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ABSTRACT 

Emergence of a d u l t  Doug las - f i r  cone g a l l  midges,  C o n t a r i n i a  

o r e g o n e n s i s  F o o t e ,  began i n  mid A p r i l  i n  t h e  f i e l d ,  and l a s t e d  about  2 

weeks. Adul t  emergence began o u t d o o r s  a t  0600-0700 P a c i f i c  S t a n d a r d  Time, 

peaked at  1100 and c o n t i n u e d  u n t i l  1900. b t ' i n g  o c c u r r e d  on o r  n e a r  t h e  

d u f f  f rom which f e m a l e s  emerged. V i r g i n  f e m a l e s  appeared  t o  "call" males  by 

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  and waving them back and f o r t h .  F i e l d  t r a p p i n g  

w i t h  l i v i n g  i n s e c t s  as l u r e s  showed t h a t  v i r g i n  f emales  produce a s e x  

pheromone. O v i p o s i  t i o n  p a t  t e r n s  on p r e v i o u s l y  i n f e s t e d  c o n e l e t s  d i f f e r e d  

f rom t h o s e  on u n i n f e s t e d  c o n e l e t s  and s u g g e s t e d  t h e  p r e s e n c e  of an 

o v i p o s i t i o n  d e t e r r e n t .  

The number of midge l a r v a e  p r e s e n t  a t  cone h a r v e s t  was r e l a t e d  to  

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

i n d i c a t i n g  t h a t  n a t a l i t y  r a t h e r  t h a n  m o r t a l i t y  is t h e  dominant f a c t o r  i n  - C. 

o r e g o n e n s i s  p o p u l a t i o n  dynamics i n  s e e d  o r c h a r d s .  Rates of p a r a s i t i s m  were 

low (<14%) and t h e r e  was no i n d i c a t i o n  t h a t  t h e  p a r a s i t e s  a f f e c t e d  seed  

p r o d u c t i o n  i n  a p o s i t i v e  manner. 

The p a t t e r n  of o c c u r r e n c e  of D o u g l a s - f i r  c o n e l e t s  v a r i e d  among 

y e a r s ;  t h e  upper  crown t h i r d  produced t h e  most c o n e l e t s  i n  1978 and 1981 

w h i l e  t h e  mid t h i r d  produced t h e  most i n  1980. - C. o r e g o n e n s i s  o v i p o s i t e d  

most f r e q u e n t l y  i n  t h e  upper  crown t h i r d ,  f o l l o w e d  by t h e  mid t h i r d ,  e x c e p t  

where i n f e s t a t i o n s  were heavy and e g g s  were e v e n l y  d i s t r i b u t e d  th roughou t  

t h e  crown. Sampling p l a n s  were deve loped  f o r  e s t i m a t i n g  numbers of c o n e l e t s  

p e r  tree and numbers of - C. o r e g o n e n s i s  e g g s  and i n f e s t e d  scales per 

c o n e l e t .  

C. o r e g o n e n s i s  damage was r e l a t e d  t o  b o t h  numbers of eggs  and - 

number of e g g - i n f e s t e d  s c a l e s  p e r  c o n e l e t ,  t h e  l a t t e r  be ing  t h e  b e t t e r  

iii 



v a r i a b l e  on which t o  b a s e  p r e d i c t i o n s  because  less time was r e q u i r e d  f o r  

c o n e l e t  a n a l y s i s  , S e q u e n t i a l  sampl ing  p l a n s  were developed on r e l a t i o n s  

between number of egg-inf e s t e d  s c a l e s  and damage. 

Dimethoate  was t h e  most e f f e c t i v e  i n s e c t i c i d e  t e s t e d ,  B e n e f i t :  

c o s t  a n a l y s i s  of an o p e r a t i o n a l  a p p l i c a t i o n  was c a r r i e d  o u t  t o  show the  

c i r c u m s t a n c e s  ( i . e .  c r o p  s i z e  and i n f e s t a t i o n  l e v e l s  of cone and seed  

i n s e c t s )  under  which an  i n s e c t i c i d e  a p p l i c a t i o n  is j u s t i f i e d .  

Data on p o p u l a t i o n  dynamics,  sampl ing  and c o n t r o l  were used t o  

d e v e l o p  a proposed  p e s t  management system. 
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1 INTRODUCTION 

1.1 Seed O r c h a r d s  

The i m p o r t a n c e  of cone and s e e d  i n s e c t s  h a s  i n c r e a s e d  r e c e n t l y  due 

t o  t h e  deve lopmer~ t  of t r e e  improvement programs and seed  o r c h a r d s .  Seed 

o r c h a r d s  are p l a n t a t i o n s  of s u p e r i o r  trees t h a t  a r e  i n t e n s i v e l y  managed t o  

produce  f r e q u e n t ,  abundant  and e a s i l y  h a r v e s t e d  c r o p s  of g e n e t i c a l l y  

s u p e r i o r  s e e d  (Zobe l  e t  a l .  1958).  The concep t  of seed  o r c h a r d s  and 

c o n s i d e r a t i o n s  i n v o l v e d  i n  t h e i r  e s t a b l i s h m e n t  and management have been 

summarized by Zobel  ( 1 9 7 1 ) ,  F a u l k n e r  (1975)  and Konish i  (1975) .  

In B r i t i s h  Columbia (B.C.) t h e  f i r s t  D o u g l a s - f i r ,  Yseudotsuga 

m e n z i e s i i  (bl i rb .)  F r a n c o ,  s e e d  o r c h a r d  was e s t a b l i s h e d  i n  1963. C u r r e n t l y ,  

t h e r e  are 14 Douglas - f i r  seed  o r c h a r d s  on  44.6 ha. A l l  o r c h a r d s  are l o c a t e d  

on t h e  c o a s t ,  and a l l  bu t  one are l o c a t e d  on Vancouver I s l a n d .  The amoun t  

of  D o u g l a s - f i r  s e e d  sown a n n u a l l y  i n  B.C. n u r s e r i e s  ave raged  o v e r  400 kg 

( a p p r o x i m a t e l y  4 3  m i l l i o n  s e e d s )  between 1963 and 1979 ( M l l e r  1980) ,  and 

demands f o r  s i m i l a r  q u a n t i t i e s  are e x p e c t e d  t o  c o n t i n u e .  The o b j e c t i v e  i s  

t h a t  90% o r  more t h e  t h e  Douglas - f i r  s e e d l i n g s  p l a n t e d  on t h e  c o a s t  w i l l  be 

1 f rom o r c h a r d  s e e d  by t h e  mid 1980 ' s  (J. Konish i  , p e r s .  co rn . ) .  The 

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

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

t h e  n e c e s s a r y  l e v e l s  ( T a b l e  I ) .  D e p r e d a t i o n s  by cone and seed  i n s e c t s ,  i n  

p a r t i c u l a r  t h e  D o u g l a s - f i r  cone g a l l  midge, C o n t a r i n i a  o r e g o n e n s i s  Foote  

( D i p t e r a :  Cec idomyi idae )  , have been a major impediment t o  seed p r o d u c t i o n  

( M i l l e r  1980) .  The Coastal T r e e  Improvement Counci l  of B r i t i s h  Columbia 

F o r e s t e r  i n  Charge of Seed P r o d u c t i o n ,  S i l v i c u l t u r e  Branch, B.C. 
M i n i s t r y  of F o r e s t s ,  V i c t o r i a .  
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T a b l e  I. P r o d u c t i o n  o f  D o u g l a s - f i r  s e e d  i n  BoC. s e e d  o r c h a r d s ,  1968-1981 

2 (M.  Crown , p e r .  commun,), 

No , T o t a l  amount 
o r c h a r d s  of s e e d  produced 

Year p r o d u c i n g  ( k g )  

2 Orchard  Manager ,  C o a s t a l  Seed O r c h a r d s ,  S i l v i c u l t u r e  Branch ,  BoC. 
M i n i s t r y  of F o r e s t s ,  Duncan, B o C o  
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c u r r e n t l y  c o n s i d e r s  cone and seed  i n s e c t  r e s e a r c h  t o  have t o p  p r i o r i t y .  

