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C a r n a t i o n  C r e e k  f lows  i n t o  the s o u t h w e s t  c o r n e r  o f  B a r k l e y  Sound,  
nea r  B a m f i e l d ,  on the wes t  c ~ a s t  o f  V a n c o u v e r  I s l a n d ,  B r i t i s h  
Col umbia ,  and d r a i n s  a 10 km- a r e a  in the c o a s t a l  hemlock  and 
c e d a r  zone  ( F i g u r e  1).  The w a t e r s h e d  has been  i n t e n s i v e l y  s t u d i e d  
fo r  14 y e a r s  under  the j u r i s d i c t i o n  o f  the  F i s h e r i e s  R e s e a r c h  
Branch  o f  the  P a c i f i c  B i o l o g i c a l  S t a t i o n ,  Nanaimo,  B . C . ,  w i t h  
emphas i s  on m u l t i d i s c i p l i n a r y  r e s e a r c h  i n t o  the  e f f e c t s  o f  f o r e s t  
h a r v e s t i n g  on the w a t e r s h e d  (Har tman 1982) .  In S e p t e m b e r  1984, 
the  h e r b i c i d e  g l y p h o s a t e  (Roundup | was a p p l i e d  a e r i a l l y  fo r  
c o u i f e r  r e l e a s e  to p a r t  o f  the lower  v a l l e y ,  and r e s e a r c h  
a c t i v i t i e s  were  c o n d u c t e d  to i n v e s t i g a t e  the  f a t e  and e f f e c t s  o f  
the h e r b i c i d e  on v a r i o u s  components  o f  the w a t e r s h e d .  A l t h o u g h  
the t o x i c i t y  o f  g l y p h o s a t e  to a q u a t i c  i n v e r t e b r a t e s  (Fo lmar  1978; 
Fo lmar  e t  a l .  1979) and the e f f e c t s  o f  a g l y p h o s a t e  a p p l i c a t i o n  on 
l e n t i c  d a p h n i d s  ( H i l d e b r a n d  e t  a l .  1980) have  been  s t u d i e d ,  the  
r e s p o n s e  o f  s t r e a m  i n v e r t e b r a t e s  to an a e r i a l  a p p l i c a t i o n  o f  
g l y p h o s a t e  has not  been p r e v i o u s l y  r e p o r t e d .  T h i s  pape r  p r e s e n t s  
the  d r i f t  r e s p o n s e  o f  a q u a t i c  i n v e r t e b r a t c s  to g l y p h o s a t e  
c o n t a m i n a t i o n  from an a e r i a l  a p p l i c a t i o n  to the C a r n a t i o n  C r e e k  
w a t e r s h e d .  

M&TERIALS AND MEqI-13DS 

T h r e e  s i t e s  were  s e l e c t e d  fo r  s a m p l i n g  i n v e r t e b r a t e  d r i f t :  1) in 
the  main  channe l  o f  C a r n a t i o n  Creek  a p p r o x i m a t e l y  30 m b e l o w  
B - w e i r  and downs t r eam of  most  t r e a t e d  p o r t i o n s  o f  the v a l l e y ,  2) 
in C C r e e k ,  a 1000-m ephemera l  t r i b u t a r y  b u f f e r e d  f rom the  
a p p l i c a t i o n s ,  and 3) in 1600 T r i b u t a r y ,  a 800-m s t r e a m  d i r e c t l y  
o v e r s p r a y e d  ( F i g u r e  1) .  The d r i f t  s i t e  b e l o w  B - w e i r  was t y p i c a l  
o f  most  o f  lower  C a r n a t i o n  C r e e k ,  w i t h  a s e c t i o n  o f  r i f f l e  
a p p r o x i m a t e l y  4 m wide  c o m p r i s i n g  s c o u r e d  g r a v e l  w i t h  smal l  
amounts o f  sand and s i l t .  W a t e r  v e l o c i t y  r anged  from 0 .55  to 1 .15 
m / s e c  d u r i n g  sample  c o l l e c t i o n .  W a t e r  l e v e l s  in C C r e e k  
f l u c t u a t e d  d r a s t i c a l l y  t h r o u g h o u t  the s am p l ing  p e r i o d  such t h a t  
the d r i f t  s i t e  v a r i e d  from 0 .5  m wide  w i t h  a l m o s t  no f l o w  to 2 m 
wide  w i t h  a w a t e r  v e l o c i t y  o f  0 .97  m / s e c .  The s t r e a m  b o t t ~ n  a t  
the C C r e e k  s amp l ing  s i t e  and t h rough  most  o f  the 100 m s e c t i o n  
b o r d e r i n g  the sp ray  b l o c k s  c o n s i s t e d  o f  smal l  r u b b l e  and g r a v e l  

send r e p r i n t  r e q u e s t s  to D .P .  K r e u t z w e i s e r  at  above  a d d r e s s  
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I~ Drift sampling sites 

