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ABSTRACT 

L e a f r o l l e r s  are s i g n i f i c a n t  p e s t s  o f  b l u e b e r r y  a n d  

c r a n b e r r y ,  but n o t  of r a s p b e r r y  and s t r a w b e r r y ,  i n  t h e  Lower 

P r a s e r  V a l l e y ,  B- C- L e a f r o l l e r s  f e e d i n g  on f r u i t  c l u s t e r s  

r e d u c e d  b l u e b e r r y  y i e l d s  by np t o  8%. The economic t h r e s h o l d  

i s  damage t o  1% o f  clusters. L e a f r o l l e r s  on c r a n b e r r y  

d e v a s t a t e  f i e l d s  when n o t  c o n t r o l l e d  by i n s e c t i c i d e s ,  On 

r a s p b e r r y  and s t r a w b e r r y  t h e y  are c o n t r o l l e d  by s p r a y s  for 

other p e s t s ,  Pest manageraent on  b l u e b e r r y  a n d  c r a n b e r r y  i s  

f e a s i b l e ,  

On b l u e b e r r y  14 s p e c i e s  of T o r t r i c i d a e ,  1 of 

O e z o p h o r i d a e  and 1 of Geomet r idae  f e d  i n  l ea f ro l l s  and 

b lossom clusters, The dominant  s p e c i e s  were g g g i s % o n g u f a  

r o s a c e a n a  , S pilon ota ocel_h=g, A r c h i p s  r o s a n u s  and  

C h e i r n o ~ h i l a  s a l i c e l l a .  Because  R h g ~ o b &  g 2 ~ q g ,  t h e  onf y 

i a p o s t a a t  l e a f r o l l e r  on c r a n b e r r y ,  h a s  few a l t e r n a t e  hosts, 

its p o p u l a t i o n  c a n  be r e a d i l y  t non i to red  and  managed, Common 

s p e c i e s  on r a s p b e r r y  were gL g~sacgggq, s s s h t e r a  br u c e a t a  

and Acleris c o m a r i a n a ,  but these d i d  n o t  c a u s e  damage- 

L a r v a e  of A, c o m a r i a g 2  were a b u n d a n t  on s t r a w b e r r y  a t  3 site 

and d i d  n o  v i s i b l e  damage. 

P a r a  sitism o f  C, r o s a c e a n a  ( 18 t o  33%) a n d  2, ocellam 

(231)  on b l u e b e r r y  a n d  of R, co rea r i ana  469%) o n  s t r a w b e r r y  

may limit their p o p u l a t i o n s ,  P a r a s i t i s m  was h i g h e s t  i n  areas 

of h i g h  C, r a sacegmp  d e n s i t y ;  n o  c o r r e l a t i o n  was o b s e r v e d  

iii 



between  d e n s i t y  a n d  p a r a s i t i s a  of A= comariang.  

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

p o t e n t i a l  l e a f r o l l e r  p e s t s  of b l u e b e r r y ,  L a r v a e  o f  5% 

c o a a r i a n a  i n  a s t r a w b e r r y  f i e l d  were mcst n u n e r o u s  n e a r  w i l d  ----- 
v e g e t a t i o n ,  

Sone f i r s t - i n s t a r  l e a f r o l l e r  l a r v a e  on b l u e b e r r y  

a e r i a l l y  disperse on ha tch ing .  C o n t r o l  s p r a y i n g  s h o u l d  

coincide w i t h  t h i s  d i s p e r s a l *  D i s p e r s a l  o c c u r r e d  most1 g 

i n s i d e  t h e  m a r g i n s  of  a b l u e b e r r y  f i e l d ,  l i m i t i n g  its 

i a p o r t a a c e  ic r e i n f e s t i n g  f i e l d s  a f t e r  c o n t r o l ,  

High l a r v a l  d e n s i t i e s  o f  naevanp  d e c r e a s e d  

deve lopmen t  t i n e  and a d u l t  size, This e f f e c t  would b e  

i t a p o r t a n t  o n l y  a t  high f i e l d  d e n s i t i e s ,  

The female-produced  sex pheromone or' C, s a l i c e l l a  i s  a  

~ i x t u r e  o f  s -13- te tradeceny l -1 -wetate :  g-11 - t e t r adecen -  

1-01: tetradecanyl-7-9-acetate i n  a 202 1: 1 r a t i o -  

I n t r o d u c e d  l e a f r o l l e r s  f e d  on  a11 c r o p s  surveyed.  

R e c e n t l y  i n t r o d u c e d  s p e c i e s  o c c u r r e d  o n l y  on b l u e b e r r y  b u t  

were n o t  i m p o r t a n t -  Wat ive  leaf r o l l e r s  be•’ ore h i b e r n a t i o n  

i n h a b i t e d  abandoned ro l l s  of i n t r o d u c e d  s p e c i e s .  C o n t r o l  

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

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

csmmon g a r a s i t e s ,  



This r e s e a r c h  vorald n o t  have  been  p o s s i b l e  w i t h o u t  t h e  

s u p p o r t ,  a d v i c e  a n d  a s s i s t a n c e  of many p o p l e ,  I t h a n k  my 

s e n i o r  s u p e r v i s o r ,  Dr, B,P, B e i r n e ,  P r o f e s s o r  of P e s t  

f laaagemeat , Biology Department,  Simon F r a s e r  U m i v e r s i t  y  f o r  

p r o v i d i n g  t h e  d i r e c t i o n  and g u i d a n c e ,  and  the c o n s t a n t  and  

g e n e r o u s  s u p p o r t  which made t h i s  r e s e a r c h  p o s s i b l e ,  I a l so  

t h a n k  t h e  members of aty s u p e r v i s o r y  cornntitte, Drl 3 - N I  

Burden, P r o f e s s o r ,  B i o l o g y  Depar tment ,  Simon F r a s e r  

Universi'ky, and  #re 3, Raine, R e s e a r c h  S c i e n t i s t ,  

A g r i c u l t a r e  Canada, for t h e i r  a d v i c e  and a s s i s t a n c e .  I aa 

gra i te f  ul. to Prof, T, Pilaf ayson ,  P r o f e s s o r  Emerita, B i o l o g y  

Department ,  Simon P r a s e r  U n i v e r s i t y ,  and  D r l  TI Crant, 

Research S c i e n t i s t ,  Agr-iculture Canada,  f o r  t h e i r  a d v i c e  acd 

criticism of t h i s  irork i n  i t s  v a r i o u s  s t a g e s ,  I t h a n k  D r ,  8- 

S l e s s o r ,  Bssociat e P r o f e s s o r ,  C h e m i s t r y  Department ,  S inion 

F r a s e r  U n i v e r s i t y ,  f o r  i n t r c d v c i n g  Be t o  the m a r v e l s  o f  

phe roaone  c h e ~ i s t r y .  

f thank t h e  s t a f f  a t  t h e  B i o s y s t e m a t i c s  Resea rch  

f n s t i t u t e ,  A g r i c u l t u r e  Canada, for i d e n t i t y i n g  many of the 

s p e c i e s  e n c o u n t e r e d  i n  t h i s  r e s e a r c h ,  and for t h e  

i n f o r m a t i o n  and i n s t r u c t i o n  which das so f r e e l y  g i v e n  to me 

by t h e n ,  

I t h a n k  D, Q u i r i n g ,  D, L a c t i n ,  3- L i g h t h a l l ,  and J- 

Nelson for t h e  a b l e  a n d  i n d u s t r i o u s  t e c h n i c a l  a s s i s t a n c e  
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Hean nugiber of Rhopobotg Aaevana e g g s  
p e r  c r a n b e r r y  stem [ S t a n d a r d  d e v i a t i o n ,  
n) a t  3 c r a n b e f z y  sites i n  She L o w e r  
F r a s e r  V a l l e y *  p r i o r  to hatch of larvae- 

P o p u l a t i o n s  o f  leaf r o l l i n g  l a r v a e  on 
r a s p b e r r y  a t  3 sites i n  t h e  Louer  F r a s e r  
V a l l e y  i n  1980, Mean number o f  
l a r v a e / p l a n t  ( s t a n d a r d  d e v i a t i o n )  n=10- 

P o p u l a t i o n s  of l e a f r o l l i n g  l a r v a e  on 2 
v a r i e t i e s  of r a s p b e r r y  a t  s i te  13. aean  
l a r v a e  p e r  2 f r u i t - b e a r i n g  c a n e s  
[ S t a n d a r d  d e v i a t i o n )  n=8- 

S p e c i e s  of l e a  • ’ r o l l i n g  L e p i d o p t e r a  
c o l l e c t e d  on r a s p b e r r y  i n  1980 a n d  1881 
l i s t e d  i n  a p p r o x i m a t e  o r d e r  ar 
a  bundance. 
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T a b l e  22 
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T a b l e  24 

T a b l e  25  
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Popula%ions of  l e a f r o l l e r  l a r v a e  on 
s t r a w b e r r y  a t  4 sites i n  t h e  Lower 
F r a s e r  V a l l e y  in 1980, Wean l a r v a e  p e r  1 
III of row ( s t a n d a r d  d e v i a t i o n )  n=10. 

Species o f  T o r t r i c i d a e  c o l l e c t e d  from 
s t r a w b e r r y  at s i t e  9 i n  1380, Bean 
l a r v a e  p e r  3 m of row. n=10, 

P e r c e n t a a e  c a r a s i t i s a  of l a r v a e  of 
d - 

Acleris c o m a r i a n a  o n  s t r a w b e r r y  a t  site 
9 in 1980, 

Bean number of l a rvae /m of xow and 
percean t p a r a s i  tisin of Acleris c o a a r i a n a  
i n  8 plots i n  s t r a w b e r r y  a t  site 9, 

Comparison of t h e  r e l a t i v e  p e r c e n t a g e s  
of the Q iaajor s p e c i e s  o f  l e a f r o l l e r  
f e e d i n g  on l e a v e s  (L) and on flowers and 
f r u i t  (F) of b l u e b e r r y  a t  3 sites on 4 
d a t e s ,  

flean numbers  of b e r r i e s  in undamaged and 
damaged b l u e b e r r y  clnsters [ S t a n d a r d  
d e v i a t i o n ,  n) a t  2 sites o n  4 d a t e s ,  

P e r c e n t a g e  r e d  uctioss of  damaged o v e r  
undataaged clusters a t  2 sites on 4 
d a t e s ,  c a l c u l a t e d  from means i n  Table 
22,  [ undamaged-daaaged) /undamaged) X 100 

Piean n u ~ b e r  of damaged f r u i t  clusters 
p e r  20 fruit  c l u s t e r s  ( S t a n d a r d  
d e v i a t i o n ,  n) i n  b l u e b e r r y  a t  sites 1, 
2, and 6 on 5 d a t e s ,  T h e r e  was a s i t e  
arid a d a t e  effect {Ariova, p40-05) - 
C ~ l n p a r i s o n  of mean numbers  of l a r v a e  p e r  
b u s h  o n  s p r a y e d  and unsp rayed  b l u e b e r r y  
p l a n t s  a t  two sites on two d a t e s  
( S t a n d a r d  deviation), n=l0 ,  

Rean p e r c e n t a g e s  of 5 s p e c i e s  f e e d i n g  on 
6 h o s t s  on 3 dates a t  s i t e  2 i n  1981- 
n=S, '0, weans *9<0105%,jp 
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T a b l e  30 

T a b l e  31 

Table  32 

Mean p e r c e n t  p a r a s i t i s m  of C h o r i s t o n e u r a  123 
rppgceana  b y  A p o p h a  s&gp&&&gp on 6 
p l a n t  h o s t s  on J u l y  6 ,  1981 a t  s i te  2, 
with 35% confidence i n t e r v a l s  {CI), n=5, 

E f f e c t s  of d e n s i t y  on RhopoCota naev-: 
mean m o r t a l i t y  (n=10) with 95% 
c o n f i d e n c e  i n t e r v a l s  {CI) ; mean 
w i n g l e n g t h  i n  aales and f e n a l e s  
( s t a n d a r d  d e v i a t i o n ,  n); a n d  mean 
deve lopment  time i n  &ales, f e m a l e s  a n d  
b o t h  s e x e s  c o ~ b i n e i l  ( s t a n d a r d  
d e v i a t i o n ) ,  

R e t e n t i o n  c h a r a c t e r i s t i c s  o f  Cheimophilg  143 
sal iceua f f&a le pheromone componen ts 
and s e l e c t e d  s t a n d a r d s .  

C c ~ p a r i s o n  i n  f i e l d  *zaps o f  145 
E- 1 1-te ' tadecenyl-  1 - g o a c e t a t e  and  - 
Z-10-tetradecenyl-1-2-acetate as - 
a t t r a c t a n t s  for male C h e i n o ~ h i l a  
sa l ice l la ,  Experiment r u n  26-28, #arch, 
P-1- 

1981; n=10, 

Comparison i n  f i e l d  t r a p s  of pheronone  3Q6 
components  a l o n e  and i n  combidaa,t ion as 
a t t r a c t a n t s  fir m ~ e  cheiw.0~hj . f  a 
s a l i c e & ,  Expe r imen t s  r u n  21-23, f larch,  
1983;  n=5. 

Effect i n  f i e l d  e x p e r i m e n t s  of stimulus 147 
c o n c e n t r a t i o n  on catch o f  male 
C h e i ~ o p h a i .  sa l ice l la ,  and retest  of 
effect of tetradecanpl-I-g-acetate o n  
catch. Experimexlt 26-28, Eaarch, 198 1 ; 
n= 10, 
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A p ~ r o x i a a t e  l o c a t i o n s  of berry c r o p  
r e s e a r c h  sites i n  the Lower F s a s e r  
V a l l e y ,  B,C, 

T r a p  u s e d  t o  c a t c h  a i r - b o r n e  d r i f t i n g  
first- instar l e a f  ro l l e r  l a r v a e ,  

Approximate  l o c a t i o n s  of 20 t r a p s  w h i c h  
were used t o   oni it or a e r i a l  d r i f t i n g  
f i r s t - i n s t a r  l e a f r o l l e r  l a r v a e  i n  a 
b l u e b e r r y  f i e l d  a t  s i t e  1 i n  1980- T h e  
v a r i o u s  parts of the f i e l d  are l a b e l l e d ,  
Open s q u a r e s  d e n o t e  n o r t h - s o u t h  f a c i n g  
t r a p s  a n d  c l o s e d  s q u a r e s  d e n o t e  
east- west f a c i n g  t r a p s ,  

Total numbers of aer ia l  d r i f t i n g  
f i r s t - i n s t a r  l e a f r o l l e r  l a r v a e  c a u g h t  
per week on 20 traps i n  a b l u e b e r r y  
f i e l d  a t  s i te  1 i r o n  A p r i l  7 t o  
$ e ~ t e m b e r  1, 1980, 

T o t a l  nun bers of aer ia l  d r i f t i n g  
first- i n s t a r  leaf ra l ler  l a r v a e  c a u g h t  
p e r  week i n  4 b l u e b e r r y  fields f rom 
@ a r c h  16 t o  Augus t  31, 19331, A=Site  1, 
B=Site 2, C=Si t e  3, D = S i t e  6, 

N-eaa? numbers  of eggs and Zartrae of 
Rho jpbo ta  naevana  per c r a n b e r r y  stem a t  -- -- --- 
s i t e  2 from March 9 t o  Sep tember  21,  
I 9 8 l .  H o r i z o n t a l  black b a r s  denote 
p e r i o d s  d u r i n g  u h i c h  a d u l t s  were 
o b s e r v e d  f l y i n g .  

Page  

16 

T o t a l  n u ~ b e r s  of a e r i a l  d r i f  z i n g  6 5  
f i r s t - i n s t a r  l e a f r o l l e r  l a r v a e  c a u g h t  
p e r  week on 5 t r a p s  i n  a  c r a n b e r r y  f i e l d  
a t  s i t e  2 frola March 16 t o  August 31, 
19881, 

Approximate  l o c a t  i o n s  i n  a  s t r a w b e r r y  
f i e l d  a t  s i t e  9  fro^ which s a m p l e s  were 

8 0  . 

t a k e n  on A p r i l  20,  1'380, ta i n v e s t i g a t e  
w i t h i n - f i e l d  d i s t r i b u t i o n  of leaf rol ler  
l a r v a e  f e e d i n g  o n  strawberry- 

x v i  
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Fig* 13  

Average n u a b e r s  of l a r v a e  f e e d i n g  on 100 
P ~ a v e s ,  a n d  on flower and f r u i t  c l u s t e r s  
o f  blueberry at site 1 on 5 dates i n  
1980. 

R e g r e s s i o n  of numbers  of b e r f i e s  pe r  
c l u s t e r  v e r s u s  d a t e  f o r  undamaged 
b l u e b e r r y  f r u i t  clusters ( l i n e  A ,  o p e n  
circles) and l e a f r o l l e r - d a m a g e d  
b l u e b e r r y  f r u i t  c l u s t e r s  ( l i n e  3, c l o s e d  
c i r c l e s )  frora s i t e  2 i~ 1981 ( T a b l e  22) - 
P i t  o f  both lines s i g n i f i c a n t  (Anova 
p<0-0001) Slopes n o t  s i g n i f i c a n t l y  and 
i n t e r c e p t s  s i g n i f i c a n t l y  d i f f e r e n t  
( t - test ,  p-r0 ,05) ,  Line A: y=11,0-L3x,  
r2=0,25, S r n e  0: y = 8 , 0 - 1 . 4 ~ ~  r2=0-29-  

R e g r e s s i o n  of n u a b e r s  of b e r r i e s  p e r  188 
cluster v e r s u s  d a t e  of undamaged 
b l u e b e r r y  f r u i t  clusters (line A, o p e n  
c i c f e s )  and l e a f r c l l e r - d a ~ a g e d  b l u e b e r r y  
f r u i t  clusters ( l i n e  3 ,  c l o s e d  circles) 
f ro@ site 6 in 1981 (Table 22). Fit of 
b o t h  l i n e s  s i g n i f i c a n t  (Anova p<0,000 1)-  
S l o p e s  and i n t e r c e p t s  s i g n i f i c a n t l y  
d i f f e r e n t  [%-test, p=D,O 1). t i n e  A: 

, y=?2,4-2,2x, r2=0,51; L ine  B: 

Average  p e r c e n t  o f  t o t a l  f e e d i n g  d o n e  b y  129 
i n d i v i d u a l  l a r v a e  o f  C h o r i s t c n e u r a  
r o s a c e m  i n  2 h i n t e r v a l s  o v e r  a 2 4  h 
p e r i o d  w h i l e  exposed  t o  o u t d o o r  l i g h t i n g  
f p f i o t o p e r i o d )  a n d  a m b i e n t  t e a p s a t u r e s  
(C) on July 17-38, 1981, Arrow aaarks 
time e x p e r i m e n t  was s t a r t e d ,  

Average p e r c e n t  of toOal f e e d i n g  d o n e  b y  130 
i n d i v i d u a l  l a r v a e  of ~ A o r i s t u n e u r a  
r o s a c e a n a  i n  2 h i n t e r v a l s  o v e r  a 24  h 
p e r i o d  while exposed  t o  o u t d o o r  l i g h t i n g  
(pho to  p e r i o d )  and a m b i e n t  t e m p e r a t u r e s  
(C)  on J u l y  25-25, 1981, Arrow m a r k s  
time e x p e r i m e n t  was s t a r t e d ,  

x v i i  



It was h y p o t h e s i z e d  t h a t  l e a f r o l l e r s  c o u l d  bs of  

econo~ic  s i g n i f i c a n c e  t o  berry c r o p s  a n d  a l s o  t h a t  t h e  

leafroller f a u n a  on  t h o s e  crops ha3 b e e n  enhanced by  

recently i n t r o d u c e d  s p e c i e s  no t  h i t h e r t o  r e p o r t e d  as c a u s i n g  

daaaage. T h e s e  h y p o t h e s e s  were e x p l o r e d  i r :  r e l a t i o n  t o  b e r r y  

c r o p s  in the Lower F r a s e r  V a l l e y ,  0 - C -  The e v a l u a t i o n  of the 

economic s i g n i f i c a n c e  of t h e  s p e c i s s  i n v o l v e d  a n d  t h e  

i d e n t i f i c a t i o n  of e c o l o g i c a l  a n d  behavioral factors  r e l a t e d  

t o  it  p r o d u c e d  s u f f i c i e n t  e v i d e n c e  t o  s h o u  t h a t  an effective 

pest management p r o g r a m  f o r  b l u e b e r r y  i s  f e a s i b l e ,  

The  c u l t u r e  of s m a l l ,  or b e r r y  f r u i t s ,  P l a y S  ar, 

i s p o r t a n t  role i s  t h e  a g r i c u l t u r a l  economy of t h e  Lower 

PEaser Val l e y ,  B,C, The atost i m p o r t a n t  of t h e s e  c r o p s  are 

b l u e b e r r y ,  cranberry, raspberry an3 s t r a w b e r r y  v h i c h  

t o g e t h e r  o c c u p y  322 of t h e  a g r i c u l t u r a l  l a n d  p r o d u c i n g  

fruits and v e g e t a b l e s  and  l i k e  c r o p s  ( T a b l e  1) .  T h e s e  4 

crops had a v a l u e  i n  1978 of $25,373,613.00, o r  a b o u t  60% of 

the value of all. fruit a n d  v e g e t a b l e  p r o d u c t i o n  i n  t h e  L o v e r  

F r a s e r  V a l l e y ,  B,C,  A s  t h e  c u l t u r e  o f  t h e s e  small f r u i t s  is  

i m p o r t a n t  i n  t h e  Lower F r a s e r  V a l l e y ,  L C , ,  pests w h i c h  

could c a u s e  the@ losses a r e  i m p o r t a n t -  

B e s i d e s  r e c o m m e n d a k i o a s  f o r  c h a r a c t e r i s t i c  and s p e c i f i c  

p e s t s  of b l u e b e r r y  and r a s p b e r r y ,  t h e  " B e r r y  q r o d u c ' t i o n  

Guide" fPfinis4;ry of A g r i c u l t u r e ,  Province of B r i t i s h  



2 

c o l u a b i a )  make recommendat ions  f o r  c o n t r o l  of u n s p e c i f i e d  

* r l e a f m l l e r s i t  i f  t h e i r  numbers are w d a ~ a g i n g w ,  On t h e  bas i s  

of a l i t e r a t u r e  s u r v e y  it was e v i d a n t  t h a t  t h e  s p e c i e s  of 

~ a f s o l l e r s  i n v o l v e d ,  t h e  numbers  a t  which t h e y  c a u s e  

ndaaagew a n d  t h e  s i g n i f i c a n c e  of t h a t  '*damagew uere n o t  

d e t e r a i n e d .  

The "Berry P r o d u c t i o n  GuideN 2 130 recommends con t ro l .  of 

one t o r t r i c i d  species on c r a n b e r r y  and  one on  strawberry, 

but there is n o  i n d i c a t i o n  i f  these a r e  t h e  o n l y  i m p o r t a n t  

species or i f  t h e r e  a r e  o t h e r s  r e q u i r i n g  c o n t r o l s  on these 

crops. 

Furtheraaore, o v e r  40 s p e z i e s  of L e p i d o p t e r a  of exotic 

o r i g i n ,  e x c l u d i n g  those on s t o r e d  p r o d u c t s ,  are r e c o r d e a  a s  

p r e s e n t  i n  British Columbia, Many sf them u e r e  d i s c o v e r e d  

o n l y  i n  r e c e n t  years (e,g, Doganfar  and Be i rne  1978a, 1973a, 

B: Craa 3973; Evans 1966; Lazorko  1977; Gillespie 

1978; R a i n e  1966.)- Rore t h a n  o n e - t h i r d  of t h e s e  a r e  

T o r t r i c i d a e ,  t h e  larvae o f  which a r e  known a s  l e a f r o l l e r s  

and budno ths ,  

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

i n t r o d u c e d  ones ,  on a g r i c u l t u r a l  prod w t i o n  i n  the Lotrer 

F r a s e r  V a l l e y  o f  s o u t h - n e s t e r n  B r i t  ish Columbia is v i r t u a l l y  

unknown, It is not known i f  these i n t r o d u c e d  s p e c i e s  have  

displaced n a t i v e  s p e c i e s  a s  p e s t s ,  or  are  i n t e r a c t i n g  with  

them by s h a r i n g  o f  p a r a s i t e s  or t h r o u g h  o t h e r  coaaoa  



i n f l u e n c e s ,  

The s t a t u s  o f  l e a f r o l l e r s ,  particularly T o r t r i c i d a e ,  a s  

pests o f  b e r r y  c r o p s  i s  l a r g e l y  unknown, and  some of t h e  

Bore r e cen t l y  i n t r o d u c e d  species  map b e  c a u s i n g  p rob lems  n o t  

h i t h e r t o  r e c o g n i z e d ,  T h e r e f o r e  t h e  p r i m a r y  g o a l  of t h i s  work  

i s  t o  d e f i n e  the inapact of t h e  p r e s e n t  leaf ro l lex:  f a u n a  of 

b e r r y  crops i n  the Lower Fraser Valley, B,C- T h e  o b j e c t i v e s  

are: 

1, to i d e n t i f y  t h e  n a t i v e  and i n t r o d u c e d  s p e c i e s  of 

leafroller feeding on b e r r y  c r o p s  i n  t h e  Lower f r a s e r  

V a l l e y ,  3 - C - ;  

2, t o  detemine f a c e t s  o f  t h e  b i o l o g y  of t h o s e  s p e c i e s  on 

b e r r y  c r o p s ,  p a r t i c u l a r l y  r e l a t e d  t o  t h e  t i ~ i n g  of h a t c h  a r d  

of l a r v a l  d i s p e r s a l ,  which rn ight f a c i l i t a t e  t h e i r  c o n t r o l  

and  management; 

3. t o  d e f i n e  t h e i r  p r e s e n t  n u n e r i c a l  and r e l a t i v e  abundance  

so t h a t  f u t u r e  c h a n g e s  i n  sgecies c o m p o s i t i o n  and abundance  

can be d e t e c t e d ;  

4, t o  i d e n t i f y  t h e  i n s e c t  species p a r a s i t i c  on  Tor t f ic idae  

o n  b e r r y  c r o p s ,  d e t e r m i n e  t h e i r  rates of p a r a s i t i s m ,  and 

deduce  If  they have  p o t e n t i a l  a s  n a t u r a l  c o n t r o l  a g e n t s ;  

5 ,  t o  d e t e r m i n e  if leafrollers a r e  having a n  economic ianpact 

on b l u e b e r r y  and t h u s  r e q u i r e  c o n t r o l ;  

6 ,  t o  d e t e r i a i n e  t h e  need and  p o t e n t i a l  f o r  p e s t  manageiaent 

p rograms  c e n t r e d  on those s p e c i e s ;  

7 -  t o  d e t e r m i n e  some of t h e  f a c t o r s  i n f l u e n c i n g  their 



abundance  and d i s t r i b u t i o n  and  t h e  e f f i c a c y  of c o n t r o l s  u s e d  

a g a i n s t  them; 

8 ,  t o  recommend where  feasible p o t e n t i a l  t e c h n i g u e s  and 

r e q u i r e m e r t s  for improved c o n t f o l  of t h e  species; and 

9. to identify a r e a s  r e l a t i n g  t o  t h e  above  t h a t  r e q u i r e  

farther r e s e a r c h  so t h a t  o t h e r s  may c o n t i n u e  to  r e f i n e  t h i s  

work, 

There are numerous  r e c o r d s  of T o r t r i c i d a e  feeding 02 

these berry c r o p s  i n  Canada ( T a b l e s  2 t o  5 ) -  Some are  s i m p l y  

records of o c c u r r e n c e  while o t h e r s  i n d i c a t e  damage, 

presumably  economic,  Host f a i l  to  s a y  how much damage, or 

even what parts of  the p l a n t  were damaged, 

To assess t h e  i a p o r t a n c e  o f  leaf  r o l l e r s  -ko p r o d u c t i o n  

of each of t h e  c rops ,  it is e s s e n t i a l  t o  know which s p e c i e s  

occur on which c r o p s ,  and a t  w h a t  c h a r a c t e r i s t i c  d e n s i t i e s .  

The nu t r t e r i ca l l y  and r e l a t i v e l y  most  a b u n d a n t  species can 

t h n s  be predicted t~ b e  t h e  raost i r a p o r t a n t  ones .  Tha p a r t s  

of t h e  p l a n t  which a r e  damaged a c d  t h e  t i m i n g  of feeding are 

also  irtlyortant in t h i s  r e g a r d ,  I f  3 s p e c i e s  f e e d s  o n l y  on 

l e a v e s  i t  i s  less i m p o r t a n t  t h a n  a s p e c i e s  of t h e  same 

abundance  which f e e d s  o n l y  an f l o w e r  or f r u i t -  Likewise, a 

species which f e e d s  e a r l y  in t h e  saason and  damages many 

immature  fruits is D o r e  i m p o r t a n t  t h a n  o n e  n h i c h  f e e d s  l a t e  

and damages o n l y  a f e u  mature f s u i t s ,  
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O t h e r  f e a t u r e s  of t h e  b i o l o g y  of l e a f  r o l l e r s  may be 

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

of e a c h  s p e c i e s ,  One s u c h  f e a t u r e  i n v e s t i g a t e d  i s  the aerial. 

d i s p e r s a l  of f i r s t - i n s t a r  l a r v a e  on s i l k  t h r e a d s .  This is 

c h a r a c t e r i s t i c  o f  t h o s e  T o r t r i c i d a e  u h i c h  lay e g g s  i n  masses  

rather t h a n  s i n g l y  ( P o w e l l  19611; Chapman a n d  L ienk  1'37 1) and 

h a s  been  i m p l i c a t e d  a s  i n f l u e n c i n g  l e v e l s  of abundance  of 

some species ( P a r a d a i s  and  LeRovx 1955; Player 1 9 7 3 ) -  T h i s  

d r i f t  could be i m p o r t a n t  i n  s e v e r a l  ways, n o t a b l y :  larvae 

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

had been c o n t r o l l e d ;  and l a r v a e  c o u l d  suffer ~ o r t a l i t y  a t  

t h i s  time by f a i l i n g  t o  l a n d  o n  a s u i t a b l e  h o s t ,  D e t e c t i o n  

of when this d r i f t  o c c u r s  would i n d i c a t e  t i n t i n g  of h a t c h ,  

which c o u l d  be  of  v a l u e  i n  d e t e r m i n i n g  t h e  best t ime  t o  

a p p l y  controls, Host p l a n t s  other than t h e  c r o p s  c o u l d  De 

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

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

I n t r a s p e c i f i c  c o i a p e t i t i o n  between l a r v a e  f o r  feeding 

sites could be i m p o r t a n t  in d e t e r m i n i z g  l e v e l s  o f  abundance.  

The r e s u l t  of t h i s  c o m p e t i t i o n  c o u l d  be, for example ,  

n o r t a l i t y  of s o a e  l a r v a e -  

The times of d a y  when l a r v a e  f e e d  c o u l d  be  i m p o r t a n t  fn 

d e t e r  min ing  con t ro l .  s t r a t e g i e s  f o r  l e a f r o l l e r s ,  fla ximom 

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

c o i n c i d e  w i t h  p e r i o d s  of g r e a t e s t  f e e d i n g  a c t i v i t y ,  a s  this 



would be  when l a r v a e  uou ld  consume the g r e a t e s t  amount of 

i n s e c t i c i d e s  w i t h  l e a f  tissue, 

I n s e c t s  p a r a s i t i c  on t h e  e g g s ,  l a r v a e  and pupae of  

l e a f s o l l e r s  are i m p o r t a n t  a s  a  p o t e n t i a l .  s o u r c e  of 

p o p u l a t i o n  r e g u l a t i o n ,  Thus, it is i m p o r t a n t  t o  know what 

species are p a r a s i t i c  on l e a f r o f f e s s ,  and  i f  t h e r e  a r e  

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

enhance their e f f e c t s ,  O f  p a r t i c u l a r  i m p o r t a n c e  i n  t h i s  

regard are a l t e r n a t e  h o s t s ,  p a r t i c u l a r l y  t h o s e  of 

m l t i v o l t P n e  p a r a s i t e  s p e c i e s ,  

As was s t a t e d  above ,  there  are  &any s u b j e c t i v e  r e c o r d s  

of  dalaage t o  berry c r o p s  by l e a f r o l l e r s ,  b u t  few of them 

detail aatounts o f  damage o r  d e n s i t i e s  of l a r v a e  c a u s i n g  

dawage. Before an  i n s e c t  or g r o u p  of i n s e c t s  c a n  b e  

c o g s i d e r e d  a p e s t  o f  a c r o p ,  it should be  d e m o n s t r a t e d  t h a t  

i t  c a u s e s  a loss of y i e l d  or  other c o s t s  s u f f i c i e n t  .to 

w a r r a n t  c o n t r o l ,  C r a n b e r r  y, r a s p b e r r y  and  s t r a w b e r r y  are 

r o n t i n e l y  s p r a y e d  f o r  p e s t  i n s e c t s  i n  t h e  Lower Fraser  

Va l l ey ,  3-C, , and i t  is l i k e l y  t h a t  l e a f  r o l l e r s  o t h e r  t h a n  

t h e  t a r g e t  s p e c i e s  are a l so  c o n t r o l l e d  by t h e s e  s p r a y s ,  I f  

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

n d  d i r e c t e d  a t  them, it is probable that t h e y  are c a u s i n g  

few losses, i f  any, I n  c o n t r a s t ,  b l u e b e r r y  f i e l d s  i n  the 

Lower F r a s e r  V a l l e y  are r a r e l y  s p r a y e d  for i n s e c t s  so that, 

o f  t h e  Y berry c r o p s ,  b l u e b e r r y  is  most  l i k e l y  t o  have 
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leafroller populations high e m u g h  to cause economic damage, 

e be ref ore, the effects of l ea f ro l l e r s  on yield and 

productivity of blueberry were detera ined ,  

The ultimate o b j e c t i v e  is t o  liait the damage caused by 

leafrollers to berry crops to below economic levels through 

pest management. The f i r s t  s t a g e  is t o  measure the amount of 

damage to determine i f  t h e  cost of control o r  managament is 

clearly less than  t h e  value of losses caused by leafrollers, 



Table 1 Value a t  farmgate ( in 1978) and area of land 
( i n  1971) of berry, vegetable and t ree  f r u i t  
culture i n  the Lower Fraser Valley, B.C. 

CROP AREA (ha) * .  VALUE ($) ** 

blueberry 

cranberry 

raspberry 

strawberry 

t o t a l  berry crops 

t o t a l  vegetable crops 

t o t a l  t ree  f ru i t s  

t o t a l  a l l  crops 

* from Anon 1974. 

** from Anon 1979 a,b,c. 

***not available. 
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T a b l e  2  Species of T o r t r i c i d a e  previously reported feeding  
on blueberry i n  C a n a d a .  ( C I ~ R = C a n a d i a n  I n s e c t  
P e s t  R e v i e w  v o l u m e  : page : year ; C A I P R = C a n a d i a n  
A g r i c u l t u r a l  Insect  P e s t  R e v i e w  v o l u m e :  page: 
y e a r )  . 

S P E C I E S  LOCATION REFERENCES 

A m o r b i a  humerosana ( C l e m .  ) N.B. Wood 1951 

A r c h i p s  ceras ivoranus ( F i t c h )  N.S. C A I P R  56: 31: 1 9 7 8  

A r q y r o t a e n i a  c i t rana @ern .) B.C. C r a m  & N e i l s o n  
1 9 7 8  

A r q v r o t a e n i a  m a r i a n a  ( F e r n . )  N.S. Wood  1951 
G i l l i a t t  1 9 2  9 

~adebec ia  urticaria ( H b n . )  B.C, *CAIPR 47: 2 7 :  1969 

C h e i m o p h i l a  s a l i ce l l a  (Hbn. )  B.C. * C I P R  40: 1 7 2 :  1 9 6 2  
* C I P R  41: 164: 1963 
* C I P R  4 2 :  151: 1964 
* C I P R  43: 173: 1965 

C l e p s i s  persicana Fitch 

C r o e s i a  curvalana ( ~ f  t . ) N.S. 
N.B. 

Wood  1951 

G r a p h o l i t h a  packardi  ( ~ e  11. ) N O S .  * C I P R  48: 2 9 :  1 9 7 0  

Sparqanothis s u l f u r e a n a  ( ~ l e m . )  N O S ,  *CIPR 37: 2 8 4 :  1959 

* records e c o n o m i c  d a m a g e .  
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T a b l e  3 Species of ~ o r t r i c i d a e p r e v i o u s l y  reported feeding 
cranberry i n  C a n a d a .  ( C I P R  = C a n a d i a n  Insect 
P e s t  R e v i e w  v o l u m e  : page : year; C A I P R  = 
C a n a d i a n  A g r i c u l t u r a l  Insect P e s t  R e v i e w  
v o l u m e  : page : y e a r )  . 

S P E C I E S  LOCATION RF,FERENCES 

A c l e r i s  m i n u t a  ( ~ o b  . ) N.B. R a z o w s k i  1966 
N.S. * M a x w e l l  & P i c k e t t  

1957 
*Frankl in  1948 

Wood  1 9 7 5  

R h o p o b o t a  naevana (Hbn . )  B.C. 
N.B. 
N.S. 

* C I P R  34: 3 2 0 :  1956 
* C I P R  38: 2 9 8 :  1960 
* C I P R  40: 1 7 2  : 1 9 6 2  
*Wood 1 9 7 , 5  
Frankl in  1948 

* records e c o n o m i c  d a m a g e .  



Table 4 Spec ies  o f  T o r t r i c i d a e  p r e v i o u s l y  r epo r t ed  f eed ing  
on r a s p b e r r y  i n  Canada. ( C I ~ ~ = C a n a d i a n  I n s e c t  

P e s t  R e v i e w  volume: page: year; CAIPR= 
Canadian A g r i c u l t u r a l  I n s e c t  P e s t  Review 
volume: page: yea r )  . 

SPECIES LOCATION REFERENCES 

a r c h i p s  rosanus  (Lo) 

~ ~ q ~ r o t a e n i a  c i t r a n a  (Fern -1 

ArsVrotaenia mariana (Fern 

Chor i s toneura  rosaceana 
(Harr , ) 

E x a r t e m .  peraundanum C l e m ,  

Sparqanoth is  s u l f e r e a n a  
(Clem, ) 

Sp i lono ta  ocellana (D. & S .) 

B ,C. 

W e s t  N,A. 
e s p ,  Van, 
Is land 

E a s t  N,A. 
NOS, 

Can, 
U.S, 

Ont. 

N,S, 
Ont. 

