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This bird monitoring project was undertaken as part of a multi- 
disciplinary surveillance program in response to concern about 
non-target effects of aerial application of malathion over the City 
of Winnipeg (Manitoba, Canada) in July 1983. The spraying was 
ordered by the Minister of Health as an emergency measure to 
control mosquito carriers of the Western Equine Encephalitis virus. 
Cythion Ultra Low Volume (95 percent malathion) was applied at a 
rate of 210 ml/ha over the entire city, areas where the test birds 
were located were sprayed on 24 July 1983. 

The toxic action of malathion and other organophosphate insecti- 
cides is attributed to their inhibition of cholinesterase (ChE) - an 
enzyme active in transmission of nerve impulses. The toxicity of 
malathion to vertebrates is low, but many cases of bird mortalities 
from exposure to organophosphates have been recorded, and ChE 
inhibition was found in the poisoned birds (Reece 1982, Hill and 
Flemming 1982, Grue et al. 1983). The degree of inhibition is 
directly related to the pesticide dose, and measurement of brain 
ChE activity is a physiologically meaningful and reasonably simple 
method of assessing the exposure of birds to anti-ChE compounds 
(Hill et al. 1971; Findlay et al. 1974; Busby et al. 1981, 1983). In 
the present study house sparrows (Passer domesticus) and feral 
pigeons (rock doves; Co]umba livia) were used as monitors of the 
spray effect, because of their abundance and wide distribution in 
the city as well as their unprotected status. The objective was to 
assess the ChE activity, rate of mortality, and recovery of brain 
ChE levels after the spraying. 

MATERIALS AND METHODS 

Sparrows were collected by mist netting in backyards of three 
Winnipeg residences, pigeons were caught by hand nets in an 
abandoned school building. In addition to scheduled sampling, 
dead birds reported by the public were picked up for testing as 
well. Members of the Rare Bird Alert group of the Manitoba 
Naturalists Society were asked to report abnormal bird behavior 
or mortalities observed following the spraying. 

Twenty live sparrows were obtained prior to spraying and kept in 
a cage supplied with sunflower seed, bird seed mixture, and water 
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ad l ibi tum.  The  c a g e  was  k e p t  i n  a n  o p e n  s h e d  f o r  t h r e e  d a y s  
a n d  f o r  t h e  l a s t  n i g h t  b e f o r e  s p r a y i n g  i n  a c l o s e d  g a r a g e ,  to  
p r o t e c t  t h e  b i r d s  f rom g r o u n d  f o g g i n g  o p e r a t i o n s  c a r r i e d  o u t  i n  
t h e  a r e a .  On t h e  m o r n i n g  a e r i a l  s p r a y i n g  c o m m e n c e d ,  t h e  12-mm 
o p e n  m e s h  c a g e  was  moved  to a n  o p e n  a r e a  a t  F o r t  Why t e  N a t u r e  
C e n t r e  w h e r e  t h e  s p r a y  d i s t r i b u t i o n ,  d r o p l e t  s i ze ,  a n d  a p p l i c a t i o n  
r a t e  of  t h e  p e s t i c i d e  w e r e  m o n i t o r e d  b y  t h e  E n v i r o n m e n t a l  
P r o t e c t i o n  S e r v i c e  of  E n v i r o n m e n t  C a n a d a .  A l t h o u g h  t h e  n o m i n a l  
s p r a y  c o v e r a g e  was  210 m l / h a ,  t h e  a c t u a l  s p r a y  d e p o s i t i o n  r a t e  o n  
t h e  s i t e  w h e r e  t h e  c a g e  was  l o c a t e d  w a s  140 m l / h a  o v e r  t h e  3 
h o u r s  of  e x p o s u r e  (T .Youmans ,  E n v i r o n m e n t  C a n a d a ,  p e r s o n a l  
communicat ion) .  The  c a g e  was  l e f t  in s i t u  d u r i n g ,  a n d  f o r  t h r e e  
h o u r s  a f t e r  t h e  p a s s  of  t h e  s p r a y  a i r c r a f t .  Food a n d  w a t e r  s u p p l y  
was  n o t  p r o t e c t e d  f r o m  s p r a y ,  b u t  was  r e p l a c e d  a f t e r w a r d .  