~ ~ T r e a t e d  September 6 

I~ Il i i i iiTreated September 8 

�9 " ™ " 4- , C Creek 

�9 ~ " ' ) : �9  ~'~,ff 
estuary 7 "  / J  v latitude 48 ~ 55' 

J .C~/z longitude 125 ~ 5' 

F i g u r e  1. G l y p h o s a t e  t r e a t m e n t  b l o c k s  and d r i f t  s a m p l i n g  s i t e s  in 
the  C a r n a t i o n  Creek  w a t e r s h e d ,  Sep tember  1984. 

w i t h  p a t c h e s  o f  sand and s i l t  in q u i e t e r  a r e a s .  A l t h o u g h  r i p a r i a n  
v e g e t a t i o n  was dense  in c e r t a i n  s e c t i o n s ,  C C r e e k  c o n t a i n e d  l i t t l e  
o r g a n i c  d e b r i s .  The 1600 T r i b u t a r y  d r a i n e d  a sw~lpy p o r t i o n  o f  
the  v a l l e y  sou th  o f  the  main channe l  w i t h  a number o f  smal l  poo l s  
and s e c t i o n s  o f  m o d e r a t e  f l o w  in c o n s t r i c t e d  a r e a s .  In c o n t r a s t  
to the  o t h e r  two s a m p l i n g  s i t e s ,  t h i s  t r i b u t a r y  c o n t a i n e d  a l a r g e  
~aount  o f  o r g a n i c  d e b r i s  w i t h  a b o t t o m  type  m o s t l y  c o n s i s t i n g  o f  
s i l t ,  d e t r i t u s ,  sand and smal l  s e c t i o n s  o f  f i n e  g r a v e l .  The d r i f t  
s amp l ing  s i t e  in 1600 T r i b u t a r y  was a p p r o x i m a t e l y  0 . 5  m wide  w i t h  
a f l o w  r a t e  t h a t  v a r i e d  much l e s s  (0 .33  to 0 .58  m / s e c )  than the 
main  channe l  or  C C r e e k .  

A s p e c i f i c  d r i f t  ne t  l o c a t i o n  was e s t a b l i s h e d  at each  s i t e  and 
used  t h r o u g h o u t  the s a m p l i n g  p e r i o d .  D r i f t i n g  i n v e r t e b r a t e s  were  
c o l l e c t e d  in 0 .47  x 0 . 3 2  m n e t s  w i t h  a 3 6 3 ~  mesh p o s i t i o n e d  mid 
s t r e a m  to s ample a w a t e r  col  umn from the  s u r f a c e  to the  s t r e a m  
b o t t o m .  C u r r e n t  v e l o c i t y  and d e p t h  o f  w a t e r  et  the  ne t  o p e n i n g  
were  m e a s u r e d  w i t h  each  sampte ,  and the c o l l e c t ~ d  i n v e r t e b r a t e s  
were  s u b s e q u e n t l y  q u a n t i f i e d  as number per  10 m" o f  w a t e r  f l o w i n g  
t h r o u g h  the  d r i f t  n e t .  D r i f t  s amples  o f  5 to 15 min d u r a t i o n  were  
t aken  h o u r l y  d u r i n g  s u n s e t  and s u n r i s e  p e r l o d s  on c o l l e c t i o n  
d a t e s ,  c o r r e s p o n d i n g  to the t imes  when s t r e a m  i n v e r t e b r a t e  d r i f t  
n o r m a l l y  peaks  and d e c l i n e s  (Waters  1972) .  A d d i t i o n a l  samples  
were  c o l l e c t e d  e t  h o u r l y  i n t e r v a l s  i m m e d i a t e l y  f o l l o w i n g  the 
a p p l i c a t i o n s  o f  h e r b i c i d e .  