Ont , 

CIPR 2: 46: 1924 

*Powell 1964 
CIPR 31: 214: 1954 
CIPR 33: 139: 1956 
CIPR 41: 166: 1963 

*CIPR 17: 52: 1939 
CAIPR 53: 17: 1975 
Tonks 195 3 
Schuh & M o t e  1948 

CIPR 4: 6: 1926 

CIPR 17: 52: 1939 

Lockhead 1903 

* r e c o r d s  economic damage, 



T a b l e  5 Species of T o r t r i - c i d a e  previously reported feeding  on 
s t r a w b e r r y  i n  C a n a d a .  (CIPR = C a n a d i a n  Insect 
P e s t  R e v i e w  v o l u m e :  page: year; CAIPR = 
C a n a d i a n  A g r i c u l t u r a l  I n s e c t  P e s t  R e v i e w  
v o l u m e :  page: y e a r )  . 

S P E C I E S  LOCATION REFERENCES 

A n c y l i s  comptana fraqariae 
(W. & R.) 

A p h e l i a  pal lorana (Rob.)  

Choristoneura rosaceana 
( H a r r  .) 

C l e p s i s  persicana Fitch 

C n e p h a s i a  i n t e r i ec t ana  ( ~ a w . )  

C n e p h a s i a  lonqana (Haw.) 

B.C. 

O n t  . 
B.C. 
Q u e  . 
Sask. 
N.B. 
N.S. 

O n t  . 
Q u e  . 
O n t  . 
B.C. 

Q u e  . 
Man. 

N f  l d  . 
N.S. 
N.B. 

B.C. 

N e i l s o n  1969 
A n o n  1975 
C I P R  18: 2 5 :  1940 
C I P R  2 6 :  43: 1948 

*CIPR 43 : 175: 1965 

CAIPR 47: 2 8 :  1969 

C I P R  2 7 :  '55: 1949 
C I P R  2 6 :  15:  1918 
CAIPR 47: 2 8 :  1969 
CAIPR 53: 14: 1975 

*CAIPR 55: 2 3 :  1977 

C I P R  8: 9: 1930 
B r i t t a i n  1933 

* C r a m  & T o n k s  1959 
*CIPR 36: 141: 1958 
*CIPR 44: 16: 1966 



Table  5 cont inued 

- -- 

SPECIES LOCATION REFERENCES 

Exartema olivaceanum  ern ,) B.C, Neilson 1969 
Ont, CAIPR 53: 4: 1975 
Que . *CAIPR 55: 23: 1977 

CAIPR 57: 39: 1979 
CIPR 31: 352: 1953 

Exartema permundanum C l e m .  

O l e t h r e u t e s  t r i n i t a n a  (MCD.) 

Ptycholoma p e r i t a n a  

~ ~ a r q a n o t h i s  p e t t i t a n a  ( R O ~ , )  

B ,C. 

Que , 

Que . 
Ont. 

Que . 
Ont . 

Sparqanoth is  r e t i c u l a n a  (Clem,) Que . 
Ont , 

CAIPR 50: 29: 1972 
Rivard e t  a l .  1973 

Rivard e t  a l .  1973 
Pa rda i s  1975 
CAIPR 47: 29: 1969 
CAIPR 49: 32: 1971 

Rivard e t  a l .  1973 

CAIPR 47: 28: 1969 

* r e c o r d s  economic damage. 



1 4  

CHAPTER IT.. LEAFROLLERS ON B E R R Y  CROPS IN THE LO#ER FRASER 

VAZLEY, 3-C.  

L e a f r o l l e r s  ( t e p i d o p t e r a :  T o r t r i c i d a e f  and  o ther  

l e p  i d o p t e r o u s  l a r v a e  w i t h  s i m i l a r  h a b i t s  have  beer, noted 0x1 

berry crops  in t h e  Lover  F r a s e r  Valley, L C ,  i n  t h e  p a s t ,  T h e  

~ r i t i s h  Columbia  ' * B e r r y  P r o d u c t i o n  Guiden f o r  138 '1 [Anon 198 1) 

g i v e s  c o n t r o l  recomntendat ions  f o r  " l e a f  r o l l e r s v r  on b l u e b e r r y  

and r a s p b e r r y  and s p e c i f i c  recmmmendat ions  f o r  t h e  omnivorous  

l e a f - t i e r ,  C a e ~ h a s i g  lonciaqs  (Haw,) on s t r a w b e r r y ,  and the 

black-  headed f ireworm, l33pqfZga naevaEa  (Hbn. f o n  c r a n b e r r y ,  

both T o r t r i c i d a e -  Species ~ t t e n t i o n e d  by Ne i l son  ( 1969) a s  p e s t s  

o f  b e r r y  c r o p s  i n  B r i t i s h  Columbia a r e :  C h o r i s t o n e u r a  

s o s a c e a n a  (Harr.) , t h e  ob l ique -banded  l e a f  roller, and 

Arcwrotaen  j a _  ~&z~gzg [(fern, ) , t h e  o r a n g e  t o r t r i x ,  a s  - 
o c c a s i o n a l .  pests on r a s p b e r r y ;  gsartegs d i v a c e a n u m  (Fe rn , )  

and  A n c y l i s  czgtana f_raqar&a_s (W- and  R,], t h e  s + , r a w b e r r y  

l e a f r o l l e r ,  a s  pests on  s t r a w b e r r y ;  g, n a e v a n ~  a s  a  serious 

pest of c r a n b e r r y ;  a n d  Cbei@o~h&Ja_  g3 l ice l . a  [Hbn,) 

f f f e c o p h o r i d a e )  a s  a p e s t  on blueberry, 

Other than r e c o r d s  of d a m g e  b y  l e a f r o l l e r s  t o  b e r r y  

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

r e c o r d s  of new i n t r o d u c t i o n s  and s t u d i e s  o f  p a r t i c u l a r  

S p e c i e s ,  f i t t l e  i n f o r m a t i o n  is a v a i l a b l e  on  t h e  s p e c i e s  o r  

status of leaf ro l lers  feeding on berry c r o p s  i n  B r i t i s h  

Colunibia, This c h a p t e r  i s  a n  a t t e m p t  t o  f i l l  that gap,. 



It s h o u l d  b e  s t a t e d  a t  t h e  o u t s e t  t h a t  the common same 

@leaf  rollerm i s  i n t e r p r e t e d  h e r e  r a the r  loosely t o  i n c l u d e  a l i  

~ o r t r i c i d a e  { T o r k r i c i n a e  a ~ d  O f e t  h r e ~ t i r a e )  a n d  t k i s  i n c l i z d e s  

s p e c i e s  known a s  t%udmothsti,  Some l e a f r o l l i n g  s p e c i e s  which 

are n o t  T o r t r i c i d a e  a re  i n c l u d e d  b e c 3 u s e  o f  t h e i r  s t a t u s  as 

p o t e n t i a l  o r  a c t u a l  p e s t s  of t h e i r  host crops, o r  b e c a u s e  t h e y  

were commonly c o l l e c t e d  i n  s u r v e y s ,  

BESEARCH SITES AND R E A R I N G  TECHNIQUES 

Research s i t e s  u t i l i z e d  d u r i n g  1979, 1980 and 1 3 8 1  are 

d e s c r i b e d  below. f h e i r  g e n e r a l  1 o c a t i o n s  are g i v e n  i n  F i g o  I 

and t h e i r  e x a c t  locations and lot number s  are g i v e n  i n  

a p p e n d i x  A. Where more t h a n  m e  c r o p  was examined  a t  a given 

si te,  t h e  si2e number r e r a a i n s  t h e  same, A l l  a r e a s  given are 

a p p r o x i m a t e ,  

Site 1: 3 ha of n i x e d  LLueLLgggy v a r i e t i e s  i n  P i t t  ---- 
fleadous, F i e l d  v e r y  w e l l  t e e d e d ,  with a heavy  y e a r l y  pruning, 

very few weeds  i n  f i e l d ,  No i n s e c t i c i d e s  usea, do rman t  o i l  

soatetimes a p p l i e d  a g a i n s t  L e c a n i u ~  scale, F u n g i c i d e s  u s e a  f o r  

naurttsty b e r r y  only. 

Site 2: 10 ha of mixed b l u e b e r r y  v a r i e t i e s  a n d  10 h a  o f  --- 
cranberry --- i n  P i t t  Meadows, B l n e b e r r y  v i r t u a l l y  x n t e n d e d ,  very  

l i t t l e  p r u a i n g  o r  weed c o n t r o l ,  n o  i n s e c t i c i d e s  u s e d ;  

f u n g i c i d e  a p p l i c a t i o n s  erratic, Cranberry u n t e n d e d ,  b a d l y  

overgrown v i t h  weeds, n o t  i r r i g a t e d ,  and n o t  s p r a y e d ,  



Fig. 1 Approximate locations of berry crop research 

s i t e s  i n  the Lower Fraser Valley, B.C. 
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S i t e  3s  more t h a c  40  ha of mixed kiiuebergy v a r i e t i e s  i n  --- 
~ i t t  Eleadows. f i e l d  well t e n d e d ,  w i t h  heavy  biannual .  p r u n i n g ,  

v e r y  f e w  weeds i n  f i e l d ,  I n s e c t i c i d e s  used o c c a s i o n a l l y ,  

f u n g i c i d e s  used  for mummy b e r r y  and f r u i t  r o t ,  

S i t e  g: a b o u t  10 h a  of mixed & & u e b e r r q  v a r i e t i e s  a n d  more --- 
than 200 ha of c r a n b e r y y  i n  Richmond, B l u e b e r r y  f i e l d  weeded 

b u t  p r u n i n g  i n f r e p u e n t  by c u t t i n g  p l a n t s  t o  ground  Pevef ,  

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

species, f u n g i c i d e s  u s e d  f o r  mummy b e r r y  and f r u i t  r o t ,  

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

Site 2: a b o u t  1 h a  o f  b l u e b e r r y ,  ma in ly  B luec rop ,  i n  --- 
Richaond, Well pruned  a n d  weeded; n o  i n s e c t i c i d e s  use3,  

f u n g i c i d e s  u sed  fo r  mummy b e r r y  a n d  fruit r o t -  

S i t e  5: a b o u t  2 ha  of n i x e d  b l u e & s y  v a r i e t i e s ,  m a i n l y  - 
Rancoccas  a n d  June, i r ,  Richmond, f i e l d  weeded but o n l y  f i g h t l y  

pruned;  n o  iasect icies  used ;  f u n g i c i d e s  f o r  mummy b e r r y  only, 

S i t e  1: a b o u t  10 h a  of c r a n b e r r y  i n  ~ i c h m o n d ,  F i e l d  was --- 
i n  poor condition i n  1985 b u t  ne#  owner h a s  since improved it 

c o n s i d e r a b l y ,  I n s e c t i c i d e s  u sed  r e g u l a r l y ,  when t a r g e t  s p e c i e s  

i n  s u s c e p t i b l e  s t a g e ,  

S i t e  2: a b o u t  100 ha, a fo rmer  commerc i a l  cranbergf bog, --- 
now owned b y  3-C, Hydro, Host of c r a n b e r r y  h a s  d i e d  back a n d  

is d i s t r i b u t e d  p a t c h i l y  t h r o u g h  bog, Some b l u e b e g g y  v a r i e t i e s  

h a v e  n a t u r a l i z e d  ia field..  No p e s t i c i d e s  used  on s i te-  



S i t e  2: about 4 ha of s t r a v b e z r ~  in Richmond, Somewhat ---- 
weedy, no i n s e c t i c i d e s  a p p l i e d  i n  1380, plowed u n d e r  i n  1981, 

S i t e  10: about 8 h a  o f  gzg2p&grrp i n  Richmcnd, We19 
a-- -- 

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

S i t e  11: a b o u t  15 h a  of s t r a w b e r r y  a n d  20 h a  of m s ~ b e s h f  -- 
i n  L a n g l e y ,  Bo th  crops h e a v i l y  s p r a y e d  w i t h  i n s e c t i c i d e s  and 

f u n g i c i d e s .  

S i t e  32-  a b o u t  Q ha of s t r a w b e g m y  a n d  0,5 h a  o f  y a s p b e r y y  
P 

i n  Langley, Well t e n d e d ;  i n s e c t i c i d e s  u s e d ,  

Site 12: a b o u t  0 - 5  ha  o f  ms~t>hggy i n  Aldergrove at --- 
A g r i c u l t u r e  Canada s u b s t a t i o n ,  Well t e n d e d ;  no i n s e c t i c i d e s  

used,  

A l l  l a r v a e  c o l l e c t e d  i n  1980 a n d  1981  were reares i n  30 

draln ( 4 5  m m  x 70 ma) p o l y s t y r e ~ z e  s n a p - c a p  ~ i a l s  er i th  a  c l e a n  

m o i s t  f i l t e r  p a p e r  i n  t h e  bo t tom-  Leaves o f  t h e  a p p r o p r i a t e  

p l a n t  h o s t  were s u p p l i e d  as n e e d e d -  Complete c h a n g e s  o f  v i a l s  

and foliage were made i n f r e q u e n t l y  b e c a u s e  of the l a r g e  

numbers b e i n g  r e a r e d -  C o n e  guentiy m o r t a l i t y  was r e l a t i v e l y  

h i g h ,  R e c o r d s  were k e p t  of t h e  d a t e  of e a e r g e n c e  of e a c h  

adult, 

. I n i t i a l  i d e n t i f i c a t i o n s  of a l l  species were a a d e  b y  the 

research s c i e n t i s t s  a n d  s t a f f  a t  k h e  B i o s y s t e m a t i c s  R e s e a r c h  

I n s t i t u t e ,  Ot tawa ,  O n t a r i o ,  S u b s e q u e n t l y ,  i d e n l i f  ica t i o n s  were 
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r o u t i n e l y  made a s  a d u l t s  emerged, using p r e v i o u s 1  y i d e n t i f i e d  

spec imens  for reference, Supp lemen ta ry  r e f e r e n c e  u o r k s  u sed  t o  

a i d  t h e  i d e n t i f i c a t i o n  o f  l a r v a e  and a d u l t s  were: Balazs and 

Bodor ( 1 9 6 9 ) ;  B r a d l e y ,  Trewewan and  Siriith (1973) ; Chapraan and  

L i e n k  (1971) ; Crara and  N e i l  s o n  (1978) ; Evans (1970) ; Freeman 

(1958);  F u r n i s s  and  C a r o l i n  ( 3 ' 3 7 7 ) ;  Macflay ( 9 9 5 9 ) ;  MacrCay 

(1962) ; Powell (1964) ; and Raine 11966) - T h e  l e a f r o l l e r  

s p e c i e s  d i c u s s e d  i n  this work are l i s t e d  w i t h  conmoa n a & e  and  

f a a i l y ,  i n  Appendix 8. 

SECTION 8, LEBFROLLEBS OM BLUEBERRY 

HAT ERI ALS AN D BETHODS 

Survey t e c h n i q u e s -  -- ---- -- 

P o p u l a t i o n s  of l e a f r o l l e r s  on blueberry were s u r v e y e d  by 

c o l l e c t i n g  a l l  l a r v a e ,  pupae a n d  parasites on e a c h  of 10 

blueberry p l a n t s  from w i t h i n  10 row by 10 p l a n t  plots inside 

comaaercial b l u e b e r r y  f i e l d s ,  A t  e a c h  visit 1 p l a n t  was 

s e l e c t e d  randomly  front each row and  was n o t  re-sampled,  

Sampl ing  v i s i t s  were made a t  a p p r o x i m a t e l y  3 week i n t e r v a l s  

from A p r i l  28 t o  Augus t  19, 1980, 

Survey  p l o t s  ( see  site d e s c r i p t i o n s )  were: 

S i t e  I i n  cv ,  Bluecrop ,  p l a n t e d  about, 3965, w i d e l y  spaced for 

hand p i c k i n g ;  no i n s e c t i c i d e s ;  h e a v i l y  pruned ,  well weeded, 

and  fertilized, 

S i t e  3, p l o t  A i n  cv, J u n e ,  p l a n t e d  about 1968, c l o s e l y  s p a c e d  
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for a a c h i n e  p i c k i n g ;  s p r a y e d  i n  e a r l y  Zay w i t h  i n s e c t i c i d e  for 

l e a  frollers; p r u a e a  , weeded and  fertilized. 

Site 3, p l o t  3 i n  cv, June ,  p l a n t e d  1977, s p a c e d  a s  3A, no 

i n s e c t i c i d e s  used;  pruned,  weeded a r d  f e r t i l i z e d ,  

Site 3, p l o t  C i n  cv, S t a n l e y ,  p l a n t e d  1973, s p a c e d  a s  38 ,  no 

i n s e c t i c i d e s  u sed ;  p runed ,  weeded and f e r t i l i z e d ,  

S i t e  3, p l o t  D i n  cv, Rancoccas,  p f a n t e d  a b o u t  1973, s p a c e d  a s  

3 A ;  no i n s e c t i c i d e s  used; p r u n e d ,  veeded  and f e r t i l i z e d ,  

S i t e  4 i n  CY, B luec rop ,  p l a n t e d  b e f o r e  1960, s p a c e d  f o r  hand 

picking; no i n s e c t i c i d e s  used ;  p runed ,  weeded and f e r t i f  bzed, 

Site 5 i n  cv,  Bluecrop, p f a n t e d  b e f o r e  1960, s p a c e d  f o r  hand 

p i c k i n g ;  insecticides used  i n  early May 3980; pruned, weeded 

and f e r t i l i z e d .  

C a l c u l a t i o n  of hates pf g a r a s i t & p g =  ------- 

Rates of p a r a s i t i s m  were calculated by  d i v i d i n g  t h e  t o t a l  

nuaber of s p e c i m e n s  of p a r a s i t e s  r e a r e d  by t h e  t o t a l  number of 

l a r v a e  of t h a t  h o s t  s p e c i e s  c o l l e c t e d ,  T h i s  c a l c u l a t i o n  

presums that p a r a s i t i z e d  l a r v a e  s u f f e r  no  mortality i n  

rearing, Consequen t ly ,  c a l c u l a t e d  p a r a s i t i s m  f i g u r e s  a r e  

p r o b a b l y  salaewhat loner than t h e  a c t u a l  p a r a s i t i s m  i n  t h e  

field, T h i s  figure was p r e f e r a b l e  t o  t h a t  c a l c u l a t e d  b y  

d i v i d i n g  t h e  number of p a r a s i t e  s p e c i m e n s  rearea by the total 

emergence [ p a r a s i t e s  a n d  hosts) of + , h a t  s p e c i e s ,  a s  this 

as sumes  p a r a s i t i z e d  and u n p a r a s i t i z e d  l a r v a e  suffer eg ua l 

m o r t a l i t y  i n  rearing and  would p r o b a b l y  o v e r e s t i m a t e  the t r u e  



sate of paras it is^, 

D r i f t i n g  f i r s t - i n s t a r  l a r v a e  were t r a p p e d  by  use  of  30 x 

30 cm cards mounted on 2 m h i g h  po l e s  {Fig- 2 ) -  Cards were 

c o a t e d  w i t h  Stickea s p e c i a l @  (Miche l  and  P e l t o n  I td. ,  

E rae ryv i l i e ,  C a l i f , )  T h e  c a r d s  were changed  every  week, and the 

larvae on them counted, I n  1980, 20 t r a p s  were p laced  a t  s i t e  

1 {Pig* 3) t o  d e t e r m i n e  i f  d r i f t  of f i r s t - i n s t a r  t o s t r i c i d  

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

l o c a t i o n  of t r a p s  i n f l u e n c e d  t r a p  catches, T r a p s  were in 

operation ff ortl April 7 t o  S e p t e m b e r  1 ,  1980. 

I n  1981, 5 t r a p s  a t  e a c h  of s i t a s  1, 2 arid 3 ,  and 3 t r a p s  

a t  s i te  6 were set o u t  t o  compare  z i m i n g  of d r i f t  i n  t h e  

v a r i o u s  l o c a t i o n s ,  T r a p s  were i n  o p e r a t i o n  front March 15 t o  

August 31, 1981 ,  

RESULTS A N D  DISCUSS I O N  

1, Abundance of l e a f  rollers i n  b l u e b e r r y  f i e l d s ,  

Nutnbers of  l e a f r o l l e r  l a r v a e  per p l a n t  v a r i e d  

c o n s i d e r a b l y  be tween  t h e  7 plots s u r v e y e d  ( T a b l e  6 ) .  Bt most 

sites, l e a f  roller p o p u l a t i o n s  peaked  i n  May, aoa d e c l i n e d  

a f t e r  t h a t  time, e x c e p t  f o r  o n e  a p p a r e n t  i n c r e a s e  a t  each of 

sites 38 a n d  5 on J u n e  30, Lasrrae were too  rare a t  sites 3.4 

and  4 for a n y  trends t o  be a p p a r e n t .  



Fig. 2 Trap used t o  catch air-borne d r i f t i n g  f i r s t -  

i n s  t a r  l ea f ro l l e r  larvae. 
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I r t s e c t i c i d e s  were a p p l i e d  a g a i n s t  l e a f r o l P e r s  a t  s i t e  3 B  

i n  e a r l y  A p r i l ,  aed a t  si te  Y i n  e a r l y  flay, Both s i tes  had t h e  

lowest p o p u l a t i o n  l e v e l s  o b s e r v e d  i n  1380, A t  s i te  4 n o  

l e a f r o l l e r  l a r v a e  n e s e  s e e n  i n  t h e  field on t h e  s a a p l e  d a t e  

j u s t  b e f o r e  t h e  s p r a y  was a p p l i e d  which s u g g e s t s  t h a t  the 

s p r a y  was u n n e c e s s a r y .  I n s e c t i c i d e s  were n o t  u s e d  a t  sites 33, 

3C, 30 and 5 i n  1980,  b u t  were used t h e r e  o n e  or two y e a r s  

p r e v o u s l y , .  These sites had intermediate p o p u l a t i o n  l e v e l s  i n  

1980, EJo i n s e c t i c i d e s  h a d  b e e n  u s e d  a t  s i t e  1 f o r  a t  l e a s t  5 

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

(Table 6 ) -  

From t h e  numbers  o f  l a r v a e  a t  s i t e  3 A  a n d  4 i t  a p p e a r s  

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

p o p u l a t i o n s  a t  Bow l e v e l s ,  Moreover ,  f r o m  t h e  nutttbers a t s i t e s  

33, C and D a n d  s i t e  5 ,  s p l a y s  a p p l i e d  f o r  l e a f r o l l e r s  appear 

t o  keep  p o p u l a t i o n s  low for  1 o r  more y e a r s ,  

On A p r i l  29, 1380, s i t e  2 was s u r v e y e d  i n  t h e  same 

fashion a s  t h e  o t h e r  sites, The l a r v a l  p o p u l a t i o n  averaged 

23- 3 p e r  p l a n t  ( s t a n d a r d  d e v i a t i o n = 7 , 1 )  No further s a m p l i n g  

was done a t  t h i s  s i t e  b e c a u s e  p o p u l a t i o n s  were t o o  high t o  b e  

s a a p l e d  i n  the time a v a i l a b l e  f o r  t h i s  p u r p o s e ,  t h o u g h  

c o l f e c t i n g  was continued t h r o u g h o u t  t h e  s e a s o n ,  L a r v a l  

p o p u X a t i o n s  were a l w a y s  v i s i b l y  h i g h e r  t h e r e  t h a n  a t  a n y  of 

t h e  o t h e r  s i tes  s a m p l e d  i n  1980, S i t e  2 had  n o t  been s p r a y e d  

f o r  s e v e r a l  y e a r s  a n d  h a d  n o t  b e e n  weeded or pruned. D e s p i t e  



I 

the h i g h  l a r v a l .  p o p u l a t i o n s  a t  s i t e  3 ,  i t  was n o t  v i s i b l y  

e v i d e n t  t h a t  l e a f r o l l e r s  were damaging t h e  c r o p -  I n  compa r i son  

s i t e  2 h a d  much h i g h e r  e a r l y  s p r i n g  p o p u l a t i o n s ,  and by  May 

1980 it was a p p a r e n t  t h a t  l e a f r o l l e r s  h a d  c a u s e d  a significant 

a ~ o u n t  of damage by feeding o n  t h e  flowers a n d  the d e v e l o p i n g  

g r e e n  f r u i t ,  A s imi lar  s i t u a t i o n  was o b s e r v e d  a t  site 6, which 

was n o t  s a ~ p f e d  i n  1988 but was v i s i t e d  on a r e g u l a r  b a s i s ,  

T h e r e ,  l e a f r o l l i n g  l a r v a e  were h i g h l y  v i s i b l e  and Mere 

e v i d e n t l y  d o i n g  some damage to the f l o w e r  c l u s t e r s ,  

The f a r m e r s  a t  sites 2 a n d  6 may h a v e  e n c o u r a g e d  

l e a f r o l l e r s  by t h e i r  p r u n i n g  p r a c t i c e s -  No p r u n i n g  was done a t  

s i te  2, a n d  b u s h e s  a t  site 6 were p runed  s o  t h a t  o l d  g o o d  was 

r e t a i n e d ,  c o n t r a r y  to t h e  g e n e r a l  p r u n i n g  p r a c t i c e ,  

I n  all, 1 4  s p e c i e s  of T o r t r i c i d a e ,  1 of Geometridae, a n d  

1 of O e c o p h o r i d a e  were c o l l e c t e d  f rom lea f r s l l2 . s  ar,d webbed 

b lo s som and fruit c l u s t e r s  on b l u e b e r r y  (Table 7 ) -  S i x  of t h e  

T o r t r i c i d  s p e c i e s  a n d  r ; h e i a o ~ h & & p  saf i c e l l a  {Flbn-) a r e  not 

n a t i v e  t o  North America, Seven of the r e ~ a i n d e r  a n d  

sero~htera bruceatp (Hulst) are  n a t i v e  t o  Nor th  h e r i c a ,  

Cle&_s sp., r e p r e s e n t e d  by a s i c g l e  s p e c i m e n ,  is of  unknown - 
origin, 

D i s c r e p a n c i e s  between T a b l e  6 and 8 f o r  a x y  g i v e n  d a t e  

and.  site are due to r e a r i n g  m o r t a l i t y -  L a r v a e  which c o u l d  n o t  

b e  i d e n t i f i e d  and  from which no  a d u l t  emerged  c o u l d  n o t  be 

c o u n t e d  i n  T a b l e  8, T h e  d i s c r e p a n c y  d e c r e a s e s  l a t e r  i n  the 
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s e a s o n  b e c a u s e  t h e  Bore m a t u r e  l a r v a e  were easier t o  i d e n t i f y  

a n d  had  a shorter time i n  l a b o r a t o r y  r e a r i n g  before p u p a t i o n ,  

2.  B i o l o g y  of major s p e c i e s -  

i, ChoIm@oneura r o s a c e a g q  (Harr*) - 
C h o r i s t o n e u r a  r o s a c e a x a  t h e  o b l i q u e -  banded  l e a f r o l l e r ,  ,,---- -------* 

was abundan t ,  from l a t e  A p r i l  t o  mid-May i n  1980 ( T a b l e  81, 

L a r v a e  were f o u n d  f r e q u e n t l y  i n  l e a f r o l l s ,  a n d  a l s o  i n  b l a s s o m  

clusters a n d  d e v e l o p i n g  f r u i t  d u s t e r s ,  webbing them t o g e t h e r  

and feeding from the i ~ t e r i o r ,  P u p a t i o n  was i n  June ,  acd 

a d u l t s  were s e e n  f l y i n g  i n  J u l y  and  August ,  Larvae collected 

on August 19, from e g g  m a s s e s  l a i d  by t h e s e  adults, Zed f o r  2 

t o  3 weeks,  fezached t h e  s e c o n d  on: t h i r d  i a s t a r ,  a n d  t h e n  

apparently e n t e r e d  d i a p a u s e ,  P i r s t  a n d  s e c o n d - i n s t a r  l a r v a e  

were frequently f o u n d  f e e d i n g  i n  a b a n d o n e d  r o l l s  of & 

sa f i ce l l a  in August. No l a r v a e  s u r v i v e d  t h e  ui~ter i n  t h e  

l a b o r a t o r y -  C, r u s a c e a n a  is b i v o l t i n e  i r r  t h e  s o u t h e r n  pa r t s  of 

its r a n g e  a n d  n n i v o l t i n e  in the n o r t h e r n  p a r t  (Chapman and 

L i e n k  1971). I t  i s  u n i v o l t i n e  on b l u e b e r r y  i n  t k e  Lower F r a s e r  

C, r o s a c e a n a  is n a t i v e  t o  s o u t h e r n  Canada a n d  t h e  U n i t e d  -- -up__- 

States ( P r e n t i c e  gg &- 1955) - T h e  p r i r n a r y  h o s t s ,  i-e. h o s t s  

on mhich e g g  @asses a r e  l a i d ,  are r e s t r i c t e d  t o  s p e c i e s  of 

R o s a c e a e ,  goxlm, B e t u l a ,  %&Ax, a n d  Aescgug ( Z  hapman 

a n d  Lienk 1971 ; Schuh  a n d  Mote l g Y 8 )  - T o  t h i s  fist c a n  b e  



added b l u e b e r r y ,  a s  a u m e r o u s  egg masses were f o u n d  on  t h e  

upper s u r f a c e  of l e a v e s  of t h i s  p l a n t ,  

l o  r e c o r d s  were f o u n d  of E s a c e a n a  a s  a pest o f  

b l u e b e r r y ,  a l t h o u g h  it h a s  b e e n  r e c o r d e d  a s  a p e s t  of a p p l e  

(Chapman a n d  L i e n k  1971) ,  r a s p b e r r y  { S c h u h  a n d  Hote t 9 4 8 ) ,  and 

d e w b e r r y  (Knowfton a n d  A l l e n  1337) a s  well. a s  young S z o t s  p i n e  

( P l a r t i n  1958). 

Parasitism of 2, g g s a c e a n q  r a n g e d  froin 18 t o  33% ( T a b l e  

8) i n  c o l l e c t i c n s  of more  t h a n  90 larvae on J u n e  10, These 

figures are p r o b a b f  y more a c c u r a t e  t h a n  t h o s e  f r o m  earl ier  

dates a s  r e a r i n g  m o r t a l i t y  d e c r e a s e d  d r a ~ a t i c a f f y  when t h e  

larvae were ~ a t u r e ,  

Nine  p a r a s i t e  s p e c i e s  were reared fro& zt rosaceciia 

( T a b l e  9) , P r e d o m i n a n t  was Rpophua girn~licipes (Cress- f , which 

a c c o u n t e d  f o r  Q9X of  t h e  p a r a s i t e s ,  This e n d o p a r a s i t e  p r o b a b l y  

o v e r w i n t e r s  a s  an e g g  o r  e a r l y  Larva,  because a d u l t s  e m e r g e d  

 fro^ C, r o s a c a a n a  l a r v a e  c o l l e c t e d  on Apr i l  28 when t h e  h o s t  

was j u s t  o u t  of o v e r w i n t e r i n g ,  P a r a s i t e  l a r v a e  emerged f r o m  

f i n a l - i n s t a r  host l a r v a e  t o  p u p a t e  i n  J u l y ,  A d u l t s  emerged 

from raid-July to e a r l y - A u g u s t ,  well s y n c h r o n i z e d  with t h e  

occurence of e a r l y -  i n s t a r  s, g o s a c e a n a  l a r v a e ,  Errtergent a d u f  t 

females readily parasitized s e c o n d  and t h i r d - i a s t a r  

r o s a c e a n a  larvae in t h e  l a b o r a t o r y ,  b u t  would ~ i o t  accept older 



Table 9 Pa ra s i t e s  reared i n  1980 from Choristoneura 
rosaceana on blueberry w i t h  their  
order ,  fami l ies  and r e l a t i v e  abundance 
(percent  composition of 43 p a r a s i t e s  reared 
from , sample p l o t s ) .  

% of t o t a l  
Hymenoptera 

Ichneumonidae 
Apophua s impl ic ipes  (cress.) 49 
Diadeqma sp. 2 

* I t o p l e c t i s  viduata ( ~ r a v . )  5 
*Ischnus i n q u i s i t o r i u s  a t r i c e p  (c ress . )  5 

Braconidae 
Microqaster sp.  
Meteorus sp. 
Apanteles a t e r  ( ~ a t z )  

Pteromalidae 
Habrocytus sp. 

Diptera 
~ a c h i n i d a e  

*Pseudoperichaeta e r ec t a  (Coq ) 

*emerged from pupae. 



T h e r e  are two i n t e r e s t i n g  f e a t u r e s  of t h e  b i o l o g y  of A, 

s i s i ~ l & i p $ ? s  which w a r r a n t  f u r t h e r  i n v e s t i g a t i o n ;  mate 

a t t z a c t i o n  and  effect o n  h o s t  b e h a v i o r .  F e m a l e s  a p p e a r  t o  emit 

a pheromone while s t i l l  i n  t h e  cocoon ,  On numerous  o c c a s i o n s  

clusters  of 10 t o  20 males were o b s e r v e d  s u r r o u n d i n g  a  c o c o o n ;  

when s u c h  c o c o o n s  were c o l l e c t r ~ d  the e m e r g e n t  was a l w a y s  a 

female- P a r a s i t i z e d  h o s t  l a r v a e  form a u n i q u e  l e a f r o l l  i n  

which 2, r o s a c e w  p u p a e  were n e v e r  f o u n d ,  The r o l l  is 

actually a l a r g e  e g g  s h a p e d  Hnest** of Q o r  5 b l u e b e r r y  l e a v e s  

webbed t o g e t h e r  with t h e  eeds c l o s e d  a n d  s u b s t a n t i a l  s p a c e  

i n s i d e ,  T h e  f i n a l - i n s t a r  p a r a s i t e  l a r v a ,  a f t e r  e m e r g i n g  f rom 

the h o s t ,  s p i n s  a c o c o o n  suspended i n  the c e n t r e  of t h e  o p e n  

space, well. away from the wall. V a z i a t i o n s  of t h e s e  r o l l s  were 

seen o n  b i r c h ,  b l a c k b e r r y ,  w i l l o w  a n d  s p i r e a ,  

A- s i a u 1 2 e _ _ s  was r e a r e d  a l s o  f r o m  & rosacemg on -- -- 
r a s p b e r r y  a n d  from a l a r v a  of g a n d e m i s  sp, which  h a s  a b io logy  

v e r y  sinailar t o  t h a t  o f  C_, r o s a c e a n g -  &, simv1ici~es was 

The  s e c o n d  most co@mon p a r a s i t e  of C, r o s a c e a n a  l a r v a e  

( T a b l e  9)  was a Hicroqasteg sp.  F i n a l - i n s t a r  p a r a s i t e  l a r v a e  

emesged  fro^ and killed t h e  p e n u l t i m a t e  i n s t a r  h o s t  l a r v a e ,  

a n d  s p u n  a thick w h i t e  c o c o o n  about 3-4 mnt l o n g *  The a d u l t  

emerged 2 t o  3 weeks  l a t e r .  presumably it a l s o  is u n i v o l t i n e  

as s p e c i m e n s  were r e a r e d  froin l a r v a e  c o l l e c t e d  o n  April.  28, 



3 3  

f o u r  o t h e r  s p e c i e s  o f  H y a c n s p t e r a  p a r a s i t i z e d  C, 

r o s a c e a n q  l a r v a e  ( T a h l e  9 ) -  f 50~3.ectis v i d u a t a  [Grav,) , 

Ischnas h g u i s i t o r j u s  atrico;t&l.A~ (Walsh,) and  

P s c u d o p e r i c h a e t a  e_pxec_a {Cog,) were r e a r e d  from puFae o f  - 
ro saceana .  They a p p a r e n t l y  p a r a s i t i z e  l a t e r  i o s k a r  l a r v a e ,  o r  ---- 
pupae ,  a s  o n l y  h o s t  l a r v a e  c o l l e c t e d  l a t e  i n  t h e i r  deve lopment  

or  pupae produced  t h e s e  p a r a s i t e  s p e z i e s ,  A l l  these species 

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

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

S p i 1 0 n o Q  ocellang, t h e  e y e - s p o t t e d  budmoth, was nose - 
a b u n d a n t  t h a n  gz rosac_- a t  site 1 b u t  was n o t  so common a t  

o t h e r  sites {Table  8). T h i s  i s  a p p a r e n t l y  t h e  f i r s t  record of  

its o c c u r r e n c e  on b l u e b e r r y  i n  North America, The b i o l o g y  o f  

S- o c e l l a n a  on a p p l e  i n  New Pork  (Chapman and  L i e n k  197 3 )  i s  - --- 
v e r y  similar  t o  that o b s e r v e d  on b l u e b e r r y  i n  B r i t i s h  

Columbia- L a r v a e  were c o l l e c t e d  from l a t e  A p r i l  t o  late June, 

They were f o u n d  f e e d i n g  a l ~ o s t  e x c l u s i v e l y  on developing 

flower and f r u i t  c l u s t e r s *  L a r v a e  i n h a b i t e d  l o o s e  n e s t s  i n s i d e  

the c l u s t e r s  c o n s t r u c t e d  of b r a c t s ,  bud s c a l e s ,  p e t a l s  and  

frass h e l d  t o g e t h e r  with s i l k ,  P u p a t i o n  o c c u r r e d  i n  kite J u n e  

t o  e a r l y  J u l y ,  Eggs were l a i d  s i n g l y  and h a t c h e d  in J u l y  a n d  

August a n d  t h e s e  l a rvae  o v e r w i n t e r e d  i n  e a r l y  ins tars .  

H i b e r n a c u l a e  were n o t  o b s e r v e d  on b l u e b e r r y  Bushes ,  b u t  

p r o b a b l y  o c c u r  in b r a n c h  c r o t c h e s ,  and u n d e r  l o o s e  bark and 
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l a r v a e  p a r a s i t i s m  was a b o u t  23  $6- The most  common ~ a r a s i  tes of 

S, o c e l l a n a  l a r v a e  were H e * , e o s U s  ssp-, A q a t h i s  d i m i d i a t o y  - ---- 
(Nees) and Bscogasaser sp,. { T a b l e  l o ) ,  which  t o g e t h e r  

c o n t r i b u t e d  88% of t h e  t o t a l  parasitism- No p a r a s i t e s  were 

r e a r e d  froa pupae  o f  S, o c e l l a n a ,  

I n  Nova Scotia a p p l e  o r c h a r d s ,  S t u l t z  (1955) f o u n d  

Aqathis  d i ~ i d i a t o y  &tt&cinctus ( C r e s s -  ) 1 t o  p a r a s i t i z e  

Bore t h a n  10% of l a r ~ a e  o f  5% o c e l l a n a  i n  75% of o r c h a r d s  

o b s e r v e d  a n d  more t h a n  50% i n  30% of o r c h a r d s .  A l s o  common 

were Reteorq= L r a c h y n o t u s  Vier, a n d  A s c o Q a s t e r  auad r inden t a " t a  

Y e s m ,  which c o u l d  b e  t h e  same a s  t h e  M e t e o r u s  sp- a n d  

Bscoqastez sp. (Table 10) -  - 
Asathis d i m i d i a t o r  is  u n i v o l t i a a  a n d  o v e r w i n t e r s  a s  a 

l a r v a  i n  t h e  host [Donda le  1954) - It is t h e  tnost i m p o r t a n t  

p a r a s i t e  of & o c e l l a n a  i n  t h e  east ( D o n d a l e  1954; StuPt z 

1855) and r e p o r t e d 1  y is s p e c i f i c  t o  t h a t  h o s t  f a a s o n  1978) -  

Both Eleteorgq sg, a n d  A s c u q a s t e r  sp, s p u n  c o c o o n s  i n  t h e  h o s t  

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

h o s t  larva, Both  were r e a r e d  from l a r v a e  c o l l e c t e d  o n  A p r i l  

28, a n d  t h u s  are  p r e s u m a b l y  u n i v o l t i n e ,  A s c o q a s t e r  s p ,  was 

reared only f r o m  S, o c e 1 l a n a ,  w h i l e  &gs!l~ sp. was a l s o  

reared f rom C, r o s a c e a m  on b l u e b e r r y ,  & q u a d r i d e n t a t a  

p a r a s i t i z e s  h o s t  e g g s  a n d  o v e r w i n t e r s  i n  t h e  h o s t ,  e m e r g i n g  

ffore the f i n a l - i n s t a r  larva (Rosenburg  3934)- 



Table 10 Paras i t es  reared i n  1980 from Spilonota 
ocel lana on blueberry wi th  t h e i r  order ,  famil ies  
and r e l a t i v e  abundance (percent composition of 
3 4  paras i tes  reared from sample p l o t s ) .  