The  s p a r r o w s  f rom t h e  c a g e  w e r e  s a c r i f i c e d  a t  6, 12, a n d  26-27  
h o u r s  a f t e r  e x p o s u r e  to  t h e  s p r a y .  A d d i t i o n a l  s p a r r o w s  w e r e  
c o l l e c t e d  1 a n d  2 w e e k s  l a t e r ,  f rom t h e  same  b a c k y a r d s .  P i g e o n  
c o l l e c t i o n  t o o k  p l a c e  4 d a y s  b e f o r e  a n d  2, 9, a n d  15 d a y s  a f t e r  t h e  
s p r a y i n g .  A t o t a l  o f  41 s p a r r o w s  a n d  39 p i g e o n s  w e r e  c o l l e c t e d  
b y  p r o v i n c i a l  p e r s o n n e l ,  a n d  e i g h t  b i r d s  of  f i v e  o t h e r  s p e c i e s  
w e r e  s u b m i t t e d  b y  c o n c e r n e d  c i t i z e n s .  The  b r a i n s  w e r e  e x c i s e d  
a n d  k e p t  f r o z e n  i n  i n d i v i d u a l  v i a l s  u n t i l  a n a l y s i s .  

B r a i n s  w e r e  h o m o g e n i z e d  w i t h  a P o l y t r o n  h o m o g e n i z e r  a n d  
c e n t r i f u g e d  a t  21000 x G to  p r e p a r e  a s o l u t i o n / s u s p e n s i o n  w h i c h  
was  a s s a y e d  b y  t h e  c o l o r i m e t r i c  m e t h o d  of  E l lman  e t  al.  (19611, 
u s i n g  a c e t y l t h i o c h o l i n e  a s  t h e  s u b s t r a t e ,  a t  25~ R e s u l t s  w e r e  
e x p r e s s e d  a s  m i l l i u n i t s  of  e n z y m e  a c t i v i t y  p e r  mg of  p r o t e i n  
( m U / m g ) .  A n a l y t i c a l  p r e c i s i o n  of  t h i s  m e t h o d  is  a b o u t  +-15%. 

RESULTS AND DISCUSSION 

The  c a g e d  s p a r r o w s  s h o w e d  n e i t h e r  i l l  e f f e c t s  n o r  c h a n g e  i n  
b e h a v i o r  d u r i n g  o r  a f t e r  t h e  s p r a y i n g .  Mean v a l u e s  of  t h e i r  
b r a i n  ChE a c t i v i t y  a r e  s h o w n  i n  T a b l e  1. The  p o s t - s p r a y  
s p e c i m e n s '  ChE l e v e l s ,  t h o u g h  lower ,  w e r e  n o t  s i g n i f i c a n t l y  
s u p p r e s s e d  c o m p a r e d  to  t h e  p r e - s p r a y  a n d  15-  to  1 6 - d a y  p o s t -  
s p r a y  s a m p l e s  ( a b o u t  6 a n d  12 p e r c e n t ,  r e s p e c t i v e l y ) .  

T h e r e  was  n o  s i g n i f i c a n t  c h a n g e  i n  t h e  ChE a c t i v i t y  i n  a n y  of  t h e  
p i g e o n  b r a i n  s a m p l e s ;  l e s s  t h a n  10 p e r c e n t  d i f f e r e n c e  b e t w e e n  
s a m p l i n g  p e r i o d  m e a n s  was  r e c o r d e d  ( T a b l e  2). 

