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Abstract:
A study comparing the aquatic insects above (Station 1) and below (Station 2) an area of intensive
agriculture was conducted on Bluewater Creek from September, 1969 through August, 1970., There
were greater fluctuations of flow, temperature ranges and sediment loads at Station 2. A total of 42 taxa
was collected at Station 1 and 26 at Station 2. Ephemeroptera was numerically dominant in bottom and
day-drift samples from Station 1 while Diptera was dominant at Station 2. Much greater numbers of
Plecoptera and Coleoptera were collected at Station 1 than at Station 2. Peak numbers of benthic and
drifting insects occurred during different months at Station 1 than at Station 2. The difference between
the two insect communities were probably the result of changes in characteristics of the stream caused
by intensive agriculture. 
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ABSTRACT

A s tu d y  c o m p a r in g  th e  a q u a t i c  i n s e c t s  ab o v e  ( S t a t i o n  I )  an d  
b e lo w  ( S t a t i o n  2) an  a r e a  o f  i n t e n s i v e  a g r i c u l t u r e  was c o n d u c te d  
on B lu e w a te r  C re e k  fro m  S e p te m b e r ,  1969 th r o u g h  A u g u s t ,  1970., T h e re  
w e re  g r e a t e r  f l u c t u a t i o n s  o f  f lo w , t e m p e r a tu r e  r a n g e s  a n d  s e d im e n t  
lo a d s  a t  S t a t i o n  2 ,  A t o t a l  o f  42 t a x a  w as c o l l e c t e d  a t  S t a t i o n  I  
an d  26 a t  S t a t i o n  2 .  E p h e m e ro p te ra  w as n u m e r i c a l ly  d o m in a n t  i n  
b o t to m  an d  d a y - d r i f t  s a m p le s  fro m  S t a t i o n  I  w h i l e  D i p t e r a  was 
d o m in a n t a t  S t a t i o n  2 . Much g r e a t e r  n u m b ers  o f  P l e c o p t e r a  an d  
C o le o p te r a  w e re  c o l l e c t e d  a t  S t a t i o n  I  t h a n  a t  S t a t i o n  2 . P eak  
n u m b ers  o f  b e n t h i c  an d  d r i f t i n g  i n s e c t s  o c c u r r e d  d u r in g  d i f f e r e n t  
m o n th s a t  S t a t i o n  I  t h a n  a t  S t a t i o n  2 . The d i f f e r e n c e  b e tw e e n  th e  
tw o i n s e c t  c o m m u n itie s  w e re  p r o b a b ly  t h e  r e s u l t  o f  c h a n g e s ' i n  ■ 
c h a r a c t e r i s t i c s  o f  t h e  s t r e a m  c a u s e d  b y  i n t e n s i v e  a g r i c u l t u r e .



INTRODUCTION

Many s t r e a m s  i n  t h e  w e s te r n  U n i te d  S t a t e s  a r e  i n f l u e n c e d  by  

i r r i g a t i o n a l  a c t i v i t i e s  an d  a g r i c u l t u r a l  l a n d - u s e  p r a c t i c e s . I n  1962 

t h e  M o n tan a  F i s h  an d  G am e"D ep artm en t b e g a n  a  s e r i e s  o f  s t u d i e s  t o  

d e te r m in e  t h e  a f f e c t s  o f  t h e s e  a c t i v i t i e s  an d  p r a c t i c e s  on  B l p e w a t e r ' 

C re e k  ( P e t e r s - 1 9 6 5 , 1967 an d  1 9 7 1 ; B ia n c h i  1 9 6 3 ) . T h e se  s t u d i e s  

i n d i c a t e d  i r r i g a t i o n  an d  i n t e n s i v e  a g r i c u l t u r a l  l a n d - u s e  c a u s e d  

g r e a t e r  f lo w  f l u c t u a t i o n s , t e m p e r a tu r e  m o d i f i c a t i o n s  an d  i n c r e a s e d  

s e d im e n t  lo a d s  i n  t h e  s t r e a m .

C h an g es i n  s t r e a m  flow s,"  t e m p e r a tu r e  r a n g e s  and  s e d im e n t  lo a d s  

may a f f e c t  c o m m u n itie s  o f  a q u a t i c  i n s e c t s . A n d e rso n  an d  L ehm kuhl 

(1967) fo u n d  s m a l l  i n c r e a s e s  i n  f lo w  h a d  a  s c o u r in g  e f f e c t  an d  r e ­

s u l t e d  i n  i n c r e a s e d  n u m b ers  o f  d r i f t i n g  i n s e c t s , P o w e ll  (1958) 

r e p o r t e d  l a r g e  r e d u c t i o n s  i n  n u m b ers  o f  E p h e m e ro p te r a , P l e c o p t e r a  

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

minimum f lo w s  b e lo w  a  p o w er dam. A q u a t i c  i n s e c t s  show t e m p e r a tu r e  

p r e f e r e n c e s  (Dodds an d  H isaw  1925 ;• A rm ita g e  1 9 5 8 ) ,  t h u s  m o d i f i c a t i o n  

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

s e d im e n t  l o a d s  may r e s u l t  i n  i n c r e a s e d  d e p o s i t i o n  o f  s e d im e n t s .

C o rd o n e  an d  K e l ly  (1961) re v ie w e d  th e  l i t e r a t u r e  On s e d im e n t  an d  co n ­

c lu d e d  d e p o s i t i o n  o f  s e d im e n ts  g o u ld  d e s t r o y  p o p u l a t i o n s  o f  i n s e c t s .

The p r e s e n t  s t u d y  was u n d e r ta k e n  t o  com pare  b e n t h i c  a n d  d r i f t i n g  

i n s e c t s  ab o v e  a n d  b e lo w  an  a r e p  o f  i r r i g a t i o n a l  a c t i v i t y  an d  i n t e n s i v e



a g r i c u l t u r e . F i e l d  c o l l e c t i o n s  w e re  m ade fro m  S e p te m b e r> 1969 th r o u g h
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A u g u s t ,  1 9 7 0 .



METHODS

Two r i f f l e s  ( S t a t i o n s  I  a n d  2) w e re  s e l e c t e d  f o r  t h e  s a m p l in g  o f

!
b e n t h i c  i n s e c t s  ( F ig u r e  I ) . A f i x e d  s t a t i o n  f o r  s a m p lin g  d r i f t i n g  

i n s e c t s  w as e s t a b l i s h e d  im m e d ia te ly  ab o v e  e a c h  r i f f l e .  C h e m ic a l an d  

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

A Beckm an p o c k e t  pH m e te r  (M odel 180) w as u s e d  t o  o b t a i n  pH r e a d i n g s .  

A l k a l i n i t y ,  d i s s o l v e d  o x y g en  an d  t o t a l  h a r d n e s s  w e re  d e te r m in e d  u s in g  

a  H ach c h e m ic a l  k i t  (M o d e l■D R -E L ). D a i ly  f lo w ,  t e m p e r a tu r e  an d  s e d i ­

m en t d a t a  w e re  o b t a i n e d  fro m  t h e  U n i te d  S t a t e s  G e o lo g ic a l  S u rv e y .

. I n s e c t  s a m p le s  w e re  c o l l e c t e d  m o n th ly  fro m  S e p te m b e r , 1969 

th r o u g h  M ay, 1970 an d  tw ic e  m o n th ly  fro m  J u n e > 1970 th r o u g h  A u g u s t ,  

1 9 7 0 . ■ A minimum! o f  2 w eek s s e p a r a t e d  c o n s e c u t i v e  s a m p lin g  p e r i o d s .