% of t o t a l  
Hymenoptera 

Braconidae 
Meteorus sp. 
Aqathis dimidiator ( ~ e e s )  
Ascoqaster sp,  
Apanteles sp. 
Microqaster sp. 

~chneumonidae 
Diadeqma sp, 
Scambus t ransqressus ( ~ o l m .  ) 



A r c h k g  rosanllg, t h e  Eu ropean  l e a f r o l l e r  was p r e v a l e n t  oa -- 
blueberry but less s o  t h a n  C_, r o s a c e a n a  a t  mos t  s i t es  ( T a b l e  

8) , This is +,he first: r e c o r d  o f  its o c c u r r e n c e  on b l u e b e r r y  i n  

B r i t i s h  Columbia ,  

L a r v a e  were c o l l e c t e d  from May 13 to l a te  J u n e ,  m o s t l y  

from leaf rolls b u t  a l s o  from f r u i t  c l u s t e r s ,  Pupae  were found  

o n  b l u e b e r r y  i n  l a t e  J u n e  a n d  J u f y ,  and a d u l t s  were o b s e r v e d  

i n  J u l y ,  Egg masses were o b s e r v e d  OE o l d  wood QE b l u e b e r r y  

b u s h e s  a b o u t  6 0  ctn a b o v e  g round  a t  s i t e  2 ,  &, r o s a n u s  

o v e r w i n t e r s  i n  t h e  egg s t a g e  {Chapman and L i e n k  1371) -  Hatch 

a p p a r e n t l y  o c c u r r e d  between A p r i l  28 a n d  Hay 19, b e c a u s e  

l a r v a e  were c o l l e c t e d  on t h e  l a t t e r  d a t e  b u t  n o t  on t h e  

f o rmer .  

A, r o s a n u s  was p r e s e n t  i n  e a s t e r n  U n i t e d  S t a t e s  by I890 -- ------- 
[ C o r n s t o c k  and S l i n g e r l a n d  1890) a n d  f i rs t  f o u c d  in Canada  i n  

1319  s i m u f t a n e o u s l y  a t  Victoria, 3-C- (Blztckmoae 1921) a n d  i n  

Nova Scotia (Gibson 1924 ) -  By 1923 A, r o s a n u s  was found i n  

Vancouver  [Treherne 1923) .  It is common cn app l e  i n  the Lower 

F r a s e r  V a l l e y  [Doganlar and f j e i r n e  1918b) and  i n  t B e  Dkanagan 

V a l l e y  is a p e s t  on a p p l e  {Hadsen 32 &. 1977; Player and  

B e i r n e  I37U), Tt a l s o  o c c u r s  i n  Nova S c o t i a ,  N e w  S runswick ,  

Ont .a r io ,  C o n n e c t i c u t ,  Sew York ,  W e w  J e r s e y ,  H a s h i n g t o n  a n d  

Oregon (P r eemac  3958; Chapman and Lienk 1 3 7 3 ) -  It has been  

r e p o r t e d  a s  a p e s t  o f  f i l b e r t s  i n  t h e  U n i t e d  S t a t e s  (AiiNiazee 
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1977) and  o f  c u r r a n t  i n  Nova S c o t i a  {Whitehead 19261, a n d  h a s  

a l s o  been r e c o r d e d  from p r i v e t  (Chapman and L i e n k  7971 ; Player 

and B e i r n e  19743, 

It o c c u r s  where  deciduous trees and  bush fruits a r e  grown 

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

hawthorn, cursant and  p r i v e t  (Chapman a n d  Lienk 1971)- I t  h a s  

been recorded a s  a pest, of c u r r a n t  i n  t h e  QSSR fMarke lova  

19571, and of o r c h a r d  fruit trees in the USSR (Hinder  1359; 

Harke lova  1963) , P o l a n d  (Krakoufak  19741, a n d  Sweden, F i n l a n d ,  

Italy, S p a i n  and E n g l a n d  (Chapmn a n 3  Lienk 1971) .  The b i o l o g y  

of A, r o s a n u s  oa a p p l e  i n  New York (Chapman and  Lienk 1371) is 

s i a i l a l :  t o  t h a t  on b l u e b e r r y  in British Colurabia, T h e  d u r a t i o n  

of t h e  l a r v a l  s t a g e  o n  b l u e b e r r y  i n  B r i t i s h  Columbia i s  longer 

(from ea r l y  3ay t o  e a r l y  J u l y )  t h a n  i n  Neu Y o r k  ( e a r l y  Bay t o  

mid-June) ,  p r o b a b l y  b e c a u s e  of warmer s p r i n g  t e m p e r a t u r e s  i n  

N e w  flork, 

Very few p a r a s i t e s  were r e a r e d  f rom 8, r o s a n g g  i n  1980. 

A l l  r e c o r d s  a r e  b a s e d  on s i n g l e  e n e r g e n c e s  f rom s m a l l  

c o l l e c t i o n s ,  A p a n t e l e s  ater (Batz.) (Hyaenoptera:  f r a c o n i d a e )  

and a n  n n d e s c r  i b e d  s p e c i e s  of GLwta (Hymesoptera : 

Ichneurnonidae) were reared f rom l a r v a e -  Mayer and  B e i r n e  

(193U) found  d i c r o q a s t e r  eeaqoygg Gah,, A p a n t e l e s  c a c o e c b e  

R i l e y  [Hymenoptera: B r a c o n i d a e )  , P s e u d o @ y i c h a e t a  e r e c t a  

fcoq,)  and Nenorilla p y s t e  ( W 1 L )  ( D i p t e r a :  T a c h i n i d a e )  to b e  

coaartton p a r a s i t e s  of &, r o s a n u g  on a p p l e  i n  t h e  Okanagan- 
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B a g g i o f i n i  (1656) f ound  T r i c h ~ q s a o ~ m d  c a c o e c i a e  Warch "t be a n  

i m p o r t a n t  p a r a s i t e  of & ypggaus e g g  masses on a p p l e  i n  

S w i t z e r l a n d .  

i v -  gheimoch&& sa l ice l la  (Hbn-) 

C h e i m o ~ h i l a  sa l ice l la  was t h e  wos t  a b u n d a n t  s p e c i e s  P a t e  --- --- --- 
in t h e  season, A t  some sites i t  was a s  comon a s ,  o r  more  

coarmon t h a n  C, a s a c e a n a  had  b e e c  earlier i n  t h e  season (Tab l e  

8) ,. L a r v a e  were c o l l e c t e d  first o n  June 10, a f t h o u g h  t h e y  %ere 

n o t e d  p r e v i o u s l y ,  They fed  predominantly i n  a l e a f - r o l l ,  

c h a r a c t e r i s t i c a l l y  s eve r i l ng  a leaf a t  t h e  p e t i o l e ,  a e d  webbing 

it to a l i v e  leaf  on which  i t  f ed ,  E a r l p i n s t a r  l a r v a e  a l s o  

f e d  o n  the b l o s s o n  end 0 5  d e v e l o p i n g  b l u e b e r r i e s  c a u s i n g  so@e 

minor  damage t o  t h e  b e r r i e s ,  L a r v a e  p u p a t e d  i n  l a t e  Augus t  and 

e a r l y - S e p t e a b e r ,  a n d  o v e r w i n t e r e d  i n  t h i s  stage. A d u l t s  

emerged  a n d  l a i d  e g g s  i n  Elarch, These o b s e r v a t i o n s  c o r r o b o r a t e  

R a i n e v s  (1966)  d e s c r i p t i o n  o f  %he b i o l o g y  of C; sa l i ce l lp  o n  

b l u e b e r r y -  

C. s a l i c e l l a  was first f o u n d  i n  North America on Zulu -- 
I s l a n d ,  B,C, ,  i n  1955 (Ra ine  1966)-  I t  b e c a ~ a  n p e s t  o f  

b l u e b e r r y  (Raine 1966) and  h a s  n o t  b e e n  r e c o r d e d  e l s e w h e r e  i n  

North A a e r i c a  (Hodges 1974)- 

It is a P a l e a r c t i c  species ( H e y r i c k  1927) a n d  h a s  been 

r e c o r d e d  as  a p e s t  o f  rose i n  H o l l a n d  (Reichert 1932) .  
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Only 1 spec imen of A ~ a n t e l e s  sp, a n d  1 of %~&g s p ,  were 

r e a r e d  from l a r v a e  a t  site 3 C  (Table 9). No o t h e r  s p e c i e s  o f  

p a r a s i t e s  were r e a r e d  from C, ~&&ag&&q* Raine  I1965) f e a r e d  

E a c r o c e n t r u s  i r i d e s c e n s  f r- [Hymenopt e r a :  Bracon idae )  f rom 

larvae, and  Ito~Iegtig euadricinqGal&a (Prov-)  (Hymenoptera: 

Ichneumonidae)  and C o m ~ s i T _ n r a  c o n c i n m 2 q  (Hg- 1 ( D i p t e r a :  

T a c h i n i d a e )  from pupae,  

3. B i o l o g y  of Commoa s p e c i e s ,  

O f  t h e  common s p e c i e s ,  o n l y  O, k g g c e a t a  and  6, c u r v a l a n a  

were o b s e r v e d  t o  b e  a b u n d a n t  a t  sites o t h e r  t h a n  t hose  sampled 

i n  1980, & erasaria and j3, u r t i c a ~ g  were p r e s e n t  a t  all s i t e s  

at: relatively c o n s t a n t  b u t  low numbers and were b o r d e r l i n e  

b e t  ween coamon and occas iow al s p e c i e s ,  

i- W r o p h t e r a  &ucea$q (Hulst) 

a ~ g h t e r a  b r u c e a t g ,  t h e  Bruce spanworm, was a b u n d a n t  a t  

sites 2 and 6 i n  April and ?lay, 1380 and  1981, L a r v a e  were 

found most f r e q u e n t l y  f e e d i n g  i n  f l o w e r  b u d s  and  expand ing  

flower c l u s t e r s  and less frequently i n  l e a f  r o l l s .  At si tes  2 

and 6 i n  1981, e g g s  h a t c h e d  in e a r l y  t o  wid-Flarch; a few 

larvae were found f e e d i n g  i n  f l o w e r  buds i n  mid-Harch, L a r v a e -  

collected i n  the s p r i n g  o f  1380 p u p a t e d  by early Bay, a n d  

aduJ.ts  emerged i n  Plovember- Orrerwia-tering e g g s  were l a i d  a t  

t h a t  time, 
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Operophterg b r u c e a t a  o c c u r s  from Newfoundland t o  t h e  - 
coast  of B r i t i s h  Co lumbia  { P r e n t i c e  1 3 6 3  22 a%-; P u r n i s s  a n d  

C a r o l i n  1977)- I n  A l b e r t a  t h e  p r e f e r r e d  hosts are trembling 

a s p e n  a n d  willou a n d  l a r v a e  also feed on birch, maple ,  a l d e r ,  

a p p l e  and  v a r i o u s  d e c i d u o u s  s h r u b s  ( P r e n t i c e  eJ &, 1 9 6 3 ;  

Brown 7962) * T h e  l i f e  h i s t o r y  o f  0, h r u c e a t a  on a s p e n  i n  

A l b e r t a  (3rown 3952)  v a r i e s  little from that on b l u e b e r r y  i n  

B r i t i s h  Columbia ,  The most i m p o r t a n t  feature of t h e  biology i n  

r e l a t i o n  t o  damage t o  b l u e b e r r y ,  is  t h e  e a r l y  a p p e a r a n c e  of 

the l a r v a e .  

P a r a s i t e s  r e a r e d  froin O, b r u c e a t a  were T r i c l i s t u s  c r a s s u s  

( T o w n ,  a n d  Tow, ) (Bymenoptera:  Ichneumonidae)  a n d  CyzeIsig 

~ u 1 1 u l a  (Tnsd, ) { D i p t e r  a; T a c h i n i d a e f  , G i l l e s p i e  and F i n l a y s o n  

11981) reared these species plus 7 others from Werop&tep:a 

s p p ,  f r o @  Victoria,  B,C, T, c r a s s u s  emerged  from h o s t  pupae  in 

April of t h e  y e a r  f o l l o w i n g  c o l l e c t i o n  a n d  & p u l l u l a  ewerged 

i n  t h e  spring of t h e  year f o l l o w i n g  c o l l e c t i o n  from p u p a r i a  

for~ted w i t h i n  t h e  host pupa i n  the f a l l  {Gillespie and 

f i n l a y s o n  1981) .  

ii, G o e s i g  c u r v a l a n a  (Kft,) 

Croesia c u r v a l a n a  larvae were coamon a t  s i t e  5 i r r  Hay, -- ------ 
1980 and  1981  and  a t  s i t e  2 i n  Hay, 1981, a n d  f e d  in both 

flower c l u s t e r s  and Leaf rolls, Pupae  were Sonnd i n  J u n e  a n d  

a d u l t s  i n  l a t e  J u n e  a n d  J u l y *  C a p t u r e d  females l a i d  eggs 

s i n g l y  on t h e  l i d s  of small c o n t a i n e r s  in which  t h e y  were 



h e l d .  None of t h e s e  h a t c h e d ,  so  i t  is p r e s u m e d  t h e  s p e c i e s  

overwinters i n  t h e  egg s t a g e ,  

The s p e c i e s  h a s  been r e c o r d e d  from Nova S c o t i a ,  Mew 

Bruns wick, Quebec, O n t a r i o ,  M a n i t o b a ,  and  B r i t i s h  Co lumbia  i n  

Canada a n d  New H a m p s h i r e  i n  t h e  U n i t e d  S ta tes  (HacKay 7962)- 

The h o s t  is blueberry (?!lacRay 1962) - No r e f e r e x e s  were f o u n d  

to t h e  b i o l o g y  o f  t h i s  s p e c i e s ,  

Croesia a l b i c o m a n a  (CPes, ), is u a i v o l t i n e  and over winters ---- p-_--.----- 

In t h e  e g g  s t a g e  {Powell .  1964) s i m i l a r  t o  t h e  a p p a r e n t  life 

h i s t o f y  of gL c u r v a l a n a -  

No p a r a s i t e s  were r e a r e d  from 2% c u r s a P a n a  - 

L a r v a e  of & c e r a s a n a  were c o l l e c t e d  on b l u e b e r r y  a t  most 

sites i n  May and J u n e ,  1980, most o f t e n  i n  l e a f r o l l s  and  

so~et i rnes  i n  flower and f r u i t  c l u s t e r s ,  A d u l t s  were seen i n  

J u n e  a n d  e a r l y  d u l y  and l a i d  e g g  masses on the upper s u r f a c e  
- / -- 

o f  b l u e b e r r y  leaves, Egg m a s s e s  h a t c h e d  i n  5 t o  10 d a y s ,  I n  

August o v e r w i n t e r i n g  larvae were f o u n d  feeding i n  l e a f r o l l s  

abandoned  by sa sal ic_efd_a, Evans { 1'370) f o u n d  s e c o n d  i n s t a r  

larvae of EL c e r a s a n a  i n  h i b e r n a e u l a e  beneath bud s c a l e s  a n d  

i n  twig c r e v i c e s ,  T h e  b i o l o g y  of 5 c e r a s a n a  o n  o a k  i n  

Victoria ( E v a n s  1970) p a r a l l e l s  t h a t  on b l u e b e r r y .  

F i r s t  f o u n d  i n  Worth America  a t  S a a n i c h ,  B..C* i n  1964 
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(Evans  1966) ,  2, c e r a s s a n a  s p r e a d  t o  t h e  Lower F r a s e r  Valley 

w h e r e  it was common on a p p l e  b y  6 977 ( D o g a n l a r  a n d  B e i r n e  

1 9 7 8 b ) -  I n  B h i t i s h  Co lumbia  i t  f e e d s  on a v a r i e t y  of hosts 

i n c l u d i n g  p u e r c u s ,  Plalus,  Alnus a n d  &c_gz spp,  (Evans  '1970) and 

was ccawon o n  s a l m o n b e r r y  gsms g ~ e c t a b i l i s  P u r s h -  o n  B u r n a b y  

H o u n t a i n ,  3 - G ,  i n  1979 a n d  1980, 

f t  i s  a P a l e a r c t i c  species { B r a d l e y  gz &, 1973) 

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

fe ,g,  N o r d l a n d e r  1977; R o l e v  a n d  B a l e v s k i  1978)- 

Only  one p a r a s i t e  species, li, siiuplic&x?s { C r e s s , ) ,  was 

reared from P, c e r a s a n a  i n  1980, A s  n o t e d  p r e v i o u s l y ,  8, 

simplicipes is contaaon on C, r o s a c e a n g  a n d  p a r a s i t i z e s  i t s  - 
t h i r d  i n s t a r  l a r v a e ,  

i v ,  Ba d e b e c i a  urt i c a n a  (Hbn, ) 

B a d e b e c i a  urticaria larvae were c o l l e c t e d  in late A p r i l  ----- --I--- 

a n d  flay 1980, a n d  were f o u n d  mast f r e q u e n t l y  f e e d i n g  ic 

leafrol ls  a n d  less f r e q u e n t l y  i n  flower a n d  fruit c l u s t e r s ,  

Pupae were found in J u n e  ani l  a d u l t s  were s e e n   fro^ e a r l y  J u n e  

t o  e a r l y  Augus t ,  

I n  the laboratory eggs were r e a d i l y  d e p o s i t e d  s i n g l y  on . 

t h e  u p p e r  s u r f a c e  o f  b 1 u e b e r r y  l e a v e s ,  a n d  h a t c h e d  i n  5 t o  10 

days, T h e  s p e c i e s  i s  a p p a r e n t l y  u n i v o l t i n e ,  In the l a b o r a t o r y  

l a r v a e  t h a t  were g i v e n  n a t u r e  l e a v e s  of b l u e b e r r y  fed t o  t h e  

s e c o n d  or t h i r d  i n s t a r ,  and  then r o l l e d  a s e c t i o s  of t h e  edge 



of a leaf i n t o  a t u b e  a b o u t  5 m m  l o n g  and 1 m m  i~ d i a m e t e r ,  

l i n e d  t h e  t u b e  w i t h  s i l k  and  s e a l e d  it, a t  b o t h  ends ,  L a r v a e  

r e m a i n e d  a l i v e  b u t  i n a c t i v e  i n  t h e s e  r o l l s  for  4 months ,  b u t  

e v e n t u a l l y  succurrtbed t o  d e s  i c c a t l i o n -  S t r u c t u r e s  of this t y p e  

were not s e e n  an b l u e b e r r y  i n  t h e  f a l l ,  b u t  t h e y  are p r o b a b l y  

the h i b e r n a c u l a  of t h i s  s p e c i e s ,  If so, t h i s  would e x p l a i n  i n  

part t h e  low levels of j33 u r t i c a n a  a s  the leaves o f  blueberry 

d r o ~  to the ground,  where the l a r v a e  would be v u l n e r a b l e  t o  

p r e d a t i o n  a n d  drowning-  

Chapman a n d  L i e n k  (1371) c o l l e c t e d  l a r v a e  of this species 

on a p p l e  i n  N e w  York, HacKay (1959)  l i s t e d  a number of h c s t s ,  

i n c l u d i n g  Clueberry ,  b u t  gave b c n e y s u c k l e  a s  t h e  laa jor hos t ,  

I t  is cclmmon on P o E u l u s  spp, i n  M a n i t o b a  a n d  Saskakchewan  

{ P r e n t i c e  gfs sf;- 1965) - 
The most abundant parasite was H a c r o c e n % r u s  i r i d e s g ~ n _ s  

(Ilyareaoptera: B r a c o n i d a e ) ,  I n  t h e  s p r i n g  of 1981, 28% o f  

l a r v a e  collected from b l u e b e r r y  a t  s i t e  2 were p a r a s i t i z e d  by 

t h i s  p o l y e m b r y o n i c  s p e c i e s .  EgSzocentgms i r i d e s e n s  i s  

p r o b a b l y  similar t o  other s p e c i e s  of lYac rocen t ru s ,  e, g- 2, 

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

o v e s n i . e i t e r j n g  h o s t  l a r v a e ,  B e t e o r u s  sp* was also r e a r e d  from 

•’3, u r t i c a n a  i n  1980. - ---- 



e i ,  B i o l o g y  of o t h e r  species- 

The r e m i n i n g  8 s p e c i e s  of T o r t r i c i d a e  c o l l e c t e d  f r o n  

b l u e b e r r y  were e i t h e r  o c c a s i o n a l  or  rare- L i t t l e  o r  no 

i n f o r m a t i o n  was obtained on their b i o l o g i e s ,  

Pandemis  h e p a r a n a  (DI a n d  S,) was f i rs t  r e c o r d e d  i n  North  --- 
America i n  the lover  F r a s e r  V a l l e y  of B,C, i n  1978, but rnay 

h a v e  Been i n t r o d u c e d  much e a r l i e r  {Dogan la r  and i3eirne 3 979b) , 

L a r v a e  o c c u r  OD a p p l e ,  c r a b a p p l e ,  p e a r ,  a n d  s p e c i e s  of P r w u s ,  

~ r ~ & ~ ~ ,  &zice ra ,  Rubus, V a c c i n i u g  a n d  S v i r a e a  [Doganla r  

and Beirne 1979133, It i s  found  i n  Europe,  the f l i dd l e -Eas t ,  

S i b e r i a ,  Korea  and  J a p a n  feeding on v a r i o u s  trees and s h r u b s  

i n c l u d i n g  s p e c i e s  o f  flalkls, Prunus ,  a z s ,  T i l i a L  S a l i x ,  

Lonicera B e t u l a  Ribes Vaccinium a n d  i"lvrica ((Bradley -flz &, L A ---- 
19731, In Europe  it o c c a s i o n a f l y  damages a p p l e  f r u i t  ( ASkir. 

1924)- In B r i t a i n  egg masses are l a i d  i n  J u l y ,  t h e  e a r b y  

instar l a r v a  o v e r w i n t e r s ,  l a r v a e  feed i n  May and  June a n d  

a d u l t s  are seen • ’ t o n  late J u n e  t o  August  ( B r a d l e y  et g l ,  

1973). A p p a r e n t l y  it is u n i v o l t i n e ,  

Pandemis  l imitata  (Rob,) is u n i v o l t i n e  and h a s  a  s i n a i f a r  
P L -  ---- 

l i f e  h i s t o r y  t o  t h o s e  of 2, h ~ a r a n a  a n d  & c e r a s a n a  i p  the 

n o r t h e r n  p a r t s  of i t s  range ,  e-g, Nova S c o t i a  ( G i l l i a t t  19323, 

b u t  is b i v o l t i n e  i n  N e w  York (Chapman a n d  L ienk  1971) and i n  

t h e  Okanagan V a l l e y ,  B, C, (F. Peters, Ecoyoos C o n s u l t i n g  

S e r v i c e s ,  R,R,  # l ,  Osoyoos, B- C, V O H  1V0, p e r s -  C o m L ) .  



g h a t h e r  o r  n o t  it i s  b i v o l r  i n e  i n  s o u t h - w e s t e r n  B r i t i s h  

Columbia h a s  n o t  y e t  been de t e rmined ,  A n a t i v e  s p e c i e s ,  j?? 

l i m i t a t a  c c c u r s  from Nova S c s t i a  t o  c o a s t a l  B r i t i s h  Columbia 
-.---'-.I- 

i n  Canada (Prentice g_t &, 3965) and to the s o u t h e r n  United 

Skates (Chapman and L i e n k  1 9 7  1 ) -  I t  feeds commonly on wi l low,  

t r e m b l i n g  a s p e n ,  w h i t e  b i r c h ,  s u g a r  ~ a p l e  and  elm ( P r e n t i c e  

ax, 19651,  and a p p l e  [Chapman and  Lienk  1971) -  In t h e  Ohanagan 
C 

it is a minor  p e s t  on apple IF, Peters, Ecoyoos C o n s u l t i o g  

Services, pezs, comm, q* s u p r a ) ,  

A h e l i a  a l l e n i a n a  (Fern,)  was n o t  common on b l u e b e r r y  b u t  L ,  ,-, ,, 

more commor, on s t r a w b e r r y  a n d  i ts  b i o l o g y  is d i s c u s s e d  i n  

relation t o  t h a t  crop, 

T h e  n a t i v e  h r c h i p ~  ~ y r o s p i l u s  (Wlk,) , the f r u i t - t r e e  

leaf ro l ler ,  h a s  e s s e n t i a l l y  a n  i d e n t i c a l  l i f e  h i s t o r y  t o  t h a t  

of A, r o s a n u s  But is more o f  a  problem on a p p l e  fChapman arrd 
c 

L i e n k  1 9 7 1 ) .  X t  o c c u r s  throughout most of the Uni ted  States 

a n d  s o u t h e r n  Canada { P r e n t i c e  et st, 7 9 6 5 ;  Chapman and Lienk 

8rchQg podana  (Stop,) was f i f  st r e c o r d e d  i n  North ---- 
America i n  1937 from Vancouver B,C, and Sycamore,  O n t .  

(Freeman 1958)- It was reported f e e d i n g  cn A m l a a c h i e r  SF, a t  . 

Vancouver (PaacNay 1 9 5 4 ) -  It is n o t  a p e s t  l o c a l l y ;  Doganlaf 

and , B e i r n e  13978b) found it to be ur,comtuon on a p p l e ,  I t  i s  

n a t i v e  t o  Europe, R s i a  Hinor ,  S o u t h e r n  Russ i a ,  and  e a s t e r n  

S i b e r i a  %o japan ( B r a d l e y  e_g _a& 11973)- I n  Nor th  America it is 
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found i n  British Coluntkia and  O n t a r i o  (Freeman 1958).  f o o d  

plants are a wide range of d e c i d n o u s  trees and s h r u b s  a n d  

o c c a s i o n a f l y  c o ~ i f e r s  (Brad l ey  & q& 1973)-  IT? Europe it is 

coiamon i n  f r u i t  o r c h a r d s  and  i s  a p e s t  of a p p l e  { B r a d l e y  g& 

a l ,  1973; Boness  1976; Krakowlak 1 9 7 4 ) -  I t s  life h i s t o r y  - 
d i f f e r s  f r o m  t h a t  of & r o s a n u s  a n d  A, = ~ y r o s p i l u +  1% is 

u n i v o l t i n e ,  o v e r w i n . t s r s  a s  a  t h i r d  i n s t a r  l a r v a ,  f e e d s  and  

~ a t u r e s  i n  t h e  s p r i n g ,  flies a s  a n  a d u l t  i n  J u n e  and J u l y ,  

when e g g  masses are l a i d ,  a n d  l a r v a e  f rom t h e s e  e g g  masses  

f e e d  i n  l a t e  sumiaer before fo rming  h i b e r n a c u l a e  ( B r a d l e y  & 

a.LI l W 3 ) ,  
1 

Aclexis  v a r i e q a n a  ID, and S,) was f i r s " c e c o o d e d  i n  North 
_I-- --- II- 

America f rom a s i n g l e  specimen c o l l e c t e d  a t  V i c t o r i a ,  3 - C , ,  in 

3920 {Blackmore 1923) -  Forbes 11 923) r e c o r d e d  specimens: from 

New fo rk ,  I n  w e s t e r n  Nor th  America it now o c c u r s  i n  B r i t i s h  

C o f  umbia, Washington,  Oregon and C a l i f o r n i a  (Powell 1 9 6 4 ) -  

F o o d p l a n t s  i n  North  America a r e  s p e c i e s  cf Rosa, Prunus,  

HaZus C r a t a e q u s ,  and  Vaccif i iug ( P o w e l l  1364) - The --a ---- 
d i s t r i b u t i o n  a b r o a d  is Europe,  Horth-  west Bf r i c a ,  Asia Hinor, 

C e n t r a l  Asia and C h i n a  {-Razowski 1966) It is a p p a r e n t l y  a  

r e l a t i v e l y  common a n d  po lyphagous  s p e c i e s  i n  EU~OEE ( B r a d l e y  

e t  & 1 9 7 3 ) -  I n  Britain 4, v a r i e q p q g  is u n i v o l t i n e ,  and  - 
l a r v a e  f e e d  f r o e  May t o  September  (Brad ley  22 a, 19731 - Iz 
C a l i f o r n i a  it is a p p a r e n t l y  b i v o l t i ~ e  with d i s k i n c t  a d u l t  

f l i g h t s  i n  June a n d  J u l y  and a g a i n   fro^ S e p t e ~ b e r  to  November 

{ P o w e l l  1964)- Powe l l  (1964)  n o t e d  t h a t  some of t h e  e g g s  which 



11 8  

were l a i d  i n  September  e c t e s e d  d i a p a u s e ,  but a l s o  found a d u l t s  

i n  a l l  winter  mcnths, T h i s  s p e c i e s  p r o b a b l y  o v e r w i n t e r s  a s  

d i a p a u s i n g  e g g s ,  and  a d u l t s  found  i n  t h e  w i n t e r  may r e p r e s e n t  

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

conditions (Powel l  1964)- It is a l m o s t  c e r t a i n l y  u n i v o l t i n e  i n  

s o u t h - w e s t e r n  B r i t i s h  Colurrtbia, 

Host s p e c i e s  of C l e w i s  are u n i v o l t i n e  and  o v e r w i 2 t e z  a s  

e a r l y  i n s t a r  l a r v a e  (Bradley gi? ah. 1973; Powel l  1964) s o  i t  

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

sp ,  do l i k e w i s e ,  P o w e l l  41364) n o t e d  t h a t  C, f o r b e s i  k c l e p s i s  

persicana ---- _--I_ forbesi {Obraz,)  1 r e a c h e d  econcrahc l e v e l s  i n  

con junction w i t h  o a t b r e a  k s  of 2, oceP1ana ,  u t i l i z i n g  f a r  val 

s h e l t e r s  abandoned by that s p e c i e s ,  

5, Aerial d r i f t  o f  f i r s t - i n s t a r  larvae,  

T h e r e  were 2 d i s t i n c t  p e r i o d s  of a e r i a l  f i r s t - i n s t a r  

l a r v a l  d r i f t  i n  1980  (Fig- 4 ) -  T h e  f i r s t  was i n  l a t e  April and 

e a r l y  Hay, and was composed p r i m a r i l y  of f i r s t - i n s t a r  A, 

s o s a n u s ,  Some first-instar C, s a l i c g l l a  were c a u g h t  on 3ay 19, ---- 
T h e  second  peak  was i n  l a t e  J u l y  and e a r l y  a u g u s t ,  and vas  

m a i n l y  f i r s i t - i n s t a r  gs r o s a c e a g s -  Some f i r s t - i n s t a r s  o f  PI? 

c e r a s a n a  were also caught a t  this time, 
---I- 

. The o r i e n t a t i o n  of t h e  t r a p  f a c e s  in z e l a t i o o  to  o r d i n a l  

com;Fass p o i n t s  d i d  n o t  i n f l u e n c e  t r a p  c a t c h  (Table 1 1 ) -  Traps 

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



Fig, 4 Total numbers of a e r i a l  d r i f t i n g  f i r s t - i n s t a r  ' 

l e a f r o l l e r  larvae caught per week on 2 0  traws 

i n  a  blueberry f i e ld  a t  s i t e  1 from April 7 

t o  September 1, 1980, 



month 



b l e  11 Average number of f i r s t - i n s t a r  l a rvae  caught 
pe r  week 2 standard d e v i a t i o n  (SD)  on t r a p s  i n  
b lueber ry  a t  s i te  1 i n  1980 during t h e  14 weeks 
when l a rvae  were found on t r a p s .  

MEAN No.  TRAP 
TRAP N o ,  L A R V A E ~ E E K  S D  ORIENTATION 

N-S 
E -W 
N-S 
E -W 
N-S 
E -W 
N-S 
E -W 
N-S 
E -W 
N-S 
E -W 
N-S 
E -W 
E -W 
N-S 
E -W 
N-S 
E -W 
N-S 

* Traps ou t s ide  b u t  c l o s e  t o  f i e l d .  



l a r v a e  ( t- test ,  p<0-05) t h a n  t h o s e  inside t h e  f i e l d ,  

i n d i c a t i n g  t h a t  d r i f t i n g  l a r v a e  were a a i n l y  d i s p e r s i n g  w i t h i n  

the f i e l d  r a t h e r  t h a n  e n t e r i n g  o r  l e a v i n g  it, 

I n  1 9 8 1 ,  t r a p p i n g  a t  4 sites d i s c l o s e d  soiue d i f f e r e n c e s  

be tween  sites i n  the c a t c h  of a i r - b o r n e  f i r s t - i n s t a r  larvae 

{Pig- 5 ) .  

A t  s i te  1  t h e  peak  d r i f t  i n  May occ~sred a b o u t  1 week 

l a t e r  t h a n  i n  3980, p e r h a p s  r e f l e c t i n g  t h e  c o l d e r  and getter 

s p r i n g  of  1981,  B t  s i t e  2 t h e  p e a k  d r i f t  i n  flay o c c u r r e d  1 

week later  t h a n  a t  sites 1 a n d  5 a n d  a t  s i te 3 ,  this peak was 

e s s e n t i a l l y  absent, 

T h e  l a t e  summer d r i f t  of l a r v a s  a t  s i te  1  b o t h  started 

about 2 w e e k s  la ter  t h a n  i n  1380 a n d  f i ~ i s h e d  e a r l i e r -  A t ,  site 

6 ,  drift b o t h  s t a r t e d  a b o u t  2 weeks ear l ier  t h a n  the o t h e r  

sites a n d  f i n i s h e d  earlier, S i t e  6 ,  i n  Ricfintond, was d r i e r  and 

warmer i n  t h e  summer t h a z  the o t h e r  sites i n  Pitt Meadows, 

No e x p l i c a b l e  d i f f e r e n c e s  were seen i n  n u m b e r s  o f  l a r v a e  

c a u g h t -  A s  a n  e x a m p l e ,  more C, r o s a c e a n a  l a r v a e  were c a u g h t  on 

t r a p s  i n  July and August a t  s i t e  3 t h a n  a t  arry o t h e r  site, yet 

very few l a r v a e  were o b s e r v e d  feeding on b l u e b e r r y  t h e r e  i n  

t h e  s p r i n g -  A s  site 3 was 1 0  t i n e s  l a r g e r  t h a n  t h e  o t h e r  

sites, it i s  l i k e l y  t h e  s i z e  of the field i n f l u e n c e d  numbers  

caught,  T h i s  would l i m i t  t h e  u s e f u l n e s s  of s u c h  t r a p s  a s  

popula-tiot. ,  p r e d i c t o r s ,  ~ o o d  u s e  c o u l d  b e  matte of t h e s e  t r a p s  



Fig.  5 T o t a l  numbers of aer ia l  d r i f t i n g  f i r s t - i n s t a r  

l e a f r o l l e r  l a r v a e  caught p e r  week i n  4 b l u e b e r r y  

f i e l d s  from March 16 t o  August 31, 1981. 

