  d e p t h ,  w a te r  

v e l o c i t y ,  a n d  w a te r  vo lu m e w e re  t h e  p a r a m e te r s  m o s t a f f e c t e d .  A v erag e  

d e p th  w as r e d u c e d  b y  52 a n d  65% a t  t h e  r e s p e c t i v e  f lo w  r e d u c t i o n s .  The 

e f f e c t  o f  a  90% f lo w  r e d u c t i o n  on t h e  c r o s s - s e c t i o n  o f  t h e  t e s t  r i f f l e  i s  

show n g r a p h i c a l l y  i n  F ig u r e  rJ . A v e rag e  w a te r  v e l o c i t y  w as r e d u c e d  28% a t  

a  f lo w  r e d u c t i o n  o f  75%, b u t  w as d e c r e a s e d  74% a t  a  90% f lo w  r e d u c t i o n . . 

W a te r v o lum e ( t h e  p r o d u c t  o f  a v e r a g e  d e p th  a n d  s u r f a c e  a r e a ) ,  w as th e  

p a r a m e te r  m o s t a f f e c t e d  b y  r e d u c e d  f l o w s .  I t  w as d e c r e a s e d  b y  60 an d  76% 

a t  f lo w  r e d u c t i o n s  o f  75 a n d  90%, r e s p e c t i v e l y .
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T e s t  r i f f l e  a t  $0% f lo w  r e d u c t i o n  ( 0 .0 9  m ^ / s e c ) ,  lo o k in g  
u p s t r e a m .
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A c o m p a r is o n  o f  t h e  m ean  d e p th s  an d  m ean v e l o c i t i e s  a t  a l l  sam p le  

s i t e s  (w h e re  b e n th o s  s a m p le s  w e re  t a k e n )  d u r i n g  e a c h  o f  t h e  t h r e e  d e s i g ­

n a t e d  f lo w  p e r i o d s  i s  p r e s e n t e d  i n  T a b le  I I I .  D u rin g  t h e  p e r i o d  o f  75 an d

T a b le  I I I .  Mean d e p th s  a n d  v e l o c i t i e s  a t  sam p le  s i t e s  d u r in g  e a c h  f lo w  
p e r i o d  a n d  r e s u l t s  o f  s t a t i s t i c a l  c o m p a r is o n s .

P e r i o d  o f  F low
D e p th  ( m ) V e l o c i t y  (m / s e c )

C o n t r o l
Mean

T e s t
Mean

F -V a lu e C o n t r o l
Mean

T e s t
Mean

F-V a lu e

75% D e w a te re d 0.18 0.08 36.16** O.76 0.43 20.47**
F u l l - F lo w o. i4 0 .1 5 2.20 0 .6 l 0.73 8.39**
90% D e w a te re d 0 .2 4 0.09 5 4 .7 0 * * O.96 0.33 67.38**

* *  S i g n i f i c a n t  a t  t h e  1 $  l e v e l .

90% d e w a t e r i n g ,  d e p th s  an d  v e l o c i t i e s  a t  s i t e s  sa m p led  i n  t h e  t e s t  r i f f l e  

w e re  s i g n i f i c a n t l y  lo w e r  t h a n  t h o s e  i n  t h e  c o n t r o l  r i f f l e .  U n d er c o n d i t i o n s  

o f  f u l l - f l o w ,  d e p th s  i n  b o t h  r i f f l e s  w e re  n o t  s i g n i f i c a n t l y  d i f f e r e n t ,  how­

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

d i f f e r e n c e - w a s  o n ly  0 .1 2  m /s e c .

T e m p e ra tu r e s  a n d  o x y g en  r e a d i n g s  i n  t h e  t e s t  r i f f l e  w e re  s i m i l a r  t o  

t h o s e  i n  t h e  c o n t r o l  r i f f l e ,  b o t h  d u r in g  p e r i o d s  o f  f u l l - f l o w  (T a b le  I )  

a n d  d u r in g  d e w a te r in g  i n  b o t h  y e a r s  ( T a b le  IV ) .  A v e rag e  d a i l y  maximum 

a n d  m inim um  w a te r  t e m p e r a t u r e s  i n  t h e  t e s t  r i f f l e  d i f f e r e d  fro m  th o s e  

i n  t h e  c o n t r o l  b y  IC  o r  ' l e s s  d u r i n g ; t h e  ip e r ip .d  o f  re d u c e d ,  f l o w s ,  ,
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T a b le  IV . A v e rag e  d a i l y  maximum an d  m inim um  w a te r  t e m p e r a tu r e  (C ) and  
s e m im o n th ly  d i s s o l v e d  o x y g en  c o n c e n t r a t i o n s  (p p m ).

P e r i o d  o f  7 5$  D e w a te r in g  
C o n t r o l  T e s t

P e r io d  o f  9 0 $  D e w a te r in g  
C o n t r o l  T e s t

Maximum T e m p e ra tu re 16.9 1 6 .5 1 5 .7 15.9
M inimum T e m p e ra tu re 1 1 .5 1 0 .5 1 1 .3 1 1 .2
D i s s o l v e d  O xygen 9.8 9 .7 9.3 9 .7

C om m unity C o m p o s it io n

T r i c h o p t e r a ,  D i p t e r a ,  a n d  C o le o p te r a  t o g e t h e r  c o m p r is e d  8 4  an d  88$  

o f  t h e  n u m b e rs ,a n d  73 a n d  8 4 $  o f  t h e  v o lu m e s  o f  a l l  a q u a t i c  i n s e c t s  f o r  

t h e  c o n t r o l  a n d  t e s t  r i f f l e ,  r e s p e c t i v e l y .  D i p t e r a  c o n s t i t u t e d  31 an d  67$  

o f  t h e  v o lu m e s  a n d  T r i c h o p t e r a  com posed  35 an d  1 2$  i n  t h e  c o n t r o l  an d  t e s t  

r i f f l e ,  r e s p e c t i v e l y .  T r i c h o p t e r a ,  D i p t e r a ,  a n d  C o le o p te r a  c o m p r is e d  2 6 , 

3 7 a n d  25$  o f  t h e  n u m b ers  i n  t h e  t e s t  r i f f l e  a n d  2 9 , 2 9 , a n d  26$ ,  r e ­

s p e c t i v e l y ,  i n  t h e  c o n t r o l  r i f f l e .