D i f f e r e n c e s  in d r i f t  l e v e l s  be tween  sample  p e r i o d s  were  t e s t e d  
w i t h  Ab[�9 ( p < 0 . 0 5 ) .  B e c a u s e  o f  the smal l  s i z e  o f  the  c r e e k s ,  
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e s p e c i a l l y  C Creek and 1600 T r i b u t a r y ,  s p a t i a l  r e p l i c a t i o n  of  
d r i f t  n e t s  was i m p o s s i b l e .  The v a l u e s  t e s t e d  were mean d r l f t  
numbers  from c o l l e c t i o n s  over  equa l  p e r i o d s  of  t ime ,  i . e . ,  means 
from m o r n i n g  or e v e n i n g  d r i f t  p e r i o d s .  Mean v a l u e s  were t e s t e d  
for  s t a t i s t i c a l  s i g n i f i c a n c e ,  bu t  peak d r i f t  numbers  p r o v i d e d  a 
c l e a r e r  i n d i c a t i o n  of  d r i f t  m a g n i t u d e  and a re  p r e s e n t e d .  

S t r e a m w a t e r  was c o l l e c t e d  from the B - w e i r  and 1600 T r i b u t a r y  
s i t e s  for  a n a l y s i s  of  r e s i d u a l  g l y p h o s a t e .  No w a t e r  s ~ ~ p l e s  were 
c o l l e c t e d  from C Creek .  Only  r e s i d u e  d a t a  r e l e v a n t  to the 
a s s e s s m e n t  of  d r i f t  r e s p o n s e  a re  p r e s e n t e d  h e r e .  The 
c o n c e n t r a t i o n  and p e r s i s t e n c e  of  g l y p h o s a t e  in s t r e a m w a t e r  
f o l l o w i n g  the a p p l i c a t i o n s  a re  r e p o r t e d  by Feng et  a l .  ( 1988) .  
C o l l e c t i o n ,  h a n d l i n g ,  and a n a l y t i c a l  p r o c e d u r e s  a re  d e s c r i b e d  by 
Feng and K l a s s e n  (1986) .  

G l y p h o s a t e  was a p p l i e d  as Roundup | a t  • c o n c e n t r a t i o n  of  2 . 0  kg 
a . i . / h a  (maximum r e g i s t e r e d  r a t e  for  c o n i f e r  r e l e a s e )  in a t o t a l  
volume of  252 L/ha  u s i n g  a M i c r o f o i l  | boom w i t h  ! . 5  mm h a y r a c k  
n o z z l e s ,  mounted  on a B e l l  G-47 h e l i c o p t e r .  G l y p h o s a t e  was 
a p p l i e d  to 11 sp ray  b l o c k s  ( F i g u r e  1) at  v a r i o u s  r imes over  four  
s e p a r a t e  days .  Only  those  w i t h  p o t e n t i a l  for  c o n t a m i n a t i n g  the 
p o r t i o n  of  the w a t e r s h e d  above d r i f t  s ~ a p l i n g  s i t e s  a re  d i s c u s s e d .  
On the e v e n i n g  of  September  6,  1984 be tween  1940 and 2005 h, a 
sp ray  b l o c k  i m m e d i a t e l y  a d j a c e n t  to the e a s t  edge of  C Creek was 
t r e a t e d  w i t h  h e r b i c i d e  ( F i g u r e  1) .  Most of  the r e m a i n i n g  c r e e k  
v a l l e y ,  i n c l u d i n g  the p o r t i o n  on the west  s i d e  of  C C r e e k ,  was 
sp r ayed  be tween  1425 and 1945 h on September  14. The main  c h a n n e l  
of  C a r n a t i o n  Creek and C Creek were b u f f e r e d  by a 10-m n o - s p r a y  
zone ,  w h i l e  1600 T r i b u t a r y  was i n t e n t i o n a l l y  o v e r s p r a y e d .  