Four of the samples collected by private citizens were already 
decomposed when received, which prevented analysis and indicated 
that the birds died before aerial spraying commenced. ChE 
activity for the remaining four was as follows (mU/mg): American 
robin (Turdus migratorius) 106.0; R e d - w i n g e d  blackbird (Agelaius 
phoeniceus) 107.0; Purple martin (nestling) (ProKne subis) 48.7. All 
were collected 1 day post-spraying. Another purple martin 
nestling, 5 days post-spraying, was assayed at 104.0. Pre-spray 
controls for these species were not collected, so that direct pre- 
ys. post-spray comparison was not possible; in general, the values 
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Table I. Brain ChE activity in sparrows 
Sampling time I n ChE activity the activity suppression, % of: 

mU/mg post-spray 
mean (range) pre-spray 15-16 days 

P r e - s p r a y  (W) 10 34.5 (111-164) 0 
Post-spray 

6 hours  (C) 5 28.6 (117-137) 14.4 
12 hours  (C) 5 126.6 (101-148) 5 .9  
26-27 hours  (C) 9 127.0 (113-143) 5 .6  
8 days (W) 6 130.2 (126-134) 3 .4  
15-16 days (W) 6 144.2 (128-153) - 7 . 2  
IW = birds from the wild; C = caged birds 

6.7  

10.8 
12.2 
11.9 

9 .7  
0 

of  ChE a c t i v i t y  were  similar to v a l u e s  o b s e r v e d  in the  p igeon  
samples ,  a l i t t le lower t h a n  t hose  of  the  s p a r r o w  samples.  
Assuming  t h a t  the  ChE a c t i v i t y  of  the  second  p u r p l e  mar t in  sample 
was  normal  (cause  of  dea th  was u n k n o w n ) ,  the  ChE of  the  p u r p l e  
mar t in  which  died the  f i r s t  d a y  a f t e r  s p r a y i n g  would  have  been  a t  
a l e tha l ly  low level.  No r e p o r t s  of  a b n o r m a l  b e h a v i o r  o r  
morta l i t ies  of  b i r d s  were  r e c e i v e d  f rom the  Rare Bird Aler t  
members .  

A c c o r d i n g  to L u d k e  e t  al. (1975), inh ib i t ion  of  b r a i n  ChE a c t i v i t y  
by  20 p e r c e n t  is ind ica t ive  of  e x p o s u r e  to pes t i c ides ,  and  >-'50 
p e r c e n t  inh ib i t ion  is su f f i c i en t  fo r  d i a g n o s i n g  d e a t h  f rom an t i -ChE 
po i son ing .  House s p a r r o w s  which  died from malathion po i son ing  in 
exper imen ta l  s t u d i e s  (Mehrot ra  e t  al. 1967; c i ted  by  Ludke  et  al. 
1975) had brain ChE suppressed by about 80 percent (range 36 to 
"near 100" percent). Our results did not approach the lower 
range; they are similar to the findings of Hill et aL (1971) who 
reported maximum ChE inhibition of 18 percent in brains of 
sparrows after an aerial application of malathion at the same rate 
as in this study. 

In  e v a l u a t i n g  o u r  r e s u l t s ,  i t  is no t  poss ib le  to a c c e p t  w i thou t  
r e s e r v a t i o n  t h a t  the  p r e - s p r a y  ChE a c t i v i t y  v a l u e s  c o r r e s p o n d  to 
normal  levels .  The b i r d s  had  b e e n  p r e v i o u s l y  exposed  s e v e r a l  
t imes to pe s t i c ide s  d u r i n g  g r o u n d  f o g g i n g  o p e r a t i o n s  (Table 3). 
In  add i t ion ,  i n c r e a s i n g  mosqui to  n u m b e r s  p r o m p t e d  the  City to 
r e sume  g r o u n d  f o g g i n g  on A u g u s t  8. That ,  and  a s econd  r o u n d  of  
aer ia l  s p r a y i n g  (on A u g u s t  14), p r e c l u d e d  c o n t i n u e d  sampl ing  
i n t e n d e d  to a s s e s s  the  level  a t  which  the  ChE a c t i v i t y  would 
s tabi l ize  in the  p o s t - s p r a y  per iod .  