O t h e r  i m p o r t a n t  D o u g l a s - f i r  cone and s e e d  i n s e c t s  i n c l u d e  t h e  D o u g l a s - f i r  

cone moth, B a r b a r a  c o l f a x i a n a  ( K f t . )  ( L e p i d o p t e r a :  O l e t h r e u t i d a e ) ,  t h e  

coneworms, D i o r y c t r i a  spp.  ( L e p i d o p t e r a :  P y r a l i d a e ) ,  t h e  D o u g l a s - f i r  seed  

c h a l c i d ,  Negast igmus spe rmot rophus  (Wacht l )  (Hymenoptera: Torymidae) ,  t h e  

w e s t e r n  c o n i f e r  s e e d  bug L e p t o g l o s s u s  o c c i d e n t a l i s  Heidemann (Hemiptera:  

~ o r e i d a e ) ,  and t h e  Douglas - f i r  cone s c a l e  midge,  C o n t a r i n i a  w a s h i n g t o n e n s i s  

( D i p t e r a :  Cec idomyi idae ) .  

1.2 L i f e  H i s t o r y  of D o u g l a s - f i r  

D o u g l a s - f i r  seed-cone buds are i n i t i a t e d  and d i f f e r e n t i a t e d  t h e  

y e a r  p r i o r  t o  p o l l i n a t i o n  and m a t u r a t i o n  ( A l l e n  and Owen 1972).  On 

Vancouver I s l a n d ,  seed-cone bud b u r s t  ( " f l o w e r i n g " )  o c c u r s  i n  A p r i l  ; such  

f a c t o r s  as e l e v a t i o n  and wea the r  d e t e r m i n e  t h e  a c t u a l  d a t e .  The cones  

normal ly  remain  erect and open t o  r e c e i v e  p o l l e n  f o r  a few days  but  may 

remain open f o r  2 weeks i n  c o o l  weather .  A f t e r  t h e  cones  c l o s e ,  t h e y  t u r n  

downward, r e a c h i n g  t h e  pendant  p o s i t i o n  i n  a few d a y s ;  most cones  a r e  

pendant  by e a r l y  Hay. They resemble  mature  cones  a t  t h i s  t i m e .  Cone 

en la rgement  is completed by e a r l y  J u l y ,  but  m a t u r a t i o n  c o n t i n u e s  u n t i l  l a t e  

August when t h e  cones  b e g i n  t o  d r y  and t u r n  brown. Seeds are r e l e a s e d  from 

opened cones  i n  September.  

1.3 D o u g l a s - f i r  Cone Gal l  Midge. 

C. o r e g o n e n s i s  was r e c o g n i z e d  as a s p e c i e s  r e l a t i v e l y  r e c e n t l y .  - 
Foote (1956) d e s c r i b e d  t h e  a d u l t s  f rom material c o l l e c t e d  i n  1916 and 

Hedl in  (1961) d e s c r i b e d  t h e  immature s t a g e s .  T h i s  g a l l  midge f e e d s  o n l y  i n  

t h e  cones  of D o u g l a s - f i r  and p r o b a b l y  o c c u r s  th roughou t  t h e  range  of i t s  



h o s t ,  b u t  is  much more abundant  i n  w e t  c o a s t a l  a r e a s  t h a n  i n  d r i e r  i r l t e r i o r  

r e g i o n s  ( H e d l i n  1974; Hed l in  e t  a l .  1980) .  

A g a l l - f o r m i n g  g n a t  o r  midge, p r o b a b l y  - C, o r e g o n e n s i s ,  was 

d i s c o v e r e d  i n  t h e  cones  of Doug las - f i r  i n  t h e  e a r l y  1900 ' s  ( M i l l e r  1914) ,  

but  t h e  damage caused  by t h i s  i n s e c t  was c o n s i d e r e d  i n s i g n i f i c a n t ,  even i n t o  

t h e  1 9 5 0 ' s  (Keen 1952, 1958; Rudinsky 1955) .  - C, o r e g o n e n s i s  i s  now known to  

be a v e r y  i m p o r t a n t  d e s t r o y e r  o f  Doug las - f i r  s e e d  i n  c o a s t a l  a r e a s  (Hed l in  

1958, 1964a;  Johnson and Meikkenen 1958; Koerber  1963; Kozak 1963;  Johnson 

and H e d l i n  1967) ,  Seeds are damaged i n  two ways: 1)  l a r v a l  f e e d i n g  

i n h i b i t s  s e e d  development ,  and 2)  g a l l  f o r m a t i o n  c a u s e s  s e e d s  t o  become 

f u s e d  t o  t h e  sca le ,  making s e e d  e x t r a c t i o n  i m p o s s i b l e  ( Johnson and t le ikkenen 

1958; Johnson l963b) .  

The l i f e  c y c l e  of - C. o r e g o n e n s i s  i n  non-orchard s i t u a t i o n s  is  

diagrammed i n  F i g ,  1. The a d u l t  midges emerge i n  A p r i l  and e a r l y  Flay when 

Douglas-f i r  seed-cone buds b u r s t  ( Johnson  and Winjum 1960;  I k d l i n  1961 ; 

Johnson 1963a) ,  Eggs are d e p o s i t e d  i n  c l u s t e r s  n e a r  t h e  b a s e s  of s c a l e s  i n  

c o n e s  open t o  r e c e i v e  p o l l e n ,  H a t c h i n g  t a k e s  p l a c e  2-3 weeks a f t e r  o v i p o s i -  

t i o n .  After h a t c h i n g ,  l a r v a e  t u n n e l  i n t o  scales and beg in  f e e d i n g  around 

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

and e a r l y  J u n e ,  i s  i n d i c a t e d  by t h e  scale s u r f a c e  n e a r  t h e  ovu le  becoming 

smooth,  s h i n y  and c o l o r l e s s ,  G a l l s  are r e a d i l y  v i s i b l e  i n  l a t e  J u l y ,  There  

are 3 l a r v a l  i n s t a r s ,  t h e  f i r s t  l a s t i n g  6  weeks,  t h e  second  2 weeks, and t h e  

t h i r d  6  o r  more months, The t h i r d - i n s t a r  assumes a c h a r a c t e r i s t i c  U-shape 

w h i l e  i n  t h e  g a l l ,  F u l l y  deve loped  l a r v a e  l e a v e  mature  cones i n  autumn, 

u s u a l l y  a f t e r  t h e  d r y  cones  become mois tened  by r a i n ,  and s p i n  cocoons i n  

t h e  l i t t e r ,  where t h e y  o v e r w i n t e r .  P repupa l  development  beg ins  i n  December 

and t a k e s  a b o u t  2  months,  P u p a t i o n  t a k e s  a b o u t  6 weeks.  A p r o p o r t i o n  



F i g u r e  1. Diagram of t h e  life c y c l e  of 

C o n t a r i n i a  o r e g o n e n s i s .  t i o d i f i e d  from Hed l in  

e t  a l .  (1980). 