RESULTS AND DISCUSSIOE 

The a p p l i c a t i o n  of  g l y p h o s a t e  on or a d j a c e n t  to smal l  t r i b u t a r i e s  
of  C a r n a t i o n  Creek  d id  not  r e s u l t  in  undue d i s t u r b a n c e  of  s t r e a m  
i n v e r t e b r a t e s .  D r i f t  d e n s i t i e s  of  most a q u a t i c  i n v e r t e b r a t e s  d id  
not  i n c r e a s e  in  r e s p o n s e  to the h e r b i c i d e  a p p l i c a t i o n s .  None of  
the p o s t - s p r a y  mean d r i f t  v a l u e s  for  t o t a l  i n v e r t e b r a t e  c a t c h e s  
were s i g n i f i c a n t l y  h i g h e r  than p r e - s p r a y  mean d e n s i t i e s  (At',E~A 
p ~ , . 0 5 ) .  High w a t e r  c o q d i t i o n s  at  bo th  the  b e g i n n i n g  (0 .41 
m / s e c )  and end (0.51 m " / s e c ) a o f  the s a m p l i n g  p e r i o d ,  compared to 
m i d - p e r i o d  d i s c h a r g e s  ( 0 . 14  m ~ / s e c ) ,  p r o b a b l y  a c c o u n t e d  for  most  
of the v a r i a t i o n s  in d r i f t  d e n s i t y  ( d i s c h a r g e  v a l u e s  were o b t a i n e d  
from the pe rmanen t  f low m o n i t o r i n g  s t a t i o n  a t  B - w e i r ) .  S i n c e  many 
of  the o r g a n i s m s  in  the d r i f t  s ~ l p l e s  o c c u r r e d  in  Iow numbers ,  
o n l y  the more f r e q u e n t l y  c o l l e c t e d  taxa  a re  l i s t e d  for  each s i t e  
w i t h  t h e i r  peak d r i f t  l e v e l s  ( T a b l e  1).  Some g r o u p s ,  such as 
B a e t i s  sp.  at  B - w e i r  and Capnia sp.  in C C r e e k ,  d e m o n s t r a t e d  an 
i n c r e a s e  in  d r i f t  a f t e r  a g l y p h o s a t e  a p p l i c a t i o n ,  bu t  the l e v e l s  
were c o m p a r a b l e  to p r e v i o u s  p r e - s p r a y  e v e n i n g  d r i f t s .  S e v e r a l  
o t h e r  t a x a ,  i n c l u d i n g  Lepidostoma sp. at B - w e i r  and e a r l y  i n s t a r  
l i n m e p h i l i d  c a d d i s f l i e s  in  1600 T r i b u t a r y ,  showed an i n c r e a s e  in  
d r i f t  d e n s i t y  at  the end of  the s amp l in g  p e r i o d  t h a t  c o r r e s p o n d e d  
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t o  h e a v y  r a i n f a l l  a n d  an  a p p r o x i m a t e l y  f i v e - f o l d  i n c r e a s e  i n  

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

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

t h e  s a m p l i n g  p e r i o d  ( S e p t e m b e r  5 , 6 )  ( T a b l e  1 ) ,  t h e  p o s t - s p r a y  

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

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

T a b l e  l .  D r i f t  o f  s e l e c t e d  a q u a t i c  i n v e r t e b r a t e s  ( n o .  p e r  10 m 3 )  

c o l l e c t e d  i n  C a r n a t i o n  C r e e k .  V a l u e s  f o r  e a c h  t a x o n  r e p r e s e n t  

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

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

h o u r l y  s a m p l e s  f r ~ n  m o r n i n g  o r  e v e n i n g  s a m p l e  p e r i o d s .  

Dale (September) 5 6 6 7 II 12 13 14 15 15 
C o l l e c t i o n  time t ~  tkM lqVl /kM PM PM AM PM AM PM 

C Creek 1 
Baetis sp. 15.5 l l . 4  12~2 2.5 2.9 0.4 0.0 2.2 0.0 0.0 
Paraleptophlebia sp. 2.0 1.4 21.9 1.2 I . I  0 .0  0 .0  2.2 0.0 0.9 
Amphinemeura sp. 4 .0  4.3 2.4 1.2 0.7 0.4 0.0 0 .0  0.0 0.4 
Capnia sp. 1.3 4.3 4.9 0.0 0.7 0.8 0.0 4.3 0.0 0.2 
L i m n e p h i l i d a e  2.7 1.4 0.0 2.5 0.0 1.3 0.0 0.0 0.0 1.9 

Tota l  i n v e r t e b r a t e s  33.8 22.8 43.9 7.4 7.3 4.0 0.0 6.5 1.4 6.1 

2 1600 T r i b u t a r y  
Paraleptophlebia sp. 0.9 0 .0  0.9 0.0 0.7 0.7 0 .0  0.8 0.0 7.4 
Amphinemeura sp. 0.9 0 .9  2 .0 0.0 0.7 0.0 0.0 0.8 0.0 0.9 
Limnephi I idae 8.2 10.4 6.1 7.5 3.0 3.0 2.6 1.5 0.9 4.8 
Chi ronomidae 7.1 1.7 1.0 2.8 3.5 3.0 1.3 1.5 0.9 3.3 
Gammarus sp. 7.1 6.0 2.7 4.7 3.8 7.5 4.0 12.4 3.0 18.2 