B e n th o s  s a m p le s  w e re  c o l l e c t e d  w i th  a  S u r b e r  s a m p le r  h a v in g  2 5 ' 

m esh es  p e r  2 .5 4  cm. T h re e  0 .0 9  m2 s a m p le s  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  on e a c h  s a m p lin g  d a t e .  The i n i t i a l  t r a n s e c t  

w as e s t a b l i s h e d  a t  t h e  lo w e r  e n d  o f  e a c h  r i f f l e  and  s u c c e e d in g  t r a n s ­

e c t s  w e re  p o s i t i o n e d - a b o u t  0 .9  m u p s t r e a m  fro m  t h e  p r e c e d i n g  o n e . ' A 

minimum o f  4 m o n th s  e l a p s e d  b e f o r e  an  a r e a  w as r e s a m p le d .  A l l  sam p le s  

w e re  t a k e n  i n . w a t e r  w i th  d e p th s  o f  0 .1 5  t o  0 .4 5  m.

D r i f t  s a m p le s  w e re  c o l l e c t e d  i n  a  n e t  h a v in g  a  n y lo n  b a g  (7 .9  

m esh es /cm ) I  m e te r  i n  l e n g t h  a t t a c h e d  t o  a  b r a s s  fram e  w i t h  an  o p e n in g  

o f  1 5 .2  x  6 0 .9  cm. Two d r i f t  s a m p le s  w e re  c o l l e c t e d  fro m  e a c h  s t a t i o n
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on e a c h  s a m p l in g  d a t e .  One d r i f t  s a m p le  fro m  e a c h  s t a t i o n  was ta k e n  

d u r in g  th e  d ay  an d  a n o t h e r  2 -3  h o u r s  a f t e r  s u n s e t .  D r i f t  s a m p le s  w e re  

o f  30 m in u te s  d u r a t i o n  an d  w e re  t a k e n  m idw ay b e tw e e n  t h e  b o t to m  an d  

s u r f a c e  o f  t h e  s t r e a m .  T he v e l o c i t y  o f  t h e  w a te r  w as. d e te r m in e d  w i th  

a  G u r le y  c u r r e n t  m e te r  im m e d ia te ly  p r e v io u s  t o  t a k i n g  e a c h  d r i f t  sa m p le  

B o tto m  an d  d r i f t  s a m p le s  w e re  p r e s e r v e d  i n  t h e  f i e l d  w i th  10% 

fo rm a ld e h y d e .  I n s e c t s  w e re  s e p a r a t e d  fro m  v e g e t a t i o n  a n d  b o tto m  m a te ­

r i a l s  i n  t h e  l a b o r a t o r y  b y  th e  s u g a r  f l o t a t i o n  t e c h n iq u e  (A n d erso n  

1 9 5 9 ) .  I n s e c t s  i n  e a c h  sa m p le  w e re  s o r t e d  t o  t a x o n ,  c o u n t e d , m e a su re d  

v o lu m e t r i c a l l y  t o  t h e  n e a r e s t  0 .1  c c  an d  p r e s e r v e d  i n  .40% i s o p r o p y l  

a l c o h o l .  . T ax a  m e a s u r in g  l e s s  t h a n  0 .1  c c  p e r  sam p le  w e re  r e c o r d e d  a s  

h a v in g  t r a c e  (T) v o lu m e s . Num bers an d  v o lu m es  o f  d r i f t i n g  i n s e c t s  

w e re  c a l c u l a t e d  fo r-  5 0 .8  m^ o f  d i s c h a r g e .



DESCRIPTION OF STUDY AREA

S tu d y  S tre a m

B lu e w a te r  C ree k  f lo w s  n o r t h w e s t e r l y  fro m  i t s  o r i g i n  i n  th e  f o o t ­

h i l l s  o f  t h e  P r y o r  M o u n ta in s  2 4 .2  km t o  i t s  c o n f lu e n c e  w i t h  t h e  C la rk s  

F o rk  o f  t h e  Y e l lo w s to n e  R iv e r  n e a r  F ro m b e rg , M on tana (F ig u r e  I ) . E l e ­

v a t i o n  o f  t h e  s t r e a m  r a n g e s  fro m  a p p r o x im a te ly  4200 f e e t  n e a r  i t s  

h e a d w a te r s  t o  a b o u t  1077 m n e a r  i t s  m outh  (A a g aa rd  1 9 6 9 ) .  T he s t r e a m  

h a s  an  a v e r a g e  w id th  o f  a b o u t  3 m i n  i t s  u p p e r  5 km an d  5 m i n  i t s  

lo w e r  19 km (B ia n c h i  1 9 6 3 ) . B o tto m  m a t e r i a l s  i n  o r d e r  o f  d e c r e a s in g  

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

a n d  s i l t ,  g r a v e l  and  r u b b l e  i n  th e  lo w e r  p o r t i o n  (B ia n c h i  1 9 6 3 ) .

B lu e w a te r  C re e k  r e c e i v e d  a b o u t  49 m3/m in  o f  w a te r  fro m  a r t e s i a n  

s p r i n g s  an d  a  w e l l  w i t h i n  i t s  u p p e r  6 km ( P e t e r s  1 9 7 1 ) . F low  i n  t h e  

lo w e r  18 km o f  s t r e a m  was u s u a l l y  a b o u t  51 m3/m in .  F lo w s an d  te m p e r­

a t u r e s  f l u c t u a t e d  l e s s  an d  s e d im e n t  l o a d s  w e re  lo w e r  i n  t h e  u p p e r  10 km 

o f  s t r e a m  th a n  i n  t h e  lo w e r  14 km ( P e t e r s  1971) .

G ra z in g  w as t h e  m a jo r  l a n d - u s e  a lo n g  t h e  u p p e r  10 km o f  B lu e w a te r  

C re e k . O nly  s m a l l  a m o u n ts .o f  w a te r  w e re  d i v e r t e d  f o r  i r r i g a t i o n  from  

t h i s  p o r t i o n  o f  t h e  s t r e a m .  A lo n g  t h e  lo w e r  18 km o f  s t r e a m  c u l t i ­

v a t i o n  w as i n t e n s i v e , arid l a r g e  am o u n ts  o f  w a te r  w e re  d i v e r t e d  f o r  

i r r i g a t i o n .  The l a r g e s t  am oun t o f  w a te r  was rem oved  a p p r o x im a te ly  

10 km b e lo w  th e  s o u r c e  o f  t h e  s t r e a m  th r o u g h  th e  O rc h a rd  D i t c h .  T h is

O  \

d i t c h  h a d  an i n i t i a l  c a p a c i t y  o f  68 miV m in , an  o v e r a l l  l e n g t h  o f  10 km
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an d  w as i n  o p e r a t i o n  fro m  a b o u t  J u n e  I  th r o u g h  S e p te m b e r  3 0 , 1 970 .

S m a ll  an d  v a r y in g  am o u n ts  o f  w a te r  rem oved  th r o u g h  t h e  O rc h a rd  

D i tc h  r e t u r n e d  t o  B lu e w a te r  C ree k  th r o u g h  n a t u r a l  d r a i n a g e s .  T w elve 

m i le s  b e lo w  i t s  s o u r c e ,  t h e  s t r e a m  r e c e i v e d  i r r i g a t i o n  w a s te  w a te r  

fro m  th e  C la r k s  F o rk  R iv e r  b y  way o f  t h e  O rc h a rd  C a n a l  I r r i g a t i o n  

P r o j e c t .  T h is  p r o j e c t  h a d  31 km o f  m ain  d i t c h ,  a  c a p a c i t y  o f  255 

m3/m in  an d  w as i n  o p e r a t i o n  fro m  a p p r o x im a te ly  A p r i l  15 th r o u g h  N o v - ' 

em ber 1 5 , 1 9 7 0 .