Adult emerges in 
spring and lays eggs 

Larvae feed in 
cone scales during 
summer. 

in autumn larvae 
drop to ground and 
overwinter in 
cocoons in litter. 
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of t h e  p o p u l a t i o n  w i l l  n o t  emerge t h e  y e a r  f o l l o w i n g  l a r v a l  f e e d i n g  b u t  

r emains  i n  d i a p a u s e  as t h i r d - i n s t a r  l a r v a e  f o r  up t o  3 y e a r s ,  

In  p r o p e r l y  managed s e e d  o r c h a r d s ,  t h e  l i f e  c y c l e  d i f f e r s  due t o  

t h e  removal  of cones  f rom t h e  o r c h a r d  p r i o r  t o  l a r v a l  emergence,  Each y e a r  

t h e  midge l a r v a e  are removed w i t h  t h e  c o n e s ,  p r e v e n t i n g  t h e s e  l a r v a e  from 

o v e r w i n t e r i n g  o n - s i t e ,  T h e r e f o r e ,  g a l l  midge a d u l t s  must m i g r a t e  i n t o  

o r c h a r d s  f rom nearby  s t a n d s  f o r  o r c h a r d  cones  t o  be a t t a c k e d .  

1,4 O b j e c t i v e s  

A r e c e n t  problem a n a l y s i s  of t h e  s t a t u s  of pest management i n  

Douglas - f i r  s e e d  o r c h a r d s  ( M i l l e r  1980)  summarized t h e  knowledge of 

D o u g l a s - f i r  cone and s e e d  i n s e c t s ,  i n c l u d i n g  - C ,  o r e g o n e n s i s ,  and i n d i c a t e d  

areas where r e s e a r c h  was needed,  R e q u i s i t e s  f o r  a p e s t  management s y s t e m  

i n c l u d e :  i )  knowledge of t h e  s p e c i e s  i n v o l v e d  and t h e i r  b i o l o g i e s ,  s p e c i f i -  

c a l l y  t h e i r  l i f e  c y c l e s ,  h a b i t s  , v a r i a t i o n s  i n  p o p u l a t i o n  l e v e l s  th roughou t  

t h e  y e a r ,  t y p e s  of damage caused  and p o p u l a t i o n  dynamics;  i i )  c a p a b i l i t y  t o  

e v a l u a t e  and p r e d i c t  damage caused  by t h e  p e s t s ;  and iii) a v a i l a b l e  method- 

o l o g y  f o r  r e d u c i n g  p e s t  p o p u l a t i o n s  o r  damage ( G e i e r  1966).  P r i o r  t o  the 

s t u d i e s  r e p o r t e d  h e r e i n ,  o n l y  3 of t h e  a s p e c t s  of t h e  b i o l o g y  of - C .  

o r e g o n e n s i s  were known, namely,  t h e  l i f e  c y c l e ,  v a r i a t i o n s  i n  p o p u l a t i o n  

l e v e l s  t h r o u g h o u t  t h e  y e a r  and t h e  t y p e  of damage, No sampl ing  t e c h n i q u e s  

had been deve loped  f o r  p r e d i c t i n g  s e e d  l o s s e s  t o  t h e  midge, Techniques  f o r  

e v a l u a t i n g  damage had been deve loped  b u t  n o t  q u a n t i f i e d  f u l l y ,  S e v e r a l  

i n s e c t i c i d e s  had been t e s t e d ,  b u t  t h e  u s e  of many of t h e  e f f e c t i v e  ones  i n  

B,C. s e e d  o r c h a r d s  is u n l i k e l y  because  of t h e i r  r e l a t i v e l y  h i g h  t o x i c i t i e s  

t o  r l o n t a r g e t  organisms.  
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The o v e r a l l  o b j e c t i v e  of t h e  f o l l o w i n g  s t u d i e s  was t o  d e v e l o p  a 

p e s t  management s y s t e m  f o r  u s e  a g a i n s t  - C. o r e g o n e n s i s  i n  s e e d  o r c h a r d s .  

S p e c i f i c  areas of s t u d y  i n c l u d e d :  i) r e p r o d u c t i v e  behav iour  of a d u l t s ,  ii) 

s u r v i v a l  of immature cone  g a l l  midges i n  seed o r c h a r d s  from o v i p o s t i o n  t o  

time of cone h a r v e s t ,  i i i )  development  of sampl ing  t e c h n i q u e s  f o r  e s t i m a t i n g  

p o p u l a t i o n s  of c o n e l e t s  and g a l l  midge e g g s ,  and f o r  p r e d i c t i n g  damage, and 

i v )  development  of c o n t r o l  t e c h n i q u e s  f o r  use  a g a i n s t  - C. o r e g o n e n s i s .  



2 

$en, , sampled a t  v a r i o u s  times dur ing  t h i s  r e s e a r c h  a r e  l o c a t e d  on Vancouver 
w 

I s l a n d ,  B r i t i s h  Columbia (Fig.  2) .  P a c i f i c  F o r e s t  Produc ts  is r e f e r r e d  t o  

as  PFP throughout  t h e  t h e s i s .  

Cones were c o l l e c t e d  a t  two s t a g e s  of development: a f t e r  the  

scales became appressed  i n  t h e  s p r i n g  ( e a r l y  May) and a t  t he  t i m e  of cone 

h a r v e s t  (August) .  Cones c o l l e c t e d  i n  t h e  s p r i n g  are r e f e r r e d  t o  as c o n e l e t s  

throughout  t h i s  t h e s i s  t o  avoid  confus ion  about  season of c o l l e c t i o n .  A l l  

cones were s t o r e d  a t  0' C u n t i l  processed.  Conele t s  were s t o r e d  f o r  a  

maximum of 2 months; t h e r e a f t e r  mould became a problem. S t o r i n g  f o r  t h i s  

l e n g t h  of t i m e  d i d  not  a f f e c t  egg counts  (Table  11).  Cones c o l l e c t e d  a t  

h a r v e s t  were s l i c e d  l o n g i t u d i n a l l y  a long  t h e i r  axes  (Winjum and Johnson 

1960) and counts  were made of g a l l s  exposed pe r  a x i a l  s l i c e  as w e l l  as 

f i l l e d  and damaged seeds .  