Tota l  i n v e r t e b r a t e s  18.8 13.9 7.1 9.3 7,1 13.5 7.9 15.5 3.0 33.5 

3 
B - w e  i r 

Baetis sp, 19.4 24.2 21.4 16.9 35,4 38.5 4.3 42.6 3.6 29.4 
Paraleptophlebia sp. 3.6 4.4 1.0 1.6 1.4 1.9 0 .0  0.5 0.3 15.5 
Alloperla sp. 1.5 1.9 0.5 0.5 1.9 2.7 0.1 3.4 0.0 1.9 
Amphinemeura sp. 3.8 1.1 1.6 1.3 0.2 1.4 0 .0  0.5 0.0 1.9 
Capnia sp. 5.2 2.0 3.6 2.9 7.4 8.1 1.4 11.8 0.3 6.4 
Lepidostoma sp. 43.7 12.7 8.6 1.9 0.5 8.4 1.6 1.0 0.3 19.6 
Limnephi I idae 2.6 2.3 1.4 0.8 0.7 1.4 2.2 0.5 0.3 5.4 
Chi ronomidae 6.5 2.5 4.2 2.4 1.4 6.1 1.4 2.4 0.5 7.8 
D ix idae  1.4 1.3 0.4 0.8 0 .0  0.5 0.3 0.5 0 .0  6.4 
S i m u l i i d a e  1.2 1.1 3.6 I . I  0 .9  0 .4  0.5 1.0 0.3 0.3 

Tota l  i n v e r t e b r a t e s  88.4 55.1 47.2 32.8 51 .2 65.0 12.7 63.7 4.4 82.6 

I East  p e r i p h e r y  of C Creek sprayed at 1940 h to 2000 h on September 6, and west 
p e r i p h e r y  sprayed at 1515 11 to t535 la on September 14, 1984 

2 Oversprayed  al  1425 I1 to 1510 h on September 14, 1984 
3 Located in a n t r e a t e d  main channel downstream of C Creek and 1600 T r i b u t a r y  

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

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

r e s p o n s e  o f  two  p a r t i c u l a r  o r g a n i s m s ,  Garmzarus s p .  a n d  

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

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

P o s t - s p r a y  d r i f t  o f  t h e s e  t a x a  w a s  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  

f r o m  p r e s p r a y  l e v e l s  (ANOVA p > 0 . 0 5 ) ,  b u t  a m e a s u r a b l e  a l t e r a t i o n  

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

P a r a l e p t o p h l e b i a ,  w a s  d e m o n s t r a t e d .  T h i s  d i s r u p t i o n  o f  d r i f t  
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p a t t e r n s  may have r e s u l t e d  from n a t u r a l  c a u s e s ,  but was c o i n c i d e n t  
w i t h  g l y p h o s a t e  c o n t a m i n a t i o n  and t h e r e f o r e  cannot  be d i s m i s s e d  as 
b e i n g  u n r e l a t e d  to the h e r b i c i d e  a p p l i c a t i o n s .  

The numbers o f  d r i f t i n g  Gal~narus  sp.  c o l l e c t e d  in 1600 T r i b u t a r y  
were a p p r o x i m a t e l y  tw i ce  as h i g h  oll the e v e n i n g  o f  the  o v e r s p r a y  
as they  were  in p r e s p r a y  e v e n i n g  d r i f t s  (Tab le  l )  but t h i s  
i n c r e a s e  i s  not d i r e c t l y  a t t r i b u t a b l e  to the  a p p l i c a t i o n .  T h i s  
amphipod i s  a common s t r e ~ n  d r i f t  component but i s  hot 
p a r t i c u l a r l y  s u s c e p t i b l e  to g l y p h o s a t e .  In a t o x i c i t y  t e s t  o f  
a q u a t i c  o r g a n i s m s  i n c l u d i n g  four i n v e r t e b r a t e s ,  Garrrnarus sp.  was 
found t o b e  the l e a s t  s e n s i t i v e  to Roundup |  a 48 -h  EC50 o f  
4 3 , 0 0 0  ~ g / L  (Folmar et a l .  1 9 7 9 ) .  In 1600 T r i b u t a r y ,  r e s i d u a l  
g l y p h o s a t e  in i n t e g r a t e d  wa ter  s amples  d id  hot e x c e e d  162 ~ g / L  and 
was l e s s  than 50 ~ g / L  w i t h i n  10 h a f t e r  the o v e r s p r a y  ( T a b l e  2 ) .  
The m a g n i t u d e  o f  the  d r i f t  i n c r e a s e  was hot s t a t i s t i c a l l y  
s i g n i f i c a n t  (AbI~A p > 0 . 0 5 )  and the d u r a t i o n  was l e s s  than 2 h but 
the  peak d r i f t  v a l u e  from the e v e n i n g  o f  the a p p l i c a t i o n  
r e p r e s e n t s  a d i s r u p t i o n  o f  the  p r e v i o u s  e v e n i n g  d r i f t  p a t t e r n s  and 