T w e n ty -tw o  f a m i l i e s  a n d  34 g e n e ra , o f  i n s e c t s  w e re  i d e n t i f i e d  from  

24 s a m p le s  — 12 fro m  e a c h  r i f f l e  (T a b le  V ) .  ' T h i r t y  o f  t h e  same

g e n e r a  w e re  fo u n d  i n  b o t h  r i f f l e s .  The m a y f ly  R h i th r o g e n a  w as fo u n d  o n ly  

i n  s a m p le s  fro m  t h e  c o n t r o l  r i f f l e .  The c a d d i s f l i e s  H e l ic o p s y c h e  an d  

N e o p h y la x , a n d  t h e  s t o n e f l y  C a p n ia  w e re  t a k e n  o n ly  i n  s a m p le s  fro m  th e  

t e s t  r i f f l e .  E le v e n  t a x a  a c c o u n te d  f o r  89$  o f  t h e  n u m b ers  a n d  v o lu m es  i n  

t h e  c o n t r o l  r i f f l e .  T h e se  sam e t a x a  m ade u p  9 3 $  o f  t h e  n u m b ers  an d  8 7$  o f  

t h e  v o lu m e s  i n  t h e  t e s t  r i f f l e .  The 11 t a x a  w e r e : H y d ro p s y c h e , 

R h y a c o p h i l a , B r a c h y c e n t r u s , a n d  L e p id o s to m a  ( T r i c h o p t e r a ) ; E p h e m e re l la  

i n e r m i s , E . g r a n d ! s , a n d  B a e t i s  b i c a u d a t u s  ( E p h e m e r o p te r a ) ; T i p u l a  an d
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T a b le  V. L i s t  o f  i n s e c t s  i d e n t i f i e d  fro m  B l a c k t a i l  C re e k ,  M o n tan a .

T r i c h o p t e r a D i p t e r a
H y d r o p t i l i d a e T ip u l id a e

O c h r o t r i c h i a  s p . T i p u l a  s p .
H e l i c o p s y c h i d ae A n to c h a  m o n t ie o la

H e l ic o p s y c h e  b o r e a l i s  ( H a g . ) P s y c h o d id a e
H y d ro p s y c h id a e P e r ic o m a  s p .

H y d ro p sy c h e  s p . S im u lid a e
C h eu m ato p sy ch e  s p . S im u liu m  s p p .
A rc to p s y c h e  g r a n d i s  ( B k s . ) C h iro n o m id a e

R h y a c o p h i l id a e R h a g io n id a e
R h y a c o p h i la  a c r o p e d e s  B k s. A t h e r ix  v a r i e g a t a
G lo sso so m a  s p . E m p id id a e
P r o t o p t i l a  s p .  

L e p to c e r id a e
H em ero d ro m ia  s p .

A th r ip s o d e s  s p . P l e c o p t e r a
B r a c h y c e n t r id a e P te r o n a r c i d a e

B r a c h y c e n t r u s  s p . P t e r o n a r c e l l a  b a d ! a
M ic ra se m a  s p . N em o u rid ae

L e p id o  s to m a t id a e N em oura s p .
L e p id o s to m a  p l u v i a l e  (M iln e ) C a p n ia  s p .

L im n e p h i l id a e P e r l i d a e
N e o p h y la x  s p . A c r o n e u r ia  p a c i f i c a  

P e r lo d id a e
E p h e m e ro p te ra A rc y n o p te ry x  s p .

B a e t id a e I s o p e r l a  f u l v a
E p h e m e re l la  i n e r m is C h l o r o p e r l i d a e
E . g r a n d ! s
P a r a l e p t o p h l e b i a  m e m o r ia l i s

A l l o p e r l a  s p .

B a e t i s  b i c a u d a t u s C o le o p te r a
H e p ta g e n i id a e E lm id a e

R h i th r o g e n a  s p . N a rp u s  s p .
H e p ta g e n ia  s p p . L a r a  s p .

C h iro n o m id a e  ( D i p t e r a ) ; A c r o n e u r ia  ( P l e c o p t e r a ) ; an d  N a rp u s  ( C o l e o p t e r a ) .

Com m unity D ynam ics 

T o t a l  N um bers an d  V olum es

T re n d s  a n d  f l u c t u a t i o n s  i n  n u m b ers  a n d  v o lu m es  o f  a q u a t i c  i n s e c t s  

d u r in g  t h e  s t u d y  a r e  shown i n  F ig u r e  8 .  N um bers o f  i n s e c t s  i n c r e a s e d  i n
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t h e  c o n t r o l  r i f f l e  d u r in g , t h e  p e r i o d  o f  7 5$  d e w a te r in g ,  w h i l e  num bers i n  

t h e  t e s t  r i f f l e  re m a in e d  s t a b l e » I n s e c t  n u m b ers  c o n t in u e d  t o  i n c r e a s e  i n  

t h e  c o n t r o l  r i f f l e  w h i l e  n u m b ers  i n  t h e  t e s t  r i f f l e  d e c l i n e d  w i th  t h e  

r e s u m p t io n  o f  n o rm a l f l o w s . H ig h  n u m b ers  i n  t h e  t e s t  r i f f l e  d i d  n o t  o c c u r  

u n t i l  N ovem ber, tw o  m o n th s  a f t e r  h ig h  v a l u e s  w e re  r e a c h e d  i n  t h e  c o n t r o l  

r i f f l e .  D u r in g  t h e  p e r i o d  o f  90$  d e w a te r in g ,  num b ers i n  t h e  c o n t r o l  a n d

t e s t  r i f f l e  d i d  n o t  show  d i s t i n c t  d i f f e r e n c e s , i n  t r e n d s .