S a l1Ix an d  B etu la  o e o td e n ta lls  w e re  a b u n d a n t  on s t r e a m b a n k s  a lo n g  

t h e  u p p e r  h a l f  o f  t h e  s t r e a m .  • Common a q u a t i c  p l a n t s  i n  t h e  u p p e r  

p o r t i o n  o f  t h e  s t r e a m  w e re  Bevula eve e ta 3 R orippa.nastuvtium -aquatieum 3 

Z annidhellia3 Chava3 VauQhevia3 an d  an  u n i d e n t i f i e d  m oss a n d  l e a f y  

l i v e r w o r t .  L i t t l e  woody v e g e t a t i o n  o c c u r r e d  on s tr e a m b a n k s  a lo n g  th e  

lo w e r  p o r t i o n  o f  th e  s t r e a m .  Cladophova was t h e  o n ly  common a q u a t i c  

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

S a m p lin g  S t a t i o n s

S t a t i o n  I  w as l o c a t e d  a p p r o x im a te ly  6 km b e lo w  t h e  s o u r c e  o f  t h e  

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

S t a t i o n  2 w as l o c a t e d  a b o u t  24 km fro m  t h e  s o u r c e  o f  t h e  s t r e a m  b e lo w  

an  a r e a  o f  i n t e n s i v e  c u l t i v a t i o n  an d  i r r i g a t i o n a l  a c t i v i t y .  B o th  s tu d y  

r i f f l e s  h a d  s i m i l a r  s u b s t r a t e s  (T a b le  I ) .
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T a b le  I .  C o m p o s itio n  o f  b o t to m  m a t e r i a l s  i n  tw o 0 .0 9  m2 s a m p le s ' from  
;____________ e a c h  s tu d y  r i f f l e , ____________________________________________________

C la s s S iz e  (mm) P e r c e n t o f T o t a l  Volume

C o b b le

S t a t i o n I S t a t i o n  2

• L a rg e > 5 0 .8 2 0 .1 5 1 5 .5 2  '
Medium .

COOmACOCO 1 7 .1 5 2 3 .6 1
S m a ll 1 9 .1 - 3 8 .1 3 8 .8 0 3 4 .3 9

P e b b le 4 .7 6 - 1 9 .1 1 8 .1 5 1 9 .3 7
G ra v e l 2 .0 0 - 4 .7 6 3 .5 0 3.2-1
S and < 2 .0 0 2 .2 5 3 .9 0



RESULTS

C h e m ic a l - P h y s ic a l  D a ta

Mean m o n th ly , maximum an d  minimum t e m p e r a tu r e s  w e re  h i g h e r  a t  

S t a t i o n  I  t h a n  a t  S t a t i o n  2 d u r in g  a l l  m o n th s o f  t h e  y e a r  e x c e p t  J u l y ,  

A u g u s t an d  S e p te m b e r  (T a b le  '2 ) .  T e m p e ra tu re s  ra n g e d  b e tw e e n  18 and  

5 .5  C a t  S t a t i o n  I  and  25 an d  0 .0  C a t  S t a t i o n  2 .

S tr e a m  d i s c h a r g e  was m ore s t a b l e  a t  S t a t i o n  I  t h a n  a t  S t a t i o n  2 

(T a b le  3 ) .  D is c h a r g e  a t  S t a t i o n  I  ra n g e d , fro m  a  h ig h  o f  5 6 .3  m3/m in  

d u r in g  May t o  a  low  o f  4 4 .2  m3/m in  d u r i n g  S e p te m b e r . A t S t a t i o n  2 

d i s c h a r g e  r a n g e d  fro m  2 0 2 .0  m3/m in  i n  May t o  3 3 .0  m3/m in  d u r in g  J u l y .  

T he g r e a t e s t  v a r i a t i o n s  i n  d i s c h a r g e  a t  S t a t i o n  2 o c c u r r e d  d u r in g  th e  

i r r i g a t i o n  s e a s o n , A p r i l  th r o u g h  O c to b e r .

Mean m o n th ly  s e d im e n t  lo a d s  w e re  a lw a y s  s m a l l e r - a t  S t a t i o n  I  th a n  

a t  S t a t i o n  2 (T a b le  3 ) .  S e d im e n t lo a d s  a t  S t a t i o n  I  r a n g e d  fro m  2 5 .3  

m e t r i c  t o n s / d a y  d u r in g  May t o  3 .2  m e t r i c  t o n s / d a y  i n  F e b r u a r y .  A t 

S t a t i o n  2 t h e y  r a n g e d  fro m  1 2 9 5 .0  m e t r i c  t o n s / d a y  i n  May t o  5 .8  m e t r i c  

t o n s / d a y  i n  F e b r u a r y .  G r e a t e s t  s e d im e n t  lo a d s  w e re  r e c o r d e d  d u r in g .  

A p r i l ,  May an d  J u n e  w hen r u n o f f  an d  i r r i g a t i o n  w a s te w a te r  w e re  maximumt

A l k a l i n i t y ,  d i s s o l v e d  o x y g en  an d  pH w e re  s i m i l a r  a t  S t a t i o n s  I  

an d  2 ,  b u t  t o t a l  h a r d n e s s  a v e r a g e d  165 ppm h i g h e r  a t  S t a t i o n  I  (T a b le  

4 ) .
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T a b le  2 . Mean m o n th ly  maximum an d  minimum t e m p e r a tu r e s  (C) a t
s a m p lin g  s t a t i o n s  (fro m  USGS d a t a ) .

S t a t i o n s I 2

D a te

1969

Max'.- M in. Max. M in.

S e p te m b e r 1 5 .6 1 3 .9 1 5 .6 * 1 3 .9 *

O c to b e r 1 1 .7 1 1 .1 7 .8 6 . 7

N ovem ber 1 1 .1 1 0 .0 5 .6 4 .4

D ecem ber 1 0 .6 9 .4 4 .4 3 .9

1970

J a n u a r y 9 . 4 8 . 3 2 .8 1 .7

F e b ru a ry 1 0 .6 1 0 .0 6 .1 5 .6

M arch 1 0 .6 8 .3 6 .7 * 6 .1 *

A p r i l 1 1 .7 ' 1 0 .0 .8 .3 . 7 .2

May 1 5 .6 1 3 .3 1 3 .9 * 1 2 .2 *

J u n e 1 7 .8 1 4 .4  ' ' 1 7 .2 1 3 .3

J u l y 1 7 .8 1 5 .0 2 2 . 8 1 7 .8

A u g u s t • 1 7 .2 1 5 .0  " 2 0 .6 1 6 .7

* M eans b a s e d  on in c o m p le te r e c o r d s .
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T a b le  3 . Mean m o n th ly  d i s c h a r g e s  (m3/m in )  an d  s e d im e n t  lo a d s  
t o n s / d a y )  a t  s a m p l in g  s t a t i o n s  (fro m  USGS d a t a ) .

( m e t r i c

. D is c h a rg e S e d im e n t
S t a t i o n s I  2* I 2*.

D a te

1969

S e p te m b e r 4 4 .2 1 0 0 .3 3 .7 5 1 .9

O c to b e r 5 0 .5 1 2 2 .9 3 .8 4 2 .8

N ovem ber 5 3 .4 5 8 .7 3 .2 1 1 .4

D ecem ber 5 1 .3  ' 5 1 .0 4 .0 7 .4

1970

J a n u a r y 5 1 .0 5 0 .2 3 .7 6 .8

F e b ru a ry 5 0 .8 4 9 .3 3 .2 5 .8

M arch 5 2 .9 6 0 .0 3 .7 5 9 .4

A p r i l 5 4 .1 7 1 .1 4 .3 1 2 1 .0

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

J u n e 5 2 .4 1 5 0 .1 8 .2 8 4 .2

J u l y 5 0 .5  • 3 3 .0 3 .9 1 4 .5

A u g u s t 4 7 .4 - 4 7 .1 3 .7 2 4 .0

* M eans b a s e d  on in c o m p le te  r e c o r d s .
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T a b le  4 . Maximxam, minimum an d  m ean v a l u e s  o f .  4 c h e m ic a l  c h a r a c t e r ­
i s t i c s  a t 's a m p l i n g  s t a t i o n s  f ro m -S e p te m b e r ,  1969 th ro u g h  ■ 

____________ A u g u s t ,  1 9 7 0 ._____________________ __________________________________

S t a t i o n s I

A l k a l i n i t y  (a s  ppm CaCog) 
Maximum 200 250
Minimum 107 105
Mean 176 179