may i n d i c a t e  a d i s t u r b a n c e  o f  Gammarus sp.  by g l y p h o s a t e  
c o n t a m i n a t i o n  in 1600 T r i b u t a r y .  D e f i n i t e  i n d i c a t i o n s  o f  a t o x i c  
or b e h a v i o r a l  r e s p o n s e  o f  Garmlarus sp.  to the  h e r b i c i d e  
a p p l i c a t i o n  are  p r e c l u d e d  by the m i n i m a l  d r i f t  i n c r e a s e .  

T a b l e  2.  G l y p h o s a t e  l e v e l s  ( ~ g / L )  in s t r e a m  w a t e r .  V a l u e s  are  
the h o u r l y  mean c o n c e n t r a t i o n  o f  i n t e g r a t e d  samples  to the end o f  
September  14 and actt ta l  c o n c e n t r a t i o n s  o f  p o i n t  samples  at g i v e n  
rimes s t a r t i n g  September 15. ns = hOt smnpled .  

G l y p h o s a t e  c o n c .  u~/L 

D a t e  

S e p t e m b e r  6 

S e p t e m b e r  14 

S e p l e m b e r  15 

( r a i n  began  1430) 

( l ' a i n  e n d e d  2230) 

Time i n t e r v a l  H o u r s  a f t e r  1600 
(PDT) a p p l i c a t i o n  B - w e i r  T r i b u t a r y  

1950-2050 1.2 0 . 0  ris 
2100-2150  2 . 2  0 . 0  ns 

1440-1530 1.0  0 . 0  138 .00  
1540-1630 2 . 0  0 . 0  162 .00  
1640-1730 3 . 0  0 , 0  ris 
1740-1830 4 . 0  0 . 0  150 .00  
1840-1930 5 . 0  0 . 9 4  121 .50  
1940-2030 6 . 0  1 .40  7 9 . 4 0  
2030-2130  7 . 0  1 .33 5 4 . 4 0  
2140-2230  8 . 0  0 . 6 6  ns 
2400 9 . 5  ris 3 7 . 1 0  

0 t 3 0  11.0  0 . 5 7  ns 
0430 14.0  0 . 0  ris 
0600 15.5 ns 3 6 . 5 0  
1030 2 0 . 0  0 . 1 7  ns 
1800 2 7 . 5  ris 109 .40  
1900 2 8 . 5  0 . 4 2  ris 
2000 2 9 . 5  2 . 0 0  7 8 . 6 0  
2100 30 .5  2 . 8 0  ns 
2200 31 .5  3 . 2 0  3 1 . 9 0  
2300 32 .5  3 . 1 0  ris 
2335 3 3 . 0  1 .80  2 0 . 6 0  

I m n e d i a t e l y  fo l  l owing  the h e r b i c i d e  t r e a t m e n t  to the e a s t e r n  
p e r i p h e r y  o f  C Creek on September 6,  the  numbers o f  d r i f t i n g  
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Paraleptophlebia sp.  d i s t i n c t l y  i n c r e a s e d  ( T a b l e  1) .  The mean 
ntunber of t h e s e  m a y f l i e s  c o l l e c t e d  on the e v e n i n g  of  the 
a p p l i c a t i o n  a d j a c e n t  to C Creek was not  s i g n i f i c a n t l y  d i f f e r e n t  
from the p r e v i o u s  e v e n i n g  (ANDVA p > 0 . 0 5 ) ,  bu t  the d r i f t  of  
Paraleptophlebia sp.  a t t a i n e d  a h i g h e r  l e v e l  ( a p p r o x i m a t e l y  10X 
the p r e s p r a y  peak)  than  at  any o t h e r  t ime in C Creek  ( F i g u r e  2) .  
The l a c k  of  s i g n i f i c a n t  d i f f e r e n c e  in Paraleptophlebia sp.  d r i f t  
l e v e l s  o c c u r r e d  d e s p i t e  the n e a r l y  t e n f o l d  i n c r e a s e  b e c a u s e  one 
sample  on the e v e n i n g  of the i n c r e a s e  c o n t a i n e d  no m a y f l l e s ,  
c o n s e q u e n t l y  p r o d u c i n g  h igh  v a r i a b i l i t y  and no s i g n i f i c a n t  
d i f f e r e n c e  from o t h e r  e v e n i n g  d r i f t s .  