A=Site  1, B=Site 2 ,  C = s i t e  3, D=Site 6. 



month  



i n  t i m i n g  s p r i n g  s p r a y s  to coincide w i t h  h a t c h  o f  A, r_o_sanus, 

6 ,  S i g n i f i c a n c e  of l e a f  r o l l e r s  o n  b l u e b e r r y  

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

h i g h b u s h  b l u e b e r r y  beg in  t o  swell n o t i c e a b l y  i n  March, 

a l t k o u g h  i n d i v i d u a l  f l o w e r s  do  n o t  s e p a r a t e  f r o &  t h e  cluster 

a t  t h i s  time- By t h e  e n d  o f  A p r i l  t h e  c l u s t e r s  h a v e  e x p a n d e d  

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

b e g i n  to swell u n t i l  e a r l y  h p r i l ,  They b u r s t  i n  l a t e  A p r i l ,  

T h e r e  i s  v e r y  l i t t l e  Leaf g r o w t h  u n t i l  mid-to-late-May, 

Blocming begins i n  e a r l y -  t o - l a t e -  May, d e p e n d i n g  on t h e  v a r i e t y  

of b l u e b e r r y ,  a n d  i s  g e n e s a l f y  o v e r  b y  e a r l y  J u n e ,  The fruit 

r e q u i r e s  60 t o  90 d a y s  t o  m a t u r e ,  d e p e n d i n g  on v a r i e t y  a n d  o n  

p r e v a i l i n g  t e m y e r a t u r e s  ( S h o e w a t e r  1 3 5 5 ) -  P i c k i n g  b e g i n s  i n  

l a t e  J u n e  a n d  c o n t i n u e s  i n t o  e a r l y  Sep tember ,  

I n  March a n d  ~ p s 3 . l  the blossom bud o f f e r s  the l a r g e s t  

r e s o u r c e  cf fresh g r o w i n g  material t o  l a r v a e  on b l u e b e r r y  

p l a n t s .  E a r l y  f e e d i n g  s p e c i e s ,  p a r t i c u l a r l y  O2 b r u c e a t a  and 5% 

u c e l l a n 2 ,  f e e d  t o  a l a r g e  extent o n  t h e s e  buds ,  I n  l a t e  Apfil 

a n d  e a r l y  flap, when f l o w e r s  a re  somewhat  l a r g e r  b u t  l e a v e s  are 

a v a i l a b l e  a s  se l l ,  s p e c i e s  s u c h  a s  2% r o s a c e a n p  a n d  Pgqdemis 

s p p ,  sometiaes f e e d  i n s i d e  t h e  flower cluster, o c c a s i o n a l l y  

s e v e r i n g  t h e  s tea  which  c a u s e s  t h e  d e a t h  a5 the c l u s t e r -  Xn 

l a t e . P l a y ,  when t h e  flowers are o p e n ,  l a r v a e  o f  &= r o s a n u s ,  C, 

rosaceana a n d  f i r s t - i n s t a r  l a r v a e  of 2% s a & c e l l a  feed i n s i d e  ,,, 1 

t h e  flowers, T h r o u g h o u t  J u n e ,  C, r o s a c e a n a  a n d  A, r o s a n a s  f e e d  



tso~tntonly on t h e  g r e e o  f r u i t ,  c f t e n  h o l l o w i n g  out berries and  

u s i n g  them a s  s h e l t e r s ,  C, ~ a l i c e l l s  l a r v a e  o c c a s i o n a l l y  f e e a  

in t h e  calyx eod o f  green f r u i t ,  By J u l y  l a r v a e  o f  most 

s p e c i e s  h a v e  pupa t ed ,  b u t  Ci s a l i c e l l p  d o e s  some e i n o r  f e e d i n g  

on g r e e n  f r u i t ,  It was n o t  noted f e e d i n g  on r i p e  fruit. Ey t h e  

time t h e  o v e r w i n t e r i n g  l a r v a e  of S, o c e l l a n a L  c, r o s a c e a n a ,  

and  Pandemig spp .  a r e  p r e s e n t  most frnit is r i p e  o r  v e r y  c l o s e  

t o  r i p e  so t h a t  minor f e e d i n g  trould n o t  be  noticed, 

It a p p e a r s  -that i f  t q l e a f r o l l i n g "  species have  a n  e f f e c t  

on blueberry y i e l d s  i t  i s  probably b e c a u s e  of t h e i r  f ee r l i ng  oa 

f l o w e r  bud, f l o w e r ,  and  d e v e l o p i n g  f r u i t  i n  t h e  s p r i n g ,  

S p r a y  t i m i n g  would v a r y  depend ing  on the species b e i n g  

c o n t r o l l e d :  l a te  March f o r  l a r v a e  of $guceata; l a t e  A p r i l  

fo r  s p e c i e s  which overwinter a s  l a r v a e ,  i-e,, C, r o s a c e a &  & 

oceUana, Panderaig spp. etc,; and mid t o  l a t e  Eay f o r  larvae -- 
of A, r o s a n w  and gz salice&l.s. T h e  need  fo r  each of t h e s e  

sprays would depend  on t h e  numbers of t h e  s p e c i e s  it was 

d i r e c t e d  a g a i n s t ,  The f e a s i b i l i t y  o f  t h e  s p r a y s  would depend  

on wea the r  i n  l a t e  March and  a p r i l ,  and blossom time i n  May, 

SECTION 3 ,  LEAFROLLERS ON C R A N B E R R Y  

HATERIALS A N D  #ETHODS 

. - S u r x  t e c h n i g u e g  

I n  1980 l a r v a e  were c o l l e c t e d  from c r a n b e r r y  a t  3 week 
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i n t e r v a l s  from Bay 12 t o  August 18 a t  sites 2,q 7 and 5, 

C o l l e c t i o n s  were made b y  a c t i v e l y  s e a r c h i n g  f o r  l a r v a e ,  f n  

1981 e g g s  and l a r v a e  of Rhgm_iltg naevagg (Hbn-) were sampled 

a t  sites 2, 7 and 8 ,  The sampl ing  u n i t  was a l l  t h e  c r a n b e r r y  

stems i n  a 10 cm by 10 cm a r e a  of bog,  and  was  take^ with a 

p a i r  of grass  shears, C u t s  were t a k e n  a t  the b a s e  of t h e  

stems, and 10 t o  18 sarn~les were c u t  at each si te ,  bagged, arid 

l a b e l l e d ,  The numbers of stems, e g g s  and  l a r v a e  i n  e a c h  sample  

were c o u n t e d  u n d e r  a d i s s e c t i n g  m i c r o s c o ~ e ,  

Survey ~Icts (see site d e s c r i p t i o n s )  were: 

S i t e  2, a b o u t  70 h a  o f  c r a n b e r r y ,  badly Evergrown w i t h  weeds, 

n o t  s p r a y e d ,  n o t  f l o o d e d ,  

Site a, a b o u t  200 h a  o f  c r a n b e r r y ,  e s s e n t i a l l y  weed-free, 

s p r a y e d  r e g u l a r l y  w i t h  insecticides, picking by f l o o d i n g ,  b u t  

no w i n t e r  or s p r i n g  blooding.. 

S i t e  7, a b o u t  10 ha  of c r a n b e r r y  in Richmond, EL<,, soaewha t  

weed- in fe s t ed  i n  1980, c l e a n e d  up i n  1981, s p r a y e d  regularly 

w i t h  i n s e c t i c i d e s ,  h a r v e s t e d  b y  f l o o d i n g ,  b u t  no winter or 

s p r i n g  f l o o d i n g .  

S i t e  8. a b o u t  100 h a  of  former c r a n b e r r y  bog i n  Burnaby, 0 - C , ,  

now w i t h  s c a t t e r e d  p a t c h e s  of  h e a l t h y  c r a n b e r r y ,  somewhat 

weedy, no i n s e c t i c i d e s  used ,  n o t  h a r v e s t e d ,  b u t  f l o o d s  i n  

u i n t e r  and  s p r i n g ,  



Aerial ,-- d r i f t  first- i n  s ta r  ---- l a r v a e ,  ---- 

D r i f t  of a e r i a l  f i r s t - i n s t a r  l a r v a e  was m o n i t o r e d  i n  

c r a n b e r r y  a t  s i t e  2 i n  1981 by u s i n g  traps i d e n t i c a l  t o  t h o s e  

used i n  b l u e b e r r y  f i e l d s  b u t  set S l u s h  with the s u r f a c e  of the 

c r a n b e r r y  bog, f i v e  t r a p s  were i n  o p e r a t i o n  f rom Rarch '16 t o  

August 31 ,  1981, The c a t c h  on t h e  t r a p s  was recorded weekly, 

RESULTS AND DISCUSSION,  

1, Abundance o f  learol lers  o n  c r a a b e r r y ,  

The p r e d o m i n a n t  s p e c i e s  of leaf ro l ler  a t  a l l  tr sites 

e x a m i n e d  i n  1980  was  t h e  b l a c k - h e a d e d  f i r e w o r n ,  B h ~ p o b o f q  

n a e v a n a  (Hbn,) ( T a b l e  1 2 ) -  G e n e r a l l y  g, n a e v a n a  g a s  v i s i b l y  ----- 
more a b u n d a n t  a t  sites 2 a n d  8 ,  which were b o t h  u n s p r a y e d  a n d  

u n t e n d e d ,  t h a n  a t  sites 4 a n d  7, which  were both well tended 

and sp rayed  twice i n  the s e a s o n -  S i t e  ri was s p r a y e d  i r a  late 

flay a n d  a g a i n  i n  late J u l y ,  and site 7 i n  e a r l y  J u n e  a n d  i r ,  

e a r l y  August,  A t  sites 2 and 8 l a r v a e  were c o l l e c t e d  

t h r o u g h o u t  the b o g s ,  b u t  a t  sites 4 and 7, the g r o w e r s  p o i n t e d  

o u t  t r o u b l e  s p o t s  they were a w a r e  o f ,  f r o m  which l a r v a e  Bere 

collected, A t  s i te  7 a t r o u b l e  s p o t  was a bog  p l a n t e d  w i t h  a 

p a r t i c u l a r 1  y early f l u s h i n g  v a r i e t y  which had c h r o n i c  a n d  

r e c u r r i n g  fireworm probleius,  A t  s i t e  4 a s e c t i o n  of a bog was 

n o t  . r e a c h e d  by t h e  s p r i n k l e s  s y s t e m ,  acd l a r v a e  i n  this area 

were n o t  s p r a y e d  w i t h  i n s e c 2 i c i d e .  C o n s e g u e n t l  y, t h e  numbers 

of l a r v a e  reported i n  T a b l e  12  d o  not reflect p o p u l a t i o n  



T a b l e  1 2  N u m b e r  of larvae collected f r o m  cranberry a t  
4 s i tes  i n  the L o w e r  Fraser V a l l e y  i n  1980. 

APPROXIMATE* S I T E  
DATE - S P E C I E S  2 4 7 8 

E a r l y  May - R. naevana 8 30 - 50 
T o r t r i c i d  sp. - - - - 1 

E a r l y  June - R. naevana 60 - 6 35 
C. s a l i ce l l a  - - - - 10 
C. rosaceana 4 - - - - 

L a t e  June - R. naevana 41 4 1 1 
T o r t r i c i d  sp. 1 - - 4 

M i d  J u l y  - R. naevana 25 15  22 2 5  
C. sa l ice l la  - - - - 10 

i 

E a r l y  A u g u s t  R. naevana 31 - 1 1 

M i d  A u g u s t  - R. naevana 11 - 2 - 
2. sal ice l la  2 - - - 

* A c t u a l  dates of co l lec t ion  varied over 5 t o  7 days. 
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numbers a t  these sites, and s h o u l d  n o t  be used t o  make 

c o m p a r i s o n s  between them, 

Rhopobota z a e v a n g  was t h e  only l e a f r ~ l l e r  c o l l e c t e d  - 
{Table 12)  a t  s p r a y e d  sites 4 and 7, S m a l l  nuntbers of c, 
s a l  ice1 la  , 2% m s g g q  and a l l e n i a a a  were found  a t  

u n s p r a y e d  s i t e s  2 a ~ d  8, As e a c h  o f  t h o s e  s p e c i e s  is l a r g e  and 

e a s y  t o  see, t h e  numbers  c o l l e c t e d  {Table 12) do  not r e f l e c t  

t h e i r  r e l a t i v e  abuodance  i n  r e l a t i o n  t o  t h e  numbers  of R, 

naevana ,  Also collected were 2 s p e c i m e n s  of a n  unde te rmined  -- 
s p e c i e s  o f  T o r t r i c i d a e  { T o r t - r i c i d  s p ,  Table  12)  

T h e r e  were 2 g e n e r a t i o n s  of EL naevana  i n  1980, most 

n o t i c e a b l y  a t  s i te  8 ( T a b l e  12). L a r v a e  of the f i r s t  

g e n e r a t i o n  c h a r a c t e r i s t i c a l l y  fed on the d e v e l o p i n g  new 

shoots, t e r ~ e d  u p r i g h t s ,  which bear t h e  current s e a s o n ' s  c r o p -  

L a r v a e  o f  t h e  s e c o n d  g e n e r a t i o n  fed on f l o w e r s ,  green b e r r i e s  

and  on u p r i g h t  and l a t e r a l  s h o o t s  which wculd bear t h e  

s e a ~ o n ' s  u p r i g h t s ,  

In 1981 t h e  number of eggs p e r  cranberry stem was 

s u r v e y e d  a t  3 sites on 14arch 18 and ?lay Q (Table 13) .  

P o p u l a t i o n s  were h i g h e s t  a t  s i t e  2 which had n o t  been s p r a y e d  

fo r  a b o u t  5 y e a r s ,  and i n t e r m e d i a t e  a t  s i t e  8 which had been . 

u n s ~ r a y e d  a n d  un t ended  for a t  leas t  15 yea r s ,  No e g g s  were 

found  i n  15 samples t a k e n  a t  site 7 which was s p r a y e d  

r e g u l a r l y  i n  1980, 
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Table 13 Mean number of  Rhopobota naevana eggs p e r  

c r a n b e r r y  s t e m  ( s tandard  d e v i a t i o n ,  n)  a t  
3 c r a n b e r r y  si tes i n  t h e  Lower F r a s e r  Val ley ,  
p r i o r  t o  h a t c h  of l a rvae .  

DATE SITE 2 SITE 8 SITE 9 

March 18; 0.26 (0.235, 18)  -- * 0.05 (0.055, 10) 
1981 

May 4, 0.25 (0.160, 18) 0 (0, 15)  0.04 (0.061, 10)  
1981 

* Dash i n d i c a t e s  no samples made. 
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Sampl ing  had  t o  b e  d i s c o n t i n u e d  a t  site 7 ,  a s  t h e  damage 

d o n e  t o  t h e  bog by t h e  s h e a r s  was g r e a t e r  t h a n  a n y  p o s s i k l e  

b e n e f i t  t h e  grower m i g h t  have  g a i n e d  f r o m  t h e  su rvey -  A t  s i te 

8 t h e  s a n i ~ l i n g  was a l s o  d i s c o n t i n u e d  because  s p r i n g  f l o o d i n g  

made t h e  area i n a c c e s s i b l e ,  SamplLncj was c o n t i n u e d  a t  site 2, 

where the grower was a g r e e a b l e  and  %he damage d u e  t o  s a n ~ l i n g  

i n c o n s e q u e n t i a l  i n  r e l a t i o n  t o  t h e  dareage done by t h e  

f irew or m, 

2, B i o l c g y  o f  major: s p e c i e s ,  

i- Rhopobota naevana  {Rbn.) 

There  were two f u l l  g e 2 e r a t i o n s  of 83 naevana  a t  s i t e  2 

i n  1981 {Fig ,  6 ) -  Egg h a t c h  s t a r t e d  a b o u t  May 78 and was 

mainly c o m p l e t e  by J u n e  1, Larvae  ma tu red  and d r o ~ p e d  t~ t h e  

l ea f l i t t er  t o  ppate  a b o u t  J u n e  13, and  the f i r s t  a d u l t s  were 

s e e n  on July 6 ,  Eggs  from t h e s e  adults were l a i d  s i n g l y  and 

sere found on t h e  u n d e r s i d e s  of c r a n b e r r y  l e a v e s  on J u l y  13,  

and  had s t a r t e d  t o  h a t c h  on J u l y  27, A d u l t s  c o n t i n u e d  to f l y  

a n d  lay e g g s  u n t i l  a b o u t  August 10 when no a d u l t s  were s e e n  i n  

t h e  f i e l d ,  Larvae f rom t h i s  g e n e r a t i o n  ~ a t u r e d ,  and began  t o  

pupate on August 10;  t h e  f i r s t  a d u l t s  were s e e n  or. Augus-t: 24, 

O n l y  scme o f  t h e  e g g s  l a i d  b y  f i r s t  g e n e r a t i o n  moth~c 

hatched.  O n  July 27 a n  e s t i m a t e d  70% of  t h e  e g g s  ia t h e  

s a m p l e s  were d i a p a u s i n g  eggs ,  i.e,, t h e y  would not h a t c h  until 

t h e  f o l l o w i n g  spring, b 20% d e c r e a s e  i n  e g g  p o p u l a t i o n  2 weeks 



Fig. 6 Mean nunhers of eggs and larvae of Rhopobota 

naevana per cranberry stem a t  s i t e  2 from 

March 9 t o  September 2 1 ,  1981, Horizontal 

black bars denote periods during which adul ts  

were observed flying. 





6 l a t e r ,  p re sumab ly  r e s u l t i n g  f r o @  h a t c h i n g  of n m - d i a p a u s i n g  

eggs ,  t e n d e d  t o  c o n f i r m  this e s t i m a t e *  C o n s i d e r a b l e  damage 

became v i s i b l e  between August 10 a c d  24, "re stems l o s s  a  

l a r g e  number o f  l e a v e s ,  p a r t i c u l a r l y  t h e  o lde r  ones.  These may 

h a v e  b o r n e  numerous e g g s  to  the ground-  Eggs fzoln a d u l t s  of 

t h e  s econd  g e n e r a t i o n  i n c r e a s e d  the egg p o p u l a t i o n  t o  roughly 

the l e v e l  of the p r e v i o u s  year- 

Some of the s e c o n d  g e n e r a t i o n  e g g s  h a t c h e d  p r o d u c i n g  a 

partial t h i r d  g e n e r a t i o n ,  However, t h e  l a r v a e  d i d  n o t  compf ete 

development, 

T h e  l i f e  h i s t o r y  of g, naevana  i n  B r i t i s h  Columbia is 

e s s e n t i a l l y  t h e  same a s  t h a t  in M a s s a c h u s e t t s  f F r a n k l i 9  1948) 

and i n  Washington ( P l a n k  1922). 

R, naevana is apparently an i n t r o d u c e d  s p e c i e s -  R form - ---- 
known a s  the black- headed fireworm was p r o b a b l y  introduced 

i n t o  blashington and Oregon be tween  19 12 and 1915  oa  c r a n b e r r y  

c u t t i n g s  from M a s s a c h u s e t t s  (Plank l 9 2 2 ) ,  If: had t h e n  been a  

pest of c r a n b e r r y  i n  N e w  J e r s e y ,  a a s s a c h u s e t t s ,  and % i s c o n s i n  

for a l o n g  time (P lank  1922) and  was p r e s e n t  t h e n  i n  Nev Yorh 

and  C a l i f o r n i a ,  I t  was f i r s t  reported i n  B r i t i s h  Columbia i n  

1954 a s  a pest of c r a n b e r r y  on Lulu  I s l a n d  (Anon l 9 S Y ) ,  It 

s i n c e  became a very s e r i o u s  p e s t  (Cram and N e i l s o n  1978) 

t h r o u g h o u t  t h e  c r a n b e r r y  growing a r e a s  of t h e  lower F r a s e r  

V a l l e y  (Neilso,? 1 3 6 9 ) -  I t  i s  a p e s t  wherever c r a n b e r r y  i s  

grown i n  Nor th  America i n c l u d i n g  N e w  Brunswick,  and  Nova 
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ScoaLa  (Claxwell a n d  P i c k e t t  7 9571, t h e  e a s t e r n  U n i t e d  S t a t e s  

( F r a n k l i n  IgSO), V a s h i n g t o n ,  a n d  Oregon  ( B r e a k e y  1960; P l a n k  

1322)- 

A fo rm known a s  t h e  h o l l y  budmoth, ( R e a r f o o t S s  

i l i c i f o l i a n a )  was r e c o r d e d  i n  B r i t i s h  Columbia  i n  1923 and is ---- 
now known t o  o c c u r  i n  g a s h i n g t o n  and Oregon  (Swenson 1958 ) -  

T h e  h o l l y  b u d n o t h  a n d  t h e  b l a c k - h e a d e d  fireworm are thought t o  

be v e r y  c l o s e l y  r e l a t e d  (Breakey  I g S O ) ,  T h e  h o l l y  budmoth i s  

an i m p o r t a n t  pest i n  Oregon  h o l l y  p l a n k i n g s  (Swenson 1 9 5 8 ) -  

R h o p o b o t p  n a e v a n a  i s  r e c o r d e d  f e e d i n g  on f r u i t  trees, -- 
h o l l y ,  and s p e c i e s  o f  C r a t a e q u s  a n d  Yacc in ium i n  Europe  

( H e y r i c k  1927; L u c c h e s s e  I 9 4 f ) .  

P a r a s i t e s  f e a r e d  i n  1980 from c o c a o n s  i n  d e s e r t e d  

s h e l t e r s  of R, naevalaa cou3-d n o t  be p o s i t i v e l y  a s s o c i a t e d  with 

t h a t  s p e c i e s ,  On 3 o c c a s i o n s  deserted s h e l t e r s  o f  R, e a e v a n a  

were e a c h  f o u n d  t o  be o c c u p i e d  by 2 c o c o c n s  of a s p e c i e s  o f  

p a r a s i t i c  Hymenoptera ,  p o s s i b l y  ; ~ n t % l e s  sp, {Hymenoptera: 

B r a c o n i d a e )  on t h e  b a s i s  of f i n a l - i n s t a r  remains ( F i n l a y s o n  

a n d  Hagen 1977) ,  Of t h e  3 sets, o n e  d i d  n o t  eaerge a n d  the 

o t h e r  2 were h y p e r p a r a s i t i z e d  by H y b r a c y t u s  s p ,  (Hymenoptera:  

P t e r o m a l i d a e f  , The e v i d e n c e  a s s o c i a t i n g  t h e  p a r a s i t e s  w i t h  8% 

n a e v a n a  i s  good b u t  somewhat  c i r c u i n s t a n t i a l ,  O n  o n e  o c c a s i o n  5 ---- 
speci r t lens  of C o I ~ o c l y ~ e n s  f l o r a s  (wlk,)  emerged from a 

d e s e r t e d  l a r v a l  s h e l t e r  on c r a n b e r r y -  The  h o s t  i s  unknown, One 

i n d i v i d u a l  o f  a  S f i 1 o c h a l c i . s  a l b i f  c o n s  (Walsh) [Hymenoptera: 



I 
1 C h a l c i d a e )  emerged f rom a pupa o f  fl, naevana  c o l l e c t e d  i n  

198 1, F i v e  specimens o f  H a b r o b r a c 2  x a n t h o n o t u s  Bshm, 

(Fiymenoptera: B racon idae f  were r e a r e d  f r o @  l a r v a e  on f i v e  

s e p a r a t e  o c c a s i o n s  i n  198 1- 

Although no p a r a s i t e s  were r e a r e d  from R, naevana  eggs ,  a 

few eggs were s e e n  i n  A p r i l ,  1981, a t  s i te  2 which a p p e a r e d  t o  

h a v e  been p a r a s i t i z e d  b e c a a s e  of t h e i r  b l a c k e n e d  color:. 

I n  e a f l y  spring t h e r e  was a r e d u c t i o n  i n  numbers  o f  e g g s  

p e r  stem a n d  in, numbers  o f  f i r s t  g e n e r a t i o n  l a r v a s  a l s o ,  T h e  

c a u s e s  of  t h i s  d e c l i n e  a r e  unknown, Al though  no i n s t a n c e s  of 

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

l a d y - b i r d  b e e t l e s  and ground  b e e t l e s  { C o l e o p t e r a ;  

C o c c i n e l l i d a e  _et C a r a b i d a e ] ,  and s p i d e r s  such as  Harvestmen 

(Araneae: Opif i o n e s :  P f i a l a n g i i d a e )  were ccmmon i n  bogs, 

p a r t i c u l a r l y  a t  s i t es  2 and 8, T h e s e  c o u l d  well. have  had  some 

i a p a c t  on l a r v a l  a n d  p u p a l  p o p u l a t i o n s ,  F r a n k l i n  (1948)  

a s c r i b e d  some c o n t r o l  p o t e n t i a l  t o  Nemorila maculosa  (Pall,) 

{Dip te r a :  T a c h i n i d a s ) .  

3, Aerial d r i f t  o f  f i r s t - i n s t a r  l a r v a e ,  

The re  was no  e v i d e n c e  t h a t  f i r s t - i n s t a r  RZ naevana  drift. 

a s  do l a r v a e  of t h e  o t h e r  t o r t r i c i d  s p e c i e s ,  T h e  e a r l y - s e a s o n  

drift (Pig- 7) was of l a r v a e  o f  &, rosanus, T h e  peak drift i n  

late July a n d  early August c o r r e s p o n d e d  t o  d r i f t  of 

f i r s t - i n s t a r  G, r o s a c e a n a  i n  b l u e b e r r y  (F igs ,  4 ,  5 ) -  However, 



Fig. 7 Total numbers of ae r i a l  d r i f t ing  f i r s t - ins ta r  

leaf ro l ler  larvae caught per week on 5 traps 

i n  a  cranberry f ie ld  a t  s i t e  2 from March 16 

t o  August 31, 1981. 
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B l a c k - h e a d e d  f i r e u o z m  a d u l t s  a re  weak f l i e r s  { P l a n k  1922) 

a n d  t h u s  would no t  s p r e a d  fa r  from t h e  f i e l d  i r r  wh ich  t h e y  

emerged,  B o r e o v e r ,  t h e  s p e c i e s  h a s  few, i f  a n y ,  a l t e r n a t e  

h o s t s  ( a r e a k e y  1960) ,  s o  few a d u l t s  would  e m e r g e  f r o m  p l a n t s  

s u r r o u n d i n g  t h e  bogs t o  r e - i n f e s t  a bog o n c e  i t  h a d  been 

c o n t r o l l e d ,  T h u s ,  t h e r e  is a p o t e n t i a l  f o r  p e s t  managemeat  o f  

c r a n b e r r y ,  b a s e d  o n  this s p e c i e s ,  O n c e  an e c o n o m i c  t h r e s h o l d  

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

s p r a y  o r  n o t ,  Numbers o f  e g g s  on l e a v e s  cr numhtess of adults 

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

i n d i c a t o r s .  

B e c a u s e  of t h e  damp and hunid nature of c r a n b e r r y  bogs 

Bacillus thurimiensis o r  o t h e r  m i c r o b i a l  c o n t r o l  a g e n t s  might ---- --- ----- 
be  e f f e c t i v e  a g a i n s t  t h e  f i r eworm.  

SECTION C, LEAFROLLERS ON RASPBERRY 

MATEBI ALS ANC NETHODS 

S u r v e y  techniques -- 

L e a f r o l l e r  l a r v a e ,  p u p a e  a n d  p a r a s i t e s  uere c o l l e c t e d  

from r a s p b e r r y  a t  3 week i n t e r v a l s  from A p r i l  23 t o  August 25, 

1980, at sites 11 a n d  12, S a m p l e   lot l a y o u t  a n d  s a m p l i n g  

t e c h n i q u e s  were as  d e s c r i b e d  for b l u e b e r r y ,  L a r v a e  were 

c o l . l e c t e d  a t  s i te 13 a t  3 week i n t e r v a l s  f r o m  J u n e  3 t o  

S e p t e m b e r  1 a n d  r e a r e d  for i d e n t i f i c a t i o n ,  T h r e e  o t h e r  

cum~~ercial. r a s p b e r r y  f i ~ l d s  were v i s i t e d  i n  A p r i f  1980. 
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A t  s i te  1 3  i o  1981, l a r v a e  were c o l l e c t e d  a t  3 w e e k  

intervals f rom A p r i l  2 1 t o  September  1 as  i n  1380, On t h e  same 

d a t e s  l a r v a l  p o ~ u l a t i o n s  were sampled on 2 v a r i e t i e s ,  

Willamette and  68-28/54, These  v a r i e t i e s  e a c h  were p l a n t e d  i n  

8 p l o t s  of 5 p l a n t s -  Samgles  were t a k e n  by randomly  s e l e c t i n g  

2 c a n e s  f rom e a c h  p l o t  and  c o l l e c t i n g  all t h e  l e a f r o l l e r s  o n  

each cane,  Since e a c h  l pant was pruned t o  about 5 c a n e s ,  

l a r g e r  s a ~ p l e s  would h a v e  i n c r e a s e d  t h e  p r o b a b i l i t y  of 

r e - sa i ap l ing  a c a n e  i n  s u b s e q u e n t  v i s i t s ,  L a r v a e  were i s o l a t e d  

a c c o r d i n g  t c  p l c t  and  identified, 

Survey  p l o t s  ( s e e  r e s e a r c h  sites) were: 

S i t e  11, a b o u t  20 h a  o• ’  r a s p b e r r y  cv-  k?illamette, s p r a y e d  

r e g u l a r l y  2 plats ,  one p l o t  near centre ( A )  one  p l o t  near e d g e  

( 3 )  i n  Lang ley  

S i t e  12, a b o u t  0-5 ha of r a s p b e r r y ,  c,v- klillametZPe, sprayed 

r e g u l a r l y ,  Lang lep  

S i t e  13, a b o u t  0-5 ha o f  r a s p b e r r y ,  n i x e d  v a r i e t i e s ,  n o t  

s p r a y e d ,  A l d e ~ g r o v e ,  

C a l c u l a t i c n  of =a o_g p a r a s i t i s m -  ------ 

Rates o f  ~ a r a s i t i s m  were c a l c u l a t e d  a s  d e s c r i b e d  i n  

s e c t i o n  A, 

D r i f t  of f i r s t - i n s t a r  l a r v a e  was mon i to red  a t  s i t e  13 

from Harch 17 t o  September 8, 1981, T r a p s  a s  described for 



blusberry  were set 2 m above  ground, 20 m a p a r t ,  F i v e  traps 

were set  o u t  and  t h e  catch of l a r v a e  c o u n t e d  weekly, 

BESOLTS AWD DISCUSSION 

1, Abundacce o f  l e a f r o l l e r s  on r a s p b e r r y ,  

S u r v e y s  o n  r a s p b e r r y  a t  3 s i t e s  i n  1980 ( T a b l e  1 Y )  showed 

l e a f r o l l e r s  t o  be r e l a t i v e l y  uncoamon, A t  a l l  s i tes peak  

p o p u l a t i o n s  o c c u r r e d  ol; A p r i l  23-  I n  l a t e  A p r i l ,  1980, 

inalathion was s p r a y e d  o n  a l l  f i e l d s  f o r  t h e  western r a s p b e r r y  

f r u i t w o r m ,  Bytqt b a k e r i  (Barber) { C o l e o p t e r a :  B y t u r i d a e ) .  

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

After a n o t h e r  w a l a t h i o n  s p r a y  f o r  B, baker i  i n  mid-June, 1380, 

n o  l e a f r o l l e r s  %ere seen on r a s p b e r r y ,  

The p r e d o m i n a n t  s p e c i e s  (62%) on A p r i l  23, t 980, at: a l l  

s i t e s  was QI bruc_eq_ta. Also c o l l e c t e d  were g, ur t ica r ia ,  

Acf e r i s  c o m a r i a n a  ( Z e l l , )  [Lep idop te ra :  T o r t r i c i d a e )  , C_, -- ---- 
r o s a c e a n a ,  a n d  I 3 e r ~ e t o ' ~ r a m m p  ~ e r t e x t a 1 . i ~  (Led-) { l e p i d o p t s r a :  

P y r a l i d a e ) ,  After A p r i l  23, 87-5% of larvae c o l l e c t e d  a t  a l l  

s i tes  were 2% p f t e x t a ~ ~ ~ -  

No l a r v a e  were found i n  2 o t h e r  c o m ~ e r c i a f  fields v i s i t e d  

on A p r i l  23 an3 flay 14, 1380, 

A t  s i t e  13 b u l k  c o l . l e c t i o n s  were made from J u n e  3 to 

August 25. T h i s  e x p e r i m e n t a l  field had never been  sp rayed ,  

L e a f r o l l e r s  were r e l a t i v e l y  e a s y  t o  f i n d ,  a l t h o u g h  n o t  ccmroon 
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Table 14  Popula t ions  of  l e a f r o l l i n g  l a r v a e  on 
r a s p b e r r y  a t  3 s i t e s  i n  t h e  Lower Frase r  
Val ley  i n  1980. Mean number of l a rvae /p l an t  
(s tandard d e v i a t i o n )  n=10. 

DATE SITE 

A p r i l  23 0.9 (0.74) 1.7 (0.88) 0.5 (0.85) 

MY 4 0.2 (0.42) 0.3 (0.48) 0 

June 3 0.2 (0.42) 0 0.1 (0.32) 

June 2 4  0 0 0 

J u l y  15  0 

August 2 5  0 



by compar i son  v i t h  o t h e r  crops e,g, s i t e  1, 

I n  1981 samples were t a k e a  f r o n  2 v a r i e t i e s  of r a s p b e r r y  

a t  s i te  13, Again, p o p u l a t i o n s  were h i g h e s t  i n  A p r i l  a n d  t h e r ,  

d e c r e a s e d  (Tab le  I S ) ,  9 e r o ~ h t e r a  b r u c e a t a  comgrised 56% of 

the l a s v a e  c o l l e c t e d  i n  April.. The m a j o r  d i f f e r e n c e  •’ram 1'380 

was t h a t  4, g e r t e x t a l i s  d i d  n o t  form s u c h  a  l a r g e  p r o p o r t i o n  

of l a r v a e  i n  7381, Although s a m p l e  u n i t s  were d i f f e r e n t  

( l a r v a e ( p l a ~ t  i n  1980, l a r v a e / 2  canes i n  1981) t h e  s a m p l e s  can  

be compared by m u l t i p l y i n g  t h e  1981 means b y  3 t o  y i e l d  

raeansJ6 c a n e s ,  r o u g h l y  t h e  number of c a n e s  -to which c o a m f r c i a l  

r a s p b e r r y  p l a n t s  a r e  pruned,  It is then quite o b v i o u s  t h a t  

p o g u l a t i o n s  a t  s i t e  13 i n  198'1 (Table 15) were much h igher  

t h a n  t h o s e  a t  sites IIA,  173 aad 92 i n  I380 ( T a b l e  1 Y ) .  

Operalitera g ~ u c e a t a  f e d  e x t e n s i v e l y  cr, f l o w e r  b u d s  of 

r a s p b e r r y ,  and was Eound most often i n  t h e  t i p s  of s p r o u t i n g  

l a t e r a l s  i n  a p r i l  and e a r l y  May, By May 25 a11 f l o w e r  buds  had 

grown beyond  the s h e l t e r  o f  l e a v e s  on t h e  la tera ls ,  and no 

l a r v a e  o f  a n y  species were o b s e r v e d  f e e d i n g  on f l o w e r s  past 

this date- 

Wine s p e c i e s  of l a r v a e  f e d  i n  l e a f r o l l s  on r a ~ p b e r r y  i n  

I981 ( T a b l e  1 6 ) -  O f  t h e s e ,  6 weze T o r t r i c i d a e ,  2 of which, &is 

c o m a r i a n a  a n d  m s g g s ,  a r e  i n t r o d u c e d -  In compar i son ,  7 o f  

the. 15  s p e c i e s  on b l u e b e r r y  a re  i n t r o d u c e d ,  rPAile t h e  n u a b e r  

of s p e c i e s  found  on r a s p b e r r y  was l o w e r  t h a n  t h a t  on 

b l u e b e r r y ,  t h e  r a n g e  a n d  s i z e  of c o l l e c t i o n s  was much s m a l l e r  



Table 1 5  Popu la t ions  of  l e a f r o l l i n g  l a r v a e  on 2  
v a r i e t i e s  of r a s p b e r r y  a t  s i te  13.  Mean 
l a r v a e  p e r  2  f r u i t - b e a r i n g  canes  (Standard 
d e v i a t i o n )  n=8. 

VARIETY * 
DA TE 68-20/54 W i  l lamette 

A p r i l  21, 1981 1.6 (2.13) 1.1 (1.13) 

May 12,  1981 0.5 (0.76) 0.9 (1.10) 

May 16 ,  1981 0.4 (0.52) 0.3 (0.46) 

June 16 ,  1981 0.1 (0.35) 0.4 (0.74) 

J u l y  7 ,  1981 0  0  

J u l y  28, 1981 - - 

*Dash i n d i c a t e s  v a r i e t y  no t  sampled. 
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b e c a u s e  o f  the e m p h a s i s  o n  t h e  u s e  o f  insecticides in t h e  

c u l t u r e  o f  r a s p b e r r y ,  

2 ,  B i o l o g y  o f  major  s p e c i e s .  

The f i f e  h is tor ies  o f  &, ~ q q p g s ,  A, = g g y s g g @ u s t  4, 

al len iana  B urticaria and  b r u c e a t 2  do  riot d i f f e r  o n  ,,--a -: ------ 
r a s p b e r r y  from t h o s e  d e s c r i b e d  i n  s e c t i o n s  A and  D, T h e  l i f e  

history aod b i o l o g y  of A, c o m a r i a n a  a r e  d i s c u s s e d  i n  s e c t i o n  

D, as s t r a w b e r r y  is  its major  host, Its l i f e  c y c l e  is 

i d e c t i c a l  on r a s p b e r r y  and s t s a u b e r r y ;  there are 2 

g e n e r a t i o n s ,  t h e  f i r s t  from o v e r w i n t e r i n g  e g g s  which h a t c h  i n  

tttid-April, and t h e  s e c o n d  i r o n  e g g s  l a i d  i n  J u l y -  

On Augus t  7, 1980, 37,5X of  A& comari.a.a l a r v a e  were 

p a r a s i t i z e d  by Copidosoma sp,  f H  ymenoptera:  E n c y r t i d a e )  , On 

Play 2 5 ,  1981, 50% of t h e  l a r v a e  %ere  p a r a s i t i z e d  by  this 

s p e c i e s ,  

C h o r i s t c n e n r a  r o s a c e a n a  on r a s p b e r r y  is  b i v o l t i n e ,  
--I----- ---I_- 

whereas  o n  b l u e b e r r y ,  l a r v a e  from e g g  masses  l a i d  i n  J u l y  

enter d i a p a u s e  and o v e r v i n t e r ,  On r a s p b e r r y  a t  l e a s t  s o a e  of 

these l a r v a e  d e v e l o p  t o  a d u l t s  i n  August, L a r v a e  from e g g  

masses l a i d  b y  t h e s e  f e m a l e s  o v e r u i n t e z ,  

P h a t o ~ e r i o d  is t h e  most i m p o r t a n t  f a c t o r  d e t e r m i n i n g  

d i a p a u s e  i n  g, r o s a c e a n a  (Chapman and  E i e n k  19711, and  a 
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p h o t o p h a s e  o f  >36 h i n d u c e s  c o n t i n u o u s  breeding (Chapman, 

L i e n k  a n d  Dean 1968). Some l a r v a e  m y  h a t c h  a n d  m a t u r e  o n  

r a s p b e r r y  b e f o r e  t h e  d i a g a u s e  i n d u c i n g  p h o t o p h a s e  of < 1 6  h is 

reached, A l t e r n a t i v e l y  o r  a d d i t i o n a l l y  t h e  q u a l i t y  of 

r a s ~ b e r r y  a s  f o o d  may b e  s u c h  that l a r v a e  m a t u r e  faster t h a n  

on k l u e b e r r y ,  o r  t h e  q u a l i t y  of t h e  food m i g h t  o v e r r i d e  t h e  

d i a p a u s e - i n d u c i n g  p h o t o p h a s e ,  T h e r e  is some e v i d e n c e  t h a t  the 

q u a l i t y  o r  amount  of f o o d  c a n  i n f l u e n c e  d i a p a u s e  {Chapman 

1971) b u t  n o n e  a v a i l a b l e  t h a t  h i g h  q u a l i t y  o r  q u a n t i t y  o f  food 

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

induces d i a p a u s e  i n  a d u l t  C o l o r a d o  p o t a t o  b e e t l e ,  b u t  f e e d i n g  

on new f o l i a g e  d i d  n o t  overcome t h e  d i a p a u s e - i n d u c i n g  

p h o t o p h a s e  ( D a n i l e v s k i i  l 9 6 5 ) ,  F i n a l l y ,  warm and sunny  weat h e r  

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

As or, b l u e b e r r y ,  A J ~ S ~  s i r n p l i c i p e s  was t h e  most 

importank p a r a s i t e ,  P a r a s i t i s m  was 

t h e  f i r s t  g e n e r a t i o n  a t  site 13 i n  

s im~l ic ipes ,  which was also r e a r e d  - 
g e n e r a t i o n .  

ii. Her wtograrnlsa per t e x t a l i s  

Z a r v a e  of pertexta&l.;_s were 

J u n e ,  a n d  p u p a t e d  i n  e a r l y  t o  l a t e  

i n  t h e  r a n g e  of 5 t o  10% i n  

1981, i n a i n l y  b y  &= 

from l a r v a e  o f  t h e  s e c o n d  

(Led, ) 

f o u n d  i n  Way and e a r l y  

J u n e ,  A d u l t s  emerged  i n  the 

l a b o r a t o r y  i n  l a t e  J u n e  and  e a r l y  J u l y ,  b u t  none was observed 

f l y i n g  in r a s p b e r r y  f i e l d s -  The mode of overwintering i s  

unknown, T h e  s p e c i e s  i s  b i v o l t i n e  i n  Hew Yosk (Forbes  1923) -  



One l a r v a  was p a r a s i t i z e d  by a T r i c l i s t i s  sp,. 