2
M ean n u m b ers  a n d  v o lu m e s  o f  a l l  i n s e c t s / m  c o l l e c t e d  d u r in g  e a c h  f lo w  

p e r i o d  i n  t h e  t e s t  a n d  c o n t r o l  r i f f l e s  w e re  co m p ared  s t a t i s t i c a l l y  (T a b le  

V i ) o D u r in g  t h e  p e r i o d  o f  7 5$  d e w a te r in g ,  t o t a l  n u m b ers  f ro m  t h e  t e s t  

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

w as no  s i g n i f i c a n t  d i f f e r e n c e  i n  n u m b ers  f ro m  t h e  tw o  r i f f l e s '  d u r in g  th e . 

p e r i o d  o f  f u l l - f l o w  o r  d u r in g  t h e  p e r i o d  o f  90$  d e w a t e r i n g .  V olum es w ere  

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

t h e  F - v a lu e  w as g r e a t e s t  d u r in g  t h e  p e r i o d  o f  7 5$  d e w a te r in g  a n d  l e a s t  

d u r in g  t h e  90$  d e w a te r in g  p e r i o d .

O r d in a l  N um bers a n d  V olum es
2

T h ro u g h o u t t h e  s t u d y ,  n u m b ers  a n d  v o lu m e s  o f  a q u a t i c  i n s e c t s / m  i n  

e a c h  o r d e r ,  e x c e p t  T r i c h o p t e r a ,  show ed t h e  same g e n e r a l  i n c r e a s e s  an d  

d e c r e a s e s  f o r  b o th  t h e  t e s t  a n d  c o n t r o l  r i f f l e s  ( T a b le  V I I ) . O r d in a l  

n u m b ers  a n d  v o lu m e s  o f  i n s e c t s  i n  t h e  t e s t  r i f f l e  w e re  co m p ared  s t a t i s t i ­

c a l l y  t o  t h o s e  i n  t h e  c o n t r o l  r i f f l e  f o r  e a c h  f lo w  p e r i o d  (T a b le  V i ) .



T a b le  V I . Mean n u m b ers  a n d  v o lu m es  o f  a q u a t i c  i n s e c t s  f o r  f lo w  p e r i o d s  an d  r e s u l t s  
o f  s t a t i s t i c a l  c o m p a r is o n s  (v o lu m e s  i n  p a r e n t h e s e s ) .

Period of 75$ Dewatering Period of Full-Flow Period of 90$ Dewatering
Control
Mean

Test
Mean F-Value Control

Mean
Test
Mean F-Value Control

Mean
Test
Mean F-Value

Trichoptera 1 ,8 2 9 .2
(1 2 .8 )

2 ,6 7 0 .2
(1 2 .8 )

7.58** 
( 0 .0 0 )

3,631.6
(19.5)

2,537.6 
( 7.3)

8 .9 8**
(66.91)**

835.6 
( 5.0)

770.4
( 8 .0 )

0 .0 6  
( 0.52)

Ephemeroptera 1 ,0 5 6 .2
(6.9)

999.6 
( 9.4)

0 . 1 1  
( 1.04)

1,353.5 
( 6.3)

733.7 
( 4.4)

34.19**
( 8.55)**

941.6 
( 2 .2 )

649.6 
( 3.0)

6 .9 8* 
( 0.53)

Diptera 1,482.6 
( 3.3)

1 ,6 7 6 . 2
(39.1)

1 . 2 5
(1 0 0 .0 5 )**

3,790.7
(19.1)

4,951.1
(6 1 .2 )

3.69
(63.48)**

6 1 5 .2  
( 7 .6 )

593.4
(2 3 .8 )

0 .0 5
( 9.17)**

Coleoptera 1,997.4 
( 2.4)

2,615.4 
( 2.7)

2 . 7 2  
( 0 .5 3 )

2,719.3 
( 3.7)

2,243.2 
( 3.2)

4.42* 
( 2.48)

1 ,2 8 2 .6  
( 1 .8 )

1,497.8 
( 2 .0 )

0.74 
( 0 .0 9 )

Plecoptera 8 7 . 2  
( 1.9)

146.4 
( 4.8)

5.57*
( 6.72)*

3 6 6 .5  
( 8 .8 )

270.7 
( 7.1)

7 .7 8** 
( 2.24)

3 2 .6  
( 2 .1 )

9 8 . 8  
( 4.5)

14.72** 
( 6.32)

Total 6,452.6
(27.3)

8 ,1 0 7 .8
(6 8 .8 )

7 .6 3**
( 50.71)**

1 1 ,8 6 1 .6
(57.4)

10,736.3
(8 3 .2 )

1.56
(15.08)**

3,707.6
(18.7)

3 ,6 1 0 .0
(41.3)

0.03 * 
(11.17)**

* Significant at the 5$ level. 
** Significant at the I aJ0 level.



T a b le  V I I . N um bers ( p e r  m ) a n d  v o lu m es  (c c /m  ) o f  a q u a t i c  i n s e c t s  f o r  e a c h  
sam p le  p e r io d  (v o lu m e s  i n  p a r e n t h e s e s ) .