Paraleptophlebia sp.  d r i f t  r a t e s  in  C Creek  d id  not  i n c r e a s e  w i t h  
t r e a t m e n t  of  the o t h e r  a d j a c e n t  sp ray  b l o c k  on September  14. A 
10-m b u f f e r  on bo th  s i d e s  of C Creek was o b s e r v e d  for  bo th  
a p p l i c a t i o n s  a d j a c e n t  to the c r e e k ,  bu t  r e c o r d e d  f i e l d  
o b s e r v a t i o n s  s u g g e s t e d  t ha t  the h e l i c o p t e r  f l ew  c l o s e r  to the 
c r e e k  on the e v e n i n g  of September  6 than  d u r i n g  the 1600 T r i b u t a r y  
o v e r s p r a y  on September  14. D u r i n g  the f i r s t  a p p l i c a t i o n  a d j a c e n t  
to C Creek ,  the a i r c r a f t  f l ew a sp ray  p a t t e r n  r o u g h l y  p a r a l l e l  to 
the s t r e a m  and g i v e n  the c i r c u i t o u s  n a t u r e  of the c r e e k ,  the  
l i k e l i h o o d  of i n a d v e r t e n t l y  o v e r s p r a y i n g  p a r t s  of C Creek  was 
g r e a t e r  than  when f l i g h t  p a t t e r n s  app roached  the c r e e k  at  r i g h t  
a n g l e s  d u r i n g  the a p p l i c a t i o n  on September  14. The g r e a t e r  
o p p o r t u n i t y  for  c o n t ~ n i n a t i o n  of the s t r e a m  d u r i n g  the f i r s t  
p e r i p h e r a l  a p p l i c a t i o n  may accoun t  for  the d i f f e r e n t i a l  r e s p o n s e  
of  Paraleptophlebia sp.  to the two a p p l i c a t i o n s  a d j a c e n t  to C 
C r e e k .  

T h i s  p a r t i c u l a r  m a y f l y  a l s o  d e m o n s t r a t e d  i n c r e a s e d  d r i f t  in  1600 
T r i b u t a r y  and B - w e i r  in  e v e n i n g  d r i f t  samples  30 h a f t e r  the  
o v e r s p r a y  of  1600 T r i b u t a r y  ( F i g u r e  2 ) .  Th i s  i n c r e a s e  was l e s s  
than  9X the p r e s p r a y  peak and may be ~ r e s p o n s e  to i n c r e a s e s  in 
s t r e a m  d i s c h a r g e  ( f rom 0 .13  fo 0.51 m~/ sec  at B - w e i r )  r e s u l t i n g  
from a 39-nna r a i n f a l l  p r i o r  to and d u r i n g  the e v e n i n g  s a m p l i n g  
p e r i o d  of September  15. E l e v a t e d  d r i f t  l e v e l s  a s s o c i a t e d  w i t h  
i n c r e a s e s  in  s t r e m n  d i s c h a r g e  have been  f r e q u e n t l y  o b s e r v e d  
(Waters  1972; A n d e r s o n  and Lehmkuhl 1968).  In  t h i s  i n s t a n c e ,  
however ,  e l e v a t e d  d r i f t  of  Paraleptophlebia sp.  at  t h e s e  two s i t e s  
was not  p r e v i o u s l y  a s s o c i a t e d  w i t h  the h igh  w a t e r  c o n d i t i o n s  on 
September  5 ( F i g u r e  2 ) ,  and was c o i n c i d e n t  w i t h  a r e c u r r e n c e  of 
g l y p h o s a t e  from r u n o f f .  S h o r t l y  a f t e r  r a i n  began on September  15 
( a p p r o x i m a t e l y  1430 h ) ,  c o n c e n t r a t i o n s  of g l y p h o s a t e  in s t r e a m  
w a t e r  i n c r e a s e d  at bo th  B - w e i r  and 1600 T r i b u t a r y  s i t e s  ( T a b l e  2 ) .  
The o c c u r r e n c e  of g l y p h o s a t e  r e s i d u e s  may have combined w i t h  the 
e f f e c t s  of i n c r e a s i n g  d i s c h a r g e  to p roduce  t h e s e  s l i g h t l y  e l e v a t e d  
d r i f t  l e v e l s  of  ParaIeptophlebia sp. 