D is s o lv e d  O xygen (ppm) 
Maximum 9 ,5  ' 1 0 .;
Minimum 8 .0 8.1
Mean 8 .6 9 .;

pH
Maximum . . 8 .4 8.1
Minimum 7 .7 7 . '

T o t a l  H a rd n e s s  (a s  ppm C aCog)
Maximum 1050 1010
Minimum 850 385
Mean 907 741
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B e n th o s

• The t o t a l  num ber o f  i n s e c t s  c o l l e c t e d  a t  S t a t i o n  I  was 5482 and  

a t  S t a t i o n  2 was 5323 (T a b le  5 ) .  N um bers o f  i n s e c t s  c o l l e c t e d  a t  

S t a t i o n  I  r a n g e d  fro m  a  h ig h  o f  762 i n  J u l y  t o  a  low  o f  104 i n  O c to b e r

an d  a t  S t a t i o n  2 fro m  884 i n  A u g u s t t o  34 i n  May. The t o t a l  vo lum e o f

i n s e c t s  c o l l e c t e d  a t  S t a t i o n  I . (2 6 .7  Ce) w as a p p r o x im a te ly  tw ic e  t h a t  

c o l l e c t e d  a t  S t a t i o n  2 ( 1 3 .9  cc ) . The v o lu m e o f  i n s e c t s  c o l l e c t e d  a t

S t a t i o n  I  r a n g e d  fro m  a  h ig h  o f  5 .0  c c  i n  D ecem ber t o  a  low  o f  0 .2  cc

i n  O c to b e r  a n d  a t  S t a t i o n  2 fro m  2 .4  cc  i n  F e b ru a ry  t o  l e s s  th a n  0 .1  

c c  i n  J u l y .

P l e c o p t e r a -----A b o u t 18 t im e s  m ore s t o n e f l i e s  w e re  c o l l e c t e d  a t

S t a t i o n  I  (690) th a n  a t  S t a t i o n  2 ( 3 8 ) .  T hey m ade up 13% o f  t o t a l  

i n s e c t  n u m b ers  c o l l e c t e d  a t  S t a t i o n  I  an d  1% a t  S t a t i o n  2 . The t o t a l  

v o lum e o f  s t o n e f l i e s  c o l l e c t e d  a t  S t a t i o n  I  ( 3 .2  cc ) w as 8 t im e s  

g r e a t e r  th a n  a t  S t a t i o n  2 ( 0 .4  c c ) . Volum e o f  s t o n e f l i e s  c o n s t i t u t e d  

12% o f  t h e  v o lum e f o r  a l l  i n s e c t s  c o l l e c t e d  a t  S t a t i o n  I  a n d  3% a t  

S t a t i o n  2 .

F o u r  t a x a  o f  s t o n e f l i e s  w e re  c o l l e c t e d  w i th  3 o c c u r r i n g  a t  e a c h  

s t a t i o n .  I s o p e v t a  a c c o u n te d  f o r  94% o f  a l l  s t o n e f l i e s  c o l l e c t e d  a t  . 

S t a t i o n  I  an d  92% a t  S t a t i o n  2 . I t  m ade up  97% o f  t h e  t o t a l  vo lum e 

o f  s t o n e f l i e s  c o l l e c t e d  a t  S t a t i o n  I  an d  50% a t  S t a t i o n  2 .



■ T a b le  5„ N um bers an d  v o lu m es (c c ) o f  i n s e c t s  c o l l e c t e d  fro m  b e n t h i c  ( 4 .2  m2 ) an d  d r i f t
( p e r  762 m3 ) s a m p le s  fro m  S e p te m b e r ,  1969 th ro u g h  A u g u s t ,  1 9 7 0 . (V olum es i n  

p a r e n t h e s e s ) . T = T r a c e .______________________________________

S am ple  T ype B o tto m Day-■ D rif t N i g h t - D r i f t

S t a t i o n I 2 I 2 I 2

PLECOPTERA 690 38 1 1 .0 1 .0 1 5 6 .6 4 .5
(3 .2 ) (0 .4 ) (T) (T) (1 .0 ) (T)

Kathrp-pevla s p . 42 • I 1 .5
(T) (T) (T)

Nemoura s p . 0 .8 4 .0
(T) (T)

Aoroneuria  s p . 2
(0 .1 )

Isogenus  s p . 2
( 0 . 2 )

Iso p e r la  s p p . 646 35 1 0 .2 1 .0 1 5 1 .1 ' 4 .5
(3 .1 ) (0 .2 ) (T) (T) (1 .0 ) (T)

EPHEME ROP TE RA . 1935 1496 4 5 .1 5 1 .5 5 9 5 .9 3 8 4 .8
(5 .0 ) (2 .5 ) (T) (T) (2 .7 ) (0 .6 )

B a etis  parvus 788 633 2 5 .3 4 3 .4 4 0 5 .6 3 3 7 .9
(0 .8 ) (1 .0 ) (T) (T) (1 .4 ) (0 .5 )

Choroterpes 2 1 .3
a lb ian n u la ta (T) (T)

Ephemerella inerm is 1086 8 1 9 .2 0 .3 1 8 4 .2  . 0 .8
( 4 . 2 ) ' (T) (T) (T) ( 1 . 3 ) (T)

Trioorythodes minutus 61 825 0 .6 7 .5 6 .1 1 6 .6
(T) (1 .5 ) (T) (T) (T) (T)

Heptagenia e legan tu la 28 0 .3 2 8 .2
(T) (T) (0 .1 )



T a b le  5 .  C o n tin u e d

S am ple  Type B o tto m

S t a t i o n I 2

TRICHOPTERA 740 826
(6 .7 ) (4 .1 )

Braohyoentrus s p . 5 3
(T) (T)

Hydropsyohe s p . 517 787
(6 .5 ) (4 .1 )

O ohrotriohia  s p . 171 36
(T) (T)

Rhyaoophila aoropedes 47
(0 .2 )

COLEOPTERA 765 40
(T) (T)

H etiokus s tr ia tu s

Agdbus s p .

B idessus a f f in is

Deroneotes
g r is e o s tr ia tu s

Hydroporus s p .  I
(T)

Hygrotus s p .

Laooophilus maoulosus

D a y - D r i f t________;___________ N i g h t - D r i f t

I 2 I 2

1 2 .2 9 .8 3 4 .9 5 4 .1
(T) (T) (0 .2 ) (0 .3 )

0 .8 0 .3 1 .0 2 .9
(T) (T) (T) (T)
8 .8 9 .1  ' 2 7 .6 4 8 .8
(T) (T) (0 .1 ) (0 .3 )
2 .2 0 .4 2 .1 0 .4
(T) (T) (T) (T)
0 .4 4 .2
(T) (0 .1 )

1 6 .7 1 .9 4 4 .3 5 .1
(T) (T) (T) (T)

0 .6 8 .8  ■ 0 .4
(T) (T)

0 .4
(T)

(T)

0 .4 3 .4 0 .9
(T) (T) (T)
1 .9 9 .9 0 .7
(T) (T) (T)

0 .3  
(T) 
1 .4  
(T) 
0 .4  
(T) '

E lm id a e



T a b le  5 .  C o n tin u e d

S am ple  T ype B o tto m Day-- D r i f t N i g h t - D r i f t

S t a t i o n I 2 I 2 I 2
COLEOPTERA, c o n t ' d
O ptioserpus o v a lis 764 40 1 3 .5 1 .9 1 6 .4 3 .1

(T) (T) (T) (T) (T) (T)
Dineutus s p . 0 .3

'(T-).
Gyrinus b ifa r iu s 0 .3

(T)
H alip lus b o re a lis 1 .0

(T)
H. s tr ig a tu s 0 .8

(T)
P e lto d y te s  oa llo su s 0 .3

(T)
Enodhrus s p . 0 .3

(T)
T ro p is tem u s  s p . 0 .3 0 .3

(T) (T)