P re l imina ry  a n a l y s i s  of t h e  d a t a ,  u s i n g  computer programs 

developed by C.S. ~ i n r m o n s ~  f o r  comparing d a t a  t o  t h e  s t anda rd  t h e o r e t i c a l  

d i s t r i b u t i o n  models, i n d i c a t e d  t h a t  c o n e l e t ,  seed and i n s e c t  counts  d i d  n o t  

d i f f e r  s i g n i f i c a n t l y  from t h e  n e g a t i v e  binomial  d i s t r i b u t i o n  i n  most 

i n s t a n c e s .  In  t h e  few i n s t a n c e s  where s i g n i f i c a n t  d i f f e r e n c e  d id  occu r ,  

o n l y  i n  heavy i n f e s t a t i o n s  of - C. o regonens i s  eggs and l a r v a e ,  the  l o g  

d i s t r i b u t i o n  f i t  bes t .  As a r e s u l t ,  u n l e s s  o the rwi se  s t a t e d ,  the  d a t a  were 

t ransformed by l o g  (x+l )  , t h e  s t a n d a r d  t r a n s f o r m a t i o n  f o r  t h e  
0 

n e g a t i v e  binomial  d i s t r i b u t i o n  (Anscombe 1949), be fo re  a n a l y s i s  w i th  

p a r a m e t r i c  s ta t i s t ics .  Percen tages  were t ransformed by a r c s i n e  \r;; before  

S t a t i s t i c i a n ,  P a c i f i c  F o r e s t  Research Cent re ,  Canadian F o r e s t r y  
S e r v i c e ,  V i c t o r i a ,  B.C. 



F i g u r e  2. L o c a t i o n  of s t u d y  sites on 

Vancouver I s l a n d ,  B.C. All s i t e s ,  e x c e p t  

Metchos in  (unmanaged s t a n d ) ,  are s e e d  

o r c h a r d s .  B O W  r e f e r s  t o  B.C. l l i n i s t r y  

of  F o r e s t s .  



SITE 
NUMBER NAME AND OWNERSHIP LOCATION 

1 PACIFIC FOREST PRODUCTS Ltd. SAANICH 
2 TAHSIS Ltd. SAANICH 
3 DEWDNEY (BCMF) SAANICH 
4 METCHOSIN METCHOSIN 
5 KOKSILAH (BCMF) DUNCAN 
6 LAKE COWICHAN (BCMF) MESACHIE LAKE 
7 QUlNSAM(BCMF) CAMPBELL RIVER 
8 SNOWDON (BCMF) CAMPBELL RIVER 

- 

4 ---ye 



Table 11. Effect of storage duration a t  0' C on counts of - C. oregonensis 

eggs.  Ten cone le t s ,  co l l ec ted  a t  Koksilah from the same tree on 7 

May, 1978, were dissected a f t e r  each storage duration. 

Storage duration Mean no. 
(days eggs/coneleta 

a Counts were not s i g n i f i c a n t l y  

d i f f eren t ,  ANOVA, Y > 0.75. 
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( S o k a l  a n d  Rohlf 1969). In t h e  a n a l y s e s ,  s e v e r a l  computer programs 

were u s e d ,  namely: s i m p l e  d a t a  d e s c r i p t i o n s  ( P l D ) ,  s i m p l e  l i n e a r  r e g r e s s i o n  

( P I R ) ,  s t e p w i s e  r e g r e s s i o n  (P2R) (Dixon and Brown 1 9 7 9 ) ;  a n a l y s i s  of 

? r '  

v a r i a n c e  and c o v a r i a n c e  w i t h  unequal  (FLUND) and e q u a l  (ENB2) sample s i z e s ,  

3 and m u l t i p l e  r a n g e  t e s t s  (ENB2, MWLRAT) (C.S. Simmons ) Methods f o r  

o t h e r  a n a l y s e s  were t a k e n  f rom Sokal  a n d  Rohlf (1969).  



3.0 REPRODUCTIVE REHAVIOUR 

3.1 I n t r o d u c t i o n  

L i t t l e  i s  known a b o u t  t h e  r e p r o d u c t i v e  behav iour  of C. - 
o r e g o n e n s i s ,  The a t t a c k  p e r i o d  has  been d e l i n e a t e d  (Johnson and Winjum 

1960; Johnson 1963a;  Johnson and H e d l i n  1967) bu t  emergence p e r i o d s  have n o t  

been q u a n t i f i e d  nor  h a s  ma t ing  and o v i p o s i t i o n  behav iour  been d e s c r i b e d ,  

The r e p r o d u c t i v e  b e h a v i o u r  of o t h e r  c e c i d o m y i i d s  is n o t  w e l l  known, a l t h o u g h  

a s p e c t s  have been s t u d i e d  i n  d e t a i l  i n  a few s p e c i e s  ( B a r n e s  1948,  1956; 

C o u t i n  1964; Summers 1975) .  

Sex  pheromones have n o t  been i d e n t i f i e d  f o r  any s p e c i e s  of 

c e c i d o m y i i d  and e v i d e n c e  f o r  a pheromone h a s  been r e p o r t e d  f o r  o n l y  one g a l l  

midge, t h e  H e s s i a n  f l y ,  b l a y e t i o l a  d e s t r u c t o r  ( S a y )  ( C a r t w r i g h t  1922) .  

O b s e r v a t i o n s  of a d u l t  c l o v e r  s e e d  midges ,  Dasyneura l e g u m i n i c o l a  ( L i n t , )  

(Guppy l 9 6 l ) ,  s u g g e s t  t h e  p r e s e n c e  of a pheromone, 

Many c e c i d o m y i i d s  a t t a c k  a t  s p e c i f i c  h o s t  deve lopmenta l  s t a g e s  

( B a r n e s  1948,  1956;  C o u t i n  1964).  - C. o r e g o n e n s i s  a t t a c k s  open c o n e l e t s  

( Johnson and Winjum 1960; H e d l i n  1961; Johnson  1963a) ,  but  t h e  e x a c t  t i m i n g  

o f  o v i p o s i t i o n  i n  r e l a t i o n  t o  seed-cone bud f l u s h  has  n o t  been r e p o r t e d ,  

The o b j e c t i v e s  of t h e s e  s t u d i e s  were: 1 )  t o  q u a n t i f y  a d u l t  

emergence ,  m a t i n g  b e h a v i o u r  and o v i p o s i t i o n a l  a c t i v i t y ,  2 )  t o  d e t e r m i n e  

whe the r  o r  n o t  a s e x  pheromone was i n v o l v e d  i n  t h e  mat ing  behav iour  of - C. 

o r e g o n e n s i s ,  and 3) t o  d e v e l o p  a l a b o r a t o r y  b i o a s s a y  f o r  use  i n  pheromone 

i d e n t i f i c a t i o n .  



3.2 H a t e r i a l s  and Methods 

3.2.1 Method of o b t a i n i n g  a d u l t  midges  

The - C. o r e g o n e n s i s  a d u l t s  used d u r i n g  t h i s  r e s e a r c h  were o b t a i n e d  

a s  f o l l o w s :  1 )  i n f e s t e d ,  d r y ,  m a t u r e  cones  were soaked i n  wa te r  f o r  24-72 11 

s o  f u l l y  deve loped  l a r v a e  would emerge from t h e  cones ,  i i )  t h e s e  l a r v a e  were 

p l a c e d  i n  a p e a t  m o s s h a n d  m i x t u r e  i n  jars  and k e p t  o u t s i d e  t o  o v e r w i n t e r  a t  

V i c t o r i a ,  i i i )  t h e  jars were checked p e r i o d i c a l l y  and changed when n e c e s s a r y  

t o  e n s u r e  t h a t  t h e y  were f r e e  of mould and a l g a e  and t h a t  t h e  p e a t  moss was 

m o i s t ,  and i v )  t h e  o v e r w i n t e r e d  l a r v a e  and a s s o c i a t e d  d u f f  were p l a c e d  i n  

30.5 x 30.5 x  61.0-cm i n s e c t  c a g e s  when t h e  c o l d  t r e a t m e n t  was t e r m i n a t e d .  