1 9 6 6 - 6 7
T r i c h o p t e r a E p h e m e r o p te r a D i p t e r a C o l e o p t e r a

C o n t r o l T e s t C o n t r o l T e s t C o n t r o l T e s t C o n t r o l T e s t C o n t r o l T e s t
J u n e  17 1 ,5 1 2

( 1 8 . 8 )
3 ,5 6 2
( 1 9 . 2 )

1 ,3 8 3
( 1 1 . 6 )

1 ,1 8 1
( 2 1 . 0 )

9 8 2  
( 2 . 7 )

1 ,6 2 2
( 4 3 .0 )

9 7 9  
( 1 . 6 )

1 ,3 2 1  
(  1 . 9 )

8 6  
(  1 - 9 )

1 1 8  
(  5 . 9 )

J u l y  2 1 ,2 6 7
( 1 4 . 2 ) ( 2 4 . 2 )

1 ,4 7 1
( 1 4 . 2 )

1 ,1 5 4
( 1 5 . 9 )

1 ,3 8 0  
( 2 . 7 )

1 ,4 3 6
( 3 5 .0 ) (’ill) 1 ,5 6 6  

( 2 . 2 )
,  7 5  
(  1 . 6 )

46
(  1 . 6 )

11
J u l y  1 4 2 ,1 2 6 9 4 7 8 4 7 1 ,0 8 4 1 ,8 0 5 1 ,7 2 2 2 ,8 8 9 59 8 1 '

( 1 5 .6 ) ( 1 3 . 4 ) ( 5 - 4 ) ( 6 . 2 ) ( 2 . 7 ) ( 3 7 .4 ) ( 2 . 4 ) ( 2 . 4 ) ( 1 . 9 ) (  4 . 3 )
J u l y  2 9 2 ,5 5 8 7 2 9 6 0 0 2 ,0 2 8 1 ,8 2 9 3 ,1 9 0 3 ,3 6 0 1 0 0 1 9 1( 8 . 4 ) ( 4.5) ( 1 . 6 ) ( 1 . 6 ) ( 5 . 9 ) ( 3 6 .3 ) ( 3 . 2 ) ( 3 - 0 ) ( 0 . 9 ) ( 3 . 8 )
A ug . 1 3 1 ,8 7 5  ( 7 . 0 ) ( ’ 2 ( 7 )

7 5 1  ( 1 . 6 )
1 ,2 1 6  
( 2 . 2 ) ( ' 2 A ) ( T 2 ) ( « )

1 1 6  
( 3 . 2 )

2 9 6  
(  8 . 6 )

A u g . 2 ? 2 ,1 1 2  
( 7 . 7 )

1 ,0 9 2  
( 3 . 2 )

1 ,7 8 1  
( 3 . 4 ) ('% 2 ,1 8 7  

( 3 . 2 )
1 ,0 1 4
( 4 1 .7 ) ('W) ( '3 ^ 4 )

2 0 2  
(  5 . 6 )

2 1 5  
(  4 . 8 )

S e p t .  7 3 ,0 8 5
( 1 5 . 1 ) f 'S ,

1 ,1 8 6  
( 2 . 7 ) ( ’ 3 ” )

5 ,7 5 7  
( 7 . 5 )

1 ,4 1 8
( 4 5 .4 )

3 ,4 0 8  
( 3 . 0 )

2 ,1 7 1  
( 3 . 0 )

l 4 o  
( 8 . 8 )

2 5 3  
( 6 . 7 )

O c t .  8 4 ,8 2 9
( 2 5 .3 )

1 ,6 2 7  
( 5 . 9 )

1 ,2 8 0  
( 7 . 3 )

4 l 4  
( 2 . 7 ) !S i , 1 ,9 3 9

( 5 2 .9 )
3 ,4 4 1  
( 5 . 4 ) (IS )

4 2 0
( 1 0 .5 )

28 5  
( 7 . 7 )g N o v . 4 4 ,1 4 3 2 ,1 6 3 1 ,1 7 3 4 0 9 2 ,9 6 4 5 ,3 2 1 3 ,8 0 9 3 ,1 9 3 4 4 l 33U

£ ( 2 4 .7 ) ( 5 - 6 ) ( 7 . 7 ) ( 2 . 7 ) ( 4 . 8 ) ( 5 4 .0 ) ( 5 - 9 ) ( 3 . 4 ) ( 1 1 .8 ) ( 8 . 8 )
D e c .  3 3 ,8 3 1

( 2 7 .8 ) ; « i ( ’ 5 ° 4 )
374 

( 3 . 4 )
5 ,7 7 8
( 5 9 - 0 ) ?'%) ('Zl)

506 
( 8 . 6 )

352
( 1 3 .1 )£ D e c .  30 3 ,0 2 1 4 ,8 9 6 8 9 0 4 1 2 4 ,1 3 7 4 ,5 8 9 1 ,9 4 2 2 ,4 9 4 393 2 7 4

O ( 1 3 .8 ) ( 7 . 7 ) ( 4 . 5 ) ( 3 . 2 ) ( 1 0 .5 ) ( 4 5 - 0 ) ( 2 - 4 ) ( 3 - 8 ) 1 7 . 5 ) ( 5 . 6 )
J a n .  2 7 4 ,5 8 1 3 ,2 6 6 4 0 9 2 ,6 0 7 5 ,3 5 3 2 ,0 5 5 1 ,8 0 5 20 7 32 3O ( 2 4 .2 ) ( 7 . 0 ) ( 5 . 6 ) ( 4 . 3 ) ( S ’ ( 6 4 .8 ) ( 2 . 7 ) ( 2 . 7 ) ( 4 . 3 ) ( 5 - 9 )
F e b .  2 4 5 ,1 2 2 4 ,1 3 2 1 ,7 0 5 6 1 1 9 ,2 9 7 1 ,8 0 2 1 ,7 0 5 37 7 30 4

&
M a rc h  2 4

( 2 0 .4 ) ( 9 . 9 ) ( 7 . 7 ) (  4 . 1 ) ( 2 0 . 2 ) ( 5 9 - 2 ) ( 3 . 2 ) ( 3 . 2 ) ( 1 1 .6 ) (  9 . 5 )
4 ,5 7 6
( 1 8 . 3 )