(Hymenopera: I c h n e u m o n i d a e )  w h i c h  emerged f rom a h o s t  p u p a  i n  

1980, A p u p a  o f  fl, p e r t e x t a l i g  collected on June  16, 1 9 8 0  was 

p a r a s i t i z e d  by P h a e m e n e s  cacoeciae Vies, [Hymenoptera: 

fchneumonidae) , 

3, Aerial  d r i f t  o f  f i r s t - i n s t a r  l a r v a e ,  

No l a r v a e  Mere c a u g h t  on t r a p s  i n  the s p r i n g -  S i x  l a r v a e  

were caught i n  J u l y  aod August ,  c o s r e s p o n d i n g  i n  time w i t h  

d r i f t  o f  f i r s t - i n s t a r  g, rosaceania i n  b l u e b e r r y  [Figs, 4 ,  5)- 

It  a p p e a r s  that p o p u l a t i o n s  are s o  low i n  r a s p b e r r y  t h a t ,  5 

traps were n o t  a d e g u a t e  t o  assess d i s p e r s a l  of l a r v a e ,  

4, S i g n i f i c a n c e  of l e a f r c l l e r s  on r a s p b e r r y *  

On t h e  b a s i s  of a q u e s t i o n n a i r e  s e n t  t o  r a s p b e r r y  growers 

i n  the Lower F r a s e r  V a l l e y ,  B,C,, Xoddick (1979) c o n c l u d e d  

t h a t  " l e a f r o l l e r s + V  %ere n o t  p e r c e i v e d  a s  a m a j o r  p rob lem-  The  

most s e r i o u s  c o n c e r n  was t h a t  l a e c h a n i c a f  picking may d i s l o d g e  

larvae a l o n g  w i t h  t h e  picked f r u i t ,  w h i c h  c a n  reduce fruit 

s t a n d a r d s ,  

The c u r r e n t  o b s e r v a t i o n s  o n  I saf ro l lers  on r a s p b e r r y  

confirm t h e s e  c o n c f u s i o n s  t o  some e x t e n t ,  However,  t h e r e  are  

scme o b s e r v e d  and h i s t o r i c a l  c o n s i d e r a t i c n s  which s h o u l d  

t e t a p e r  t h a t  o p i n i o n ,  

The Bruce spanworm, Qz b r u c e a t a ,  w h i l e  n o t  a l ea f ro l l e r  
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in t h e  t r u e  sense, is p e r c e i v e d  b y  g r o w e r s  a s  s u c h -  The e a r l y  

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

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

f o r  o t h e r  s p e c i e s ,  Also, t h e  l a r v a e  feed on f l o w e r  clus",rrs 

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

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

a p p l y  a n y  c c n t r o l s ,  R h i l e  n o  r e c o r d s  were f o u n d  of 2, b r u c e a t a  

l a r v a e  c a u s i n g  Z o s s e s  i n  r a s p b e r r y ,  s e r i o u s  d e f o l i a t i o n  of 

o t h e r  host p l a n t s  h a s  been noted [Brown 1362; McElullen 1973) - 
The o b l i q u e - b a n d e d  l eaf ro l le r ,  & r c s saceana ,  h a s  been a 

s e r i o u s  problem on r a s p b e r r y  i n  O r e g o n  (Schuh  a n d  Elote l f 4 8 ) ,  

a n d  c o u l d  become so in B r i t i s h  Columfiia ,  S p r a y s  for w e s t e r n  

r a s p b e r r y  f r u i t  wora p r o k a b l y  p r e v e n t  s e r i a u s  p r o b l e m s  n i t h  ct 
r o s a c e a g q ,  a l t h o u g h  s i t e  13, w h i c h  was u n s p r a y e d ,  d i d  n o t  h a v e  

a n y  o b v i o u s  probleas w i t h  this s p e c i e s ,  On the o t h e r  hand, 

Schuh  a n d  Hate 17948) found  t h e  most s e r i o u s  daraage t o  be b y  

f irs t  t o  fifth-instar l a r v a e  of t h e  summer g e n e r a t i o n  f e o d i n g  

i n  t h e  c u p s  o f  t h e  r i p e  f r u i t ,  P o s s i b l y  the presence o f  

feeding l a r v a e  a n d  r i p e  f r u i t  d o e s  not c o i n c i d e  i n  

s o u t h - w e s t e r n  B r i t i s h  Columbia.  

One p o s s i b l y  i m p o r t a n t  s p e c i e s ,  co~ar ianc i ,  h a s  n o t  

b e e n  p r e v i o u s l y  r e p o r t e d  on raspberry, I n  E u r o p e ,  uhere i t  ise 

a p o s t  of s t r a w b e r r y  (Alfora 1975), i t  is n o t  known t o  o c c u r  

on b l a c k  (31: red r a s p b e r r y  ( D - V ,  A l f s r d ,  ADAS, B r o c k l a n d s  

Avenue, C a m b r i d g e ,  E n g l a n d ,  pers, comm,), I n  ~ o s t  y e a r s  l a r v a e  



on r a s p b e r r y  i n  B r i t i s h  Columbia woul3 b e  killed b y  t h e  

f r u i t  rorm s p r a y s ,  X i  some s p r a y s  were e l i m i n a t e d ,  second  

generation l a r v a e  o f  t h i s  b i v o l t i n e  species n t i g h t  be pests a t  

h a r v e s t  kime, 

SECTIOW O, LEAPROLLERS CM STRAWBERRY 

HATERIALS A N D  BETBDDS 

S u r v s  &~&&yueg - 

In 1980 PeafroPliag l a r v a e  were c o l l e c t e d  frcm strawberry 

a t  3 week intervals from A p r i l  22  t o  August 21) a t  sites 9, 10, 

11 and 12, An a d d i t i o n a l  s a m p l e  was made a t  site 3 on A p r i l  

15, Sites 11  a n d  12 were n o t  sampled a f t e r  J u n e  26 because the 

f i e l d s  and  s a i a ~ l e  p l o t s  were glowea unde r -  

Ten s a m p l e s  were c o l l e c t e d  a t  each visit, A l l  l a r v a e  and  

a l l  pupae of  l e a f r o l l i n g  l a r v a e  were c o l l e c t e d  f rom 10 1 m 

s e c t i o n s  of row c h o s e n  randomly from w i t h i n  a 10 row b y  30 rn 

sam~1 .e  axes, R sampled 1 m was n o t  re-sampled,  L a r v a e  a n d  

pupae  were r e a r e d  f o r  i d m t  i f i c a t i o n  and  g a r a s i  t i s m ,  

P l o t s  (see research s i t e s )  were: 

S i t e  9, a b o u t  4 ha, Richmond, B-C, ;  b o r d e r e d  by o v e r g r o v n  

p a s t u r e  a n d  d e c i d u o u s  forest; no i n s e c t i c i d e s  i n  1980, 

S i t e  10, a b o u t  8 ha,  Richmond, B,C, ; b o r d e r e d  by p a s t u r e ,  

s p r a y e d  i n  1980, 

S i t e  11, about 15 ha,  Langley,  0 - C , ;  b o r d e r e d  by deciduous 





Fig. 8 Approximate locations in a strawberry field 

at site 9 from which samples were taken on 

April 20, 1980, to investigate within-field 

distribution of leafroller larvae feeding 

on strawberry. 
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Table 1 7  Popula t ions  of  l e a f r o l l e r  l a r v a e  on s t r a w b e r r y  
a t  4  si tes i n  t h e  Lower F r a s e r  V a l l e y  i n  1980. 
Mean l a r v a e  p e r  1 m of  row ( s t anda rd  d e v i a t i o n )  
n=10. * 

DATE SITE 9 SITE 10 SITE 11 SITE 12 

A p r i l  22 4.7 (6 -70) 0  0  0.5 (0.53) 

May 13 28.0 (10.77) 0  0  0.3 (0.68) 

June 4 3.8 (2 -78) 0  0  0.6 (0.70) 

June 26 0.2 (0.42) 0  0  0  

July  16 5.8 (2 -66) 0  -- .-- 

August 8 18.8 (4.57) 0  -- -- 

August 20 13 - 4  (5 -25) 0  -- -- 

* aash i n d i c a t e s  site no t  sampled. 



s a m ~ l e  p l o t s  o r  b y  s e a r c h i n g  large a r e a s -  Both sites were 

s p r a y e d  e a r l y  i n  t h e  s e a e o n ,  s i t e  10 f o r  a p h i d s  a n d  site 11 

f o r  r o o t  w e e v i l ,  A t  s i t e  12 a few l a r v a e  of & c o a a r i a n a  and  

C, r o s a c e a n a  were found ,  By J u n e  26 a d u l t s  of bo th  s p e c i e s  - ------- 
were s e e n ,  a n d  t h e  f i e l d  was plowed u n d e r  s h o r t l y  t h e r e a f t e r -  

Site 9 was n o t  s p r a y e d  i n  1980 or  p o s t  h a r v e s t  i n  7979, 

C o n s e q u e n t l y  l a r v a l  p o p u l a t i o n s  b e c a a e  q u i t e  high ( T a b l e  17, 

18) , A t  the peak on  Hay 13, t h e r e  were 28-0 l a r v a e  p e r  1 m of 

row. 

Only four t o r t  r i c i d  s p e c i e s  were c o l l e c t e d  o n  s t r a w b e r r y .  

In order of abundance  they were: & camr ianq ,  4, a l f e n i a n h ,  

0, urticaria and g, r o s a c e a n a ,  Only & coenar ianq i s  i n t r o d u c e d -  - --- 
2, B i o l o g y  of Hajor s p e c i e s ,  

Rcleris c o m a r i a n a  (ZeP1,) - --- -------- 

Acleris c o m a r i a n a  gas t h e  most a b u n d a n t  s p e c i e s  i3  a l l  --- --I_ 

c o l l e c t i o n s  but t h e  ea r l i e s t  (Table 18)  , Hatch  a p p a r e n t l y  

s tar ted  b e f o r e  A p r i l  15, a n d  c o n t i n u e d  u n t i l  a f t e r  & p r i l  22. 

Peak  p o p u l a t i o ~ s  were s e e n  on Hay 13, most l a r v a e  had p u p a t e d  

by J u n e  4,  and a d u l t s  n e r e  s e e n  on J u n e  26, L a r v a e  of the 

second  g e n e r a t i o n  a p p e a r e d  o n  J u l y  4, and  had  begun t o  p n p a t e  

on August 20- 

Aclesis c o m a r i a n q  was first r e p o r t e d  i n  N o r t h  America i n  

1972 a s  a  p e s t  o f  s t r a w b e r r y  and r a s p b e r r y  i n  Richmond, B-C, 



83 
Table 18 Spec ies  of  T o r t r i c i d a e  c o l l e c t e d  from s t r awber ry  

a t  s i t e  9 i n  1980. Mean l a r v a e  p e r  1 m o f  row. 
n=10. 

SPECIES * 
DATE A c l e r i s  Aphelia Chor i s toneura  Badebecia 

comariana a l l e n i a n a  rosaceana  u r t i c a n a  

A p r i l  1 5  

A p r i l  22 1.9 0.6 - 0.4 

May 13 16.5 0.4 - 0.1 

June 4 2.8 0.4 - - 

J u l y  4 4.9 0.9 - - 

August 8 17 -0  1 .4  - - 
August 2 0 9.3 3 .O - - 

* dash  i n d i c a t e s  t h i s  s p e c i e s  n o t  r e a r e d  from c o l l e c t i o n s  
on t h a t  d a t e .  



(Gram 1973) , It now o c c u r s  on s t r a w b e r r y  and  r a s p b e r r y  

t h r o u g h o u t  t h e  Zower F r a s e r  V a l l e y  of B-C. but h a s  n o t  y e t  

been r e c o r d e d  e l s e w h e r e  in Morth America- 

Tt is  f o u n d  iw Europe, C h i n a , a n d  J a p a n ,  and is  a p p a r e n t l y  

n a t i v e  t o  E u r o p e  ( B r a d l e y  92, 1 9 7 3 )  - I t  is a p e s t  of  

s t r a w b e r r y  in E n g l a n d  ( A l f o r d  1975, 1976b; Vernon 1971; 

P e t h e r b r i d g e  1920) a n d  Hungary (Balazs  a n d  Bodor 1969), Harsh 

c i n q u e f o i l ,  . P o t e n t i l l a  ~ ~ & ~ s t r u s  (L.) , is t h e  main  w i l d  host 

p l a n t  i n  Eagland [Vernon 1971)- 

Acleris c o m a r i a n a  was a s e r i o u s  p rob lem io Bichmond, 3.C- ---- ----- 
s t r a w b e r r y  p l a n t i n g ~  when i t :  was f i r s t  d i s c o v e r e d  [Cram 1973). 

fn B r i t a i n  it is a n  o c c a s i o n a l  b u t  s o m e t i m e s  s e r i o u s  pest 

{ALford 1975) .  Bcleris p m a r i a n a  l a r v a e  p r e f e r  l e a v e s  t o  

f l o w e r s  o r  d e v e l o p i n g  f r u i t l e t s  (81 f o r d  3 9753 , T h i s  p r e f e r e n c e  

was a lso  c b s e r v e d  a t  s i t e  9 ,  where  v e r y  f e n  l a r v a e  were 

a s s o c i a t e d  v i t h  flowers or  fruits, Those  t h a t  were o b s e r v e d  

had  webbed t h e  flower petals t o  t h e  i m m a t u r e  g r e e n  berries, 

b u t  n o  o b v i o u s  feeding damage was o b s e r v e d  o n  t h e s e  b e r r i e s ,  

R l f o r d  (1  97Sb) o b s e r v e d  n o  effect o n  yield a t  d e n s i t i e s  o f  up 

to 6-55 f a r v a e / m  of row, 

D e n s i t i e s  of u p  t o  28 l a r v a e / m  of row p r o d u c e d  no o b v i o u s  

damage t o  berries o r  yield i n  t h e  s u r v e y  p l o t  a t  s i te 9, i-e- 

t h e  v i s i b l e  i m ~ r e s s i o n  o f  t h e  f i e l d  was t h a t  t h e r e  were inany 

berries and t h a t  v e r y  f e w  were damaged or deformed ,  B e c a u s e  s o  

few l a r v a e  f e e d  o n  flowers a n d  f r u i t s ,  t h e  o b s e r v e d  d e n s i t i e s  
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were & r o b a b l y  a l so  w i t h i n  e c o n c m i c  limits, A t  no  time d u r i n g  

e i t h e r  g e n e r a t i o n  d i d  t h e  f i e l d  B I J ~ G  d e f o f  i a t e d .  

Acleris c o ~ a r i a n a  was more f r e q u e n t l y  a p r o b l e m  i n  wet ---- ---- 
lowland areas t h a n  u p l a n d s  d i s t r i c t s  o f  E ~ i t a i n  (Yern3n 3 97 1). 

P o t e n t i l l a  palustr is  [L,), marsh  c i n q u e f o i l ,  was a  f r e q u ~ n t  ---- ------- 
w i l d  h o s t  t h e r e ,  A l t h o u g h  co s p e c i e s  of P o t e n t i u q  were 

o b s e r v e d  i n  o r  a r o u n d  s i te  9,  it was close t o  areas where  they 

m i g h t  grow, p a r t i c u l a r l y  t o  the Richmond N a t u r e  Preserve which 

is  p r e d o m i n a n t l y  boggy fowland,  L a r v a e  o f  A, c o m a z i a n a  were 

c o l l e c t e d  frola a l i r a e a _  EF-, Rubus  sp, a n d  Malus  s p a  b o r d e r i n g  

site 9, It is p o s s i b f e  t h a t  A, ~ g a r i a n a  may f o l l o w  t h e  same 

p a t t e r n  a s  i n  B r i t a i n ,  a n d  n o t  becoffle a p r o b l e a  i n  t h e  d r y e r  

s t r a w b e r r y  g r o w i n g  areas of L a n g l e y  and B b b o t s f o r d  where it: 

now occurs. 

Acler i~  c m i a r i a n a  was h e a v i i  y p a r a s i t i z e d  ( T a b l e  1 3 ) ,  

m o s t l y  by g o ~ i d ~ , o g a  s p ,  (Hymenoptera :  E n c y r i t i d a e ) .  A 1 1  

W i d o s o ~ p  spp, are p o l y e n b r y o n i c  a n d  p a r a s i t i z e  t h e  egg s t a g e  

of t h e i r  h o s t s ,  e m e r g i n g  f rom t h e  f i n a l - i n s t a r  larva  ( C l a u s e n  

1940) , The a p p a r e a t  d i f f e r e n c e  ir. p r a  sitism rates over t h e  

s e a s o n  is , p r o k a b l y  d u e  t o  h i g h e r  m o r t a l i t y  i n  p a r a s i t i z e d  

l a r v a e  t h a n  u n p a r a s i t i z e d  l a r v a e -  The  mos t  r e a l i s t i c  r a t e  i s  

therefore the l a s t  one f o r  e a c h  g e n e r a t i c n ,  67-  9 a n d  67- 7X, 

which was when l a r v a e  were m a t u r e  a n d  s u f f e r e d  the l e a s t  

m o r t a l i t y -  



Table 19 Percentage parasitism of larvae of Acleris 
comariana on strawberry at site 9 in 1980. 

- - -- 

SPECIES * 
DATE Copidosoma Microqaster Nemorilla OTHER TOTAL 

April 15 - * 
April 22 15.8 

May 13 28.5 

June 4 67.9 

June 2 6  - 
July 16 34.7 

August 8 57.1 

August 2 0 67 -7 

* dash indicates species not reared from samples on 
that date. 



B i c r a a s t e r  --- - 
first g e n e r a t i o n  

sp, (Hymenoptera: B racon idae )  p a r a s i t i z e d  

T a c h i n i d a e )  E a r a s i t  i z e d  second  g e n e r a  t i o n  l a r v a e .  

Eggs of gZ pyste were o b s e r v e d  on t h e  dorsum of t h e  

thorax on 10 to 20% of t h e  l a t e r - i n s t a r  l a r v a e  c o l l e c t e d ,  

These were kept s e p a r a t e  from o t h e r  l a r v a e ,  flany o f  t h e s e  

i n d i v i d u a l s  were a l s o  p a r a s i t i z e d  b y  yJopidosoma ssp,, a s  t h e y  

produced  t h e  Z a t t e z  and  n o t  t h e  fo rmer ,  A p ~ a r e r t t l y  the a l r e a d y  

r e s i d e n t  ~ i d o s m a  sp, l a r v a e  o u t c o m p e t e  t h e  l a r v a  of M, 

pystft for  p o s e s s i o r ,  o f  the hos t ,  

P a r a s i t e s  a p p e a r  t o  be a  i m p o z t a n t  i n  r e g u l a t i n g  

p o p u l a t i o n s  of A, c o m a ~ i a n a -  I n  B r i t a i n  & cumar i ana  i s  

h e a v i l y  p a r a s i t i z e d  by  L i t o m a s t i x  G e t a s  ( V l L  ) which h a s  a 

s i m i l a r  b i o l o g y  t o  t h a t  o f  Copidosoina ssp, ( A l f o r d  1376a), 

ii, A p h e l i q  a l l e n i a n a  {fern,) 

L a r v a e  o f  & a l l e n i a n a  had emerged from t h e i r  

o v e r w i n t e r i n g  sites a n d  were g u i t e  l a r g e  by B p r i l  15- Larvae 

were still  p r e s e n t  on J u n e  4, a l t h o u g h  pupae were a l s o  f cund 

on t h a t  d a t e ,  A d n l t s  were common i n  J u n e ,  and  egg masses  were 

frequently s e e n  o n  t h e  u p p e r  s u r f a c e s  of t h e  s t r a w b e r r y  

l e a v e s ,  F i r  s t - instar  l a r v a e  were found  f e e d i n g  betweeri t h e  

b a s a l  v e i n s  of t h e  s t r a w b e r r y  l e a v e s ,  and i n  deserted r o l l s  on 

July Y, August  8 a n d  20, On subsec juen t  v i s i t s  i n  Septetllber, 

l a r v a e  were found i n  much the same p o s i t i o n s ,  but were 
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concealed by s i l k ,  which p robab ly  forms t h e  o v e r w i n t e r i n g  

sites. 

A ~ h e l i a  a_llesiang i s  a n a t i v e  s p e c i e s ,  d i s t r i b u t e d  f r o @  - --- 
B r i t i s h  Columbia t o  New Brunswick (Chapman and  Lienk 1 9 7 1 ) -  

Its p r i m a r y  h o s t s  a r e  c i n q u e f o i l ,  g o t e n t i l l a  recta L1 and 

b l a d d e r  c a a p i o n ,  S i l e n e  c u c u b a h s  HibeZ, ( M a r t i n  1958) , 

L a r v a e  were f o u n d  f e e d i n g  on a wide  v a r i e t y  of p l a n t s :  

Rubus spp. ( i n c l u d i n g  r a s p b e r r y ) ,  B e t u l a  spp, ,  S p i r a e q  SF+, -- 
and Vaccinium spg,  ( i n c l u d i n g  b o t h  b l u e b e r r y  and c r a n b e r r y ) ,  

Eggs were f o u n d  o n  c u l t i v a t e d  s t r a w b e r r y  only a t  site 9,  T h e  

egg mass was e x c l u s i v e l y  l a i d  on the u p p e r  surface of o l d e r  

and exposed  l e a v e s ,  l o n e  of  2 5  egg masses  c o l l e c t e d  on June 26 

was p a r a s i t i z e d ,  Ose spec imen  of P s e u d o p e r i c h e t a  e r e c t a  (Cog,) 

( D i p t e r a :  T a c h i n i d a e )  emerged from a pupa,  and  some l a r v a e  

were a p p a r e n t l y  p a r a s i t i z e d  by g i c r o q a s t e r  sp.. [Hymenoptera: 

B r a c o n i d a e )  , Nu d i s t i n c t i o n  c o u l d  b e  lnade between N i c r o q a s t e r  

~ a r a s i t e s  o f  A, comar iang ,  which o v e r w i n t e r s  a s  a n  egg ,  and 

t h o s e  p a r a s i t e s  of o t h e r  t o r t r i c i d s  which o v e r w i n t e r  a s  

l a r v a e ,  A t  least some M i c r o q a s t e r  s p p p  a x e  e g g - l a r v a l  

~ a r a s i % e s  ( C l a u s e n  ?94O),  so t h e r e  a c t u a l l y  may b e  two s p e c i e s  

i n v o l v e d ,  o n e  o v e r w i n t e r i n g  i n  5, p m a r i a n a  eggs and t h e  other 

i n  l a r v a e  of & ptkeniana and  other s p e c i e s ,  

. 3, D i s k r i k u t i o n  of l a r v a e  i n  f i e l d  

T h e  mean number of larvae/ iu  of row was s i g n i f i c a n t l y  



8 9 

d i f f e r e n t  i n  the d i f f e r e n t  p l o t s  ( P i g -  8 T a b l e  20) - P l o t s  on 

t h e  e d g e  of t h e  f i e l d  g e n e r a l l y  c o n k a i n e d  more l a r v a e  than 

t h o s e  i n  t h e  c e n t r e ,  T h e  west e d g e ,  v h i c h  was c l o s e s t  t o  t h e  

Richmcnd Ha t u r e  P r e s e r v e ,  h a d  t h e  highest nusbers of l a r v a e ,  

The n o r t h  a n d  s o u t h  e d g e s  h a d  t h e  next h i g h e s t  p o p u l a t i o n s ,  

The n o r t h  e d g e  was n e x t  to a former s t r a w b e r r y  f i e l d ,  p lowed  

under t h a t  s p r i n g ,  a n d  t h e  s o u $ h  edge b o r d e r e d  on an abandoned  

a r E a  of S G ~ P ~ ,  x ia in ly  of Rubus  s p p , ,  @&g& s p p ,  l??pu5us 

t r i c h o c a -  a n d  Spiraea s p p I  The eas t  ease had t h e  l o w e s t  

p o p u l a t i o n s  o f  t h e  edge p l o t s ,  a n d  t h e s e  were n o t  d i f f e r e n t  

from those i n  any of t h e  centre p l o t s ,  T h i s  edge was next t o  a 

major highway,  a n d  t h e r e  were v e r y  few lcw shrubs b e t w e e n  i t  

a n d  t h e  highway. 

I n  a l l  p l o t s  A, c_gmaciana comprised more t h a n  90% of t h e  

l a r v a l  p o p u l a t i o n ,  a n d  a s  much a s  33% orz t h e  west edge,  It was 

t h e  s p e c i e s  that v a r i e d  i n  numbers  w h i l e  t h e  o t h e r  s p e c i e s  

r a n g e d  from 3 t o  5 l a r v a e  p e r  ~ f o t ,  

The d i s t r i b u t i o n  of & c o m a r i a n a  c a n  v a r y  c o n s i d e r a b l y  

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

of a l t e r n a t e  hosts, As & gmariang l a y s  i ts  e g g s  s i n g l y  a n d  

is no t  known t o  d r i f t  i n  t h e  f i r s t - i n s t a r ,  the v a r i a t i o n  i n  

l a r v a l  d e n s i t i e s  mus t  come from t h e  d i s p e r s i o n  of a d u l t s ,  fn 

3une ,  1980,  a d u l t s  o f  c o m a r i a n a  were very numerous  i n  t h e  

v i c i n i t y  of t h e  west e d g e  o f  the f i e l d  p ~ 3 s s i b l y  because of 

iuia i g r a t i o a  f rom t h e  b o r a e r i n g  Richmond N a t u r e  P r e s e r v e ,  



Table 20 Mean number o f  larvae/m o f  row and p e r c e n t  
p a r a s i t i s m  o f  A c l e r i s  comariana i n  8 p l o t s  
i n  s t r awber ry  a t  s i te  9. * 

% PARASITISM** 
IARVAE/~ mean 95% confidence l i m i t s  

PLOT mean S D  lower upper 

North Edge 13.5a 6.12 33.5a 13 -23  57 -74  
E a s t  Edge 5.4b 1 - 5 8  63.0a 29.52 90.58 
South Edge 11.5a 4.06 59.3a 49.01 69.26 
W e s t  Edge 2 1 . 4 ~  5.08 46.7a 37.65 55.94 
Centre  1 3.6b 2.50 27.9a 4.12 62.21 
Cent re  2 5.5b 2.95 24.8a 7.77 47.35 
Centre  3 4.4b 1.35 51.8a 23.71 79.28 
Centre  4 3.9b 1.52 42.4a 10.10 79.00 

*Numbers i n  t h e  same column followed b y  t h e  same le t ter  
a r e  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  (Means on ly ;  Ana lys i s  
o f  Variance:  Tukeyl s W text ;  p=0.05). 

**Retransformed means and 95% conf idence  l i m i t s  of 
a r c s i n  s q u a r e  r o o t  o f  x t r ans fo rma t ion .  



T h e  v a r y i n g  d e n s i t y  of l a r v a e  has profound i m p l i c a t i o n s  

f o r  management of t h i s  p e s t ,  D e c i s i o n s  r e g a r d i n g  c o n t r o l  

c a n n o t  be reade on t h e  b a s i s  of a n  i n s p e c t i o n  of +,he e d g e  of 

t h e  field, b u t  ~ u s t  be  b a s e d  on an e x a m i n a t i o n  of s e v e r a l  

areas within t h e  field, Growers a i g h t  b e  a b l e  to  obtain 

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

o r  areas n e a r  a l t e r n a t e  h o s t s ,  The  t e c h n i q u e  of s p f a y i n g  

resevoir p o p u l a t i o n s  h a s  been s u g g e s t e d  f o r  pests of onion i n  

the Loarer F r a s e r  V a l l e y  (Vernon 1979)-  

The i n c i d e n c e  a•’ p a s a s i t i s i n  i n  t h e  s a s i o v s  g l u t s  was & a t  

s i g n i f i c a n t l y  d i f f e r e n t  (Table 20) (Anova, p = 0 , 0 5 ] ,  s u g g e s t i n g  

t h a t  the major ~ a r a s i t e ,  Co~idosonna s p ,  , d i s t r i b u t e s  itself 

evenly over t h e  f i e l d ,  and  d o e s  no t  332s~cIId t o  h i g h e r  

c o n c e n t r a t i  c n s  o f  i ts  hos t ,  

4, S i g n i f i c a n c e  o f  leafrollers on strawberry. 

A t  most si tes,  t o s t r i c i d s  seem t o  b e  c o n t r o f f e d  by 

a p p l i c a t i o n  of i n s e c t i c i d e s  a n d  a c a r i c i d e s -  P rov ided  t h a t  she 

status and c o n t r o l  of t h e s e  o t h e r  ~ e s t s  remains t h e  same, 

l e a f r o l l e r s  s h o u l d  n o t  be  a s e r i o u s  problem. 

Timing of s p r a y s  f o r  t h e s e  other p e s t s  may b e  i m p o r t a n t -  

~ G l l e r  (1962) found t h a t  once  l a r v a e  o f  T o r t r i c i d a e  had fortneh 

rolls on s t r a w b e r r y  , i n s e c t i c i d e  a p p l i c a t i o n s  were 

c o n s i d e r a b l y  less e f f e c t i v e ,  and recommended that c o n t r o l  

ineasures  b e  t a k e n  e a r l y  i n  the s e a s o n ,  well b e f o r e  bfosscfd, 
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Acleris c o ~ a r i a n a ,  which was most a b u n d a n t  i n  t h e  
_I_-- -I__--- 

unsp rayed  site, would p r e s u n a k l y  become a b u n d a n t  a t  o t h e r  

s i t e s  i f  sFrays f o r  o t h e r  p e s t s  were s topped ,  S t r a w b e r r y  seems 

t o  tolerate h i g h  numbers  of t h i s  p e s t  b e c a u s e  it d o e s  l i t t l e  

direct damage t o  t h e  b e r r i e s ,  Ir, f a c t ,  none of t h e  t o r t r i c i d  

s p e c i e s  d i r e c t l y  damaged t h e  b e r r i e s ,  

Fou r  s p e c i e s  kaown t o  feed o n  s t r a w b e r r y  a n d  to  occur 

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

c o l l e c t i o n s l  One  i s  Cnephg& Lonqana ( R a w , ) ,  t h e  cmnivo rcus  

leaf-tier,  which h a s  been f o u n d  t u n n e l l i n g  i n  r i p e n i n g  

s t r a w b e r r i e s  i n  t h e  Lower Praser V a l l e y  (Cram and  ToaBs 1959), 

It is a n  i m ~ o r t a n t  s p e c i e s  a s  it d o e s  d o  d i r e c t  damage t o  

s t s a w b e r r  y fruit- 

Anothe r  s p e c i e s  n o t  found  was g?ychohma p h i t a n a  

( C l e m , ) ,  which f e e d s  o n  d e c a y i n g  l e a v e s  and f r u i t  io contact 

with t h e  g round  i n  Quebec  { P a r a d a i s  1975)- A t  high p o p u l a t i o n s  

it h a s  dantaged sound s t r a w b e r r y  fruit i n  C a l i f o r n i a  ( A l l e n  

$ 3 5 9 ) -  It occurs t h r o u g h o u t  s o u t h e r n  Canada (Powe l l  l 9 6 U )  - 
B n c y l i s  c a p t a n a  f x a q a r i a e  (EJ, I; R , )  a c d  Exaftema - 

o l ivaceanum (Fern , )  h a v e  both been  r e c o r d e d  a s  pests of ------ 
s t r a w b e r r y  in  ~ o u t  h-western B r i t i s h  Columbia ( N e i l s o n  1969)  , . 
b u t  n e i t h e r  was c o l l e c t e d  i n  t h e  p r e s e n t  s t u d y -  

It i s  n o t  known if t h e  a b s e n c e  o f  t h e s e  s p e c i e s  r e f l e c t s  

con  s e q u e n c e s  o f  i n t e r a c t i o n s  be tween  t o r t r i c i d  s p e c i e s ,  
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natura l  f l u c t u a t i o n s  i n  abundance,  o r  a d e c r e a s e  i n  abundance 

due to increased u s e  of insecticides for other s p e c i e s ,  

A l f o r d  (1975) notes s e v e r a l  t o r t r i c i d  species that do 

direct damage t o  strawberry i n  Britain. One of them, CZngjhasia 

interjectana (Haw,) , occurs i n  E a s t e r n  North America, where it  -- 
h a s  b e e n  recorded a s  damaging s t r a w b e r r i e s  ( T a b l e  4)- The 

i n t r o d u c t i o n  of this o r  o t h e r  s p e c i e s  c a p a b l e  of doing ai rec t  

damage to s t r a w b e r r y  could h a v e  a s e r i o u s  impact, on t h e  

British Columbia i n d u s t r y -  



CHAPTER 111- EFFECTS Of LEAFROLLERS ON B L U E B E R R Y  YIELDS 

T h e r e  are  b a s i c a l l y  two ways t h a t  l e a f r o l l e r  l a r v a e  

cause loss of y i e l d  i n  b lu eberry  p l a n t i n g s ,  One is  

d e f o l i a t i a n  causing s t ress  i n  t h e  p l a n t s  and thus loss of 

y i e l d ,  S e r i o u s  d e f o l i a t i o n  d i d  n o t  occur  i n  any of t h e  sites 

exaa ined ,  a l t h o u g h  there are r e c o r d s  of s u c h  aamage to  a a n y  

hosts by l e a f r o l l e r s  and other l e p i d o p t e r o u s  larvae (Table 

The second,  and more s e r i o u s  cause o f  damage is f e e d i n g  

on t h e  flowers, f r u i t  c l u s t e r s ,  or t h e  berries, The 

o b j e c t i v e  was to evaluate t h e  amount of damage done by  

l a r v a e  f e e d i n g  oc f l o w e r  and f r u i t  c l u s t e r s ,  

RATERIALS ANC METHODS 

'1, R e l a t i v e  numbers of larvae &q l e a f  ro l f s  & &n_ 

flower and f r u i t  clusters, -- --- -- 
The nulabers o f  larvae f e e d i n g  i n  l e a f r o l l s  and ixi 

flower and  fruit c l u s t e r s  were counted on each of 30 p l a n t s  

at s i te  1 on April. 28, May 19, June 10, June 3 0  and J u l y  3 1 ,  

1980, T h e  average number of larvae f e e d i n g  on each p a r t  of 

the p l a n t  was computed, 



T h e  r e l a t i v e  p r o p o r t i o n s  of  l a r v a e  of t h e  major s p e c i e s  

o f  l e a f r o l l e r s  on f l o w e r  and  fruit c l u s t e r s  were compared by 

c o l l e c t i n g  5 randomly  s e l e c t e d  s a m p l e s  of a p p r o x i m a t e l y  20 

l a r v a e  e a c h  f r o s  c l u s t e r s  or  l e a f r o l l s  a t  e a c h  of sites 1 ,  

2, and 6 on  A p r i l  2Q* May 4 ,  J u n e  1 and June 2 9 ,  1981, 

L a r v a e  were h a n d l e d  and, i n  soRe cases, reared f o r  

i d e n t i f i c a t i o n  as  i n  C h a p t e r  2- The p e r c e n t a g e  of e a c h  

species i n  each s a m p l e  was c a l c u l a t e d  and  a v e r a g e d  f o r  each 

g r o u p  of 5 s a n p l e s .  

The effect o f  l e a f r o l l e r  f e e d i n g  cn y i e l d s  of fruit 

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

a p p r o x i m a t e l y  100 randain clusters each, o n e  of  c l u s t e r s  

d a ~ a g e d  by l ~ a f r o l l e r s  and the o t h e r  o f  undamaged clusters, 

C o l l e c t i o n s  were made a t  s i t e  2 cn April 20, Map 4 ,  3une  1 

a n d  J u n e  2 9 ,  1981;  a n d  a t  si te 6 on Hay a, J u n e  1 and J u n e  

29,  1981, 

Damaged c l u s t e r s  were identified by  t h e  p r e s e n c e  05 

s i l k  a n d  f r a a s ,  f e e d i n g  damage, and l e a f r o l Z e r  l a r v a e ,  in, 

t h a t  o r d e r  o f  i m p o r t a n c e ,  On A p r i l  20 a t  s i t e  2 ,  s m a l l  and 
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u n e q u a l  s i z e d  s a m p l e s  were c o l l e c t e d ,  On Hay 4 some of t h e  

a p p a r e n t l y  d a r a g e d  c l a s t e r s  were webbed w i t h  s p i d e r  s i l k  

wh ich  was conSused  w i t h  l e a f r o l l e r  damage when t h e  s a m p l e s  

were c o l l e c t e d ,  b u t  uas d i s t i n g u i s h e d  b e f o r e  t h e y  were 

counted .  

The number of f l o w e r s  and  b e r r i e s  i n  e a c h  c l u s t e r  was 

coun ted ,  For each damaged c l u s t e r  the number of flowers or  

b e r r i e s  which had b e e n  d a a a g e d  b y  f e e d i n g  was s u b t r a c t e d  to  

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

To  e n s u r e  t h a t  the undamaged c l u s t e r s  and  t h o s e  daaaged  

by l e a f r o l l e r s  came •’run t h e  s a w  p o p u l a t i o n ,  the o r i g i n a l  

number of f l o w e r s  i n  t h e  damaged c l u s t e r s  was e s t i m a t e d  on 

A p r i l  20, 1981 ,  a t  s i t e  2 by counting the number o f  petiole 

scars  from p r e v i o u s l y  dropped  flowers on t h e  cluster stem 

and  a d d i n g  t h a t  number t o  t h e  number of e x i s t i n g  f l o w e s s  if, 

each c l u s t e r ,  T h e  means o f  t h e  number cf f l o w e r s  i n  

undaaaged  clusters and  t h e  o r i g i n a l  number of f l o w e r s  i n  

damaged c l  ustess were compared, 

It a p p e a r e d  p o s s i b l e  t h a t  clusters w i t h  smaller numbers  

of b e r r i e s  might produce  i n d i v i d u a l l y  l a r g e r  b e r r i e s ,  

thereby c o m p e n s a t i n g ,  a t  least  i n  p a r t ,  for damage d o n e  b y  

l a r v a e ,  T h e r e f o r e ,  on J u l y  20, 1981 ,  a t  s i t e  2 t h e  l a r g e s t  

c i p e  berry  front e a c h  of 1 0  c l u s t e r s  c o n t a i n i n g  1, 2, 3, 4 ,  

o r  5 b e r r i e s  was c o l l e c t e d  and  ue ighed ,  



4, Rates pf damaqe bx l e a f r o l l e r  1 a r v ~ g  22 f r u i t  

@_lusters, 

The p r o p o r t i o n  o f  daniaged c l u s t e r s  was estimated by 

cou%t,ing t h e  number of d a m a g ~ d  cft lsters i n  each of 10 g r o u p s  

of 20 c l u s t e r s  a t  s i t e s  2 and 6 on f l a rch  24, 1981, a n d  a t  

sites 1, 2 ,  and 5 on April 1, Hay 4 ,  J u n e  1 a n d  June 30, 

1981.. On day 4, J u n e  1 a n d  J u n e  29, 4 sets of 10 g r o u p s  of 

2 0  c l u s t e r s  each were counted, each set in a  d i f f e r e n t  area 

of t h e  d i e l d .  