ODONATA. 15 1 .5
(2 .2 ) (0 .2 )

Ophiogomphus s p . 15 1 .5
(2 .2 ) (0 .2 )

• DIPTE RA 1060 2572 3 4 .8 5 6 .6 4 7 .9 6 3 .4
(1 1 .8 ) (4 .7 ) (T) (T) (T) (T)

Phaeniaia s e r io a ta I 0 .3
. (T) (T)

C e c id o m y i id a e " I 0 .3 0 .3
(T) (T) (T)



T a b le  5 .  C o n tin u e d

S am ple  Type B o tto m Day-- D r i f t N i g h t - D r i f t

S t a t i o n I 2 I 2 ■ I 2

DIPTERA, c o n t 'd
C h iro n o m id a e 779 2254 1 6 .0 3 9 .3 1 6 .6 4 5 .9

(T) (0 .3 ) (T) (T) ' (T) (T)
Bixa s p . 2 4 2 .1 2 .1 0 .9

(T) (T) (T) ■ (T) (T)
E m p id id a e 95 192 2 .2 3 .1 1 .3  '■ 2 .6

H e m e ro d ro m iin ae (T) (T) (T) (T) (T) (T)
Fannia s p . 0 .3

- (T)
L ispo ides aequifrons 2 I 0 .4

(T) (T) (T)
Periaoma s p . 4 2 2 .3

(T) (T) (T)
Simulium a re tic im 10 24 8 .5 1 4 .2 1 6 .4 1 0 .8

(T) (T) (T) (T) (T) (T)
Euparyphus s p . 3 1 .0 4 .1

(T) (T) (T)
Sphaerophoria  s p . 0 .3 0 .4

(T) (T)
Tetanooera  s p . 0 .4

(T)
Bioranota  s p . 16 2 3 .1 2 .8

(T) (T) (T) (T)
Hexatoma s p . 120 92 1 .0 0 .6 0 .9

(3 .5 )  , ( 4 .4 ) (T) (T) (T)
Tipula  s p . . 27 I 0 .3 0 .3 1 .6

( 8 / 3 ) (T) (T) (T) (T)



T a b le  5 .  C o n t in u e d  .

S am ple  Type B o tto m . . D a y - D r i f t N i g h t - D r i f t

S t a t i o n I 2 I  2 I 2

UNIDENTIFIED PUPAE 292 336 1 2 1 .8  4 0 .3 1 1 7 .9 4 4 .0

TOTALS 5482
(2 6 .7 )

5323
(1 3 .9 )

2 4 1 .6  1 6 1 .1
(T) (T)

9 9 7 .5
(3 .9 )

5 5 5 .4
(1 .2 )

i
H
f
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I  an d  1496 a t  S t a t i o n  2 ,  M a y f l i e s  m ade up  35 an d  28% o f  a l l  i n s e c t s  

c o l l e c t e d  i n  t h e  u p s t r e a m  an d  d o w n s tre a m  r i f f l e s ,  r e s p e c t i v e l y .  The 

t o t a l  vo lum e o f  m a y f l i e s  c o l l e c t e d  i n  t h e  u p p e r  r i f f l e  ( 5 .0  cc ) was 

tw ic e  t h a t  o f  t h e  lo w e r  ( 2 .5  c c ) . M a y f l i e s - a c c o u n te d  f o r  a b o u t  19% 

o f  t h e  t o t a l  i n s e c t  v o lum e c o l l e c t e d  a t  S t a t i o n  I  an d  18% a t  S t a t i o n  

2 .
F iv e  t a x a  o f  m a y f l i e s  w e re  c o l l e c t e d . .  T h re e  o c c u r r e d  i n  t h e  

u p p e r  r i f f l e  an d  5 i n  t h e  lo w e r .  Ephemerella Inerm is3 Trioorythodes  ' 

minutus an d  B a etis  parvus  a c c o u n te d  f o r  5 6 , 3 and  40% r e s p e c t i v e l y  

o f  t h e  t o t a l  num ber o f  m a y f l i e s  c o l l e c t e d  a t  S t a t i o n  I  an d  I ,  55 and  

42% r e s p e c t i v e l y  a t  S t a t i o n  2 . T h e se  t a x a  made up  8 4 , <1 an d  16% 

r e s p e c t i v e l y  o f  t o t a l  v o lu m e o f  m a y f l i e s  c o l l e c t e d  a t  S t a t i o n  I  and  

< 1 , 60 an d  40% r e s p e c t i v e l y  a t  S t a t i o n  2 .

T r i c h o p t e r a -----A t o t a l  o f  740 'c a d d i s f l i e s  was c o l l e c t e d  a t  S t a t i o n

I  an d  826 a t  S t a t i o n  2 . C a d d i s f l i e s  r e p r e s e n t e d  14% .o f  t h e  t o t a l  

num ber o f  i n s e c t s  c o l l e c t e d  i n  t h e  u p p e r  r i f f l e  and  16% i n  t h e  lo w e r .  

T he t o t a l  vo lum e o f  c a d d i s f l i e s  c o l l e c t e d  w as 6 .7  c c  a t  S t a t i o n  I  and  

4 .1  c c  a t  S t a t i o n  2 . C a d d i s f l i e s  c o n s t i t u t e d  25 an d  29% o f  t h e  t o t a l  

vo lum e f o r  a l l  i n s e c t s  c o l l e c t e d  a t  S t a t i o n s  I  an d  2 ,  r e s p e c t i v e l y .

A l l  4 t a x a  o f  c a d d i s f l i e s  c o l l e c t e d . o c c u r r e d  a t  S t a t i o n  I. an d  3 

w e re  fo u n d  a t  S t a t i o n  2 . Hydropsyohe an d  O ohrotriohia  made up 70 an d  

23% r e s p e c t i v e l y  o f  a l l  c a d d i s f l i e s  c o l l e c t e d  i n  t h e  u p p e r  r i f f l e  and

E p h e m e r o p te r a -----A t o t a l  o f  1 9 3 5  m a y f l i e s  w as c o l l e c t e d  a t  S t a t i o n
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95 an d  4% r e s p e c t i v e l y  i n  t h e  lo w e r .  Hydvopsyahe made up  97 and  100% 

o f  t o t a l  vo lum e o f  c a d d i s f l i e s  c o l l e c t e d  a t  S t a t i o n s  I  a n d  2 ,  r e s p e c ­

t i v e l y .

C o l e o p t e r a -----A b o u t ,1 9 .5  t im e s  m ore b e e t l e s  w e re  c o l l e c t e d  a t

S t a t i o n  I  (765) t h a n  a t  S t a t i o n  2 ( 4 0 ) .  T hey r e p r e s e n t e d  14% o f  a l l  

i n s e c t s  c o l l e c t e d  a t  S t a t i o n  I  an d  1% a t  S t a t i o n  2 . E ach  ta x o n  o f  

b e e t l e s  h a d  l e s s  t h a n  0 .1  c c  vo lu m e i n  e a c h  s a m p le .

B o th  t a x a  o f  b e e t l e s  c o l l e c t e d  o c c u r r e d  i n  t h e  u p p e r  r i f f l e  an d  

I  i n  t h e  lo w e r .  N e a r ly  100% o f  t h e  b e e t l e s  c o l l e c t e d  a t  b o th  s t a t i o n s  

w e re  O ptiosevvus o v a lis .  /

D i p t e r a -----A lm o st 2 .5  t im e s  fe w e r  D i p t e r a  w e re  c o l l e c t e d  i n  t h e

u p p e r  r i f f l e  (1060) th a n  i n  t h e  lo w e r  (2 5 7 2 ) . T hey  a c c o u n te d  f o r  19% 

o f  a l l  i n s e c t s  c o l l e c t e d  a t  S t a t i o n  I  a n d  48% a t  S t a t i o n  2 .  H ow ever, 

t h e  vo lum e o f  D i p t e r a  c o l l e c t e d  a t  S t a t i o n  I  (1 1 .8  cc ) w as a b o u t  2 .5  

t im e s  t h a t  c o l l e c t e d  a t  S t a t i o n  2 (4 .7  c c ) . The vo lum e o f  D i p t e r a  

c o n s t i t u t e d  44 an d  34% o f  t h e  t o t a l  v o lu m e o f  a l l  i n s e c t s  c o l l e c t e d  i n  

t h e  u p p e r  an d  lo w e r  r i f f l e s ,  r e s p e c t i v e l y .