3.2.2 Adul t  emergence p a t t e r n s  and mat ing  b e h a v i o u r  

To moni to r  a d u l t  emergence,  3 i n s e c t  c a g e s  c o n t a i n i n g  o v e r w i n t e r -  

i n g  C. o r e g o n e n s i s  l a r v a e  were set up as f o l l o w s :  23 Ifarch 1979, i n  the - 
f i e l d  a t  K o k s i l a h ;  13 J a n u a r y  and 30 Plarch 1981, i n  t h e  l a b o r a t o r y  (21"  C ) ;  

and 30 March 1981, o u t d o o r s  a t  V i c t o r i a .  The f i e l d  c a g e s  were p l a c e d  under  

trees t o  p r e v e n t  t h e  i n s e c t s  f rom r e c e i v i n g  d i r e c t  s u n l i g h t .  

Emerged a d u l t  midges were c o l l e c t e d ,  sexed and counted  d a i l y .  

Dur ing  t h e  peak p e r i o d s  of emergence,  h o u r l y  c o l l e c t i o n s  were made on 5 d a y s  

i n  t h e  o u t d o o r s  and on  3 days  i n  t h e  l a b o r a t o r y  from t h e  cages  s e t  up i n  

March 1981. Mating b e h a v i o u r  was obse rved  i n  t h e s e  c a g e s  a f t e r  a d u l t s  had 

emerged. 

On 25 A p r i l ,  1981, 30 newly-emerged f e m a l e s  were p l a c e d  i n  each  of 

2 i n s e c t  cages .  S i x t y  newly-emerged males were added t o  one of t h e s e  cages .  

The f e m a l e s  i n  t h e  cage  w i t h o u t  males were obse rved  i n  t h e  f i e l d  t o  

d e t e r m i n e  t h e  d i e 1  p e r i o d i c i t y  of a p p a r e n t  c a l l i n g  behav iour  ( s e x  pheromone 



16 

r e l e a s e )  on 25 and 26 A p r i l .  The l e n g t h  of time p e r  c a l l  was measured a t  

t h e  a g e s  of 1 ,  6 ,  1 2 ,  30  and 36 + 1 / 2  h e  The d i e 1  p e r i o d i c i t y  of mating was - 
de te rmined  i n  t h e  cage  c o n t a i n i n g  b o t h  s e x e s  by c o u n t i n g  t h e  number of 

sa- 
P m a t i n g s  t h a t  t o o k  p l a c e  e a c h  hour  on 25 A p r i l .  The i n s e c t s  i n  t h e  mat ing  

cage  were r e p l a c e d  on 26 A p r i l  and numbers of ma t ings  e a c h  hour were a g a i n  

coun ted .  O b s e r v a t i o n s  of c a l l i n g  and mat ing  b e h a v i o u r  wre r e p e a t e d  i n  t h e  

l a b o r a t o r y  on  27 and  28 A p r i l  u s i n g  t h e  same p r o c e d u r e s .  

3.2.3 Evidence  f o r  a s e x  pheromone 

3.2.3.1 F i e l d  t r a p p i n g  

I n  t h e  s p r i n g  of 1979 and  1980, t r a p s  were se t  o u t  when t h e  

D o u g l a s - f i r  seed-cone buds had begun o p e n i n g ,  t h e  time when a d u l t  g a l l  mid- 

g e s  s tar t  t o  emerge ( H e d l i n  1961). Each t r a p  c o n s i s t e d  of a 20 x 20- cm 

p i e c e  of w h i t e  c a r d b o a r d  c o a t e d  on one s i d e  w i t h  a t h i n  l a y e r  of Tree  

@ 
T a n g l e f o o t  . A s m a l l  c a g e ,  c o n s i s t i n g  of a 3 x 1.5-cm p i e c e  of po lye thy-  

l e n e  p i p e  s c r e e n e d  a t  b o t h  e n d s ,  was i n s e r t e d  i n t o  a h o l e  i n  t h e  c e n t r e  of 

e a c h  t r a p .  L i v i n g  i n s e c t s ,  used  as test l u r e s ,  were p l a c e d  i n  t h e  cages .  

The t r a p s  were checked d a i l y  t o  d e t e r m i n e  t h e  c o n d i t i o n  of t h e  l u r e  

i n s e c t s .  

I n  1979, t h e  t r a p s  were hung v e r t i c a l l y  i n  t h e  bot tom t h i r d  of t h e  

tree c rowns ,  1.52 t o  2.13 m above t h e  g round ,  a t  T a h s i s ,  where t r e e  h e i g h t s  

r anged  f rom 4.57 t o  7.62 m,  and i n  the middle  and t o p  t h i r d s  of t h e  t r e e  

crowns ,  0.91 t o  1.52 m above t h e  g round ,  a t  Dewdney, where tree h e i g h t s  

r anged  f rom 1.22 t o  2.13 m. T a h s i s  is l o c a t e d  a p p r o x i m a t e l y  180 m from t h e  

n e a r e s t  m a t u r e  Douglas - f i r  t rees,  whereas  Dewdney b o r d e r s  on a s t a n d  

c o n t a i n i n g  matu re  Douglas-f i r  trees. 



In  e a c h  o r c h a r d ,  5 t r a p  l i n e s  were s e t  o u t  i n  a randomized com- 

p l e t e  b l o c k  d e s i g n  on 20 A p r i l  1979. Each b l o c k  c o n t a i n e d  one r e p l i c a t e  of 

e a c h  o f  4 l u r e s :  i )  3 v i r g i n  f e m a l e s ,  i i )  3 v i r g i n  males, i i i )  3 v i r g i n  

f e m a l e s  p l u s  3 v i r g i n  males  (on  t h e  a s sumpt ion  t h a t  mating would o c c u r ) ,  and 

i v )  no i n s e c t s  ( c o n t r o l ) .  The t r a p s  were c o l l e c t e d  a f t e r  4 days  and 5 more 

randomized b l o c k s  were s e t  o u t .  The second set of t r a p s  was c o l l e c t e d  3 

days  l a t e r  b e c a u s e  2 v i r g i n  males a t  e a c h  o r c h a r d  d i e d  t h e  day  b e f o r e  t h e  

f i r s t  se t  of t r a p s  was c o l l e c t e d .  The t r a p s  were examined i n  t h e  l a b o r a t o r y  

a f t e r  c o l l e c t i o n  and t h e  s e x e s  and number of - C. o r e g o n e n s i s  caugh t  were 

no ted .  

O b s e r v a t i o n s  of  t h e  ma t ing  b e h a v i o u r  of C, o r e g o n e n s i s  t h a t  - 
emerged i n  t h e  l a b o r a t o r y  p r i o r  t o  f i e l d  emergence i n  1980 e s t a b l i s h e d  t h a t  

ma t ing  o c c u r r e d  on t h e  d u f f  and t h a t  f emale  midges f l e w  o n l y  o c c a s i o n a l l y  

b e f o r e  t h e y  mated,  These f i n d i n g s  s u g g e s t e d  t h a t  t h e  t r a p s  shou ld  be p l a c e d  

a t  ground l e v e l ,  r a t h e r  t h a n  i n  t rees ,  i n  an a r e a  where cones  are not  ha r -  

v e s t e d .  Cone h a r v e s t  i n  o r c h a r d s  r e s u l t s  i n  t h e  removal of immature midges ,  

l e a v i n g  few o n - s i t e  midges t o  mature  and emerge t h e  n e x t  y e a r ,  T h e r e f o r e ,  

t h e  t r a p s  were l o c a t e d  j u s t  2-3 c m  above t h e  ground i n  1980 i n  a small p lan-  

t a t i o n  a t  t h e  P a c i f i c  F o r e s t  Research  C e n t r e  (PFRc), V i c t o r i a ,  B.C. 