G r o u p s  of c l u s t e r s  were s e l e c t e d  and counted by f i r s t  

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

chest h e i g h t .  Clusters were t h e n  counted a l o n g  t h a t  branch 

and its side b r a n c h e s  u n t i l  20 had  been e n c o u n t e r e d ,  T h e  

number of damaged clcstezs i n  e a c h  g r o u p  o f  20 was r e c o r d e d ,  

Ten g r o u p s  were c o u n t e d  w i t h i n  a b o u t  30 m of e a c h  o the r ,  and 

each  set of 70 g r o u p s  was i n  a d i f f e r e n t  q u a d r a t  of t h e  

field, T h e  aa ta  f o r  t h e  4 se t s  were p o o l e d  t o  p r o v i d e  an 

o v e r a l l  estimate o f  damage per 20 clusters f o r  each f i e l d  on 

e a c h  d a t e .  

T o  assess t h e  effect of l e a f r o l l e r s  on y i e l d  of  

b l u e b e r r y ,  10 of a  g r o u p  of 20 young cv- B l u e c r o p  plants at 

s i te  2 were s p r a y e d  w i t h  m a l a t h i o n  50 EC t o  e l i m i n a t e  their 



The plants were i n  t w o  rows o f  10 e a c h ,  n i k h  about 1 - 2  

m between p l a n t s  and 2 m b e t w e e n  rows, and the two r o w s  were 

i n  t h e  a p p r o x i m a t e  c e n t r e  of a  block of p l a n t s  10 rows v i d e  

By 30 p l a n t s  l o n g ,  T h e  f irst  p l a n t  i n  row 1 was  d e s i g n a t e d  

I to be sprayed by a flip of a co in ,  and treatments alternated 

1 I sFray, n o  s p r a y  ,,,etc i n  row 1, R o w  2 had  t h e  o p p o s i t e  

a l t e r n a t i o n ,  The m a l a t h i o n  was mixed a t  1  n l / L  and sprayed 

t o  r u n - o f f  w i t h  a back-pack s p r a y e r ,  Spays were a p p l i ~ d  on 

April .  6 ,  Apr i l ,  30,  and May 27, 1981, 

It was o r i g i n a l l y  i n t e n d e d  that t h e  p l a n t s  be h a r v e s t e d  

when t h e  berries were r i p e  and the y i e l d s  c c m p a r ~ d -  This d i d  

n o t  prove  t o  b e  f e a s i b l e  b e c a u s e  of i n a d e g u a t e  g rower  

c o o p e r a t i o n  and o f  v a r i a b i l i t y  b e t w e e n  ~ i a n t s ,  Insteaci, the 

f o l l o w i n g  o b s e r v a t i o n s  were made: 

1, The number  o f  c l u s t e r s  on e a c h  b u s h  was c o u n t e d  on J u n e  

15 and J u l y  20, 1981. 

2, The n u m b e r s  of l e a f r o l l e r  l a r v a e  o c c u r r i n g  i n  c l u s . t e r s  

a n d  i n  l e a f r o l l s  on each  b u s h  were c o u n t e d  o n  May 11 a n d  

J u n e  15, 1981, 

3, The number of b e r r i e s  i n  each of 1 5  r a n d o m l y  c h o s e n  

c l u s t e r s  from each p l a n t  was counted o n  J u n e  22 a n d  3 u l y  20; 

1981- O n  J u n e  22 t h e  c l u s t e r s  were c o u n t e d  on the plants, 

while o n  J u l y  20 t h e y  were removed and c o u n t e d  i n  t h e  

l a b o r a t o r y P  The number o f  b e r r i e s  i n  e a c h  cluster was 



d e t e r ~ i n e d  b y  the same r u l e s  a s  for damaged c l u s t e r s  i n  

s e c t i o n  C, The t o t a l ,  we igh t  of b e r r i e s  i n  each c l u s t e r  

c o l l e c t e d  o n  J u l y  20 was also r e c o r d e d ,  

P a i r e d  Beans  were compared u s i n g  a t- test (p=O, 0 S f ,  

Eult ip3.e  meazs were a n a l y z e d  b y  a n a l y s i s  of w a s i a n c e  

[p=O.OSf, f o l l o w e d  by  F i s h e r ' s  Least S i g n i f i c a n t  D i f f e r e n c e  

test (p-13 - 0 5 ) -  

The s i g n i f i c a n c e  of r e g r e s s i o n  was d e t e r m i n e d  u s i n g  

a n a l y s i s  o f  v a r i a n c e ,  S l o p e s  and  y- in terce  p t s  o f  regression 

lines were c c ~ p a r e d  using t-?ests, 

RESULTS BWD D I S C U S S I O N  

On the f i r s t  3 sampling dates i n  1980, more l a r v a e  were 

found feeding i n  flower and f ru i t  c l u s t e r s  t h a n  on l e a v e s  

(Fig- 9 ) .  Subsequent t o  this, wore l a r v a e  were found i n  

l e a f r o l l s  than in berry clusters, 

On t h e  f i r s t  3 dates 5, ocellana was t h e  p redominan t  . 

s p e c i e s ,  A s  2, o c e l l a n a  was p r e d o m i n a n t l y  i n  f l c w e r  and 

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

accounts for t h e  higher number of l a r v a e  i n  f l o w e r  and f r u i t  

c l u s t e r s  on t h o s e  dates- 



Fig,  9 Average numbers of larvae feeding on leaves, 

and on flower and f r u i t  c lus ters  of blueberry 

a t  s i t e  1 on 5 dates i n  1980. 
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f t was  estimated t h a t  there were a p p r o x i m a t e l y  1000 

flower c l u s t , e r s  pe r  s a m p l e  p l a z t  on  t h e  p l a n t s  s a m p l e d  on 

A p r i l  28, On t h i s  b a s i s  a b o u t  1% of t h e  c l u s t e r s  were 

o c c u p i e d  b y  l eaf ro l le rs ,  It is a ~ p a r e n t  t h a t  l e a f r o l l e r  

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

p s o d ~ c t  i o n ,  

S&&lonotg o c e e l l a n a  was t h e  ~ r e d o m i n a r a t  species f e e d i n g  

o n  flower c l u s t e r s  a t  s i t e  1 i n  l a t e  A p r i l  axld e a r l y  May 

( T a b l e  21).  It was r a r e l y  found f e e d i n g  i r ?  l e a f ro l l s ,  It was 

n o t  ccmmon a t  sites 2 or 6, 

C h o r i s t o n e u r a  r o s a c e a n a  was %he predominant s p e c i e s  on 
1----1_--- ------ 

on flowex c l u s t e r s  a t  b o t h  sites 2 a n d  6 i n  l a t e  A p r i l  a n d  

e a r l y  Hay, O t h e r  s p e c i e s  f r e q u e n t l y  f o u n d  in flower c l u s t e r s  

were o, b r u c e a t a  a n d  & c u r v a l a n a .  

In ear ly  and S a t e  J u n e  n o n e  of t h e  m j o r  s p e c i e s  e x c e p t  

S .  o c e l l a n a  a p p e a r e d  t o  feed p r e d o m i n a n t l y  i n  f r d t  - ------ 
c l u s k e r s ,  A t  s i te  2 c, =_s_acesqg c o n t i n u e d  t o  be t h e  major 

species, w h i l e  a t  site 6 it was less common t h a n  &= f o s a n u q  

and C_, sa l i ce l l a .  

. S p i l o n o t a  o c e l l a n a  feeds p r e d o m i n a n t l y  i n  ffovef and 

f r u i t  c l u s t e r s  w h i l e  t h e  o t h e r  m a j o r  species seem t o  h a v e  no 

such p r e f e r e n c e ,  However, b r u c e a t a  u s u a l l y  f e e d s  i n  
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Table 21 Comparison of the r e l a t i v e  percentages of 

the 4 major species of l e a f r o l l e r  feeding on 
leaves (L) and on flowers and f r u i t  (F) of 
blueberry a t  3 s i t e s  on 4 dates,  * 

DATE SPECIES SITE 1 SITE 2 SITE 6 
L F L F L F 

April 28, - C,  rosaceana - 52 48 14 67 - 
1981 S. ocellana - 100 4 - - - - 

A_. rosanus - - - - - - 
C,  s a l i c e l l a  - 
other 

May 4, - C, rosaceana 84 3 81 85 24 37 
1981 - S,  ocellana 3 97 - 3 - 30 

A_, rosanus - - - - 14 4 
C. s a l i c e l l a  - - - - - - - 
other 13 - 19 12 62 29 

June 1, - C. rosaceana 41 46 64 78 16 21 
1981 - S. ocellana 3 27 - 3 - 3 

A_, rosanus 37 8 9 9 53 36 
C,  s a l i c e l l a  11 15 - - - 24 33 
other 8 4 27 10 7 7 

June 2 9, - C,  rosaceana 47 45 7 1  56 2 3 
S, ocellana 5 10 1 1  - - - 
A_. rosanus 3 18 14 26 14 1 
C, s a l i c e l l a  - 40 25 10 17  81 93 
other 5 2 4 - 3 3 

-- 

* Dash indicates  t h i s  species not collected,  
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flower clusters in l a t e  Rarch and e a r l y  A p r i l  (Chap* 11)- 

Thus ,  i t  is a p p a r e n t  that t h e  r e l a t i v e  p r o p o r t i o n  of 

l e a f r o l l e r  s p e c i e s  i n  t h e  l e a f r o l l e r  ccmplex  v a r i e s  b e t v e e a  

f i e l d s ,  a n d  that c o n t r o l  d e c i s i o n s  and t i m i n g  of s p r a y s  

s h o u l d  consider w h i c h  species predominate i n  a n  i n d i v i d u a l  

f i e l d ,  
, 

3, E f f e c t  of l e a f r o l *  f e e d i n q  3 a e l d s  of frujs 

C l u s t e r s  damaged by leaf ro l le r  l a r v a e  had s i g n i f i c a n t l y  

lower p r o j e c t e d  y i e l d s  on all d a t e s  a %  both sites t h a n  

undamaged c l u s t e r s  ( T a b l e  2 2 )  - 
The means  of n u m b e r s  of flowers i n  damaged c l u s t e r s  

t h a t  uere corrected fo r  flower l o s s  a n d  i n  undamaged 

c l u s t e r s  were 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  (t-test, p = O , W f  , 
s o  i t  can  be s a i d  both damaged a n d  undamaged c l u s t e r s  were 

from t h e  same p o p u l a t i o n -  

The mean number of b e r r i e s  i n  b o t h  damaged and 

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

b f t n e e n  t h e  first a n d  last s a m p l i n g  d a t e s  ( T a b l e  22). The 

relative p e r c e n t  damage d i d  n o t  c h a n g e  d r a m t i c a l l y  after . 

Hay Y ,  1981 (Table 2 3 ) -  T h i s  result suggests that the damage 

ky l ea f ro l l e r s  t o  fruit clusters was d ~ n e  b e f o r e  t h a t  date,  

i,e, i n  A p r i l ,  After t h i s  d a t e ,  t h e  s a n e  o r  silailas f a c t o r s  

were a c t i ~ g  on b o t h  damaged a n d  u n d a a a g e d  clusters, 



Table 22  Mean numbers o f  berries i n  undamaged and damaged 
b l u e b e r r y  c l u s t e r s  (Standard d e v i a t i o n ,  n) a t  
2 sites on 4 da tes .*  

DATE SITE 2 ** SITE 6 ** 
UNDAMAGED DAMAGED UNDAMAGED DAMAGED 

A p r i l  20, 
1981 

m y  4, 
1981 

June 1, 
1981 

June 2 9, 
1981 

* Numbers w i t h i n  columns followed by  t h e  same letter 
are 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  (Anova, p < 0.0x: 
F i s h e r s  LSD, pa0 -05) . 

** N u m b e r s  o f  berries i n  damaged and undamaged c l u s t e r  
s i g n i f i c a n t l y  d i f f e r e n t  a t  b o t h  sites on a l l  d a t e s  
(Anova, p (0.05, F i s h e r s  LSD, p=0.05) . 

*** Dash i n d i c a t e s  no measurements made. 
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T a b l e  23 P e r c e n t a g e  r e d u c t i o n s  of damaged o v e r  

undamaged c l u s t e r s  a t  2 s i tes  on 4 d a t e s ,  
c a l c u l a t e d  from means i n  T a b l e  22. 
( (undamaged-damaged) /undamaged) x100 

DATE SITE 2 SITE 6 

A p r i l  20, 1981  20 

May 4, 1 9 8 1  

June  1, 1981  

June  29, 1981  



A t  site 2 t h e  d i f f e r e n c e  be tween  damaged and  undamaged 

c l u s t e r s  chacged  v e r y  l i t t l e ,  b u t  t h e  number of b e r r i e s  i n  

b o t h  d e c r e a s e d  s t e a d i l y  [F ig*  101, t o  reach 61% damage by 

June 29- A t  s i te  6 numbers of b e r r i e s  p e r  c lus te r  d e c r e a s e d  

i n  b o t h  dasaged  a n d  ucdamaged c l u s t e r s ,  b u t  t h e  undamaged 

clusters l o s t  berries more q u i c k l y  ( F i g -  11). C c n s e q u e n t l y  

the p e r c e n t a g e  damage i n c r e a s e d  o n l y  m a r g i n a l l y  o v e r  time, 

and  the e n d  r e s u l t :  by  J u n e  2 9  was that t h e  y i e l d  of damaged 

clusters had been r educed  t o  58% of t h a t  of u n d a ~ a g e d  

c l u s t e r s .  

A main d i f f e r e n c e  between t h e  two sites was t h a t  mummy 

b e r r y ,  a fungus d i s e a s e ,  c a u s e d  losses at si te  6 and n c t  a t  

s i t e  2, Iil a d d i t i o n ,  the p l a z t s  were of d i f f e r e n t  varieties, 

Rancoccas  a t  s i t e  6 and B f u e c r o p  a t  s i t e  2, 

T h e r e  was n o  s i g n i f i c a n t  d i f f e r e n c e  i a  the mean weights 

of r i p e  besries from f r u i t  clusters o f  d i f f e r e n t  sizes 

(Anova, p=1),05). T h e r e f o r e ,  the r e d u c t i o n  of c l u s t e r  s i z e  b y  

l e a f r c l l e r  l a r v a e  was not compensa ted  f o r  by l a r g e r  b e r r i e s  

i n  clusters o f  s m a l l e r  s i z e s ,  

It i s  c o n c l u d e d  t h a t  l e a f r o l f e r s  f e e d i n g  in flower and  

f r u i t  c l u s t e r s  r e d u c e d  t h e  yield of t h e s e  c l u s t e r s  by a b o u t  

6 0%- 



F i g ,  10 Regress ion  o f  numbers of  berries p e r  c l u s t e r .  

v e r s u s  d a t e  f o r  undamaged b l u e b e r r y  f r u i t  

c l u s t e r s  ( l i n e  A, open c i r c l e s )  and l e a f r o l l e r -  

damaged b l u e b e r r y  f r u i t  c l u s t e r s  ( l i n e  B, 

c l o s e d  circles) from s i te  2  i n  1981 (Table 2 2 ) .  

F i t  of b o t h  l i n e s  s i g n i f i c a n t  (Anova p<0,0001) . 
Slopes  no t  s i g n i f i c a n t l y  d i f f e r e n t  and i n t e r c e p t s  

s i g n i f i c a n t l y  d i f f e r e n t  ( t - t e s t ,  p=0.05). 

Line A: y=11.0-1,3x, r2=0.25, Line B: 

y=8.0-1.4x, r2=0,29, 





Fig.  11 Regress ion of numbers o f  berries p e r  c l u s t e r  

v e r s u s  d a t e  f o r  undamaged b l u e b e r r y  f r u i t  

c l u s t e r s  ( l i n e  A,  open circles) and 

leafrol ler-damaged b l u e b e r r y  f r u i t  c l u s t e r s  

( l i n e  B, c lo sed  c i r c l e s )  from s i t e  6 i n  

1981 (Table 22 ) .  F i t  o f  b o t h  l i n e s  s i g n i f i -  

c a n t  (Anova p<0.0001) . Slopes  and i n t e r c e p t s  

s i g n i f i c a n t l y  d i f f e r e n t  (t-test,  p=0 -01) . 
Line A: y=12 -4-2 .2~ .  r2=0.51; Line B: 

y=6 -1-1 . l6x,  r2=0  -18. 





T h e  time when l e a f r o l l e r s  damaged  c l u s t e r s  was q u i t e  

d i f f e r e n t  at t h e  t h r e e  sites s u r v e y e d  ( T a b l e  2 4 ) -  At s i tes  2 

a n d  6 no damage  had o c c u r r e d  by % a r c h  24, 1'981, Cn A p r f f  1, 

1981, d a m a g e d  c l u s t e r s  were d e t e c t e d  a t  a l l  t h r e e  sites, b u t  

a t  s i t e  6 t h e  rate o f  damage  pe r  20 clusters was 

s i g n i f i c a n t l y  higher t h a n  t h e  o t h e r s  (LSD p=O,OS), T h i s  was 

b r u c e a t a  was p r e s e n t  p r o b a b l y  b e c a u s e  an e a r l y  feeder, Q, , 
in f a i r l y  h i g h  numbers a t  si$e 6 b u t  was less frequent a t  

t h e  o t h e r  sites, Damage rates were c o n s i s t e n t l y  a n d  

s i g n i f i c a n t l y  h i g h e r  a t  sites 2 a n d  6 t h a n  a t  s i te  1 ILST), 

Becaus~  t h e  damage  r e m a i n e d  v i s i b l e  o n  t h e  p l a n k s  f o r  

two o r  m o r e  m o n t h s  t h e  rates of damage  p e r  20 c l u s t e r s  a r e  

c o n s i d e r e d  l o  be c u m u l a t i v e ,  Le,, % h e  damage  s e e n  on d a t e  

t*l  i s  t h e  damage  seen on d a t e  t p l u s  an i x r e m e n t  v h i c h  

occurred i n  t h e  i n t e r i m ,  Therefore, t h e  h i g h e s t  mean damage  

f o r  e a c h  site r e p r e s e n t s  most r e a l i s t i c a l l y  t h e  p r o p o r t i o n  

of f r u i t  c l u s t e r s  damaged by l e a f r o l l e r s -  

T h e  estimates of t h e  p e r c e n t a g e s  of damaged  f r u i t  

c l u s t e r s  a t  a a c h  s i te  are: 5 %  a t  s i t e  I ,  I & %  a t  site 2 arid 
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Mean number of damaged f r u i t  c l u s t e r s  p e r  
20 f r u i t  c l u s t e r s  (Standard d e v i a t i o n ,  n)  
i n  b l u e b e r r y  a t  si tes 1, 2 and 6 on 5 
dates.  There was a s i t e  and a d a t e  e f f e c t  

(Anova, p C0.05).  * 

DATE SITE 1 SITE 2 SITE 6 

March, 24, -- 
1981 

A p r i l  1, 0.05 0.53 2 -05 
1981 (0,224, 20) (1.717, 30) (2,164, 20) 

June 1, 0.93 2 -83 2 -53 
1981 (0.859, 40) (2.417, 40) (1.601, 40) 

June 29, 1 9  1.05 2 -73 1 - 9 8  
1981 (1.131, 40) (2 .264, 40) (1,527, 40) 

- -- 

*Dash i n d i c a t e s  s i te  n o t  sampled. 



l e a f r o l l e r s  on A p r i l  28 a t  s i te  1 i n  1980, s e q u e n t i a l  a t t l a c k  

o v e r  time a n d  movement of l a r v a e  to new c l u s t e r s  would 
, 

a c c o u n t  f o r  t h e  damage b e i n g  g r e a t e r  than the i a f e s t a t i o n  

rate, 

The r e d u c t i o n  i n  number of b e r r i e s  p e r  c l u s t e r  caused 

b y  l e a f r o l l e r  f e e d i n g  was estimated t o  be a b o u t  60%- 

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

by 3% and a t  sites 2 and 6 b y  8 %  

T h e  mean n u m b e r s  o f  c l u s t e r s  per ~ f a n t  on  J u n e  I 5  a n d  

J u l y  20 were 52.4 (S3)=4'3,76) and 55-5 [513=48,19), 

r e s p e c t i v e l y ,  fo r  s p r a y e d  ( l e a f  roller free) p l a n t s ,  a n d  53-5 

(S1)=35,73) a n d  6 5 - 3  fSD=tll, 5) , r e s p e c t i v e l y ,  f o r  u n s p f a y e d  

( l e a f r o l l e r - i n f e s t e d )  ~ l a n t s ,  There were no s i g n i f i c a n t  

d i f f e r e n c e s  between t h e  Beans  of s p r a y e d  and u n s p s a y e d  

p l a n t s  ( t - t e s t ,  p>0105) ,  T h e  standard d e v i a t i o n s  show t h e r e  

was c o n s i d e r a b l e  v a r i a b i l i t y  b e t w e e n  the p l a n t s  which  kou ld  

m k e  it d i f f i c u l t  t o  compare  yields b e t v e e n  t h e  t r e a t m e n t s -  

Even three s p r a y s  w i t h  m a l a t h i o n ,  two before Flay 1 a n d -  

o n e  between May 1 1  a n d  J u n e  15, d i d  n o t  g i v e  total c o n t r o l ,  

However, on both  s a ~ p l e  d a t e s ,  t h e  mean number o f  l a r v a e  p e r  

~ l a n t  was s i g n i f i c a n t l y  l o w e r  on s p r a y e d  t h a n  on u n s p r a y e d  
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p l a n t s  [ T a b l e  25)  [Anova p<0-05, f,SD=0,05), The B e a n  n u a b e r  

of l a r v a e  d e c r e a s e d  between d a t e s  on s p r a y e d  p l a n t s  b u t  

i n c r e a s e d  s i g n i f i c a n t l y  o n  unsgrayed plants [Anova, p<0-05, 

LSD, p=O-01)- 

On sprayed p l a n t s  t h e r e  was a Bean of 4-4 b e r r i e s  p e r  

c l u s t e r  on b o t h  J u n e  22 and  J u l y  20, 1981, and on uaspsayed  

~ Z a n t s  a meart of 3-5 b f r r i e s  p e r  c l u s t e r  on J u n e  2 2  azd 3 - 3  

o n  J u l y  20, There was a s i g n i f i c a n t  d i f f e r e n c e  between 

t r e a t m e n t  mans on b o t h  d a t e s  b u t  not &tween d a t e s  

e i t h e r  t r ~ a t m e n t  (Anova, p=0,05; LSD, p=O-BS), The 

d i f f e r e n c e  between t r e a t m e n t s  was a b o u t  20% on J u n e  

a b o u t  26% on J u l y  20, 

for 

2 2  ar,d 

C l u s t e r s  on s p r a y e d  p l o t s  weighed a n  a v e r a g e  of 3-3  

g j c l u s t e r  while c l u s t e r s  on unsprayed p l a n t s  were 

significantly l i g h t e r  (Rnova, p<O,OS) at 2-11 g / c l u s t e r l  T h e  

27% r e d u c t i o n  i n  we igh t  was due t o  a  l c v e r  number of  b e r r i e s  

o n  u n s p r a  yed p l a n t s ,  

I n  t h e  Einaf a n a l y s i s ,  p l a n t s  i n f e s t e d  by l e a f r o l l e r s  

had a b o u t  a  25% lower e x p e c t e d  yield t h a n  p l a n t s  fiot 

infested b y  l e a f r o l l e r s ,  

T h i s  f i g u r e  is c o n s i d e r a b l y  higher than t h e  damage 

e s t i a a t e  f o r  site 2, which was a b o u t  8 91. T h e r e  are t w o  

p o s s i b l e  e x p l a n a t i o n s ,  



  able 2 5  Compar'ison of mean numbers o f  l a r v a e  p e r  

DATE 

bush on sprayed and unsprayed b l u e b e r r y  
p l a n t s  a t  two sites on two d a t e s  (Standard 
dev ia t ion )  , n=10. * 

SPRAYED UNSPRAYED 
BUD LEAF TOTAL BUD LEAF TOTAL 

June 15 ,  0 0.9 0.9 6.1 14.7 20.8 
1981 (0) (1.29) (1.29) (4.93) (9.01) ' (10.87) 

* Anova, p < 0 -05, means of sprayed and unsprayed p l a n t s  
s i g n i f i c a n t l y  d i f f e r e n t  on b o t h  d a t e s ;  Anova, p <  0.1, 
means o f  each o f  sprayed and unsprayed are 
d i f f e r e n t  on t h e  two da t e s .  



1 lf) 

F i r s t ,  i t  is  p o s s i b l e  t h a t  t h e  s p r a y s  c o n t r o l l e d  

a a d i t i o n a l  f ac to r s  t h a t  may h a v e  b e e n  r e s p o n s i b l e  f o r  loss 

i n  y i e l d ,  such a s  l e c a n i u w  scale o r  root  w e e v i l s ,  N e i t h e r  o f  

these, nor a n y  o t h e r  p e s t  i n s e c t  was o b s e r v e d  o n  t h e  p l a n t s -  

Second ,  t h e  small brashes with f e u  c l u s t e r s  on t h e m  h a d  

p r o p o r t i o n a t e l y  h i g h e r  numbers  of l a r v a e  p e r  c l u s t e r  t h a n  

l a r g e r  bushes. T h e  ratio of a v e r a g e  number o f  l a r v a e  i n  

clusters per b u s h  t o  a v e r a g e  number of c l u s t e r s  p e r  b u s h  was 

0 - 1  l a r v a e  p e r  c l u s t e r ,  This q u a k e s  w i t h  2-0 l a r v a e  p a r  20 

c l u s t e r s  which is  a p p r o x i m a t e l y  e q u i v a l e n t  t o  t h e  n u n b e r  o f  

d u g g  ~ l u s t e x s  p e r  20 c l u s t e r s  see3 elseahere i n  the - 
f i e l d ,  T h e r e f o r e  the l a r v a e  t h a t  f e e d  on more t h a n  o n e  

c l u s t e r  would  cause c o n s i d e r a b l y  more damage on small sr 

bushes t h a n  on l a r g e r  b u s h e s -  

Recent1 y, b l u e b e r  ry g r o w e r s  h a v e  keen r e c e i v i n g  about 

$1 ,10 /kg  for their c r o p  f r o m  t h e  B l u e b e r r y  Growers 

C o - o p e r a t i v e  A s s o c i a t i o n ,  a c t u a l  p r i c e s  h a v e  v a f  ied f rcna 

$1,00 to $1,2D p e r  kg, 

Y i e 3 . d ~  of b l u e b e r r i e s  p e r  h e c t a r e  are q u i t e  v a r i a b l e  

b e t w e e n  f i e l d s  a n d  from y e a r  t o  y e a r ,  A t  s i t e  1 i n  1 9 8 0  the* 

f i e l d  a v e r a g e  was  about 3 tonnes/ha,  but a 0-4 h a  p l o t  of 

CQ, B l u e c r o p  g z o d u c e d  a t  a rate of: 20 t / h a ,  A c c o r d i n g  t o  

some g r o w e r s ,  y i e l d s  of 2 5  t / h a  a r e  p o s s i b l e ,  The grower a t  



a v e r a g e  1 1  t / h a  i n  most  y e a r s ,  No estimates were a v a i l a b l e  

for site 2 a s  t h e  f i e l d  was n o t  p i c k e d  t h o r o u g h l y .  A y i e l d  

o f  a b o u t  10 t / h a  seems t o  b e  t y p i c a l  for most  f i e l d s ,  

A t  s i te  1 a 3% loss due  t o  l e a f r o l l e r s  a m o u n t s  t o  a b o u t  

270 kgfha a-t a yield of 9 %/ha. A t  $I . lO/kg  t h e  v a l u e  l o s t  

i s  a b o u t  $297,OQ/ha, S i m i l a r l y  a t  site 6, a n  8% l o s s  

resulted i n  a v a l u e  Post of a b o u t  $516,00/ha a t  a n  e x p e c t e d  

y i e l d  of 7 t / h a -  

On an a v e r a g e  field yielding 10 t /ha ,  a I p e r c e n t  l o s s  

would cost $110,00/ha ,  a 3 p e r c e n t  loss  a b o u t  $330,00/ha and 

a n  8 percent loss a b o u t  $980,00/ha,  

T h e  point a t  which i t  becomes e c o n o a i c  t o  c o n t r o l  

l e a f r o l l e r s  i n  a f i e l d  depends on f o u r  f a c t o r s :  

0 - 1 ,  T h e  number of leafrollers i n  t h e  field and t h e  amount  

of damage they are  d o i n g .  These parameters cam. be a s s e s s e d  

by c o u n t i n g  s a m p l e s  o f  20 clusters each a c d  i a u l t i p l y i n g  t h e  

r e s u l t i n g  p e r c e n t a g e  o f  damage by 0 - 6 ,  

--2. The a n t i c i p a t e d  yield of t h e  f i e l d ,  T h i s  can v a r y  

e n o r m u s l y  from year t o  y e a r  depending on s u c h  factors as 

t h e  p r e v i o u s  p a r s  yield, f e r t i l i z a t i o n ,  a n d ,  most 

i a p u z t a n t l y ,  u e a t  h e r  and disease- 

-3, The a n t i c i p a t e d  u n i t  p r i c e  received for She c r o p  

Agaipt, t h i s  v a r i e s  from y e a r  t o  year,.  

--4, The cost 05 c o n t r o l l i n g  l e a f r o l l e r s ,  An estimate was 



o b t a i n e d  f rom C r o p  Care a v i a t i o n  Ltd, , Abbots f  o r d ,  B. C- 

which does much a e r i a l - s p r a y i n g  of  b l u e b e r r y ,  a s  f o l l o c s .  

B i f p l a a e  a t  $29 ,00 /ha  a n d   ater rials ( m a l a t h i o n  a t  $1 Q. 00/L 

and 2 L l h a )  a t  28,00/ha would g i v e  a t o t a l  cost  t o  s p r a j  o f  

$57,00/ha,  

If two sprays are r e q u i r e d  t o  o b t a i n  e c o n o l ~ i c  con2-sol. 

t h a t  cost  Is, of course, doubled ,  

It i s  a p p a r e n t  that l e a f r o l l e r  larvae c a u s e d  

c o n s i d e r a b l e  e conomic  damage a t  the three sites examined,. A t  

a n y  of the s i tes  t h e  g m w e r  c o u l d  h a v e  had i n s e c t i c i d e s  

a p p l i e d  b y  a i r  and  t h e o r e t i c a l l 1  g a i n e d  on t h e  transaction, 

However, the t r e a t m e n t  would be p r o p h y l a c t i c ,  a s  there  is no 

p r o v e n  method of p r e d i c t i n g  damage a t  present, 

Given  a n  a v e r a g e  f i e l d  a n d  cne spray for t o t a l  c o n t r o l  

1, t h e  t o l e r a b l e  damage i s  aboue 3 %  af the c i u s t ~ r s  damaged, 

The logical e x t e n s i o n  of this is t o  p r o v i d e  a ~nechan i sm  

f o r  2 g r i o r i  d e t e r m i n a t i o n  of the p r e s e n c e  o f  economic 

l e v e l s  of l e a f r o l l e r  l a r v a e ,  P o s s i b i l i t i e s  i n c l u d e  pheromone 

t r a ~ p i n g  s y s t e m s  { s e e  Chap. VII) and  c o u n t i n g  of 

o v e r w i n t e r i n g  l a r v a e  or  egg masses, B e c a u s e  the damage is 

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

tinres of o c c u r r e n c e ,  a g r e a t  deal o f  work w i l l  be r e ~ j u i r e d  

to c o r r e l a t e  numbers  o f  i n d i v i d u a l s  w i t h  p o t e n t i a l  damage- 



Pn c o a c l u s i o n  t w o  i m p o r t a n t  p o i n t s  s h o u l d  be  noted- 

first i n  1980, site 1 had the h i g h e s t  ~ o p u l a t i o n  s u r v e y e d  i n  

t h a t  y e a r .  Pt is q u i t e  p r o b a b l e  t h a t  there are many 

blueberry ~ l a n t i n g s  i n  the lover Fraser V a l l e y  t h a t  d o  n o t  

have  damaging l e a f r o l l e r  p o p u l a t i o n s ,  Second, when t h e  

information r e g a r d i n g  percentage l o s s ,  c o s t s ,  and t h r e s h o l d s  

was p r e s e n t e d  t o  t h e  grower a t  site 1 ,  and h e  was asked i f  

h e  f e l t  the p o s s i b l e  g a i n s  i n  income would be w o r t h w h i l e ,  

his a n s w e r  was fiNow, 
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CHAPTEB ITJ, ALTERNATE BOSTS OF BLUEBERFrY-FEEDING LEAFRCLLERS 

IN THE LOWER FRASER VALLEY,  B-C- 

Plany d e c i d u o u s  s h r u b s  a n d  trees are comnaon i n  a r d  

a r o u n d  blueberry f i e l d s  i n  t h e  lower Fraser Bailey- The most 

a k u n d a n t  of these are  hardhack ,  Sg&gg3 d o u q l a s i i  Hook, ; 

w e s t e r n  w h i t e  b i r c h ,  B e t u l a  p a g y r i f e r a  ~ g m u n a t a  (Rege l )  

Fern* ; H i  malayan b l a c k b e r r y ,  Rubus d i s c r 3 l o r  Weihe and  Nees; 

European  b l a c k b e r r y  1% zestiQ_s s e i h e  and #f?es; and v a r i o u s  

species of willow, S a 1 Q  spp, T h e  p r i n c i p a l  means by which 

t h e s e  p l a n t s  c o u l d  a f f e c t  p o p u l a t i o n s  af l e a f r o l l e r s  on 

C l u e b e r r y  are: s e r v i n g  a s  r e s e v o i r  h o s t s  f o r  species that 

a t t a c k  t h e  crop; and h a r b o u r i n g  a l t e r n a t e  hosts f o r  

~ a r a ~ i t e s  of leaf rollers on t h e  c r o p -  

The objective was t o  d e t e r m i a e  i f  t h e s e  a l t e r n a t e  h o s t s  

c o n l d  a f f e c t  populations o f  l e a f r o l l e r s  on b l u e b e r r y  i n  

t h e s e  ways, 

HATERIALS A N D  METHODS 

Collections Mere nrade a t  site 2 i n  P i  tt Meadows ( s e e  

site d e s c r i p t i o n s ) .  L a r v a e  were c o l l e c t e d  from b l u e b e r r y ,  

b i r c h ,  and  ha rdhack  i n s i d e  t h e  field and frorn b l a c k b e r r y l  

willow and hardhack  o u t s i d e  t h e  field, Collections on 

b l u e b e r r y  were made 1 week b e f o r e  c o l l e c t i o n s  o n  t h e  o t h e r  

h o s t s ,  which were on May 11, J u n e  8 and  J u l y  6, 1981- 



The r e l a t i v e  abundance  [ a s  a p e r c e n t a g e  of t h e  t o t a l )  

o f  i n d i v i d u a l s  of l e a f  r o l l e r  species i n  t h e  total l e a f r o l l e r  

p o p u l a t i o n  on  e a c h  h o s t  p l a n t  u a s  s u r v e y e d  by c o l l e c t i n g  5 

s a m p l e s  of a b o u t  20 l a r v a e  each f roa  e a c h  host p l a n t ,  It was 

n e c e s s a r y  t o  compare r e l a t i v e  r a t h e r  than a b s o l u t e  abundance  

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

foliage, fern and d i s t r i b u t i o n -  

At si te  2 h a r d h a c k  often fornzed a c o n t i n u o u s  l a y e r  

between rows cf b l u e b e r r y  p l a n t s ,  and  was v e r y  common 

o u t s i d e  t h e  f i e l d ,  B i r c h  amongst  t h e  blueberry grew a s  

i s o l a t e d  trees 1 t o  3 m t a l l .  B l a c k b e r r y  grew i n  t h i c k e t s  

o u t s i d e  t h e  f i e l d *  The  closest willow trees, o f  2 t o  4 D i n  

h e i g h t ,  were a b o u t  100 m from t h e  f i e l d -  

L a r v a e  were r e a r e d  t o  disc iose  t h e  i d e n t i t y  of their 

p r a s i t e s ,  r a k e s  of p a r a s i t i s n t ,  and i n  some cases, f o r  

i d e n t i f i c a t i o n ,  a s  d e s c r i b e d  i n  C h a p t e r  f 1, 

Data c o l l e c t e d  were p e r c e n t a g e s  of each s p e c i e s  

r e p r e s e n t e d  i n  each s a m p l e  from e a c h  h o s t ,  and p e r c e n t  

p a r a s i t i s m ,  They were s u b j e c t e d  t o  an  a r c s i n - s q u a r e - r o o t  

t r a n s • ’  o rona t io~  before k e i n g  a n a l y z e d  ( S o k a l  a n d  Rohlf  1969) 

b y  a n a l y s i s  of v a r i a n c e  [p=D,O5), Compar i sons  between means 

were made u s i n g  F i s h e r ' s  LSD (p=0,05), 



RESULTS AWD DISCTJSSTCN 

1- Alternate h o s t  plants. 