A l l  12 t a x a  o f  D i p t e r a  c o l l e c t e d  o c c u r r e d  a t  S t a t i o n  I  an d  9 t a x a  

o c c u r r e d  a t  S t a t i o n  2 . C h iro n o m id a e  m ade up  73 and  88% o f  t h e  t o t a l  

nu m b er o f  D i p t e r a  c o l l e c t e d  i n  t h e  u p p e r  an d  lo w e r  r i f f l e s ,  r e s p e c ­

t i v e l y .  Tipula  an d  Hexatoma a c c o u n te d  f o r  70 an d  30% r e s p e c t i v e l y  o f  

t h e  t o t a l  vo lu m e o f  D i p t e r a  c o l l e c t e d  i n  t h e  u p p e r  r i f f l e  a n d  <1 and  

94% r e s p e c t i v e l y  i n  t h e  lo w e r .
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gonrphus w i th  a  vo lum e o f  2 .2  c c  w e re  c o l l e c t e d  a t  S t a t i o n  2. They 

a c c o u n te d  f o r  l e s s  th a n  1% o f  t h e  t o t a l  num ber o f  i n s e c t s  c o l l e c t e d  a t  ■ 

S t a t i o n  2 a n d  16% o f  t h e  t o t a l  v o lu m e .

U n i d e n t i f i e d  p u p a e -----T o t a l s  o f  292 an d  336 u n i d e n t i f i e d  p u p a e

w e re  c o l l e c t e d  i n  t h e  u p p e r  an d  lo w e r  r i f f l e s ,  r e s p e c t i v e l y .  They 

c o n s t i t u t e d  5% o f  a l l  i n s e c t s  c o l l e c t e d  a t  , S t a t i o n  I  an d  6% a t  S t a t i o n

2 . ' T he v o lu m e o f  p u p a e .w a s  l e s s  th a n  0 .1  cc  i n  e v e ry  s a m p le .

,!

D a y - D r i f t  •

A t o t a l  o f  242 d a y - d r i f t i n g  i n s e c t s  w as c o l l e c t e d  a t  S t a t i o n  I  

an d  161 a t  S t a t i o n  2 ' (T a b le  5) .. N um bers c o l l e c t e d  r a n g e d  from  a  h ig h  

o f  98 d u r i n g  A p r i l  t o  a  low  o f  I  d u r in g  O c to b e r  a t  S t a t i o n  I  an d  from  

59 i n  J u l y  t o  I  i n  N ovem ber a t  S t a t i o n  2 . No ta x o n  h a d  a  vo lum e o f

0 .  1 c c  o r  g r e a t e r  i n  an y  s a m p le .  ■

P l e c o p t e r a -----A b o u t 11, t im e s  m ore ■ s t o n e f l i e s  w e re  c o l l e c t e d  a t

t h e  u p p e r  s t a t i o n  (11) t h a n  a t  t h e  lo w e r  ( I ) .  They m ade up  5% o f  a l l  

i n s e c t s  c o l l e c t e d  a t  S t a t i o n  I  an d  1% a t .  S t a t i o n  2 .

B o th  t a x a o f  s t o n e f l i e s  c o l l e c t e d  o c c u r r e d  a t  S t a t i o n  I  an d  I  

ta x o n  a t  S t a t i o n  2 .  I s o p e r t a  c o n s t i t u t e d  93 an d  100% o f  t h e  num ber o f  

s t o n e f l i e s  c o l l e c t e d  a t  S t a t i o n s  I  an d  2 > r e s p e c t i v e l y .

E p h e m e ro p te r a -----A t o t a l  o f  - 45 m a y f l i e s  w as c o l l e c t e d  a t  S t a t i o n

1 . an d  52 a t  S t a t i o n  2 .  T hey  a c c o u n te d  f o r  19% o f  t o t a l  n u m b ers  o f  

d a y - d r i f t  i n s e c t s  c o l l e c t e d  a t  S t a t i o n  I  an d  32% a t  S t a t i o n  2 .

O d o n a ta -----No O d o h a ta  w e r e  c o l l e c t e d  a t  S t a t i o n  I ,  b u t  15 Oph-Lo-
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Of t h e  4 t a x a o f  m a y f l i e s  c o l l e c t e d ,  3 o c c u r r e d  a t  S t a t i o n  I  and  

4 a t  s t a t i o n  2 . B a etis  'parvus an d  Ephemerella inerm is  c o n s t i t u t e d

56 an d  43% r e s p e c t i v e l y  o f  a l l  m a y f l i e s  c o l l e c t e d  a t  S t a t i o n  I  and  84 

an d  1%'r e s p e c t i v e l y  a t  S t a t i o n  2 .

T r i c h o p t e r a -----T w elv e  an d  10 c a d d i s f l i e s  w e re  c o l l e c t e d  a t  S t a t i o n s

1 an d  2 ,  r e s p e c t i v e l y .  T hey  m ade up  5% o f  t h e  t o t a l  nu m b er o f  i n s e c t s  

c o l l e c t e d  a t  S t a t i o n  I  a n d '6% a t  S t a t i o n  2 .

The f o u r  c a d d i s f l y  t a x a ' c o l l e c t e d  o c c u r r e d  a t  S t a t i o n  I  an d  3 

w e re  f o u n d - a t  S t a t i o n  2 . Hydropsyehe c o n s t i t u t e d  72% o f  a l l  c a d d i s -  

f l i e s  c o l l e c t e d  a t  S t a t i o n  I  an d  93% a t  S t a t i o n  2 .

C o l e o p t e r a -----S e v e n te e n  b e e t l e s  w e re  c o l l e c t e d  a t  . S t a t i o n  I  and

2 a t  S t a t i o n  2 . T hey  a c c o u n te d  f o r  7 an d  1% o f  a l l . i n s e c t s  c o l l e c t e d  

a t  S t a t i o n s  I  an d  2 > r e s p e c t i v e l y .

O f th e  5 b e e t l e  t a x a  c o l l e c t e d ,  a l l  o c c u r r e d  a t  S t a t i o n  I  a n d - 

o n ly  I  a t  S t a t i o n - 2 . O ptioservus O V a l i s  c o n s t i t u t e d  81% o f  t h e  b e e t l e s  

c o l l e c t e d  a t  S t a t i o n  I  an d  100% .a t  S t a t i o n  -2:

D i p t e r a  A t o t a l  o f  35 D i p t e r a  w as c o l l e c t e d  a t  .S t a t i o n  I  a n d ■

57 a t  S t a t i o n  2 . T hey a c c o u n te d  f o r  14% o f  a l l  i n s e c t s  c o l l e c t e d  a t  

S t a t i o n  I  an d  35% a t  S t a t i o n  2 ;

A l l  o f  t h e  10 t a x a  o f  D i p t e r a  c o l l e c t e d  o c c u r r e d  a t  S t a t i o n  I  

w h i l e  o n ly  3 o c c u r r e d  a t  S t a t i o n  2 . C h iro n o m id a e  an d  Simuliion aretieum  

m ade up  46 an d  24% r e s p e c t i v e l y  o f  D i p t e r a  n u m b ers  c o l l e c t e d  a t  

S t a t i o n  I  an d  69 an d  25% r e s p e c t i v e l y  a t  S t a t i o n  2 .
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U n i d e n t i f i e d  p u p a e - — T o t a l s  o f  122 an d  40 u n i d e n t i f i e d  p u p a e  w e re  

c o l l e c t e d  a t  S t a t i o n s  I  an d  2 , r e s p e c t i v e l y .  They a c c o u n te d  f o r  50% 

o f  t o t a l  i n s e c t  n u m b ers  c o l l e c t e d  a t  S t a t i o n  I  and  25% a t  S t a t i o n  2 .