The peak measu red  c o n c e n t r a t i o n s  of  109.40 ~ g / L  at  1600 T r i b u t a r y  
and 3 .20  ~ g / L  at  B - w e i r  a re  1/90 to 1 /3 ,000  the r e p o r t e d  
c o n c e n t r a t i o n  of 10 .000 ~ g / L  r e q u i r e d  to i nduce  movement of  
Ephemerella sp.  m a y f l i e s  in  an a v o i d a n c e  chamber (Folmar  1978) 
In  the same e x p e r i m e n t ,  Fo lmar  round no a v o i d a n c e  of Roundup ~ by 
Ephemerella sp.  at  c o n c e n t r a t i o n s  of 1,000 ~ g / L .  Our peak r e s i d u e  
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F i g u r e  2 .  Paraleptophlebia sp.  d ~ i f t  d e n s i t i e s  in  e v e n i n g  
s ample s .  Arr~ i n d i c a t e  g l y p h o s a t e  a p p l i c a t i o n s .  

v a l u e s  r e p r e s e n t  what would appear to be a s u b s t a n t i a l  m a r g i n  o f  
s a f e t y  from the r e p o r t e d  e f f e c t i v e  c o n c e n t r a t i o n s  o f  g l y p h o s a t e .  

I f  the d r i f t  i n c r e a s e s  o f  Paraleptophlebia sp .  were due to 
g l y p h o s a t e  c o n t a m i n a t i o n ,  they  o c c u r r e d  at much lower 

337 



c o n c e n t r a t i o n s  than  would be e x p e c t e d ,  s u g g e s t i n g  a Iower l e v e l  of 
t o x i c a n t  p e r c e p t i o n  or a p a r t i c u l a r  s u s c e p t i b i l l t y  of  l h i s  genus 
to g l y p h o s a t e ,  e s p e c i a l l y  when exposed to the h e r b i c i d e  in a c t u a l  
f i e l d  a p p l i c a t i o n s .  I f  the d r i f t  r e s p o n s e s  were a t t r i b u t a b l e  to 
the h e r b i c i d e  t r e a t m e n t ,  the impact was l i m i t e d  fo 
P a r a l e p t o p h l e b i a  sp.  s i n c e  none of the o t h e r  groups  d e m o n s t r a t e d  a 
s i m i l a r  i n c r e a s e .  Small p o s t s p r a y  i n c r e a s e s  in  d r i f t i n g  Gal~nTarus 
sp.  were i n c o n c l u s i v e .  Th i s  s h o r t  te rm impact s t u d y  has shown 
t h a t  when g l y p h o s a t e  was a e r i a l l y  a p p l i e d  to or nea r  salmon 
n u r s e r y  s t r e m n s ,  i t  p r o d u c e d ,  at m o s t ,  s l i g h t  and ephemera l  d r i f t  
i n c r e a s e s  of  one m a y f l y  s p e c i e s .  

A c k n o w l e d ~ n e n t s .  The c o n t r i b u t i o n  to t h i s  s t u d y  by P. R e y n o l d s ,  
P r o j e c t  C o o r d i n a t o r ,  i s  g r e a t l y  a p p r e c i a t e d .  The a u t h o r s  a re  
g r a t e f u l  to B. S t a z n i k  for  t e c h n i c a l  a s s i s t a n c e  in r e s i d u e  
a n a l y s i s ,  and to H. K l a s s e n  for  a s s i s t a n c e  in the m a n u s c r i p t  
p r e p a r a t i o n .  The c o o p e r a t i o n ,  a s s i s t a n c e ,  and p r o v i s i o n  of 
equ ipmen t  and f a c i l i t i e s  by the P a c i f i c  B i o l o g i c a l  S t a t i o n .  
Nanaimo,  B.C. were v i t a l  to the o p e r a t i o n s  of the p rogram and ~re 
g r a t e f u l l y  acknowledged .  A ma jo r  p o r t i o n  of t h i s  r e s e a r c h  was 
funded by the B.C. M i n i s t r y  of F o r e s t s .  
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