2 ,9 6 8  
( 8 . 4 )

1 ,6 6 0
( 7 . 0 )

44 9  
( 3 . 8 )

5 ,8 7 8
( 2 7 .1 )

6 ,7 4 4
( 7 3 .0 )

2 ,0 5 8  
( 2 . 7 )

1 ,4 8 8  
( 2 . 2 )

551 ( 7 . 0 )
15 6  

( 1 . 9 )
A p r i l  22 3 ,3 6 2

( 2 1 .7 )
2 ,2 3 3  
( 9 - 9 )

1 ,6 2 7  ( 8 . 4 )
9 0 7  

( 7 . 5 )
6 ,4 4 0
( 5 6 .5 )

1 0 ,0 1 8
( 8 8 .8 )

2 ,3 0 8  
( 4 . 3 )

2 ,2 5 7  
( 3 . 2 )

576 
( 9 . 5 )

1 8 3( 2 . 7 )
May 1 9 1 ,2 8 6

( 1 5 . 9 )
! '5 3 9 .
( 1 0 .8 )

1 ,4 3 4  
( 9 . 1 )

1 ,7 7 0
( 1 0 .8 )

1 ,7 1 6
( 2 0 .1 )

2 ,9 9 1
( 8 9 .5 )

1 ,8 1 8  
( 2 . 4 )

2 1 8
( 1 1 .8 )

29 9
( l l . o )

J u l y  7 1 9 4 7 8 5 8 3 1 7 8 8 6 9 1 6 4 o 9 3 6 6 4 o 2k 56
g ( 3 - 2 ) ( 2 5 .0 ) ( 3 . 8 ) ( 8 . 4 ) ( 1 . 1 ) ( 4 . 1 ) ( 1 . 3 ) ( 1 . 3 ) ( 1 . 3 ) (  5 . 4 )

J u l y  2 2 2 2 3 1 ,0 4 6 6 9 7 525 39 5 8 3 7 8 3 1 8 2 6 13 1 0 2
( 1 . 1 ) ( 5 - 9 ) ( 1 - 9 ) ( 2 . 2 ) ( 7 . 5 ) ( 2 5 .6 ) ( 0 . 9 ) ( 0 . 5 ) ( 1 . 6 ) ( 4 . 1 )

A ug . 4 382 4 1 2 8 7 4 382 5 0 0 3 7 9 1 ,4 5 0 1 ,3 5 6 51 56( 1 . 6 ) ( 1 . 3 ) ( 1 . 6 ) ( 0 . 9 ) ( 5 . 2 ) ( 3 4 .6 ) ( 1 . 3 ) ( 1 . 6 ) ( 3 . 0 ) ( 4 . 1 )
A u g . 19 1 ,7 6 5 6 6 7 1 ,1 6 5 7 9 4 7 1 3 500 1 ,7 1 4 2 ,1 5 7 27 1 4 0

$ ( 9 . 1 ) ( 3 . 2 ) ( 2.2) ( 2.2) ( 2 2 .4 ) ( 2 4 .2 ) ( 3 . 2 ) ( 3 . 2 ) ( 0 . 9 ) ( 4 . 5 )
S e p t .  I l , 6 l 4  

( 9 . 9 )
9 4 2  

( 4 . 5 )
l , l 4 l  
( 1 . 6 )

7 5 9  ( 1 . 3 ) (TI)
6 1 1

( 3 0 .3 )
1 ,4 8 2  ( 2 . 4 )

4 8  ( 3 . 8 )
l 4 o  

( 4 . 3 )

T o t a l 5 3 ,2 7 2
( 3 0 3 .8 )

4 5 ,1 1 7
( 1 8 4 .3 )

2 4 ,8 7 7
( 1 1 4 .3 )

1 6 ,3 1 7
( 1 1 0 .2 ) a

6 5 ,1 8 0
( 1 9 5 .6 )

4 6 ,3 1 2
( 6 1 . 5 )

4 5 ,2 4 1
( 5 8 .3 )

4 ,6 3 0
( 1 1 7 .1 )

4 ,2 0 4
( 1 2 4 .3 )
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T r i c h o p t e r a

D u r in g  t h e  p e r i o d  o f  75% d e w a te r in g ,  n u m b ers  i n  t h e  c o n t r o l  r i f f l e  

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

o f  f u l l - f l o w ,  n u m b ers  i n  t h e  t e s t  r i f f l e  d i d  n o t  a t t a i n  h ig h  v a l u e s  u n t i l  

l a t e  D ecem b er, n e a r l y  t h r e e  m o n th s  a f t e r  h ig h  v a l u e s  w e re  r e a c h e d  i n  t h e  

c o n t r o l  r i f f l e .  V olum es h a d  s i m i l a r  t r e n d s  i n  b o th  r i f f l e s  th r o u g h o u t  t h e  

s tu d y .

D u r in g  t h e  p e r i o d  o f  75% d e w a te r in g ,  n u m b ers  w e re  s i g n i f i c a n t l y  

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

o f  f u l l - f l o w ,  n u m b ers  an d  v o lu m e s  w e re  s i g n i f i c a n t l y  g r e a t e r  i n  t h e  c o n t r o l  

r i f f l e .  T h e re  w as no  s i g n i f i c a n t  d i f f e r e n c e  i n  v o lu m es  d u r in g  e i t h e r  o f  

t h e  d e w a te r e d  p e r i o d s  o r  . i n  n u m b ers  d u r in g  t h e  p e r i o d  o f  90% d e w a te r in g .  