N i g h t - D r i f t

A t o t a l  o f  998 n i g h t - d r i f t i n g  i n s e c t s  w as c o l l e c t e d  a t  S t a t i o n  

I  an d  555 a t  S t a t i o n  2 (T a b le  5),. N um bers c o l l e c t e d  a t  S t a t i o n  I  

r a n g e d  fro m  a  h ig h  o f  144 d u r in g  M arch  t o  a  low  o f  4 i n  O c to b e r .  A t 

S t a t i o n  2 th e y  r a n g e d  fro m  205 i n  J u l y  t o  2 d u r in g  M ay, N ovem ber and  

D ecem b er. T he t o t a l  v o lu m e o f  n i g h t - d r i f t i n g  i n s e c t s  c o l l e c t e d  was 

3 .9  c c  a t  S t a t i o n  I  and  1 .2  cc  a t  S t a t i o n  2 . The g r e a t e s t  vo lum e was 

c o l l e c t e d  a t  S t a t i o n  I  ( 0 .7  cc ) d u r in g  M arch  an d  a t  S t a t i o n  2 (0 .2  c c ) . 

d u r in g  M arch , J u l y  an d  S e p te m b e r .  V olum es o f  l e s s  th a n  0 .1  c c  w ere  

r e c o r d e d  a t  b o th  s t a t i o n s  d u r in g  s e v e r a l  m o n th s :

P l e c o p t e r a -----A lm o s t 35 t im e s  m ore s t o n e f l i e s  w e re  c o l l e c t e d  a t

S t a t i o n  I  (157) t h a n  a t  S t a t i o n  2 ( 5 ) .  T hey  a c c o u n te d  f o r  16% o f  t h e  

num ber o f  d r i f t i n g  i n s e c t s  c o l l e c t e d  a t  S t a t i o n  I  an d  1% a t  S t a t i o n  2 . 

S t o n e f l i e s  a c c o u n te d  f o r  a  t o t a l 'v o l u m e  o f  1 .0  cc  a t  S t a t i o n  I  and  l e s s  

th a n  0 .1  c c  a t  S t a t i o n  2 . T he vo lum e o f  s t o n e f l i e s  a t  S t a t i o n  I  co n ­

s t i t u t e d  26% o f  t h e  t o t a l  vo lu m e f o r  a l l  i n s e c t s  c o l l e c t e d  t h e r e .  .

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

an d  I  w as a t  S t a t i o n  2 . Iso p e r la  m ade up 97 an d  100% o f  t h o s e  c o l ­

l e c t e d  a t  S t a t i o n s  I  a n d  2 ,  r e s p e c t i v e l y .  T h is  g e n u s  a l s o  a c c o u n te d  

f o r  a l l  v o lu m es  o f  s t o n e f l i e s  e q u a l  t o  o r  g r e a t e r  th a n  0 .1  c c  a t  b o th
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s t a t i o n s  .

I  co m p ared  t o  385 a t  S t a t i o n  2 . T hey c o n s t i t u t e d  60% o f  a l l  i n s e c t s  

c o l l e c t e d  a t  S t a t i o n  I  an d  69% a t  S t a t i o n  2 . T o t a l  v o lu m es  o f  may­

f l i e s  c o l l e c t e d  a t  S t a t i o n s  I  an d  2 w e re  2 .7  and  0 .6  c c , r e s p e c t i v e l y .  

M a y f l ie s  made up 69% o f  t h e  t o t a l  v o lum e o f  a l l  i n s e c t s  c o l l e c t e d  a t  

S t a t i o n  I  an d  50% a t  S t a t i o n  2 .

Of 5 t a x a  o f  m a y f l i e s  c o l l e c t e d ,  3 o c c u r r e d  a t  S t a t i o n  I  an d  5 

a t  S t a t i o n  2 . BaetrLs parvus  an d  Ephemerella rLnermLs a c c o u n te d  f o r  68 

an d  31% r e s p e c t i v e l y  o f  m a y f ly  n u m b ers  c o l l e c t e d  a t  S t a t i o n  I  an d  88 

an d  l e s s  th a n  1% r e s p e c t i v e l y  a t  S t a t i o n  2 .  They c o n s t i t u t e d  52 and  

48% r e s p e c t i v e l y  o f  t o t a l  vo lum e o f  m a y f l i e s  c o l l e c t e d  a t  S t a t i o n  I  

an d  83 an d  l e s s  th a n  1% r e s p e c t i v e l y  a t  S t a t i o n  2 .

T r i c h o p t e r a -----T o t a l s  o f  35 an d  52 c a d d i s f l i e s  w e re  c o l l e c t e d  a t

S t a t i o n s  I  an d  2 ,  r e s p e c t i v e l y .  ■ F o u r  p e r c e n t  o f  a l l  i n s e c t s  c o l l e c t e d  

a t  S t a t i o n  I  w e re  c a d d i s f l i e s  co m p ared  t o  9% a t  S t a t i o n  2 . T o ta l  

v o lu m es , o f  c a d d i s f l i e s  c o l l e c t e d  w e re  0 .2  an d  0 .3  c c  a t  S t a t i o n s  I  

a n d  2 , r e s p e c t i v e l y .  T h e s e  v o lu m es a c c o u n te d  f o r  5% o f  t o t a l  vo lum e 

o f  a l l  i n s e c t s  c o l l e c t e d  a t  S t a t i o n  I  a n d  25% a t  S t a t i o n  2 .

A l l  f o u r  t a x a  o f  c a d d i s f l i e s  c o l l e c t e d  o c c u r r e d  a t  S t a t i o n  I  an d  3 

w e re  fo u n d  a t  S t a t i o n  2 .  Hydropsyahe a c c o u n te d  f o r  79 a n d  94% o f  a l l  

c a d d i s f l i e s  c o l l e c t e d  a t  S t a t i o n s  I  an d  2 ,  r e s p e c t i v e l y .  Hydropsyahe 

an d  RhyaaophrLla aaropedes e a c h  a c c o u n te d  f o r  50% o f  t h e  t o t a l  vo lum e

E p h e m e r o p te r a -----A' t o t a l  o f  596  m a y f l i e s  w as c o l l e c t e d  a t  S t a t i o n
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o f  c a d d i s f l i e s  c o l l e c t e d  a t  S t a t i o n  I  w h i l e  Eydvopsyohe made up 100% 

o f  t h a t  c o l l e c t e d  a t  S t a t i o n  2 .

C o l e o p t e r a -----A b o u t 8 .5  t im e s  m ore b e e t l e s  w e re  c o l l e c t e d  a t

S t a t i o n  I  (44) t h a n  a t  S t a t i o n  2 ( 5 ) .  T hey made up 4% o f  t o t a l  num bers 

t a k e n  a t  S t a t i o n  I  a n d  1% a t  S t a t i o n  2 . No ta x o n  o f  b e e t l e s  h a d  a  

v o lum e a s  g r e a t  a s  0 .1  c c  i n  any  s a m p le .

A l l  o f  t h e  15 b e e t l e  t a x a  c o l l e c t e d  o c c u r r e d  a t  S t a t i o n  I  w h i le  

4 o c c u r r e d  a t  s t a t i o n  2 .  O ptiosevvus OValis3 Devoneotes g v is e o s tv ia tu s 3 

Heliohus s tv ia tu s  an d  B idessus a f f in is  a c c o u n te d  f o r  3 7 , 2 2 , 20 and  8% 

r e s p e c t i v e l y  o f  t h e  n u m b ers  o f  b e e t l e s  c o l l e c t e d  a t  S t a t i o n  I  an d  a b o u t  

6 1 ,  1 4 , 8 an d  17% r e s p e c t i v e l y  a t  S t a t i o n  2 .