L a r v a e  of most l e a f r o l l e r  species found f e e d i n g  on 

b l u e b e r r y  {Chap* XI, T a b l e  8)  were also found on a l l  t h e  

o t h e r  plants s u r v e y e d ,  Notable exceptions were C r o e s i g  

c u r v a f a n a  w h i c h  was found  o n l y  on c u l t i v a t e d  h l u e l b e r r  y ,  and - 8  

S ~ i l o a o t a  oc_ielfggq, which was f o u n d  o n l y  on  c u l t i v a t e d  

b l u e b e r r y  and,  rarely, on b l a c k b e r r y .  Excep t  f o r  t h o s e  two 

s p e c i e s ,  t h e  plants s u r v e y e d  c o u l d  s e r v e  a s  r e s e r v o i r  hosts 

oP  species that a t t a c k  b l u e b e r r y -  

Only  4 of t h e  species f r o m  blueberry o c c u r r e d  r e g u l a r l y  

a t  ra tes  o f  9 l a r v a  o r  more per 2 0  l a r v a e  i n  a11 sampies, O f  

these, Q o r i s t m e u r a  r o s a c e a n a  was found m o s t  f r e g u e n t l y  

( T a b l e  2 5 ) -  It comprised more t h a n  501 cf t h e  leafroller 

p o p u l a t i o n s  cn most hos t s  o n  most da tes-  

A r c h a , s  r o s a n u s A  s h e i ~ q p h i l a  s a 3 l c e l l a  and  Badebecia, - 
urticaria were collectifd r e g u l a r l y ,  A, x o s a n u s  and C, ----- 
s a l i c e l l a  tended t o  be less f r e q u e a t l y  c o l l e c t e d  o n  birch ----- 
than on other h o s t s ,  8, rosanus was less f r e q u e n t  on 

h a r d h a c k ,  p a r t i c u l a r l y  from o u t s i d e  t h e  f i e l d  than on cthek 

h o s t s ,  C, galicella t a d e d  to be more coramon o n   illow ow a n d  

h a r d h a c k  than on o t h e r  hosts, 
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Only two l e a f r o l l e r  s p e c i e s  n o t  found on b l u e b e r r y  were 

c o l l e c t e d  on  t h e  a l t e r n a t e  host p l a n t s  {Tab le  26). A c r o b a s i s  

b e t u l e l l a  Hu l s t ,  (Lep idop te ra :  P y r a l i d a e )  was ccmmorr on - 
birch and was n o t  c o l l e c t e d  f rom any  o t h e r  surveyed h o s t ,  

O l e t b r e u t e ?  a l b i c i l i a n a  Fern* ( L e p i d o p t e r a :  T c s r t r i c i d a e )  was 

ccmaan on ha rdhack ,  p a r t i c u l a r l y  inside the f i e l d ,  Meithem: 

was parasitized b y  species t h a t  were reared f rom l e a f r d l e r s  

on  b l u e b e r r y ,  s o  it is u n l i k e l y  t h e y  would serve a s  

a l t e r n a t e  h o s t s  for p a r a s i t e s  of p e s t  s p e c i e s -  

2, Parasites, 

L e a f r o l l e r s  on the s e s e v o i r  h o s t  ~ l a n t s  were 

p a r a s i t i z e d  by t h e  same s p e c i e s  that p a r a s t i z e d  them o ~ l  

b l u e b e r r y  (Chap- 11) , Only & rosaceana was s u f f i c i e n t l y  

f a e q v e n t  on a l l .  h o s t  p l a n t s  for its rate of p a r a s i t i s i n  t o  be 

s t a t i s t i c a l l y  compared between h o s t s ,  &xmhua p i m p f i c j p e $  

was its predominan t  p a r a s i t e ,  On J u l y  6 ,  p a r a s i t i s m  of C, 

r o s a c e a n a  b y  t h a t  species was s i g n i f i c a n t l y  higher on ----- 
blueberry, birch and  h a r d h a c k  i n s i d e  *be field than o n  

b l a c k b e r r y ,  willow and hardhack  o u t s i d e  the f i e l d  { T a b l e  

2 7 ) -  

Because  the b l u e b e r r y ,  b i r c h  and ha rdhack  were inside - 

t h e  f i e l d  and  the o t h e r s  were o u t s i d e  the field, it apgears  

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

L a r v a l  p o p u l a t i o n s  a p p e a r e d  t o  b~ h i g h e r  on the first  t h r e e  

h o s t s  t h a n  o n  t h e  l a s t  t h r e e  h o s t s ,  Female  p a r a s i t e s  wculd 



Table 27 Mean percent  p a r a s i t i s m  of Choristoneura 
rosaceana by Apophua s impl ic ipes  on 6 
p l a n t  h o s t s  on J u l y  6, 1981 a t  s i t e  2 ,  
w i t h  95% confidence i n t e r v a l s  (CI ) .  
nq5. * 

PLANT MEAN PERCENT 95% C I  
HOST PARASITISM LOW HIGH 

Blueberry 20.1 a 15.04 27.16 

Birch 31.8 a 22  -68 41 -61 

Blackberry 5.2 b 0 -22 23 -74 

Willow 5.8 b 3 -63 8 -38 

Hardhack 25.5 a 13 -66 39.59 
i n s i d e  f i e l d  

Hardhack 5.1 b 0 -46 14.17 
ou t s ide  f i e l d  

* Means followed by t h e  same l e t t e r  a r e  no t  s i g n i f i c a n t l y  
d i f f e r e n t  (Anova, p < 0.05, F i she r s  LSD, p=0.05) . 



o u t s i d e ,  which would e n c o u r a g e  them t o  remain i n s i d e  t h e  

It i s  c o e c l u d e d  t h a t  other host p l a n t s  could harbour 

g a r a a i t e s  which would attack t h e  same h o s t  s p e c i e s  oc 

b l u e b e r r y ,  a n d  t h a t  parasitism migh t  be h i g h  i n  a r e a s  uhere  

l a r v a l  d e n s i t y  was h igh ,  

In summary, p l a n t s  associated w i t h  blueberry harbour 

species of leaf rollers that affect blueberry, and a l s o  

h a r b o u r  p o p u l a t i o r s  of their p a r a s i t e s ,  Whether t h e  net 

effect would be beneficial o r  d e t r i m e r t a l  to t h e  b l u e b e r r y  

czop is ucknown, 

Leaf rollers from these r e s e r v o i r  b a s t s  could re- infest 

b l u e b e r r y  after c o n t r o l s  had been a p p l i e d ,  e i t h e r  by 

a e r i a l l y  d i s p e r s i n g  l a r v a e  o r  by a d u l t s .  It was shown 

p r e v i o u s l y  that the aa j o r i t y  of d r i f t  of f i r s t - i n s t a r  larvae 

o c c u r r e d  w i t h i n  rather t h a n  i n t o  or out of a b l u e b e r r y  

field, which might  l i m i t  t h e  i m p o r t a n c e  of drifting l a r v a e *  

C o n v e r s e l y ,  pras i t e s  of l a r v a e  on t h e s e  reservoir h o s t s  

could s u p p l e m e n t  the w i t h i n - f  i e l d  parasite population, 
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CHBPTEB V, DIEL PATTERNS OF F E E D I N G  ACTIVITY IH LARVAE OF 

C h o r i s t o n e u r a  r o s a c e z p -  

D i e 1  p a t t e r n s  s f  a c t i v i t y ,  ~ a r t i c u l a r l y  t h o s e  r e l a t i n g  

t o  f e e d i n g  b e h a v i o r  of l a r v a e ,  may be i a p o r t a n t  i n  modifying 

control s t r a t e g i e s  a g a i n s t  L o r t r i c i d  pests. 

For example ,  p e s t i c i d e s  might be a p p l i e d  j u s t  p r i o r  t o  

t h e  l a r v a e ' s  most a c t i v e  tine, T h i s  p r a c t i c e  would e n s u r e  

aaxirnum e x p o s u r e  of l a r v a e  t o  a n  i .xlsectici .de,  

The o b j e c t i v e  was t o  i n v e s t i g a t e  t h e  d i e 1  f e e d i n g  

a c t i v i t y  of Chor ig2pneu ra  r o s a c e a n g I  the most a b u n d a n t  

s~ecies o n  b l u e b e r r y  and r a s p b e r r y  i n  s c u t h -  w e s t e r n  British 

Columbia,  

General ---- 

Larvae were p l a c e d  i n d i v i d u a l l y  i n  c l e a r  p l a s t i c  petri 

dishes 100 Brn i n  diaineter a n d  25 rum d e e p  w i t h  a s i n g l e  

b l u e b e r r y  leaf i n  t h e  bottoru a n d  a dampened fi l ter p a p e r  i n  

the l i d ,  Each l a r v a  was g i v e n  time t o  f i x  t h e  l e a f  uith s i l k  

t o  t h e  bo t tom of t h e  d i s h  and  situate itself between t h e  

p l a s t i c  bo t tom a n d  the l e a f ,  t h u s  s i m u l a t i n g  a leaf-roll. 

T h e  d i s h  was t h e n  i n v e r t e d ,  and a c lear  p l a s t i c  g r i d  a a r k e d  

uith 2.5 m m  s q u a r e s  was f a s t e n e d  o v e r  the l e a f  and l a r v a -  

T h e  o u t l i n e  of  t h e  leaf and  the a r e a  of leaf eaten b y  the 



l a r v a  were marked w i t h  a  felt pen, The rate a t  which t k e  

leaf was e a t e n  by  t h e  l a r v a  was measu red  b y  c o u n t i n g  t h e  

s q u a r e s  over t h e  consumed area, 

To see i f  l a r v a e  f e d  more in l i g h t  o r  d a r k  the f e e d i n g  

rate o f  mature l a r v a e  o f  C, g g s a c e a n a  e x g o s e d  t o  l i g h t  gas 

ccmpared w i t h  t h a t  of t h o s e  i n  t h e  d a r k ,  

E i g h t e e n  l a r v a e  were placed  i n  d i s h e s  a s  described 

above, A f t e r  12 h t h e y  were d i v i d e d  i n t o  2 g r o u p s  of 9 

l a r v a e  each .  One g r o u p  was a l l o w e d  t o  feed in t h e  l i g h t  for 

3 h and then i n  the dark f o r  3 h ,  a n d  t h e  o t h e r  was 

s u b j e c t e d  to t h e  o p p o s i t e  r eg i eme-  The  alaoun* of l e a f  e a t e n  

b y  e a c h  l a r v a  was measured  a f t e r  e a c h  3 h p r i o d S  Larvae 

t h a t  d i d  a l l  of t h e i s  f e e d i n g  i n  one of t h e  two p e f i o d s  a n d  

t h o s e  which  d i d  not feed a t  a l l  were n o t  c o n s i d e r e d  i n  t h e  

a n a l y s i s  because these i n v a r i a b l y  a o u l k e d  and would have  

b i a s e d  t h e  r e s u l t s ,  

To r e d u c e  t h e  effect of v a r i a b i l i t y  i n  f e e d i n g  hates 

between l a r v a e ,  t h e  area o f  leaf ea ten  by each l a r v a  i n  each 

3 h p e r i o d  was c o n v e r t e d  t o  a y r c l p o r t i o n  of t h e  t o t a l  area 

it ate during t h e  6 h experiment, The data were then  

s u b j e c t e d  t o  a n  a r c s i n - s q u a r e - r o o t  t r a n s f o r m a - t i o ~  f S o k a l  and 

Rohlf f 9 6 9 ) ,  and  a n a l y z e d  b y  a p a i r e d  t-test (p=0105). 



Two e x p e r i m e n t s  were per formed,  T h e  f irst  was i n  

u n c o n t r o l l e d  c o n d i t i o n s  i n  the l a b o r a t o r y  a t  t e m ~ e r a t u r e s  of  

2 2  t o  2 3  C, Because it was possible t h a t  the movelaen? of 

p e o p l e  i n  t h e  l a b o r a t o r y  may have  i n f l u e n c e d  the b e h a v i o r  of 

these larvae i n  t h e  light, the second e x p e r i m e n t  was i n  

u n d i s t u r b e d  c o n d i t i o n s  a t  a  c o n s t a n t  20 C- 

2- Die1 jat terns  of f 2 e d i n g  r a t e s -  

Rates o f  f e e d i n g  by l a r v a e  o f  & Ecaceanq were 

o b s e r v e d  o v e r  2Y h- T h i r t y  l a r v a e  were p l a c e d  i n d i v i d u a l l y  

i n  dishes as d e s c r i b e d  p r e v i o u s l y ,  A f t e r  2 t o  4 h ,  t h o s e  

t h a t  had f i x e d  l e a v e s  t o  t h e  dishes u e r e  p l a c e d  in a n  

observation a r e a  that was open a t  t h e  sides a n d  c o v e r e d  with 

t r a n s l u s c e n t :  f i b r  e g l a s s ,  T h e  consumpt ion  o f  l e a f  by  t h e s e  

l a r v a e  and the a i r  t e m p e r a t u r e  was ineasured e v e r y  2 h o v e r  

2Q h, Two sets of  20 l a r v a e  each were cbserved,  t h e  f i r s t  on  

J u l y  17 t o  18, a n d  t h e  s e c o n d  o n  J u l y  25 to 28, 1981. 

L a r v a e  t h a t  d i d  no% ea t  d u r i n g  t h e  2Q h  p e r i o d  a n d  

larvae t h a t  d i d  a l l  of their feeding i n  3 o r  fewer 2 h 

p e r i o d s  were n o t  c o n s i d e r e d  i n  the a n a l y s i s ,  The a r e a  uf 

leaf  e a t e n  b y  e a c h  l a r v a  durircg e a c h  2 h p e r i o d  was 

e x p r e s s e d  a s  a p r o p o r t i o n  of t o t a l  consuntption, Proportions 

wexe a v e r a g e d  o v e r  each 2 h p e r i o d  and  uere g raphed  on a  24  

h scale- 



RESULTS BMD CISCUSSIOW 

I n  the first e x p e r i m e n t  i n  u n c o n t s o f l e d  c o n d i t i o n s ,  

l a r v a e  a v e r a g e d  451 o f  t h e i r  f e e d i n g  i n  the light a n d  55% i n  

t h e  d a r k ,  I n  the s e c o n d  e x p e r i m e n ?  i n  c c m t r o l l e d  c o n d i t i o n s ,  

44% o f  t h e  f e e d i n g  o c c u r r e d  i n  t h e  l i g h t ,  and 56% i n  the 

d a r k ,  I n  both e x p e r i m e n t s  l a r v a e  fed s i g n i f i c a n t l y  more i n  

the d a r k  t h a n  i n  t h e  l i g h t  ( p a i r e d  t- test, p=O.OS), T h i s  

r e s u l t  s u g g e s t e d  t h a t  la rvae  of C, r o s a c e a n a  are p r i m a s  i l p  

n o c t u r n a l  f e e d e r s ,  

2. g i g  p a t t e r n s  sf f e e d i n g  rates- 

O u t d o o r s ,  r o s a c e a n a  fed mare d u r i n g  a o s t  2 h periods 

i n  the d a y l i g h t  h o u r s  t h a n  i n  m o s t  2 h p e r i o d s  a t  night 

(Fig. 1 2 ) -  B e c a u s e  it was p o s s i b l e  t h a t  t h e  time at which 

the e x p e r i m e n t  was s t a r t e d  and a m b i e n t  t e m p e r a t u r e  may h a v e  

a f f e c t e d  l a r v a l .  E e e d i n g ,  the e x p e r i m e n t  was r e p e a t e d  w i t h  

much 'the same r e s u l t s  (fig* 13). 

T h e s e  r e s u l t s  are  c o n t r a r y  t o  t h o s e  of t h e  l a b o r a t o r y  

e x p e r i a t e ~ t s ,  One p o s s i b l e  c a u s e  f ~ r  t h i s  is  t e m p r a t u r e  

f l u c t u a t i o n s  over t h e  24 h periods { f i g s ,  12, 131, I t  is 

a p p a r e n t  that the f e e d i n g  rake, a n d  thus a c t i v i t y  of t h e  

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

T h u s  t e w p e r a t u r e  f l u c t x l a t i o n s  could h a v e  a g r e a t e r  effect ou 

f e e d i n g  t h a n  h a v e  light c o n d i t i o n s ,  The o t h e r  possible cause 



Fig. 12 Average percent  o f  t o t a l  feeding done by ' 

i n d i v i d u a l  l a rvae  of  Choristoneura rosaceana 

i n  2 h i n t e r v a l s  over a 24 h per iod while  

exposed t o  outdoor l i g h t i n g  (photoperiod) 

and ambient temperatures (C) on Ju ly  17-18, 

1981, Arrow marks time experiment was 

s t a r t e d .  
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Fig ,  13 Average percent  of t o t a l  feeding  done by ' 

i n d i v i d u a l  l a rvae  of Choristoneura rosaceana 

i n  2 h i n t e r v a l s  over a 2 4  h per iod  whi le  

exposed t o  outdoor l i g h t i n g  (photoperiod) 

and ambient temperatures (C) on J u l y  25-26, 

1981, Arrow marks time experiment was s t a r t e d .  
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is t h a t  t h e  3 h l i g b t / d a f k  e x p e r i m e n t s ,  which were c o n d u c t e d  

during t h e  day ,  i n t e r f e r e d  w i t h  a normal. c i r c a d i a n  r h y t h m ,  

and t h a t  p l a c i n g  these l a r v a e  i n  d a r k e n e d  c o n d i t i o n s  i n d u c e 3  

a b n o r m a l  b e h a v i o r  ia them, 

The more s i g n i f i c a n t  f i n d i n g  is t h a t  & r o s a c e a n p  

larvae feed c o n t i n u o u s l y  d u r i n g  a 2q h period i n  c o n t r a s t  

with othes s p e c i e s  o f  L e p i d o p t e r a ,  e, g, cu tworms  

( N o c t u i d a e )  , many of which a r e  n o c t u r n a l  f e e d e r s  ( L m m s  1'364) 

a n d  spend much of the d a y l i g h t  p e r i o d  concealed and 

q u i e s c e n t ,  

C o n t i n u o u s  f e e d i n g  could be an a d v a n t a g e  tc s u r v i u a l  

and deve lopment ,  For example ,  f e e d i n g  d u r i ~ g  t h e  n o m a f l y  

varmer  d a y l i g h t  houss c o u l d  a l l o v  more r a p i d  d e v e l o p m e n t  by 

increasing t h e  amount  of food i n g e s t e d  i n  24 h ,  By b e i r g  

a c t i v e  during t h e  d a y l i g h t  hours, l a r v a e  csufd defend 

themselves a c t i v e l y  a g a i n s t  p r e d a t o r s  and p a r a s i t e s -  O n e  of 

the Bore  obvious c h a r a c t e r i s t i c s  of t o f t r i c i d  l a r v a e  i s  

their v i g o r o u s  movement when d i s t u r b e d ,  

The l ea fro l l ing  h a b i t  might be ccnnected with 

c o n t i n u o u s  f e e d i n g ,  B n a t u r a l  l e a f r o l l  uou ld  p roduce  muted 

l i g h t i n g ,  and would p r o v i d e  some i n s u l a t i o n  a g a i n s t  c o l d e r  

n i g h t t i g l e  t e m g e r a t u r e a .  T h e  t e n d e n c y  tu f e e d  more i n  total 

darkness could c o m p e c s a t e  i n  p a r t  for t h e  lower f e e d i a g  r a t e  

a p p a r ~ n t l y  r e s u l t i n g  from lover n i g h t  t e m p e r a t u r e s .  



On the basis of die1 f eed ing  p a t t e r n s  in rosaceang 

larvae, t h e  tiae of a p ~ l i c a t i o n  of insecticies a g a i n s t  

leaf rollers is p r o b a b l y  not an important factor, because 

larvae f e e d  continuou z l y ,  
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CHAPTER VP, EFFECTS OF LARVAL P O B U L A T I C N  DEWSITY ON 

BCBTALI!IPI SIZE, AND DEVELOPMENT TIM9 CP Rhovobota  naevana ,  

L a r v a e  of t h e  black-  headed  f ireworui of c r a n b e r r y ,  

Rhopobota  n a e v a m ,  o c c u r r e d  a t  the highest p o p u l a t i o n s  - 
d e n s i t y  a t  site 2 i n  P i t t  Headows, 3.C- L a r v a l  densities o f  

1 per 2 t o  4 steins were comaon ( F i g -  6 1 ,  a n d  t h e  r a t i o  0 5  

l a r v a e  t o  stems exceeded 1: 1 i n  some s amp le s ,  It seemed  

possible that t h e s e  d e n s i t i e s  m i g h t  b e  s u f f i c i e n t l y  h i g h  t o  

have sow? intrinsic e f f e c t s  on  t h e  p o p u l a t i o n -  

F r e s h l y  h a t c h e d  l a r v a e  o f  R, n a e v m g  were r e a r e d  t o  

a d u l t s  a t  f o u r  d i f f e r e n t  d e n s i t i e s  t o  i n v e s t i g a t e  possible 

e f f e c t s  of c r o w d i n g  i n  the l a r v a l  s tage  on p o p u l a t i o n  

m o r t a l i t y ,  time t o  r e a c h  t h e  a d u l t  s t a g e ,  a n d  adult s ize-  

BATERIALS A N D  METHODS 

F r e s h l y - h a t c h e d ,  l a b o r a t o r y - r e a r e d  l a r v a e  were used for 

a l l  e x p e r i m e n t s -  

Groups of 40 l a r v a e  were d i v i d e d  so t h a t  10 l a r v a e  were 

reared as  1 l a r v a  p e r  v i a l ,  10 a s  2 p e r  v i a l ,  10 a s  5 per 

vial and 10 a s  10 p e r  vial . .  Each v i a l  1115 mm i n  d i a r n e t e r  and 

7 0  nui deep) c o n t a i n e d  10 s h o o t s  of f r e s h  c r a n b e r r y  and  a a c t  

f i l t e r  p a p e r ,  T h u s  t h e  h i g h e s t  e x p e r i m e n t a l  density o f  1 

2 a r v a  p e r  stem approximated t h e  highest l a r v a l  d e n s i t i e s  

observed i n  the f i e l d ,  T h e s e  were r e p l i c a t e d  10 times, F i v e  

fresh c r a n b e r r y  stems were added  t o  v i a l s  when most of t h e  



a v a i l a b l e  f o l i a g e  had been consumed, 

The e x p e r i m e n t  was c o n d u c t e d  i n  the l a b o r a t o r y  i n  

u a c o o t r o l f e d  c o n d i t i o n s  o f  light and t e ~ p e r a t u r e ,  A f t e r  day 

1 3  o f  t h e  e x p e r i m e s t ,  vials were checked daily f c r  emerged  

a d u l t s ,  Emerged a d u l t s  were sexed, and  t h e i r  wing length 

from b a s e  t o  t i p  was measured as  a n  i n d i c a t o r  o f  s i z e  

{ H i l l e r  1977)- Day o f  emergence, sex and  wing-length were 

recorded f o r  each a d u l t ,  M o r t a l i t y  was the p r o p o r t i o n  t h a t  

f a i l e d  t o  e a e r g e  at e a c h  d e n s i t y  in e a c h  of 10 r e p l i c a t e s ,  

Data were a n a l y z e d  b y  a n a l y s i s  of v a r i a n c e  (p=0-051 and 

mtrl-tiple c o m p a r i s o n s  taade by F i s h e r  * s  LSD (&=Om 05) - 
P r o p o r t i o n a l  a o r t a l i t y  d a t a  were s u b j e c t e d  t o  a n  

a r c s i n -  s q u a r e - r o o t  transf o r m t i o n  p r i o r  t o  a n a l y s i s  f SokaP 

and  R-oh l f  19691, 

RESULTS AID EISCUSSS ICN 

H o r t a l i t y  was n o t  s i g n i f i c a n t l y  h i g h e r  i n  crowded 

c o n d i t i o n s  t h a n  i n  nncmwded c o n d i t i o n s  (Table  28) - 
T h e r e f o r e ,  c a n n i b a l i s m  d i d  n o t  o c c u r  t o  a n y  s i g n i f i c a n t  

extent over the r a n g e  of d e n s i t i e s  examined. In a d d i t i o n ,  

t h e r e  was enough a v a i l a b l e  food  a t  t h e  higher d e n s i t i e s  f o r  

all l a r v a e  t o  complete development-  

T h e r e  was no s i g n i f i c a o t  d i f f e r e n c e  i n  sex rat ios  

between t h e  densities (Anova p>O.O5), and  the sex r a t i o  was 

close t o  1: 1, T h e r e f o r e ,  i t  a p p e a r s  t h a t  m c r t a l i t y  f a c t o r s  
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o g e s a t e d  on t h e  sexes e q u a l l y -  

Bales and females were s i g n i f i c a n t l y  d i f f e r e n t  from 

e a c h  o t h e r  iz a d u l t  wing l e n g t h  and  i n  development  time a t  

all. d e c s i t i e s  (Anova ~<0,05; LSD p=8- 05) - However, t h e r e  was 

no  i n t e r a c t i o n  between d e n s i t y  a n d  sex wi th  r e s p e c t  t o  t h e s e  

two p a r a m e t e r s  (Anova p>U105), d e m o n s t s a t i n g  that d e n s i t y  

had more o r  less t h e  same e f f e c t s  o n  males a s  on f emdies, 

For e a c h  s e x ,  s o l i t a r y  l a r v a e  g e n e r a l l y  took l o n g e r  t o  

c o m p l e t e  deve lopment  than t h o s e  i n  groups { T a b l e  2 8 ) -  Phen 

t h e  d a t a  from both sexes were combined and a n a l y z e d  a s  a 

single set, it was a p p a r e n t  t h a t  s o l i t a r y  l a r v a e  t o o k  

s i g n i f i c a n t l y  l o n g e r  t o  c o ~ p l e t e  development  t h a n  those in 

groups*  

The f o r e w i n g s  o f  f e a a l e s  f rom l a r v a e  r e a r e d  under 

s o l i t a r y  c o n d i t i o n s  were on a v e r a g e  s i g n i f i c a n t l y  l o n g e r  

t h a n  t h o s e  oE f e m a l e s  from more crowded c o n d i t i o n s  (Table  

2 8 ) -  I n  bo th  s e x e s ,  t h e  s h o r t e s t  a v e r a g e  wing l e n g t h  

o c c u r r e d  a t  t h e  highest d e n s i t y -  

Hiller (1'177) showed wing l e n g t h  t o  b e  a good predictor 

o f  body s i z e  i n  T o r t r i c i d a e ,  f n L e p i d o p t e r a  g e n e r a l l y  a  

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

i n  many s p e c i e s  (el g, P o d o l e f  1974,  N o r s i s  1 9 3 3 ) -  T h e r e f o r e ,  

i t  is e x p e c t e d  t h a t  females from the s u l i t a r y  l a r v a e  you1 d 

produce  on a n  a v e r a g e  more e g g s  t h a n  t h o s e  from crowded 



l a r v a e ,  

These  r e s u l t s  agree with t h o s e  fraffi s i in i l a r  s t u d i e s  on 

effects of croudimg on le p i d o p t e r o u s  larvae, Devef opraent 

r a t e  was speeded and p u p a l  weight decreased by crowding in 

Porthe-tria dis~gy [Leonard 19681,  qieris  b r a s s i c a e  and 

P l u s i a  w m m a  [Zaher and Long 19591, and i n  s e v e r a l  s p e c i e s  ---- 
of L e p i d o p t e s a  {Long 1953)- Zaber and Long ( 1 9 5 9 )  showed 

t h a t  crowding of larvae reduced  f e c u n d i t y  i n  a d u l t s  of P, 

b r a s s i c a e ,  
---I 

As t h e  highest e x p e r i m e n t a l  d e n s i t i e s  used here 

a p p r o x i a a t e d  those in t he  f i e l d ,  it i s  quite l i k e l y  t h a t  

crowding was hav ing  some effects on %he p o p u l a t i o n s  in the 

cranberry  field at site 2- 



CRAPTEB VII, DETERMIMATION OF THE SEX PHEROBOME OF 

C h e i m o p h i h  s a l i c e l l a .  1 -- 

Feinale produced sex pheromones are a v a i l a b l e  f o r  3 of 

t h e  4 m a j o r  l e a f r o l l i z g  s g e c i e s  on b l u e b e r r y ,  namely c= 
r o s a c e a n a  [RoeZof s and  T e t t e  197O), &, r o s a n u s  (Roelofs 22 - 
al, 1976) , and & o c e 1 I a n a  [kra 32 as 1974) , The -- 
i d e n t i f  i c a l i o n  of t h e  sex p h e r o m n e  of t h e  f o u r t h ,  2: 

s a l i c e l l a  would t h e r e f o r e  aean that t h e  abundance  o r  t i m i n g  - , , , I  

of emergence of a l l  4 s p e c i e s  c o u l d  be  s u r v e y e d  using 

~heronrone t r a p s .  

T h e  o b j e c t i v e  was t o  i d e n t i f y  a n d  f i e l d - t e s t  t h e  

female- produced  s e x  pheromone of gt saIicd&a_,. 

I n  Wafch 1380, 10 t r a p s  were b a i t e d  w i t h  v i r g i n  2% 

sa l i ce l l a  f e m a l e s  and snspended  f rom b l u e b e r r y  bushes  a t  
-I___-- 

s i te  3 i n  Piet Weadows, 

Larvae n e r e  collected i n  July and  august, 1980, frora 

b l u e b e r r y  i n  Pitt meadows a n d  Richmond, 3.C- and r e a r e d  *o 

p u p a t i o n  on f r e s h  b l u e b e r r y  f o l i a g e ,  Pugae were o v e r w i n t e r e d  

outside a t  a m b i e n t  t e ~ p e r a t u r e s ,  L a r v a e  and  a d u l t s  were 

i d e n t i f i e d  using c h a r a c t e r i s t i c s  given by R a i n e  t1966) aad 

------11---*1*--- - 
t I n  c o l l a b o r a t i o n  w i t h  K, N, S l e s s o r ,  V, A, Salas -Reyes  and 
G,G,S, King, C h e m i s t r y  D e p a r t a e n t ,  Simon F r a s e r  U n i v e r s i t y ,  
Burnaby, B, C, who d i d  a l l  gas c h r o m a t o g r a p h i c  a n a l y s i s  a n d  
c b e m i c a l  s y n t h e s i s ,  



Hodges (1 974)- 

L a b o r a t o r p  a n a l  ~ s i s  ---- 

A s m a l l  number of females eraerged from c v e r w i n t e r e d  

pupae i n  mid-March, 1981, I n  t h e  e a r l y  worniag,  f e m a l e s  were 

t a k e n  t o  t h e  laboratory a n d  p l a c e d  i n  i n d i v i d u a l  petri 

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

d i s t i l l e d  water, w i t h i n  9 h of e x p o s u r e  t o  l i g h t  and warmth 

i n  t h e  l a b o r a t o r y ,  t h e  females began c a l l i n g  b y  e x t e n d i n g  

t h e i r  o v i p o s i t o r s  a n d  r h y t h a i c a f  ly moving t h e i r  abdomens, 

After 6-2 h o f  t h i s  behav io r ,  a single f e n a l e  was 

s e l e c t e d  a n d  h e r  l a s t  abdomina l  s egwen t  and  o v i p s i t o r  

e x c i s e d ,  Washing t h e  abdomina l  t i p  w i th  r e d i s t i l l e d  spectral 

anallyzed h e p t a n e  (3 uL i n  a  p o i n t e d  v i a l )  (Klun & &. 1979)  

y i e l d e d  an  etract which was ch roma tographed  on a  

f lcwle t t -Packard  588021 s p l i t l e s s  c a p i l l a r y  vapour  p h a s e  

chromatograph .  A 25 nt, 0-2 ram O,D, f l e x i b l e  f u s e d  s i l i c a  

c a p i l l a r y  column c o a t e d  w i t h  p o l a r  Carbowax 20 M a s  t h e  

s t a t i o n a r y  phase ,  and a  f l a m e  i o n i z a t i c n  d e t e c t o r  were 

enaployed, A sirnilam: column coated w i t h  n o n p o l a r  me thy l  

s i l i c o n e  was used i n  an i d e n t i c a l  manner t o  f a c i l i t a t e  

pheromone i d e n t i f i c a t i o n ,  

G e n e r a l  f i e l d  methods  
CI-- -- - -  

Bait m i x t u r e s  were p l a c e d  i n s i d e  rubber s e p t a  ( A r t h u r  

H, Thomas, No, 8753-D22) mounted on i n s e c t  p i n s ,  These  were 



1 irO 

p l a c e d  i n s i d e  t r a p s  which were e i t h e r  2 L milk c a r t o n s  open  

a t  t h e  e n d s  and  c o a t e d  i n s i d e  w i t h  Si,ickeat S p e c i a l ,  or 15 x 

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

and f a s t e n e d  t o  p r o v i d e  a t r i a n g u l a r  tube 10 cm on a  s i d e  

and 15 cm long ,  T r a p s  erere s u s p e n d e d  fraa b l u e b e r r y  bushes 

0.6 to 0-9  a a b o v e  the ground, T r a p p i n g  was done a t  s i t e  2 

f rom !!larch 21  t o  @arch 28,  1981. 

Test f o r  a t t r a c t a n c y  of Z L l O  E-33 i s o m s ~  gf -- --- --- 
T e t r a d e c e n ~ l -  1-00 a c e t a t e  
- _ I  ---- 

2- lo-Tetradecenyl-I-goacetate and  - 
E-3 I-tetradecenyl-f-p-acetate were f i e l d  tested t o  determine - 
which eras b i o l o g i c a l l y  a t t r a c t i v e  t o  rrtales of 2, salic~&&g- 

Triangular t r a p s  c o n t a i n i n g  100 u g  of compound or an empty 

sep tum were d i s p e r s e d  i n  a  10 r e p l i c a t e ,  tandornized b l a c k  

e x p e r b e n t ,  There were a b o u t  9 m b e t w e e n  b l o c k s  and 15 a 

between t r a p s  within b l o c k s ,  T r a p s  were set o u t  on March 26, 

1981 and the catch c o u n t e d  on Harch 28, 1981- 

The a t t r a c t a n c e  of t h e  potential s e c o n d a r y  components  

o f  t h e  pheromone, which were i d e n t i f i e d  by l a b o r a t o r y  

a n a l y s i s ,  were a l s o  field t e s t e d .  T r a p  b a i t s  were 100 ug af 

E-1 1-tetradecenyl-I-soacetate o r  a f c o h a l ;  100 ug o f  - 
8-1 1-tetradecenyl-1-2-acetat e a n d  5 ug of - 
E-11-te t radecen-1-ol ;  100 ug of 



I 4 1  

E-11-tetradecenyl-1-2-acetate and 5 u g  a• ’  a lcohol .  and  5 ug - 
of t e t s a d e c a a y l -  ' I -2-acetate ;  o r  b l a n k ,  These were pf acfd i n  

i n i l k  c a r t o n  t r a p s  a i s p e r s e d  i n  a 5 X 5 L a t i n  s q u a r e  d e s i g n  

with abou), 18 m between rows a ~ l d  30 m &&weex colums, T r a p s  

were se t  aut on % a r c h  21, 1381 and t h e  c a t c h  c o u n t e d  on 

Harch 23, 1981, 

T h e  ternary ~ i x t u r e  i n  t h e  previous e x p e r i m e n t  was 

tested a t  a  r a t i o  of 20: 1: 1, with  c o n c e n t r a t i o n s  of 

E-11-tetradecenyl-1-Goacetate a t  0  { b l a n k ) ,  10 ,  100 a n d  1000 - 
ug- The effect of tetradecanyl-I-0-acekate was a l so  checked  

a t  100 ug by eli~inating it from a set  of t r a p s ,  T r i a n g u l a r  

traps were dispersed i n  a 10 replicate randowized  block 

e x p e r i m e n t  on march 26,  9981, T h e r e  were about 15  m be tween  

t r aps  and b l o c k s ,  T h e  c a t c h  was c o u n t e d  on  Barch  28, 1981.. 

Variances in all e x p e r i m e n t s  were s i g n i f i c a n t l y  

h e t e r o g e n i c  {Eartlett  * s  and f l a r t l e y *  s tests, p=0,05] , and 

the d a t a  were i n  t h e  form o f  colrnts w i t h  soltle 0)s. T h e r e f o r e  

a square root  p l u s  0 - 5  t r a n s f o r m a t i o n  was a p p l i e d  t o  a l l  

c o u n t s  (Sokal.  and  Roh l f  t 9691, correcting h e t e r o g e n e i t y  of 

v a r i a a c e ,  Tf ansforrned d a t a  were s u b j e c t e d  t o  a n a l y s i s  of 

v a r i a n c e -  f l u l t i p l e  comparisons b e t w e e n  t r e a t n l e n i  Beans were 

made u s i n g  f i s h e r  3s L S D  [p=D.DS), 



RESULTS A N D  CISCUSSION 

Traps b a i t e d  w i t h  v i r g i n  c, palicel&a_ f e m a l e s  c a u g h t  a n  

a v e r a g e  of 18 mles p e r  t r a p  f rom R a r c h  78-33, 1980, which 

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

T h r e e  s e p a r a t e  exper i r n e ~ l t s  w i t h  s i n g l e  c a l l i n g  f emaf es 

d i s c l o s e d  3 conpor i en t s  in t h e  s p l i t l e s s  gc o f  t h e  h e p t a n e  

extract, B e t e c t i o n  c h a r a c t e r i s t i c s  o n  t h e  p o l a r  column 

i n d i c a t e d  a t e t r a d e c a n y l -  1-pacetate, and a  

t e t r a d e c e n y l -  1-2- a c e t a t e  and a l c o h o l ,  Retention times (Table 

29) s u g g e s t e d  t h e  a n s a t u s a t i o n  t o  b e  t h e  same i n  a c e t a t e  and 

a l c o h o l ,  and  i n d i c a t e d  eithef 3-10 o r  2-1 1- T h e s e  compcaen t s  

were s e e n  i n  e x t r a c t s  fronr 3 c a l l i n g  f e m a l e s  w i t h  amounts  

varying s l i g h t l y ,  a n d  were not seen i n  e x t r a c t s  from 

a o n - c a l l i n g  females, 

Oe t h e  non -po la r  m e t h y l  s i l i c o n e  c o l u n n ,  e x t r a c t s  from 

2 f u r t h e r  females were ch roma tog raphed  ir a s p l i t l e s s  mode, 

T h r e e  peaks were s e e n  c o r r e s p o n d i n g  t o  t e t r a d e c e n - 1 - 0 1 ,  t h e  

c o r r e s p o n d i n g  acetate, and tetradecanyl-1-paacetate- 

R e t e n t i o n  c h a r a c t e r i s t i c s  (Table 29) f a v o u r e d  g-11 o v e r  z- 11 

b u t  n o  c h o i c e  c o u l d  b e  maae, 
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Test f -- o r .  a t t r a c t a n  ---- 

The g-11 isoaer of t e t r a d e c e n y l -  I - g - a c e t a t e  was 

biologically a c t i v e  and t h e  g-10 isomer was not / T a b l e  3 0 ) -  

Traps c o n t a i n i n g  all 3 components i n  a  20: 1: 1 r a t i o  

caught significantly more males p e r  t r a p  than the 

E-1 1-tetradecenyl-1-2-acetate alone {Table 3 1 ) .  Traps  - 
c o n t a i n i n g  the g-11 a c e t a t e  and alcohol mixture were 

intermediate i n  performance,  The E-11 a l c o h o l  was not 

a t t r a c t i v e  by i t s e l f ,  The catch i n  t r a ~ s  b a i t e d  with b i n a r y  

and t e r n a r y  mixtures  d i d  not  d i f f e r  s i g n i f i c a n t l y ,  

Increasing concentration of pheroncone inversely 

a f f e c t e d  catch of m a l e s  i n  t r a p s  aver the r a n g e s  examined 

(Table 32)- Traps a t  the lOOQ ug l e v e l  for  t h e  g-11 a c e t a t e  

c a u g h t  s i g n i f i c a n t l y  f e v e r  sa les  thao t r a p s  a t  the 10 and 

100 ug l e v e l s ,  The highest concentration appears  to l ~ w e r  

t h e  response of gt salice&A_a males- 



.ble 30 Comparison in field traps of E-ll-tetradecenyl- 
1-2-acetate and 2-10-tetradecenyl-1-2-acetate 
as attractants for male Cheimophila salicella. 
Experiment run 26-28, March, 1981: n=lO.* 

TRAP BAIT (ug) Males/Trap 

E - I ~ - c ~ ~ - ~ - O ~ C  (100) - - 2,la 

z-lo-cl,-l-~c (100) - O b  

Control  lank) 0. lb 

*Numbers followed by the same letter are not 
significantly different (Anova, p < 0 -05, Fishers 
LSD, p=O.O5) . 