E p h e m e ro p te ra

' T h e re  w as no  s i g n i f i c a n t  d i f f e r e n c e  i n  e i t h e r  t h e  n u m b ers  o r  v o lu m es 

d u r in g  e i t h e r  p e r i o d  o f  r e d u c e d  f lo w ,  h o w e v e r ,  d u r in g  t h e  p e r i o d  o f  90% 

d e w a te r in g ,  n u m b ers  w e re  s i g n i f i c a n t l y  g r e a t e r  a t  t h e  5% l e v e l  i n  th e  

c o n t r o l  r i f f l e .  B o th  n u m b ers  a n d  v o lu m e s  w e re  s i g n i f i c a n t l y  g r e a t e r  i n  

t h e  c o n t r o l  r i f f l e  d u r in g  t h e  f u l l - f l o w  p e r i o d .

D i p t e r a

T h e re  w as no  s i g n i f i c a n t  d i f f e r e n c e  i n  n u m b ers  d u r in g  e a c h  o f  th e  

t h r e e  f lo w  p e r i o d s .  V olum es o f  D i p t e r a  w e re  s i g n i f i c a n t l y  lo w e r  i n  th e  

c o n t r o l  r i f f l e  d u r in g  a l l  f lo w  p e r i o d s .
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C o le o p te r a

T h e re  w e re  no  s i g n i f i c a n t  d i f f e r e n c e s  i n  e i t h e r  n u m b ers  o r  v o lu m es 

o f  b e e t l e s  b e tw e e n  th e - tw o  r i f f l e s  d u r in g  a n y  o f  t h e  f lo w  p e r i o d s .  How­

e v e r ,  a t  t h e  5^  l e v e l  o f  s i g n i f i c a n c e ,  n u m b ers  i n  t h e  c o n t r o l  r i f f l e  w ere  

s i g n i f i c a n t l y  g r e a t e r  t h a n  t h o s e  i n  th e ' t e s t  r i f f l e  d u r in g  t h e  f u l l - f l o w  

p e r i o d .

P l e c o p t e r a

D u r in g  t h e  p e r i o d  o f  75% d e w a te r in g ,  b o t h  n u m b ers  a n d  v o lu m e s w ere  

s i g n i f i c a n t l y  g r e a t e r  a t  t h e  5% l e v e l  i n  t h e  t e s t  r i f f l e .  D u r in g  th e  

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

i n  t h e  c o n t r o l  r i f f l e ,  h o w e v e r , v o lu m e s  w e re  n o t  s i g n i f i c a n t l y  d i f f e r e n t .  

D u r in g  t h e  p e r i o d  o f  $0% d e w a te r in g ,  n u m b ers  w e re  s i g n i f i c a n t l y  g r e a t e r  

i n  t h e  t e s t  r i f f l e ; v o lu m e s  w e re  s i g n i f i c a n t l y  g r e a t e r  a t  t h e  5% l e v e l

i n  t h e  t e s t  r i f f l e .



DISCUSSION AND CONCLUSIONS

D e w a te r in g  p ro d u c e d  s e v e r e  p h y s i c a l  c h a n g e s  i n  t h e  t e s t  r i f f l e .

A v e rag e  d e p t h ,  a v e r a g e  w a te r  v e l o c i t y ,  a n d  w a te r  vo lum e w e re  t h e  p a r a m e te r s  

m o s t a f f e c t e d .  A lth o u g h  a v e ra g e  w a te r  v e l o c i t y  w as r e d u c e d  b y  o n ly  28% 

d u r in g  t h e  p e r i o d  o f  75% d e w a te r in g ,  a v e r a g e  w a te r  d e p th  a n d  w a te r  vo lum e 

d e c r e a s e d  52 a n d  60% r e s p e c t i v e l y .  D u r in g  t h e  p e r i o d  o f  $0% d e w a te r in g ,  

a v e r a g e  v e l o c i t y  w as r e d u c e d  b y  74%, w h i le  d e p th  and' v o lu m e d e c r e a s e d  65 

an d  76% r e s p e c t i v e l y .  N eedham  ( 1928 ,  1 9 3 4 , 1 9 3 8 ) c o n s i d e r e d  w a te r  d e p th ,  

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

a f f e c t i n g  t h e  p r o d u c t i o n  o f  a q u a t i c  i n s e c t s .  Needham  a n d  U s in g e r  ( 1 9 5 6 ) 

fo u n d  th e  c r o s s - s e c t i o n a l  d i s t r i b u t i o n  o f  a q u a t i c  i n s e c t s  i n  s t r e a m s  was 

l i n k e d  w i t h  w a te r  d e p th  a n d  v e l o c i t y .

W a te r t e m p e r a tu r e  a n d  d i s s o l v e d  o x y g en  i n  t h e  t e s t  r i f f l e  w e re  n o t  

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

w as r e l a t i v e l y  s h o r t .  S tr e a m s  d e w a te r e d  f o r  g r e a t e r  d i s t a n c e s  m ig h t show 

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

F o u r  p r i n c i p a l  d i f f e r e n c e s  i n  t h e  com m unity  d y n am ics  o f  t h e  t e s t  an d  

c o n t r o l  r i f f l e s  w e re  e v i d e n t .  F i r s t ,  d u r in g  t h e  p e r i o d  o f  75% d e w a te r in g ,  

n u m b ers /m  i n  t h e  c o n t r o l  r i f f l e  i n c r e a s e d  w h i le  t h o s e  i n  t h e  t e s t  r i f f l e  

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

n u m b ers /m  i n  t h e  c o n t r o l  r i f f l e  i n c r e a s e d  w h i le  t h o s e  i n  t h e  t e s t  r i f f l e  

d e c r e a s e d .