The more o r  less  c o n s t a n t  level  of  ChE a c t i v i t y  in p igeons  may 
have  been  due  e i t h e r  to t h e i r  d i f f e r e n t  hab i t s  (e.g., r o o s t i n g  
ins ide  the  bu i ld ing) ,  o r  to the  c o n f o u n d i n g  e f f e c t  of  the  g r o u n d  
f o g g i n g ,  o r  both .  Absence  of  c o n s p i c u o u s  b i rd  mor ta l i t ies  d u r i n g  
o r  fol lowing the  s p r a y i n g  s u g g e s t s  t h a t  the  pes t i c ide  dose  
r e c e i v e d  b y  the  b i r d s  f rom bo th  g r o u n d  and  aer ia l  s p r a y i n g  
o p e r a t i o n s  was not  exce s s ive ly  h igh .  This  appl ies  to bo th  
s p a r r o w s  and  p igeons ,  and  p r o b a b l y  may be ex t r apo l a t ed  to o t h e r  
b i r d s  of  similar s ize  and  habi t s .  
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Table 2. Brain ChE activity in pigeons 
Sampling Time n ChE Activity 

mU/mg; mean (range) 
Pre-spray 9 102.5 (79-128) 
Post-spray: 

25-26 h r s .  10 107.0 (89-126) 
9 days 10 105.3 (89-136) 

15 days 10 111.0 (87-137) 

The present study was set up on an emergency basis; although 
this afforded the advantage of a 'real-life' situation, it also left 
unanswered a number of important questions. How are insecti- 
vorous birds affected by the sudden disappearance of their food 
supply? As even granivorous songbirds feed their young with 
insects, are there more severe effects on nestlings, either from 
the pesticide or from the decreased food supply? Results of 
Grue and Shipley (1984) suggested that young nestling songbirds 
may be twice as sensitive as adults. What are the effects on the 
less visible bird species (e.g, the canopy-dwelling warblers), 
the less common ones or those which may die in places not easily 
accessible, where they would not be readily found? Grue et al. 
(1982) found significantly reduced parental care in birds exposed 
to sublethal levels of organophosphates. Are there other sublethal 
effects, e.g., does exposure to the pesticide make the birds more 
vulnerable to predation? Such questions can be answered only 
through carefully designed, rigorously controlled experiments. 
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Table 3. Times of  b i rd  co l lec t ions  and  pes t i c ide  app l i ca t ions  
Date Bi rds  c o l l e c t e d  

and ana lyzed  
07/14 
07/17 
07/19 p igeons  
07/20 sparrows 
07/21 sparrows 
07/23 ma la th ion  
07/24 sparrows(C) 2 AEHIAL SPRAYING OF MALATHION 
07/25 spar rows(C) ,  p igeons  
08/01 sparrows 
08/02 p igeons  
08/08 sparrows,  p igeons  ma la th ion  
08/09 sparrows ma la th ion  
08/14 AERIAL SPRAYING OF MALATHION 
1 Ground fogg ing  un l e s s  o t h e r w i s e  s t a t e d  ( r a t e s  v a r i a b l e ) .  Baygon 

and ma la th ion  a r e  ChE i n h i b i t o r s ,  me thoxych lor  i s  n o t .  
z C = caged specimens;  o t h e r  b i r d s  were caught  from the  wi ld .  

P e s t i c i d e  a p p l i e d  1 a t  c o l l e c t i o n  s i t e  o f  
spar rows p igeons  

Propoxur  (Baygon) 
me thoxych lo r  

459 



REFERENCES 

B u s b y  DG, Pea rce  PA, G a r r i t y  NR (1981) Brain  c h o l i n e s t e r a s e  
r e s p o n s e  in s o n g b i r d s  exposed  to exper imenta l  f e n i t r o t h i o n  
s p r a y i n g  in New Brunswick ,  Canada.  Bull E n v i r o n  Contain 
Toxicol 26: 401-406. 