Table 31 Comparison i n  f i e l d  t r a p s  of  pheromone components 
a lone and i n  combination a s  a t t r a c t a n t s  f o r  male 
Cheimophila s a l i c e l l a .  Experiments run 21-23 
March, 1981: n=5.* 

TRAP BAIT (ug) ~ a l e s / T r a p  

Control   lank) 0 c  

"Numbers followed by t h e  same l e t t e r  a r e  not  s i g n i f i c a n t l y  
d i f f e r e n t  (Anova, p <  0.05, F i she r s  LSD, p=0.05) . 



Table 32 E f f e c t  i n  f i e l d  exper iments  o f  s t i m u l u s  
concen t r a t i on  on c a t c h  o f  male Cheimophila 
s a l i c e l l a ,  and retest o f  e f f e c t  o f  
tetradecehyl-14--acetate on c a t c h .  Experiment 
26-28 March, 1981; n=10.* 

TRAP BAIT (ug) ~a l es /Trap  

- - - -  

E-11-C14-EAc ( l o ) ,  - 
~ - l l - C ~ ~ - l - o l  (0.5). - 9.3a 

5 4  
-1-G-Ac (0.5) 

Cont ro l   lank) 

* N u m b e r s  fo l lowed by t h e  same le t te r  are 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  (Anova, p < 0.05, F i s h e r s  LSD, ~ r 0 . 0 5 )  . 



T h e  s e x  pheromone of  C, sa l ice l la  a p p r o x i m a t e s  

t h e r e f o r e ,  a  20: 1: 1 m i x t u r e  o f  

E-1 1-tetradecenyl-1-2-acetate: 2- 1 1 - t e t r a d e c e n -  1-01: - 
t e t r a d e c a a p l - 1 - 0 -  - a c e t a t e ,  A t t r a c t i o n  of males  o f  a s p e c i e s  

of Cheisnmphila t o  t r a p s  b a i t e d  w i t h  

E-11-tetradecenyl-l-p-acetate h a s  b e e n  g r e v i o u s l y  reported 

{Ando 22 a&, I W ? ) ,  This is the f i r s t  r e p o r t  of t h e  

p h e r o  inone 

T h i s  

s a l i c e l l a  -- 
p e s t  i n t o  

c o a p l e x  o f  a member of t h e  f a g i l y  O e c o ~ h o r i d a e ,  

gherom~ne c a n  b e  used t o  d e t e c t  t h e  s p r e a d  of Ci 

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

o t h e s  blueberry growing  areas of N o r t h  America- 

component  o f  a p e s t  manageaec t  program i n  

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

C, s a l i c e l l a  a s  s u g g e s t e d  for  the gypsy moth (Elkinton and  -- --I- 
C a t d e  1981), However, t h e r e  a r e  major  ~ r o b l e m s  w i t h  t h e  use 

of  ~ h e r o a o n e  t r a p s  f o r  m o n i t o r i n g  p o p u l a t i o n  l e v e l s ,  

e s p e c i a l l y  i n  i n t e r p r e t i n g  t r a p  catches and  c o r r e l a t i n g  them 

w i t h  field p o p u l a t i o n s  and  damage levels ( Y i c k  e& a l -  1 " 3 1 ) ,  

In a p p l e  o r c h a r d s  pheromone trap c a t c h e s  of l e a f r o l l e r  

a d u l t s  correlate n o t  a t  a l l ,  er o n l y  a t  high l a r v a l  

d e n s i t i e s ,  w i t h  p o p u l a t i o n s  of larvae (e.9, Madsen a n d  

Badsen 1980; HacLe l l an  1978) -  T h u s  the sex pheromone of 2, 

sa l i ce l l a  w i l l  p r o b a b l y  n o t  b e  of i m ~ e d i a t e  s i g n i f i c a n c e  t o  ---- 



pest management of bf u e b e r r y  pests- 

Sex pheromone t raps  fo r  t h e  4 wajor species on 

b l u e b e r r y  c o u l d  b e  used to i d e n t i f y  l e a f r o l l e r  species i n  

t h e  f i e l d s ,  aod t o  h e l p  i n d i c a t e  when t h e  ~ o t h s  are active,  

which raight be useful i n  t h i n g  c o n t r o l  measures as 

suggested b y  Madsen ant3 Fladsen (1980) for P e a f r ~ l l e f s  i n  

Okanagan apple o r c h a s d s ,  B e c a u s e  t h e  leafroller p o p u l a t i o n  

coatplex v a r i e s  between b l u e b e r r y  fields, sex p h e z o m o n e ~  

iaight b e  use•’ ul for d e t e c t i n g  d i f f e r e n c e s  i n  species 

composition, 



CHAPTER V I I f ,  SUMMARY A N D  CONCLUSIONS 

S u r v e y s  shoued  leafrcllers t o  be a b u n d a n t  i n  c o m m ~ r c i a l  

b l u e b e r r y  f i e l d s ,  Average  numbers  of l a r v a e  i n  1980 r a n g e d  

from 0 t o  23.3 p e r  p l a n t  a n d  d e c r e a s e d  i n  most fields a s  t h e  

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

were s p r a y e d  i n  the c u r r e n t  season, i n t e r m e d i a t e  i n  t h o s e  

that had  b e e n  s p r a y e d  cine o r  two  s e a s o n s  p r e v i o u s l y ,  a n d  

h i g h e s t  i n  f i e l d s  t h a t  had n o t  b e e n  s p r a y e d  TOT: a t  l e a s t  5 

years- I n s e c t i c i d e  a p p l i c a t i o n s  c o n t r o l  l e a f  rollers, and  

appear t o  keep  popula t i . cn  n u n h e r s  low f o r  a t  leas t  1 o r  2 

y e a r s  a f t e r w a r d s ,  

P r u n i n g  p r a c t i c e s  a p p e a r e d  t o  h a v e  a n  e f f e c t  on  

l e a f r o l l e r  numbers  b e c a u s e  t h e  h i g h e s t  ~ o p u l a t i o n s  were i n  

f i e l d s  that were not pruned ,  or were pruned i n c o r r e c t l y  t o  

r e t a i n  o l d  wood,. Many l e a f r o l l e r  s p e c i e s  e i t h e r  forta 

h i b e r n a c u l a e  or f a y  e g g s  on o l d e r  wood, so  r e m o v a l  of t h i s  

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

Larvae o f  1 4  species of T o r t r i c i d a e ,  1 of Geometridae 

and 1 of O a c o p h o r i d a e  were found  i n h a b i t i n g  l e a f r o l l s  and 

b l o s ~ o m  clusters on B luebe r ry ,  Seven  o f  t h e s e  s p e c i e s  a r e  

i n t r o d u c e d ,  two of  t h e m  a p p a r e n t l y  r e c e n t l y ,  

The majority of l e a f r o l l e r  l a r v a e  o n  b l u e b e r r y  were o f  

Choristoneura s o s a c e a n a  S i l o n o t a  o c e l l a n a  B r c h i ~ g  r o s a n j g  - -  - -  t 2 ,  ,-,,, r ,- 

a n d  C h e i a z h i f a  sa1iceUa= L a r v a e  o f  p?iJemis c e r a s a n a ,  



Badebec ia  s r t i c a n a ,  O p f r o p h t e r a  bruce* a n d  C r o e s i a  - 
c u r v a f a n a  were common, 

P a r a s i t i s n  o f  l a r v a e  o f  t h e  four najor species r a n g e d  

f rom a l n o s t  nil f o r  At r o s a n u s  and t, z a l i c e l l a ,  t o  79 t o  

33% f o r  2, r o s a c e a n a ,  and t o  a b o u t  23% f o r  & ~ e 1 . 1 a a a -  

Numbers of l a r v a e  of other s p e c i e s  were too low f o r  p e r c e n t  

p a r a s i t i s m  t o  be e s t i m a t e d ,  Depending  on what o t h e r  sources 

of m o r t a l i t y  o c c u r  i n  the p o p u l a t i o n s ,  p a r a s i t e s  might  be 

i m p o r t a n t  i n  r e g u l a t i n g  numbers  o f  C, z o s a c e a n a  and  2% 

o c e l l a a a ,  
-7- 

S, o c e l l a n a  and  & b r u c e a t a  feed p r e f e r e n t i a l l y  i n  - ------ 
flower clusters s o  t h e y  a r e  potentially t h e  most 

e c o n o a i c a l f y  damaging species, O t h e r  s g e c i e s  f e e d  somewhat 

more f r e q u e n t l y  o n  l e a v e s  t h a n  on i f o v e r  clusters, but can 

still  be  i m p o r t a n t  where numbers are h i g h *  

S u r v e y s  with t r a p s  shoved  two p e r i o d s  of l a r v a l  

d i s p e r s a l  i n  b l u e b e r r y  f i e l d s ,  T h e  f i r s t  occurred i n  P a t e  

A p r i l  a n d  easly flay when A, r o s a n u s  and C, s_a1.icella 

hatched, The  second o c c u r r e d  i n  f a t e  J u l y  and e a r l y  August 

when & rosaceang a n d  g, e e r a s a n a  ha t ched ,  T h e r e  was a v e r y  

e a r l y  p e r i o d  of l a r v a l  d i s p e r s a l  i n  e a r l y  Harch when 2, 

bruceata hatched, but the traps were not set out --- 
s u f f i c i e n % l y  e a r l y  t o  d e t e c t  t h i s .  

The g r e a t e r  p a r t  o f  t h e  l a r v a l  d r i f t  o c c u r r e d  w i t h i n  
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t h e  f i e l d ,  which c o u l d  limit t h e  t h r e a t  o f  irnnaediate 

r e - i n f e s t a t i o r ,  of a f i e l d  b y  l a r v a e  drifting f rom a d j o i n i n g  

f i e l d s  or f rom n e a r b y  a l t e r n a t e  h o s t  p l a n t s -  

L e a f r o l l e r s  have their g r e a t e s t  i m p a c t  on b l u e b e r r y  

y i e l d s  by f e e d i n g  or, b e r r y  c l u s t e r s -  On t b e  basis of  t h e  

life history and d i s p e r s a l  o f  t h e  l a r v a e ,  2 to  3 s p r a y s  

would b e  n e c e s s a r y  t o  c o n t r o l  a l l  s p e c i e s  of l e a f r o l l e r s :  

one  i n  l a t e  March f o r  e a r l y  feeding s p e c i e s  s u c h  a s  Q, 

b r u c e a t a ;  o n e  i n  mid-Bpr i l  f o r  i n t e r m e d i a t e  s p e c i e s  s u c h  a s  - 
C, s o s a c e m ;  and one i n  midoflay f o x  l a t e  s p e c i e s  s u c h  as R, - 
r o s a n u s  and g, sa l i ce l l a -  ---- 

Hare l a r v a e  fed i n  b l o s s a a  clusters t h a n  i n  l e a f r o l l s  

on  blueberry i n  A p r i l  and Hay, S ~ i l o n g Q  ocellang was t h e  

p redoa t inant  b lossom-feeding  l a r v a  a t  on€ site, w h i l e  II, 

bruceata t h e n  & E s a c e a n g  were t h e  most  a b u n d a n t  a t  o thers-  ----- 
A t  one s i te it was e s t i a a t e d  t h a t  l a r v a e  were p r e s e n t  i n  

a b o u t  I 'ib of t h e  c l u s t e r s  i n  Apr i l ,  3980- These  numbers 

a ~ p e a r e d  t o  be s u f f i c i e n t  t o  c a u s e  e c o n o ~ i c  damaage, 

Leaf rollers c a u s e d  s i g n i f i c a n t  damage t o  c lus ters  i n  

which t h e y  f e d ,  The y i e l d  of these damaged c l u s t e r s  was 

r e d u c e d  by a b o u t  60R,  and  it appea red  t h a t  t h e  n t a j o r i t y  of  

t h e  damage was done  e a r l y  i n  t h e  spring. 

The p e r c e n t a g e s  of c l u s t e r s  damaged by l e a f r o l l e r s  were 

5 ,  13 and 14% a t  t h e  t h r e e  f i e l d s  s t u d i e d ,  These  f i e l d s  
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s u p p o r t e d  t h e  h i g h e s t  l e a f  ro l le r  p o p u l a t i o n s  s e e n  i n  t h i s  

s t u d y ,  s o  t h e  f i g u r e s  probably r e p r e s e n t  t h e  u p p e r  e x t e m e s  

o f  damage, 

Combin ing  t h e  d a t a  on l o s s  o f  berries i n  a cluster with 

p e r c e n t a g e s  of  clusters damaged,  l o s s e s  of y i e l d  f o r  these 

f i e l d s  range from 3 to 8%- 

S p r a y i n g  w i t h  m a l a t h i o n  t o  c o n t r o l  l e a f r o l l e r s  on 10 

plants r a i s e d  t h e i r  e s t i a a t e d  p r o d u c t i o n  by a b o u t  25% o v e r  

10 u n s p r a y e d  p l a n t s ,  It a p p e a r e d  t h a t  either soone u n e x p e c t e d  

beneficial. e f f e c t s  would be d e r i v e d  f rcntl c o n t r o l l i n g  

leafrol lers  on b l u e b e r r y ,  o r  @ o r e  l i k e l y ,  t h a t  these p l a n t s ,  

which were much s m a l l e r  t h a n  n o r m a l ,  had  a p r o p o r t i o n a t e l y  

h i g h e r  l ea f f c l l er  p o p u l a % i o n  t h a n  the l a r g e r  plants 

elsewhere i n  the f i e l d -  

C o s t s  cf c o n t r o l l i n g  l e a f r o l l e r s  by ae r i a l  a p p l i c a t i o n  

o f  malathion are s u c h  t h a t  a n y  o f  the t h r e e  f i e l d s  c o u l d  

h a v e  been  treated e c o n o m i c a l l y t  Based  om a cost  of $57,011,(ha 

t o  s p r a y ,  a yield of 10 t / h a ,  a n d  a c r o p  v a l u e  of $1. IOJkg, 

the e c o n o m i c  i n j u r y  l e v e l  is about 1% of clusters, Changes 

i n  t h e  c o s t  of a p p l i c a t i o n ,  t h e  numbers  of  r e q u i r e d  

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

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

t e c h n i q u e s  t h a t  were used t o  assess the damage were o n  an  2 

poster ior i  bas is ,  t h e y  are i n s u f f i c i e n t  f o r  p r e d i c t i n g  t h e  

nsed f o r  c o n t r o l s ,  F u r t h e r  r e s e a r c h  w i l l  b e  r e q u i r e d  t o  
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e s t a b l i s h  g p r i o r i  e s t i m a t e s  o f  damage, B e f o r e  i t  c a n  fie 

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

e v e n  n e c e s s a r y  f o r  l e a f r o l l e r s  on b l u e b e r r y  it i s  a l s o  

n e c e s s a r y  t o  f i n d  the c h a r a c t e r i s t i c  l e v e l s  of daaage ,  

Leaf rollers Mere a p p a r e n t l y  t h e  o n l y  p e s t s  o f  b l u e b e r r y  

p resen t  t h a t  reduced y i e l d s  by feeding on the fruit, sc t h e y  

w i l l  h e  the Ley pests i n  a n y  p r o s p e c t i v e  p e s t  aanagetnent 

program- 

L a r v a e  o f  most  o f  the major  l e a f r c l f e s  s p e c i e s  t h a t  

feed on blueberry were p r e s e n t  a t  about t h e  same r e l a t i v e  

f r e q u e n c i e s  QTI b i r c h  , b l a c k b e r r y r  wil low,  and  hardhack  i r ? .  

t h e  v i c i n i t y  of  b l u e b e r r y  f i e l d s ,  L e a f r o l l e r s  on t h e s e  

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

ae r ia l  drift o f  f i r s t - i n s t a r  l a r v a e  a n d  t h r o u g h  a d u l t  

flight. However, a s  n o t e d  p r e v i o u s l y ,  t h e  d r i f t :  of 

f i r s t - i n s t a r s  may be of l i m i t e d  s i g n i f i c a n c e ,  Surveys shoved 

that t h e s e  a l t e r n a t e  h o s t  p l a n t s  d o  n o t  h a r b o u r  l e a f r o l l e r  

s p e c i e s  t h a t  are a l t e r n a t e  h o s t s  o f  p a r a s i t e s  of l e a f r s l l e r s  

t h a t  f e e d  on k l u e b e r r y ,  

The p a r a s i t e  complex o f  t h e  b l u e  ber ry-  f e e d i n g  

l e a f r o l l e r s  i~ e s s e n t i a l l y  t h e  sage on t h e i r  a l t e r n a t e  

h o s t s ,  An exception was Q g h u a  &p&I -Ci~es  which 

parasitized a h i g h e r  p e r c e n t a g e  of 2, r o s a c e a n a  l a r v a e  

inside th@ f i e l a  t h a n  o u t s i d e ,  T h i s  c o u l d  h a v e  beer, b e c a u s e  

t h e  numbers  o f  l a r v a e  on p l a n t s  i n s i d e  t h e  f i e l d  were higher  



t h a n  on p l a n t s  o u t s i d e ,  

L a r v a e  o f  2, rosaceqqq f e e d  c o n t i n u o u s l y  o v e r  2 4  h b u t  

under n o r m a l  c o n d i t i o n s  of f i g h t  and t e m p e r a t u r e  feed aore 

a c t i v e l y  a u r i n g  t h e  d a y  t h a n  a t  n i g h t -  Because 2, r o s a c e a n a  

l a r v a e  are c o n t i a u o u s L y  a c t i v e ,  t h e  time of day  a t  which  

c o n t r o l s  are a p p l i e d  is p r o b a b l y  n o t  i n p o r t a n t ,  

The f e n a l e  p r o d u c e d  sax-p h e r  omone af ss s a l i c e I . l p ,  

i d e n t i f i e d  a s  a m i x t u r e  of g- 1 1 - t e t r a d e c e n y l -  1 -0-ace ta te :  

E-1 1 - t e t r a d e c e n -  1-01: t e t r a d e c a a y l -  1 -Q-ace ta te  i n  a 20: 1: 1 - 
ratio, offers some p o t e n t i a l  f o r  m o n i t o r i n g  e n e r g e n c e  times 

a n d  s p r e a d  of that s p e c i e s ,  

The only major l e a f r o l l e r  s p e c i e s  ca c r a n b e r r y  was the 

i n t r o d u c e d  black- headed  f i r e u o r m ,  X e v a n a ,  a 

well-known pest of c r a n b e r r y .  It was t h e  only s p e c i e s  of 

l e a f r o l l e r  found i n  c c m m e r c i a l  bogs  where i t  was a t  Ion 

numbers because o f  i n s e c t i c i d e s  a p p l i a d  a g a i n s t  it, I t  was 

e x t r e s e l y  common i n  abandoned a n d  u n s p r a y e d  bogs  where s n a l l  

numbers  o f  other s p e c i e s  were a l s o  found ,  I n  t h e  a b s e n ~ e  of 

controls I& 2?;=vana populations c a n  r e a c h  v e r y  high levels 

and could d e s t r o y  a c r a n b e r r y  p l a n t i n g  I n  a , v e r y  short t i n t &  

P a r a s i t i s m  r t i  R, naevana  was e x t r e m e l y  low- 

L a r v a e  of R, g a e v a n a  d i d  n o t  d i s p e r s e  by a e r i a l  

d r i f t i n g ,  L a r v a e  of -&&g a l l e n i a n a  originating from e g g s  

m a s s e s  on Zedun sp ,  were n o t e d  d r i f t i n g  i n  c r a n b e r r y  f i e f a s ,  



b u t  t h e i r  o c c u r r e n c e  on c r a n b e r r y  is  i n c i d e n t a l -  The 

y e l l o n - h e a d e d  f i reraorm,  Acleris minu ta ,  was a o t  found on 

c r a n b e r r y  a l t k o u g h  it is n a t i v e  to s o u t h - w e s t e r n  B r i t i s h  

Columbia and i s  a p e s t  of c r a n b e r r y  i n  e a s t e r n  North A a e r i c a  

[Wood 1975; Franklin 1948) - 
High l a r v a l  a e n s i t i e s  i n  l a b o r a t o r y  r e a r i n g  c o n d i t i o n s  

shortened d e v e l o p n e n t  time and  d e c r e a s ~ d  a d u l t  s i z e  of g= 

naevana ,  The r e d u c e d  a d u l t  size would a lso  d e c r e a s e  --- 
fecundity of f e n a l e s .  I n c r e a s e d  l a r v a l  d e n s i t y  d i d  n o t  

i n c r e a s e  mortality of l a r v a e ,  D e n s i t i e s  a t  which t h e s e  

effects were o b s e r v e d  were so high t h a t  they would only 

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

unspra yed bogs, 

On c r a n b e r r y  _RI naevana  i s  t h e  na jor  pest . .  It i s  

c o n t r o l l e d  by r e g u l a r  a p p l i c a t i o n s  of i n s e c t i c i d e s ,  I t  

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

s p e c i e s  a n d  t o  p r o v i d e  t h e  grouess w i t h  a  way o f  p r e d i c t i n g  

when controls need b e  a p p l i e d -  

Leaf rollers in commerc i a l  r a s p b e r r y  f i e l d s  are 

c o n t r o l l e d  by a p p l i c a t i o n s  of i n s e c t i c i d e s  a g a i n s t  o ther  

p e s t  s p e c i e s ,  The a o s t  a b u n d a n t  s p e c i e s  in a n  u c s p r a y e d  

f i e l d  were g1 r o s a c e a n g  a n d  Acler& comas i ana -  & b r u c e a t a  

w a s  coiamon i n  ?larch and  A p r i l  i n  both s p r a y e d  a o d  unsp rayed  

f i e l d s .  Serrerr l e a f  roller s p e c i e s  were f o u n d  f e e d i n g  on 

raspberry of which & c o s a n u s  and A, ~omayiana, were 



i n t r o d u c e d ,  C h o r i s t o n e u z ~  p s a c e a n a  o n  has p b e r r y  is a t  l e a s t  

p a r t i a l l y  b i v o l t i n e ,  while on all o t h e r  h o s t  p l a n t s  s u r v e y e d  

i t  was u n i v o l t i n e -  

Too f e w  l a r v a e  were caught d r i f t i n g  t o  r e a c h  a a y  

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

of l e a f r a l l e r s  on r a s p b e r r y *  The  low ~ u m b e s s  o f  l a r v a &  

caught r e f l e c t  t h e  g e a e r a l l y  low lea f rc l l e r  p o p u l a t i o n s  o n  

that crop .  

On r a s p b e r r y  Q3 bruce&a c o m p l e t e s  f e e d i n g  b e f o r e  

i n s e c t i c i d e s  a r e  a p p l i e d  for o t h e r  s p e c i e s ,  so it c o u l d  be 

a n  i m p o r t a n t  p e s t  s p e c i e s  i f  its  numbess a r e  h igh .  

H i s t o r i c a l l y ,  t h e  s o s t  i m p o r t a n t  l e a f r o l l e r  on raspberry is 

C, r o s a c e a n a ,  Its s e c c a d  g e n e r a t i o n  l a r v a e  e n t e r  the  f r u i t  

c u p ,  and reaain i n  the berry a t  h a r v e s t ,  l o w e r i n g  fruit 

q u a l i t y  (Schuh a n d  Mute 1948)- Bcleris comar i ana ,  a r e c e n t l y  

i n t r o d u c e d  s p e c i e s  whose normal  h o s t  is  s t r a w b e r r y ,  is  

reported h e r e  for She f i r s t  time on r a s g b e r r y ,  Its p o t e n t i a l .  

a s  a p e s t  of r a s p b e r r y  i n  unknown- P r o v i d e d  g r o w e r s  c o n t i n u e  

to  u s e  i n s e c t i c i d e s  t o  contscol o t h e r  p e s t s ,  l e a f r o l l e r s  are 

n o t  l i k e l y  t o  be i ~ p o r t a n t  o n  r a s p b e r r y  w i t h  t h e  p o s s i b l e  

exception of 2% & s n c e a t a -  

As on r a s p b e r r y ,  l e a f r o l l e r s  i n  ccm~ercial s t r a w b e r r y  

, f i e l d s  are c o n t r o l l e d  by i n s e c t i c i d e s  a ~ p l i e d  a g a i n s t  a t h e r  

species, L a r v a l  p o p u l a t i o n s  i n  a n  u n s p r a y e d  field reached a 

peak  of 2 8  pez rn of  LOW, The predominan t  s p e c i e s  there  was 
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A, c o m a r i a n a ,  Even a t  t h a t  h i g h  density, f e u  l a r v a e  were -- ---- 
o b s e r v e d  f e e d i n g  on f r u i t  a n d  these was n o  a p p a r e n t  e f f e c t  

on y i e l d ,  About 5 8 %  of the l a r v a e  were ~ a r a s i t i z e d ,  m a i n l y  

b y  C o ~ i d o s o m a  sp- P a r a s i t e s  05 A, c u a a r i a n a  c o u l d  well 

regulate its p o p u l a t i o n s ,  a l t h o u g h  s t r a w b e r r y  f i e l d s  are 

n o r m a l l y  plowed u n d e r  a f t e r  2 t o  4 y e a r s  which might s o l  b e  

sufficiently l o n g  f u r  t h e  host-parasite s y s t e m  to s t a b i l i z e ,  

L a r v a l  p o p u l a t i o n  densities d i f f e r e d  between d i f f e r e n t  

areas of a s t r a w b e r r y  f i e l d ,  T h e s e  d i f f e r e n c e s  c o u l d  b e  

c o r r e l a t e d  with r e l a t i v e  p r o x i m i t y  t o  w i ld  v e g e t a t i o n ,  The  

edges o f  t h e  f i e l d  g e n e r a l l y  had  h i g h e r  p o p u l a t i o n s  t h a n  the 

centre, a n d  t h e  edge w i t h  t h e  h i g h e s t  p o p u l a t i o f ,  was next t o  

a n  area of mixed d e c i d u o u s  f o r e s t ,  Rates of parasitisnt d i d  

n o t  v a r y  s i g n i f i c a n t l y  between t h e  areas of the f i e l d ,  T h u s  

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

host, 

I f  growers c o n t i n u e  t o  use insecticides to c o n t r o l  

p e s t s ,  t h e  psesent  l e a f r o l l e r  species g i l l .  l i k e l y  n o t  be  

p e s t s  of s t r a w b e r r y  culture. 

Thus, t h e  h y p o t h e s i s  set a t  t h e  b e g i n n i n g  t h a t  

l ea f ro l l e r s  coald be  of economic  i m p o r t a n c e  t o  berry c r o p s  

h a s  soae v a l i d i t y  i n  r e l a t i o n  t o  t h o s e  c r o p s  i n  t h e  Lower 

F r a s e r  Valley, B,C1 An eco nomic  e f f e c t  of  l e a f r o l l e r s  on 

b l u e b e r r y  y i e l d s  h a s  been d e m o n s t r a t e d ,  S i m i l a r l y ,  &, 

n a e v a a a  can d e v a s t a t e  c r a n b e r r y  f i e l d s  i f  l e f t  u n c o n t r o l l e d ,  



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

i n s e c t i c i d e  a p p l i c a t i o n s  a g a i n s t  it- 

Leaf rollers would become management t a r g e t s  on 

raspberry and  s t r a w b e r r y  only i f  i n s e c t i c i d e  a p p l i c a t i c n s  

a g a i n s t  p e s t  species are  r educed  by pest management. 

T h r e e  of t h e  4 most a b u n d a n t  s p e c i e s  on b l u e b e r r y  a r e  

in troduced ,  and a t o t a l  o f  7 i n t r o d u c e d  s p e c i e s  of 

leafrol ler  were found  f e e d i n g  on blueberry. .  Two of these, 

Pandemis  g e r a s a n a  a n d  2% he~argg~ I h a v e  b e e n  i n t r o d u c e d  

r e c e n t l y ,  i .e,  p r o b a b l y  sometime i n  the l a s t  20 years, 

Rhopobotg n a e v a n a  uas t h e  o n l y  i m p o r t a n t  species found - 
feeding on c r a n b e r r y ,  It is introduced, b u t  n o t  r e c e a t l y -  

Other species of l ea f rc l l e r  sere found  i n  low numbers and 

o n l y  i n  unsp rayed  sites, Of t h e  8 f o p i d o p t e r o u s  l e a f r o l l e r s  

on r a s p b e r r y  A, s ~ a r i a n a  a n d  & r o s a n u s  a c e  i n t r o d u c e d ,  t h e  

former r e c e n t l y  so, 

O f  the  4 t o r t s i c i d  s p e c i e s  c o l l e c t e d  from s t r a w b e r r y  

only the common A, c m a r i a n a  is i n t r o d u c e d ;  t h e  others a r e  

native, 0 ne i n t r o d u c e d  s p e c i e s ,  gpeph~aq konqana,  

p r e v i o u s 1  y  reported (Cram a n d  Tonks 1959) dazaaging 

s t r a w b e r r y  i n  t h e  Lower F r a s e r  Valley was n o t  c o l l e c t e d ,  

T h e  hypothesis t h a t  t h e  l e a f ro l l e r  f a u n a  on b e r r y  c r o p s  

h a s  been enhaoced  b y  r e c e n t l y - i n t r o d u c e d  s p e c i e s  n o t  

h i t h e r t o  repcrted c a u s i n g  them harm is o n l y  p a r t l y  proven, 
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Ten of t h e  16 species found  on b l u e b e r r y  had  n o t  been 

p r e v i o u s l y  r e p o r t e d  d a a a g i n g  t h a t  crop, b u t  of t h e  10, o n l y  

2 ,  fl, c e r g ~ g g  a n d  P, h e ~ a r a n a ,  a r e  recently i n t r o d u c e d  a n d  

these were nct nuntercuc, enough. 

No previously u n r e p o r t e d  leafroller s p e c i e s  were found  

c a u s i n g  economic  harm i n  c r a n b e r r y  f i e l d s -  

T h e  r e c e n t l y - i n t r o d u c e d  & c o ~ t r a s i a n a  (Cram 1973) , gas 

r e p o r t e d  on  z a s p b e s r y  f o r  t h e  f i r s t  tilael It was p r e v i o u s l y  

r e p o r t e d  damaging s t r a w b e r f y  (Cram 1973) ,  b u t  was n o t  

nuiuersus  enough on r a s p b e r r y  t o  c a u s e  harm- 

No p r e v i o u s 1  y u n r e p o r t e d  i n t r o d a c e d  s p e c i e s  %ere found  

f e e d i n g  o n  strawberry, 

I S  is  d i f f i c u l t  t o  tell i f  t h e r e  have  been any  

i n t e r a c t i o n s  between n a t i v e  and introduced s p e c i e s  b e c a u s e  

t h e r e  have  been n o  previous s u r v e y s  of T o r t r i c i d a e  on  b e r r y  

crops i n  t h e  Lower F s a s e r  Valley, 3.C- Whether t h e  a b s e n c e  

of p r e y  i o u s l  y r e p o r t e d  s p e c i e s  on s t r a w b e r r y  reflects 

c o n s e q u e n c e s  of i n t e r a c t i o n s  be tween  sgecies, n a t u r a l  

f l u c t u a t i o n s  i n  abundance ,  or  a d e c r e a s e  i n  abundance  due t o  

i n c r e a s e d  s p r a y i n g  of insecticides for  & h e r  p e s t s  i s  n o t  

known, 

P o w e l l  (1964)  n o t e d  t h a t  l a r v a e  of G 1 e p s i s  f p r b e s i  

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

d e n s i t i e s  of S, o c e l l a n a  by u t i l i z i n g  t h e  r o l l s  of t h a t  
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species a s  s h e l t e r s ,  I n  this s t u d y  f i r s t - i n s t a r  l a r v a e  of 

t h e  n a t i v e  C, E s a c e a n p  on  b l u e b e r r y  were f r e q u e n t l y  found  

feeding i n  d e s e r t e d  l e a f r o l l s  o f  the i n t r o d u c e d  s, 
s a l i c e & & q ,  S i n i l a r l y  , f  i r s t - i n s t a r  l a r v a e  of the n a t i v e  

a l l e n i g a  were commonly f o u n d  feeding i n  d e s e r t e d  rolls of 

t h e  in+ , roduced  & somar i ana ,  

There were few i n d i c a t i o n s  o f  s h a r i n g  of p a r a s i t e s  

between n a t i v e  a n d  i n t r o d u c e d  s p e c i e s ,  A Met ro ruq  sp, and a 

a i c r o g a s t e r  sp, {Hymenoptera: Bracon idae )  p a x a s i t i z e d  -- 
s e v e r a l  native a n d  i n t r o d u c e d  s p e c i e s  on b l u e b e r r y  a n d  

s t r a w b e r r y ,  Because  the specific i d e n t i t i e s ,  n a t i v e  o r i g i n s ,  

and  p r e f e r r e d  h o s t s  o f  t h o s e  ~ a r a s i t e s  are not known, i t  is 

n o t  c l e a r  i f  these a r e  n a t i v e  s p e c i e s  a t t a c k i n g  new and 

i n t r o d u c e d  h o s t s  o r  i n k r o d u c s d  s p e c i e s  a t t a c k i n g  aeu and  

n a t i v e  hosts. 

Dn t h e  b a s i s  of t h e  c o n c l u s i o n s  of t h i s  s t u d y  i t  is 

reccmmendad that: 

1. l e a f r o l l e r  p o p u l a t i o n s  03 and  t h e  damage t h e y  cause  to  

b l u e b e r r y  be a s s e s s e d  t h r o u g h o u t  t h e  Bower P r a s e r  V a l l e y  so 

that a d e c i s i o n  c a n  be made a s  t o  t h e  ~ r a c t i c a b i ; Z i t y  of a 

pest management s y s t e m  f o r  l e a f  rcl lers cn b l u e b e r r y ;  

2 ,  r e g u l a r  s u r v e y s  of l e a f r o l l e r  s p e c i e s  f e e d i n g  on b e r r y  - 

c r o p s  s h o u l d  be  conducted to d e t e c t  c h a n g e s  i n  the abundance  

of species a n d  t h e  i n t r o d u c t i o n  o f  a d d i t i o n a l  species; 

3, i n s e c t i c i d e  s p r a y s  a g a i n s t  leafr  o l f e r s  on blueberry be 



a p p l i e d  e a r l y  i n  t h e  season, a s  this is uhen the dawage 

occurs and b e  t imed t o  c o i c c i d e  w i th  the p r e s e n c e  of the 

important s p e c i e s  i n  a x y  i n d i v i d u a l  field; and 

4, research l e a d i n g  to the p e s t  managemat of R, naevana 

cranberry be initiated- 
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APPENDIX BI PRECISE LOCATfOMS O f  RESEARCH SITES 

In o z d e t  t h a t  farms and l o c a t i o n s  used  i n  this research 

Eay be  r e l o c a t e d  by o t h e r s  t h e  f o l l o w i n g  lists t h e  sites by 

numbers u s e d  i n  the text, and gives, where possible, legal 

deer i p t i  c;ns and/or street l o c a t i o n s  of the s i t e s  u s e d ,  

S i t e  1, 20066  ffcBeil Rd, P i t t  i leadons ,  B-Co Lot 1 of Section 

23, Tnshp- 10,  range 1 1 ,  Plan t 2 1 1 2  Tnshp 10 r a n g e  1 1  Tp 4 

P L 

\ S i t e  2, 17989 Ford Rd, Pitt Pleadows, 0 . C -  

S i t e  3, Menten Ave,, Pitt f ieadous,  •’3-C, North Half o f  t h e  

s o u t h e a s t  quarter of Section 1 3 ,  Tnshp 40 ECH, and s o u t h  

h a l f  of the n o r t h e a s t  q u a r t e r  of Section 13 ,  Tnshp 4 0  ECB, 

S i t e  rim 2611 No, 7 Wd, Richand, 3,C, 

S i t e  5, 7 4 5 1  S i d e a v a y  Rd, , Richmond, 3 - C ,  L o t  

1 e 10-4-5-3 t 600. 

Site 6 ,  Between Jacombs and Knight St.. and G i l l e y  Ave and 

les-trainstes Hu&, Richmond, LC, Acess f roin s o u t h  end of 

Jacombs Rd, Fcr more ~ r e c i s e  location contact s i t e  3 -  

S i t e  7, Francis Rd, Allowance, 6-5 Rd. 0-25 mi east #6 R L ,  

R i c h ~ o n d ,  3- C*, L o t  # 1-21-4-5-3400, 

S i t e  8 ,  Lots 22 t d  26 of dis%rict lot 155b, group 1 plan 

12Y8 NWD, 

S i t e  9.. 2611 No, 7 Bd,, Richmond, • ’ L C I  

Site 10, 51151 NO, 7 Rd,, Richmond, 0-C- 

Site 11, 24382- 70 Ave,. RR, 6 L a n g l e y ,  B-C, P l a n  5 8 3 1 2  

S e c t i o n  15, northwest quarter Tnshp  11, ECH- 



S i t e  13, 31790 B a l n s l e p  Rd,, Abbots ford ,  B,CI 

3894-53-Airport 1 ease 934 54, 
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A p h e l i a  ~ a l l o r a n a  [Rob,) - 
* Archi= a ~ q y r o s p i l u , s  [Wlk,) , t h e  f r u i t - t r e e  l eaf  rofler, 

Brchi~s c e r a s i v o r a n g g  ( P i t c h ) ,  t h e  ugly-nest c a a t e r p i l  l a r -  - 
*grch& podana  (Scop- )  

* A r c h i ~ s  r o s a n u s  (L. ) t,be E u r o p e a n  f eaf r o l l e r ,  

B r q ~ r o t a e n i a  c i t r a n g  [Fern , ) ,  t h e  o r a n g e  t o r t r i x ,  

m r o t a e n i a  g a r i a n a  ( F e r n , ) ,  t h e  gray-banded leaf r o l l e r  

* Ea & b e c i 9  urticaria [Hbn* ) 

*Choristonjeur:a r o s a c e a n a  {Harr,  ) , t h e  oblique- banded 

l ea f  seller. 

*Clewis forbesi Obraz,  

C1.epsi.s persican2 F i t c h ,  the w h i t e - t r i a n g l e  l e a f r o l l e r ,  - 
C ~ h a s i a  inter-iectsmg (Haw, ) - 
*Cnepfsasia lonqalqa (Haw,) , t h e  omnivorous l e a f - t i e r ,  

*C,roesip c u r v a l a g p  {Kit,) 

Exar tewa d i v a c e a n u m  (Fern-  ) 

Exartema p e r m a d a n u s  Clem,, t h e  r a s p b e r r y  l e a f r o f  ler, ----- 
Grap&li+,ha p a c k a r d i  (Zall,) , t h e  c h e r r y  f r u i t  worm, -- - - -  
Q l e t h r e u t e s  t r i n i t a p  ( Y c D , )  ----- 
*Pandew is c e r a s a n  a (Hbn-) 

*Pandemis b e p a r a n d  ( n p  G S,) 

*&ndeeais limitagg (Rob,) , t h e  t h r ee - l i ned  l e a f  r o l l e r ,  

P t ~ c h o l o r n a  peritaria ( C l e m , ) ,  the garden t o r t r i x .  - 
*Rhopobota, n a e v a n g  (Hbn,) , the black-headed  fi reworm- 

us&$& g e t t i t a n g  (Rob.) 

Sparqaoothis r e t i c u l a n a  (Clem.) - 
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