S e c o n d ly ,  d e n s i t i e s  i n  t h e  t e s t  r i f f l e ,  r e l a t i v e  t o  t h o s e  i n  th e  

c o n t r o l  r i f f l e ,  w e re  h i g h e r  d u r in g  t h e  p e r i o d  o f  75% d e w a te r in g  th a n  d u r in g
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t h e  f u l l - f l o w  p e r i o d .  T h ro u g h o u t t h e  p e r i o d  o f  f u l l - f l o w ,  t h e r e  w as no  

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

t h e  p e r i o d  o f  75% d e w a te r in g ,  n u m b ers  w e re  s i g n i f i c a n t l y  g r e a t e r  i n  th e  

t e s t  r i f f l e  t h a n  i n  t h e  c o n t r o l  r i f f l e .  The num ber o f  T r i c h o p t e r a ,  

E p h e m e ro p te r a ,  C o l e o p t e r a ,  a n d  P l e c o p t e r a  w e re  s i g n i f i c a n t l y  g r e a t e r  i n  

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

H ow ever, f o r  t h e  same o r d e r s  d u r in g  t h e  p e r i o d  o f  75% d e w a te r in g ,  t h e r e  

w as e i t h e r  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  n u m b e rs ,  o r  n u m b ers  w e re  s i g n i f i ­

c a n t l y  g r e a t e r  i n  t h e  t e s t  r i f f l e  t h a n  i n  t h e  c o n t r o l  r i f f l e .  The i n c r e a s e d  

d e n s i t i e s  i n  t h e  t e s t  r i f f l e  may h a v e  b e e n  b r o u g h t  a b o u t  b y  d r i f t  o rg a n is m s  

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

f ro m  e x p o s e d  a r e a s .  Denham (1 9 3 8 )  show ed t h a t  some a q u a t i c  o rg a n is m s  

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

w a te r e d  a r e a s .  D u r in g  my s t u d y  m any c a s e - b e a r i n g  T r i c h o p t e r a  ( n o t e a b l y  

B r a c h y c e n t r u s ) ,  w e re  l e f t  s t r a n d e d  on  e x p o s e d  g r a v e l  b a r s  a n d  a lo n g  s t r e a m  

m a r g i n s .

T h i r d l y ,  t h e  r e s u m p t io n  o f  n a t u r a l  f lo w  c o n d i t i o n s  a p p a r e n t l y  c a u s e d  

a  d e c l i n e  i n  t h e  n u m b ers  o f  T r i c h o p t e r a ,  D i p t e r a ,  C o l e o p t e r a ,  an d  P l e c o p t e r a  

i n  t h e  t e s t  r i f f l e .  S u r b e r  ( 1 9 3 6 ) ,  T a r z w e l l  (1 9 3 7 )?  an d  L ogan  ( 1963 )? a l l  

show ed an  i n v e r s e  r e l a t i o n s h i p  b e tw e e n  f lo w  a n d  ab u n d a n c e  o f  i n s e c t s  i n  

b o t to m  s a m p le s  an d  s u g g e s t e d  h ig h  f lo w s  c a u s e d  s c o u r in g .  M a c io le k  an d  

N eedham  (1 9 5 2 )  r e p o r t e d  h i g h  d r i f t  r a t e s  d u r in g  t h e  p e r i o d s  o f  peak- f l o w s .
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F i n a l l y , t o t a l  n u m b ers  o f  i n s e c t s / m ^  i n  t h e  t e s t  r i f f l e  d i d  n o t  r e a c h  

t h e i r  i n i t i a l  h ig h  v a l u e  u n t i l  N ovem ber, tw o  m o n th s  a f t e r  t h e  i n i t i a l  h ig h  

w as r e a c h e d  i n  t h e  c o n t r o l  r i f f l e .  T h e re  w e re  tw o  t o  t h r e e  t im e s  fe w e r  

T r i c h o p t e r a  i n  t h e  t e s t  r i f f l e  th a n  i n  t h e  c o n t r o l  f o r  a  p e r i o d  o f  t h r e e  

m o n th s  a f t e r  t h e  r e s u m p t io n  o f  n a t u r a l  f l o w s .

D u r in g  t h e  p e r i o d  o f  9 0 $  d e w a te r in g ,  t h e r e  w e re  fe w e r  d i f f e r e n c e s  i n  

n u m b ers  a n d  v o lu m e s  o f  i n s e c t s  f ro m  th e  tw o r i f f l e s  t h a n  d u r in g  t h e  p e r i o d  

o f  7 5$  d e w a te r in g .  E x t r e m e ly  h ig h  f lo w s  d u r in g  J u n e ,  1967 , ( a v e r a g e  o f
O

3 .5 8  n r / s e c )  p r o b a b ly  r e d u c e d  p o p u l a t i o n s  i n  b o th  r i f f l e s  t o  su c h  low  l e v e l s

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

2
n u m b ers  a n d  v o lu m e s /m  d u r i n g  t h e  s e c o n d  summer w ere  60  an d  36$ ,  r e ­

s p e c t i v e l y ,  lo w e r  t h a n  th o s e  f o r  t h e  f i r s t  sum m er.

A c o m p a r is o n  o f  t h e  com m unity  d y n a m ic s  o f  t h e  tw o r i f f l e s  p r i o r  t o  

d e w a te r in g  w as n o t  o b t a i n e d  s i n c e  f lo w  r e d u c t i o n s  w e re  i n  e f f e c t  one 

summer b e f o r e  t h i s  s tu d y  w as i n i t i a t e d .  H ow ever, s i m i l a r i t i e s  i n  

com m unity  d y n a m ic s  o f  b o t h  r i f f l e s  d u r i n g  t h e  s e c o n d  h a l f  o f  t h e  f u l l -  

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

b y  m a n i p u l a t i o n  o f  f l o w s .



LITERATURE CITED

A ld e n 5 W. C. 1953« P h y s io g r a p h y  an d  g l a c i a l  g e o lo g y  o f  w e s t e r n  M o n tan a  
an d  a d j a c e n t  a r e a s . G e o l„ S u rv e y  P r o f e s s .  P a p e r  2 3 1 . 200  p .