D i p t e r a -----A t o t a l  o f  48 D i p t e r a  w as c o l l e c t e d  a t  S t a t i o n  I  com­

p a r e d  t o  63 a t  S t a t i o n  2 . .  T hey  c o n s t i t u t e d  5 an d  11% o f  t h e  t o t a l  

num ber o f  i n s e c t s  c o l l e c t e d  a t  S t a t i o n s  I  an d  2 , r e s p e c t i v e l y .  A l l  

t a x a  o f  D i p t e r a  h a d  v o lu m es o f  l e s s  t h a n  0 .1  c c  i n  e a c h  s a m p le .

F o u r te e n  t a x a  o f  D i p t e r a  w e re  c o l l e c t e d  w i th  13 o c c u r r i n g  a t  

S t a t i o n  I  an d  8 a t  S t a t i o n  2 . C h iro n o m id a e  an d  Simulium- avotioum  

made up 35 an d  34% r e s p e c t i v e l y  o f  th e  num b ers o f  D i p t e r a  c o l l e c t e d  

a t  S t a t i o n  I  an d  73 an d  17% r e s p e c t i v e l y  a t  S t a t i o n  2 .

O d o n a ta -----No d r a g o n f ly  l a r v a e  w e re  c o l l e c t e d  a t  S t a t i o n  I  and

o n ly  2 Ophiogomphus h a v in g  a  vo lum e o f  0 .2  c c  w e re  c o l l e c t e d  a t  S t a t i o n

2 . T hey  a c c o u n te d  f o r  l e s s  t h a n  1% o f  a l l  i n s e c t s  a n d  17% o f  a l l  vo lum e

c o l l e c t e d  a t  S t a t i o n  2 .
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U n i d e n t i f i e d  p u p a e -----T o t a l s  o f  118 an d  44 u n i d e n t i f i e d  p u p ae

w e re  c o l l e c t e d  a t  S t a t i o n s  I  an d  2 , r e s p e c t i v e l y .  T hey a c c o u n te d  f o r  

12% o f  t h e  t o t a l  num ber o f  n i g h t - d r i f t i n g  i n s e c t s  c o l l e c t e d  a t  S t a t i o n  

I  an d  8% a t  S t a t i o n  2 . The t o t a l  v o lum e o f  p u p a e  w as l e s s  th a n  0 .1  cc  

a t  S t a t i o n  I  an d  0 .1  c c  a t  S t a t i o n  2 . T hey c o n s t i t u t e d  8% o f  th e  

t o t a l  v o lu m e o f  n i g h t - d r i f t i n g  i n s e c t s  c o l l e c t e d  a t  S t a t i o n  2 .

sI



■DISCUSSION

S t a t i o n  I  h a d  a  s m a l l e r  ra n g e  o f  t e m p e r a t u r e s , l e s s  v a r i a b l e  

d i s c h a r g e  r a t e s  an d  lo w e r  s e d im e n t  lo a d s  th a n  S t a t i o n  2 . The m ore 

l i m i t e d  t e m p e r a tu r e  r a n g e  a t  S t a t i o n  I  w as due  t o  p r o x i m i ty  o f  th e  

s t a t i o n  t o  t h e  a r t e s i a n  w e l l  an d  s p r i n g s  w h ic h  s u p p ly  B lu e w a te r  C reek  

a n d  t h e  a b s e n c e  o f  i r r i g a t i o n a l  a c t i v i t i e s  ab o v e  t h e  s t a t i o n .  D u rin g  

m o s t o f  t h e  y e a r  t h e  w a te r  was c o o le d  b y  t h e  a i r  as. i t  m oved dow n- ■ 

s t r e a m .  H ow ever, d u r i p g  J u l y  an d  A u g u s t w a te r  t e m p e r a t u r e s  w ere  

g r e a t e r  a t  S t a t i o n  2 t h a n  a t  S t a t i o n . I .  T h is  r e s u l t e d  fro m  w arm ing  

b y  th e  a i r ,  d e w a te r in g  an d  a d d i t i o n  o f  i r r i g a t i o n  w a te r  f ro m  th e  

O rc h a rd  C a n a l .  D is c h a r g e  r a t e s  f l u c t u a t e d  m ore a t  S t a t i o n  2 p r i m a r i l y  

b e c a u s e  o f  p e r i o d i c  d e w a te r in g  an d  a d d i t i o n  o f  i r r i g a t i o n  w a te r .  

G r e a t e r  s e d im e n t  l o a d s  a t  S t a t i o n  2 p r i m a r i l y  r e s u l t e d  fro m  a d d i t i o n  

o f  s i l t  l a d e n  i r r i g a t i o n  w a te r  an d  i n c r e a s e d  s o i l  e r o s i o n  c a u s e d  by 

i n t e n s i v e  a g r i c u l t u r e  i n  t h e  a r e a .

The c o m p o s i t io n  o f  t h e  i n s e c t  com m unity  a t  S t a t i o n  I  d i f f e r e d  

fro m  t h a t  a t  S t a t i o n  2 . M ore t a x a  w e re  fo u n d  a t  S t a t i o n  I  (42) 

th a n  a t  S t a t i o n  2 (26) (T a b le  5 ) .  Much g r e a t e r  num b ers o f  C o l e o p t e r a , 

P l e c o p t e r a  an d  E p h e m e ro p te ra  w e re  c o l l e c t e d  a t  S t a t i o n  I  t h a n  a t  

S t a t i o n  2 .  R i f f l e  b e e t l e s ,  w h ic h  c o m p r is e d  m o s t o f  t h e  C o le o p te r a  

c o l l e c t e d ,  an d  P l e c o p t e r a  a r e  g e n e r a l l y  c o n s id e r e d  c l e a n .w a t e r  fo rm s . 

L a rg e  n u m b ers  o f  EphemereZta -ZnevmLs w e re  c o l l e c t e d  a t  S t a t i o n  I  b u t  

n o t  a t  S t a t i o n  2 . Tvioovythod.es minutus o c c u r r e d  i n  s m a l l  num bers a t
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S t a t i o n  I  an d  l a r g e  n u m b ers  a t  S t a t i o n  2 .  Much s m a l l e r ,  n u m b ers  o f  

D i p t e r a  w e re  c o l l e c t e d  a t  S t a t i o n  I  t h a n  a t  S t a t i o n  2 .

C om m unity an d  p o p u l a t i o n  d y n am ics  d i f f e r e d  a t  t h e  tw o  s t a t i o n s . 

P e a k  n u m b ers  o f  b e n t h i c  an d  d r i f t i n g  i n s e c t s  o c c u r r e d  d u r in g  d i f f e r ­

e n t  m o n th s a t  S t a t i o n  I  t h a n  a t  S t a t i o n  2 . T h is  was i n  p a r t  due t o  

c o m p o s i t io n a l  d i f f e r e n c e s  b e tw e e n  t h e  tw o s t a t i o n s .  M o st t a x a  common 

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

S t a t i o n  I  t h a n  a t  S t a t i o n  2 .

The b i o t i c  d i f f e r e n c e s  fo u n d  b e tw e e n  s t a t i o n s  w e re  p r o b a b ly  th e  

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

The h i g h e r  t e m p e r a t u r e s  a t  S t a t i o n  2 may h a v e  b e e n  l i m i t i n g  t o  some 

t a x a .  The h i g h e r  s e d im e n t  lo a d s  t h e r e  may h a v e  b e e n  d e t r i m e n t a l  t o  

c e r t a i n  t a x a  b y  i n f l i c t i n g  m e c h a n ic a l  dam age an d  r e d u c in g  t h e i r  

a v a i l a b l e  h a b i t a t  an d  fo o d .  The h ig h  d i s c h a r g e s  a t .  S t a t i o n  2 p r o b a b ly  

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