B u s b y  DG, Pea rce  PA, G a r r i t y  NR, Reyno lds  LM (1983) Ef fec t  of an  
o r g a n o p h o s p h o r u s  insec t i c ide  on b ra in  c h o l i n e s t e r a s e  a c t i v i t y  in 
w h i t e - t h r o a t e d  s p a r r o w s  exposed  to aer ia l  f o r e s t  s p r a y i n g .  J 
Appl Ecol 20: 255-263. 

Ellman GL, C o u r t n e y  KD, A n d r e s  V, F e a t h e r s t o n e  RM (1961) A new 
and  rap id  co lor imet r ic  de t e rmina t i on  of a c e t y l c h o l i n e s t e r a s e  
ac t iv i ty .  Biochem Pharm 7: 88-95. 

F ind lay  GM, Howe GJ, L o c k h a r t  WL (1974) Impac t  of  f e n i t r o t h i o n  
u p o n  j a p a n e s e  quai l  (Coturnix  c o t u r n i x  japonica)  in a f o r e s t  
ecosys t em.  The Manitoba Entomol 8: 10-15. 

Grue CE, Sh ip ley  BK (1981) S e n s i t i v i t y  of ne s t l i ng  and  adu l t  
s t a r l i n g s  to d i c ro tophos ,  an  o r g a n o p h o s p h a t e  pes t ic ide .  
E n v i r o n  Res 35: 454-465. 

Grue CE, Powell GVN, McChesney  MJ (1982) Care of  n e s t l i n g s  by  
wild female s t a r l i n g s  exposed  to an o r g a n o p h o s p h a t e  pes t i c ide .  
J Appl Ecol 19: 327-335. 

Grue CE, Fleming WJ, B u s b y  DG, Hill EF (1983) A s s e s s i n g  h a z a r d s  
of  o r g a n o p h o s p h a t e  pe s t i c ide s  to wildlife. T r a n s  N Am Wildl Nat 
Resour  Conf 4 8 : 2 0 0 - 2 2 0  

Hill EF, Fleming WJ (1982) A n t i c h o l i n e s t e r a s e  po i son ing  of  b i rds :  
Field moni to r ing  and  d i agnos i s  of a c u t e  po ison ing .  Env i ron  
Toxicol Chem l:  27-38. 

Hill EF, Eliason DA, Ki lpat r ick  JW (1971) Ef fec t s  of  u l t r a - l o w  
volume app l i ca t ion  of malathion in Hale Coun ty ,  Texas.  I I I .  
E f fec t s  on n o n - t a r g e t  animals.  J Med Entomol 8: 173-179. 

Ludke  JL, Hill EF, Dieter MP (1975) Cho l ines t e ra se  (ChE) r e s p o n s e  
and  re l a t ed  mor ta l i ty  among  b i r d s  fed  ChE inh ib i to r s .  Arch  
Env i r on  Contain Toxicol 1: 1-21. 

Mehro t r a  KN, Beri  YP, Misra SS, Phoke la  A (1967) Phys io log ica l  
e f f e c t s  of  malathion on the  h o u s e  s p a r r o w ,  P a s s e r  domes t i cus  L. 
I n d i a n  J Exp Biol 5: 219. 

Reece RL (1982) O b s e r v a t i o n s  on the  acc iden t a l  po i son ing  of  b i r d s  
b y  o r g a n o p h o s p h a t e  i n sec t i c i de s  and  o t h e r  toxic s u b s t a n c e s .  
Vet Record  I l l :  453-455. 

Received  A u g u s t  18, 1986; a c c e p t e d  S e p t e m b e r  18, 1986. 

460 