F ive  randomized b l o c k  t r a p  l i n e s  were set o u t  18 A p r i l  1980, e a c h  

l i n e  c o n s i s t i n g  of 1 r e p l i c a t e  of e a c h  of 5 l u r e s :  i) 3 v i r g i n  f e m a l e s ,  i i )  

3 v i r g i n  males, i i i )  3 mated f e m a l e s ,  i v )  3 mated males, and v )  no i n s e c t s ,  

These  t r a p s  were c o l l e c t e d  3 d a y s  l a t e r  and r e p l a c e d  by 5 more randomized- 

b l o c k  t r a p  l i n e s  which were a l s o  c o l l e c t e d  i n  3 days .  Some of t h e  mated 

males, 1 i n  t h e  f i r s t  5  r e p l i c a t e s  and 3 i n  t h e  second 5 ,  l i v e d  o n l y  2 d a y s  

i n  t h e  t r a p  c a g e s .  
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The d a t a  were ana lyzed  by a n a l y s i s  of v a r i a n c e  and the  h n c a n ' s  

multiple range t e s t  f o r  d i f f e r e n c e s  among means. 

3.2.3.2 Labora tory  b ioas say  

D r .  K.N. s l e s s o r 4  and M r .  V. ~ a l a s - ~ e ~ e s ~  provided female 

e x t r a c t s  f o r  l a b o r a t o r y  b ioas say ,  The o v i p o s i t o r s  of c a l l i n g  females were 

e x c i s e d  and r i n s e d  i n  heptane.  Each u l  of r i n s e  was e q u i v a l e n t  t o  2  

females ,  

A l l  b ioas says  were c a r r i e d  ou t  i n  t he  same g e n e r a l  manner. Male 

midges were p laced  i n  a cage and a l lowed t o  se t t l e  f o r  a t  leas t  1 h. A 

watch g l a s s  c o n t a i n i n g  r i n s e  from which t h e  heptane had been evapora ted  was 

p laced  on t h e  f l o o r  of t h e  cage and t h e  behaviour  of t he  males was observed.  

A c o n t r o l  b i o a s s a y  was run immediately p r i o r  t o  a r i n s e  b ioassay  us ing  the 

same i n s e c t s  and watch g l a s s .  A volume of hep tane  e q u i v a l e n t  t o  the  volume 

of r i n s e  t o  be t e s t e d  i n  t h e  fo l lowing  b ioas say  was p laced  on and evapora ted  

from t h e  watch g l a s s  b e f o r e  i t  was p laced  i n  t h e  cage,  Unless o the rwi se  

s t a t e d ,  each  test  was r e p l i c a t e d  5 times, 1 p1 of r i n s e  and 20 males were 

used i n  each  t e s t ,  and a l l  tests were run b e f o r e  1100 h. Each male midge 

was used i n  on ly  one p a i r  of b ioas says  (one e x t r a c t  and one c o n t r o l ) .  

Bioassays  were run t o  de te rmine  t h e  e f f e c t s  of t he  fo l lowing  on 

male r e spons iveness :  i )  cage s i z e ,  i i )  number of males per t e s t ,  i i i )  age 

of males ,  i v )  s t r e n g t h  of r i n s e  (number of female  e q u i v a l e n t s ) ,  and v) t i m e  

of day. Two cage s i z e s  were t e s t e d ,  one was t h e  30.5 x  30.5 x 61.0-cm 

i n s e c t  cage sc reened  on a l l  s i d e s  and wi th  a wooden f l o o r ,  and the  o t h e r  

Department of Chemistry,  Simon F r a s e r  U n i v e r s i t y ,  Burnaby, B.C. 



was 24.0 x 35.5 x 9.0 c m  w i t h  a p l e x i g l a s s  f r o n t ,  s c r e e n e d  back,  and wood on 

t h e  o t h e r  s i d e s  and f l o o r .  A l l  s u b s e q u e n t  b i o a s s a y s  were run i n  t h e  s m a l l e r  

cages .  T e s t s  were run  w i t h  5 ,  10  o r  2 0  males t o  d e t e r m i n e  t h e  e f f e c t  of 

numbers on r e s p o n s i v e n e s s .  Males i n  2  a g e  g r o u p s ,  less t h a n  3 h o l d  and 

24-27 h  o l d ,  were t e s t e d .  To d e t e r m i n e  t h e  e f f e c t  of s t i m u l u s  c o n c e n t r a -  

t i o n ,  b i o a s s a y s  were run  w i t h  0.25, 0.5, 1.0 and 5.0 p1 of r i n s e ,  c o r r e s -  

ponding t o  0.5, 1.0, 2.0 and  10 female  e q u i v a l e n t s ,  r e p e c t i v e l y .  To d e t e r -  

mine t h e  e f f e c t s  of t i m e  of day ,  b i o a s s a y s  were run  a t  h o u r l y  i n t e r v a l s  

d u r i n g  t h e  day.  These b i o a s s a y s  were r e p l i c a t e d  3 times. A n a l y s i s  of 

v a r i a n c e  and Duncan's m u l t i p l e  r a n g e  test  f o r  - > 3 means were used t o  a n a l y z e  

t h e  d a t a .  

3.2.4 O v i p o s i t i o n  p a t t e r n s  

The l e n g t h  and wid th  of t h e  abdomen and head c a p s u l e  were measured 

f o r  25 newly-emerged female  midges which had been p r e s e r v e d  i n  70% e t h a n o l .  

These f e m a l e s  were d i s s e c t e d  and t h e  number of e g g s  t h e y  c o n t a i n e d  coun ted  

t o  d e t e r m i n e  w i t h  r e g r e s s i o n  a n a l y s i s  t h e  r e l a t i o n s h i p  between t h e  number of 

eggs  and s i z e  of t h e  f e m a l e  ( d a t a  n o t  t r a n s f o r m e d ) .  

O v i p o s i  t i o n  b e h a v i o r  of females p r e s e n t e d  w i t h  uninf  es t e d  and 

a b o r t e d  c o n e l e t s  was obse rved .  Ten mated f e m a l e s  were p l a c e d  i n  e a c h  of 3 

30.5 x 30.5 x 61.0-cm i n s e c t  c a g e s  a l o n g  w i t h  a f i e l d - c o l l e c t e d  Douglas - f i r  

b ranch  s u p p o r t i n g  s e v e r a l  u n i n f e s t e d ,  open c o n e l e t s .  These c o n e l e t s  had 

been bagged p r i o r  t o  bud f l u s h  t o  p r e v e n t  i n f e s t a t i o n .  A t  t h e  same time, 

t h e  f e m a l e s  were p r e s e n t e d  w i t h  a b ranch  b e a r i n g  a b o r t e d  c o n e l e t s .  After a  

f e m a l e  had comple ted  o v i p o s i t i o n  i n  a c o n e l e t  t h a t  c o n e l e t  was removed, 

d i s s e c t e d  and t h e  eggs  coun ted .  The b r a n c h e s  were r e p l a c e d  w i t h  f r e s h  o n e s  

when fewer  t h a n  5 c o n e l e t s  were l e f t .  A f t e r  t h e s e  f e m a l e s  were observed 
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f o r  2 d a y s ,  t h e y  were l e f t  t o  o v i p o s i t  u n t i l  t h e y  d i e d .  The dead f e m a l e s  

were p r e s e r v e d  i n  70% e t h a n o l  u n t i l  t h e y  were d i s s e c t e d  and t h e  number of 

eggs  t h e y  c o n t a i n e d  coun ted .  