B r i g g s 5 -J. C. 1 9 4 8 . The q u a n t i t a t i v e  e f f e c t s  o f  a  dam u p o n  th e  b o tto m  
f a u n a  o f  a  s m a l l  C a l i f o r n i a  s t r e a m .  T r a n s .  A m er. F i s h .  S o c . 5 
7 8 : 7 0 - 8 1 .

Denham 5 S . C. 1 9 3 8 . A l i m n o l o g i c a l  i n v e s t i g a t i o n  o f  t h e  W est F o rk  and
common b r a n c h  o f  W h ite  R i v e r .  I n v e s t .  I n d i a n a  L ak e s  an d  S tr e a m s 5 —. 
1 ( 5 ) :  17 -71=

I r v i n g 5 R. B . 5 an d  P . C u l p in . 1 9 5 6 . The e f f e c t  o f  h y d r o e l e c t r i c  d e v e lo p ­
m e n ts  on t h e  f i s h e r y  r e s o u r c e s  o f  S n ak e  R iv e r .  F i n a l  R e p o r t 5 P r o j e c t  -  
F -8 -R . S t a t e  o f  I d a h o  F i s h  an d  Game D e p t .  M u l t i l i t h . 169  p .

K le p p e r 5 M. R . 1 9 5 0 . A g e o l o g i c  r e c o n n a i s s a n c e  o f  p a r t s  o f  B e a v e rh e a d  
a n d  M ad iso n  C o u n t i e s 5 M o n ta n a . G e o l . S u r v . B u l l .  9 6 9 -C . 85 p .

K r a f t 5 M. E . 1 9 6 8 . The e f f e c t s  o f  c o n t r o l l e d  d e w a te r in g  on  a  t r o u t  s t r e a m .  . 
U n p b l . M a s te r s  T h e s i s .  M o n tan a  S t a t e  U n iv . 31 P«

.L o g a n 5 8 .  M. 1 9 6 3 : W in te r  o b s e r v a t i o n s  on  b o tto m  o rg a n is m s  a n d  t r o u t  i n
B r id g e r  C re e k 5 M o n ta n a . T r a n s .  A m er. F i s h .  S o c . 5 9 2 :  1 4 0 -1 4 5 .

M a c io le k 5 J .  A .5 an d  P .  R . N eedham . 1 9 5 2 . E c o l o g i c a l  e f f e c t s  o f  w i n t e r  
c o n d i t i o n s  on  t r o u t  a n d  t r o u t  fo o d s  i n  C o n v ic t  C re e k 5 C a l i f o r n i a .
T r a n s .  A m er. F i s h .  S o c . 5 8 l :  2 0 2 -2 1 7 «

N eedham 5 P . R. 1 9 2 8 . Q u a n t i t a t i v e  s t u d i e s  o f  t h e  f i s h  fo o d  s u p p ly  i n  
s e l e c t e d  a r e a s .  A b i o l o g i c a l  s u r v e y  o f  t h e  Oswego R iv e r  s y s te m .
N. Y. S t a t e  C o n s . D e p t . 5 S u p p l . t o  1 7 t h .  A nnu . R e p . .2 2 0 -2 3 2 .

________________ . 1 9 3 4 . Q u a n t i t a t i v e  s t u d i e s  o f  s t r e a m  b o t to m  f o o d s . T ra n s  =
A m er. F i s h .  S o c . 6 4 :  2 3 8 -2 4 7 «

________________ . 1 9 3 8 . T r o u t  s t r e a m s .  C om stock  P u b l . C o .5 I n c . 5 I t h i c a 5
New Y o rk . 233 P«

N eedham 5 P . R . 5 a n d  R . U s i n g e r . 1 9 5 6 . V a r i a b i l i t y  i n  t h e  m a c ro fa u n a  o f
a  s i n g l e  r i f f l e  i n  P r o s s e r  C re e k 5 C a l i f o r n i a ,  a s  i n d i c a t e d  b y  t h e  
S u r b e r  s a m p le r .  H i l g a r d i a 5 2 4 : 3 8 3 -4 0 9 «



- 2 9 -

P o w e l l3 G„ C. 1 9 5 8 . E v a l u a t i o n  o f  t h e  e f f e c t s  o f  a  p o w er dam w a te r
r e l e a s e  p a t t e r n  u p o n  t h e  d o w n s tre a m  f i s h e r y .  C o lo ra d o  C oop. F is h  
U n i t  Q u a r t . R ep . 3 4 :  3 1 -3 7 .

• S u r b e r 3 E . W. 1 9 3 6 . R ainbow  t r o u t  an d  b o t to m  f a u n a  p r o d u c t i o n  i n  one m i le  
o f  s t r e a m .  T r a n s .  A m er. F i s h . S o c . ,  6 6 : 1 9 3 -2 0 2 .

- T a r z w e l l 3 C. M. 1 9 3 7 - F a c t o r s  i n f l u e n c i n g  f i s h  fo o d  an d  f i s h  p r o d u c t i o n  
i n  s o u th w e s te r n  s t r e a m s .  T r a n s .  A m er. F i s h .  S o c . 6 7 : 2 4 6 -2 5 5 -

W ipperm an3 A. H. 1 9 6 6 . E f f e c t s  o f  d e w a te r in g  on a  t r o u t  p o p u l a t i o n .  Jo b  
C o m p le tio n  R e p o r t ,  P r o j e c t  F -9 -R -1 4  Jo b  IV . M o n tan a  F i s h  an d  Game 
D e p t .  M u l t i l i t h . 10  p .

____________________ . 1 9 6 7 . E f f e c t s  o f  d e w a te r in g  on a  t r o u t  p o p u l a t i o n .  Jo b
C o m p le tio n  R e p o r t3 P r o j e c t  F -9 -R -1 5  Jo b  IV . M o n tan a  F i s h  an d  Game 
D e p t .  M u l t i l i t h . 4 p .
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