D o u g l a s - f i r  tw igs  b e a r i n g  u n i n f e s t e d  open c o n e l e t s  were p r e s e n t e d  

f o r  1, 2 o r  4  days  t o  30-40 caged ,  mated f e m a l e s .  Ten c o n e l e t s  were 

d i s s e c t e d  a f t e r  e a c h  exposure  p e r i o d  and t h e  numbers of eggs  counted .  The 

r e l a t i o n s h i p  between l e n g t h  of t ime s p e n t  on a s c a l e  and mean number of eggs  

2 was examined w i t h  a X test .  Ten t o  15 c o n e l e t s  f rom e a c h  exposure  p e r i o d  

and a similar number of u n i n f e s t e d  c o n e l e t s  were p l a c e d  i n  cages  c o n t a i n i n g  

10  mated f e m a l e  midges. The o v i p o s i t i o n  b e h a v i o u r  of t h e s e  f e m a l e s  was 

obse rved .  When a female  v i s i t e d  a c o n e l e t  scale,  and ex tended  h e r  

o v i p o s i t o r ,  t h e  l e n g t h  of time t h e  v i s i t  t o o k  was measured and t h e  s c a l e  

marked. A f t e r  t h e  f emale  l e f t  t h e  c o n e l e t ,  t h e  c o n e l e t  was removed and 

d i s s e c t e d .  Visits t h a t  l a s t e d  < 1 min,  2 t o  3 min o r  > 5 min were used i n  

t h e  a n a l y s i s .  

To d e t e r m i n e  t h e  deve lopmenta l  s t a g e s  of cones  a t t a c k e d  by C. - 
o r e g o n e n s i s ,  c o n e l e t s  a t  d i f f e r e n t  s t a g e s  of development  were c o l l e c t e d  i n  

1981 a t  4  s i t e s  (number of trees sampled i n  p a r e n t h e s e s ) :  H e t c h o s i n  ( 4 ) ,  

Quinsam ( 4 ) ,  Snowdon ( 4 )  a n d  T a h s i s  (6) .  F ive  c o n e l e t s  were c o l l e c t e d  f rom 

e a c h  tree a t  t h e  f o l l o w i n g  s t a g e s  of cone development:  i )  bud b u r s t  ( s h e a t h  

s p l i t  and s e p a r a t i n g  from c o n e l e t ) ,  ii) c o n e l e t s  open (scales f u l l y  

r e f l e x e d )  f o r  1 d a y ,  i i i )  c o n e l e t s  open f o r  3 d a y s ,  i v )  c o n e l e t s  open f o r  7 

d a y s ,  and v )  c o n e l e t s  c l o s e d  and t u r n i n g  downward. These c o n e l e t s  were 

d i s s e c t e d  and - C. o r e g o n e n s i s  e g g s  coun ted .  A n a l y s i s  of v a r i a n c e  and 

Duncan's m u l t i p l e  r a n g e  t e s t  were used t o  a n a l y z e  the d a t a .  



3.3 R e s u l t s  and D i s c u s s i o n  

3.3.1 Adult  emergence and mat ing  b e h a v i o u r  

The emergence p e r i o d  of C. o r e g o n e n s i s  i n  t h e  f i e l d  was s h o r t ,  - 
l a s t i n g  a b o u t  2  weeks and peaking  a f t e r  abou t  1 week ( F i g s .  3 , 4 ) .  In  t h e  

l a b o r a t o r y ,  emergence t h a t  began on 25 February  l a s t e d  17  d a y s ,  peak ing  on 

day  6  (Fig .  5)  w h i l e  emergence t h a t  began on 4 A p r i l  l a s t e d  11 d a y s ,  peaking  

on d a y  4 ( F i g .  6) .  Emergence p e r i o d s  o f  2-3 weeks have been r e p o r t e d  f o r  

s e v e r a l  C o n t a r i n i a  spp.  ( B a r n e s  1948, 1956;  Condrashoff  1963; Cou t in  1964; 

Pass low 1 9 6 5 ) ,  i n c l u d i n g  - C. o r e g o n e n s i s  ( H e d l i n  1961).  

The amount of warming n e c e s s a r y  f o r  a d u l t  e c l o s i o n  i n  t h e  

l a b o r a t o r y  was r e l a t e d  t o  t h e  l e n g t h  of time t h e  midges were c h i l l e d .  

Midges t h a t  were brought  i n t o  t h e  l a b o r a t o r y  on 15 J a n u a r y ,  a f t e r  4 months 

of f a l l  and w i n t e r  e x p o s u r e ,  began emerging  a f t e r  4 1  d a y s ,  w h i l e  t h o s e  

b rough t  i n t o  t h e  l a b o r a t o r y  on 30 March, a f t e r  6  112 months ,  began emerging 

a f t e r  4 days .  S i m i l a r  r e l a t i o n s h i p s  between p e r i o d  of c h i l l i n g  and t ime of 

emergence have been no ted  i n  o t h e r  cone and s e e d  i n s e c t s  (Bakke 1970; D.S. 
I 

~ u t h ~ ,  p e r s .  comm. ) . 
D a i l y  emergence p a t t e r n s  f o r  males and f e m a l e s  d i d  n o t  d i f f e r  i n  

t h e  f i e l d  a t  K o k s i l a h  i n  1979 ( F i g .  7 )  o r  i n  t h e  l a b o r a t o r y  i n  1981 ( F i g .  

9 ) ,  b u t  o u t d o o r s  a t  V i c t o r i a  i n  1981 (F ig .  8 ) ,  male emergence peaked on day 

6 ,  one  day ear l ie r  t h a n  f e m a l e  emergence. E a r l i e r  peak ing  of m l e  emergence 

h a s  been r e p o r t e d  f o r  C o n t a r i n i a  p s e u d o t s u g a e  Condrashoff  (Condrashoff  

1963).  Females  c o n s t i t u t e d  53958% o f  t h e  t o t a l  number emerged d u r i n g  a l l  

T e c h n i c i a n ,  Canadian F o r e s t r y  S e r v i c e ,  P a c i f i c  F o r e s t  Research  C e n t r e ,  
V i c t o r i a ,  B o C o  



Figures 3 , 4 ,  Dai ly  emergence of  - C. oregonens i s  a d u l t s  i n  the f i e l d :  

Fig.  3 ,  Koksilah i n  1979,  day 1 = 18 A p r i l ,  Nm176; Fig ,  4 ,  V ic tor ia  i n  

1981, day 1 = 20 Apr i l ,  N = 302. 





Figures 5.6. D a i l y  emergence of C. oregonensis adults in t h e  l a b o r a t o r y  - - 
in 1981: Fig. 5 ,  d a y  1 = 25 February, N P  118; Fig. 6, day 1 = 4 A p r i l ,  

N = 174. 
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F i g u r e s  7-9. D a i l y  emergence of a d u l t  male and f e m a l e  C. o r e g o n e n s i s :  - 
Fig .  7 ,  i n  t h e  f i e l d  a t  K o k s i l a h  i n  1979,  NP176; Fig .  8 ,  o u t d o o r s  a t  

V i c t o r i a  i n  1981, N = 302; Fig .  9 ,  i n  t h e  l a b o r a t o r y  i n  1981 ( 4  A p r i l ) ,  



Female 
Male A-A 



emergence p e r i o d s .  A predominance of f ema le s  i s  common i n  C o n t a r i n i a  spp .  

(Ba rnes  1948, 1956;  Condrashoff  1963; Cout in  1964; Summers l 9 7 5 ) ,  

Adult  e c l o s i o n  began a t  dawn, between 0600 and 0700 h  (YST), 

peaked a t  1100 h,  and con t i nued  u n t i l  1900 h o u t d o o r s  ( F i g ,  l o ) ,  

Th ree -qua r t e r s  of t h e  a d u l t s  had emerged by 1200 h e  The p a t t e r n  d i d  n o t  

d i f f e r  between sunny and c loudy days ,  I n  t h e  l a b o r a t o r y ,  emergence began a t  

dawn, peaked a t  0900 h  and was completed by 1900 h ;  and o v e r  90% of t h e  

a d u l t s  had emerged by 1200 h ( F i g ,  11)- The d i f f e r e n c e  between f i e l d  and 

l a b o r a t o r y  emergence p a t t e r n s  is p robab ly  due t o  t h e  c o n t i n u o u s l y  warm 

t e m p e r a t u r e s  i n  t h e  l a b o r a t o r y  compared to f l u c t u a t i n g  t e m p e r a t u r e s  ou t -  

d o o r s ,  Outdoors ,  f emale  emergence peaked 1 h b e f o r e  male emergence ( F i g ,  

10 ) ;  f e m a l e s  predominated  between 0600 and 1000 h ,  a f ter  which males predom- 

i n a t e d ,  I n  t h e  l a b o r a t o r y ,  male and female  emergence peaked a t  t he  same 

t i m e  ( F i g ,  l l ) ,  The l a c k  of d i f f e r e n c e  i n  t h e  emergence p a t t e r n s  of t h e  

s e x e s  i n  t h e  l a b o r a t o r y  may be due t o  l a c k  of v a r i a t i o n  i n  t empe ra tu r e ,  

Summers (1975)  found t h a t  emergence of t h e  s e x e s  i n  - C, s o r g h i c o l a  was 

a f f e c t e d  d i f f e r e n t i a l l y  by t empe ra tu r e  and t h a t  d i f f e r e n c e s  between t h e  

s e x e s  i n  t i m e  of emergence which o c c u r r e d  i n  t h e  f i e l d  d i d  no t  occu r  i n  t h e  

l a b o r a  t o r y ,  

The emergence p a t t e r n s  and male behav iou r  i n d i c a t e  t h a t  p r e v e n t i o n  

of i n b r e e d i n g  i s  a dominant f e a t u r e  of - C. o r e g o n e n s i s  a d u l t  behav iour ,  Male 

midges a p p e a r  t o  r e q u i r e  a p remat ing  f l i g h t  b e f o r e  t h e y  w i l l  respond t o  

f e m a l e s ,  Confinement i n  small v e s s e l s  where f l i g h t  was no t  p o s s i b l e  i m m e -  

d i a t e l y  a f t e r  emergence i n h i b i t e d  males, r e g a r d l e s s  of age ,  from respond ing  

t o  c a l l i n g  f ema le s  i n  t h e  same v e s s e l s ,  The amount of f l i g h t  r e q u i r e d  was 

n o t  g r e a t  s i n c e  males  < 3 h  o l d ,  bu t  which were h e l d  i n  c ages  where f l i g h t  - 
was p o s s i b l e ,  responded t o  female  r i n s e s  (see f o l l o w i n g ) .  The emergence 



F i g u r e s  1 0 , l l .  Die1 p e r i o d i c i t y  of a d u l t  - C. 

10 ,  o u t d o o r s ,  a t  V i c t o r i a ,  N = 193; Fig. 11, 

i n  1981 N = 108 (YST=Pacif ic  S t anda rd  Time). 

o r e g o n e n s i s  emergence: F ig .  

i n  t h e  l a b o r a t o r y  ( 4  A p r i l )  



Female e- 
Male A-A 
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of males l a t e r  i n  t h e  day than  females  s u g g e s t s  t h a t  they have a  premat ing 

f l i g h t  immediately a f t e r  emergence and respond t o  females  sometime l a t e r ,  

probably  t o  t hose  t h a t  emerge t h e  next  day. The 1-day e a r l i e r  peak of male 

emergence would i n c r e a s e  the  p r o b a b i l i t y  of male-female c o n t a c t  a f t e r  t he  

male f l i g h t ,  e s p e c i a l l y  when t h e  s h o r t  male l i f e - s p a n  is cons idered .  In  

t h e s e  s t u d i e s ,  males l i v e d  an average of 2.6 days ;  Hedlin (1961) repor ted  

2.9 days.  Female predominance of a d u l t  emergence e a r l y  i n  the  morning would 

promote immediate c o n t a c t  wi th  t h e  s h o r t - l i v e d ,  but  s t i l l  vigorous  males 

which emerged t h e  preceeding  day,  and would a l s o  a l low f o r  t he  maximum 

amount of day- l igh t  hours  f o r  o v i p o s i t i o n  on t h e  day of mating. Adult 

emergence and behaviour  t h a t  op t imizes  t h e  p r o b a b i l i t y  of male-female 

c o n t a c t  have been r e p o r t e d  f o r  o t h e r  cecidomyiids  (Barnes 1956; t b r k e r  1961; 

Summers 1975). 

Mating occur red  on o r  near  t h e  du f f .  P r i o r  t o  mating,  females 

appeared t o  ca l l  ( r e l e a s e  s e x  pheromone) by f u l l y  ex tending  t h e i r  

o v i p o s i t o r s  and waving them back and f o r t h  (F ig .  12). Only v i r g i n  females 

e x h i b i t e d  t h i s  behaviour ,  and on ly  they  a t t r a c t e d  males. Females c a l l e d  f o r  

t h e  f i r s t  t i m e  s h o r t l y  a f t e r  they  emerged, sometimes before  t h e i r  wings were 

expanded. They f l e w  on ly  o c c a s i o n a l l y  be fo re  mating but would climb up t h e  

s i d e  of t h e  cage o r  o t h e r  o b j e c t s  t h a t  con tac t ed  t h e  d u f f .  Males needed a 

per iod  of a c t i v i t y  be fo re  they  would mate. The average  t ime - i n  copula  was 

11.3 s e c  ( range  = 3-21 s e c ) .  Shor t  c o p u l a t i o n  p e r i o d s  have been r epor t ed  

f o r  o t h e r  cecidomyiids  (Reeher 1945; Guppy 1961). 

Swarming is  involved i n  t h e  mating behaviour  of some cecidomyiids 

(Downes 1969). However, i n  many s p e c i e s  i n c l u d i n g  C o n t a r i n i a  spp.,  mating 

occu r s  on o r  nea r  t h e  duff o r  o t h e r  sou rce  of emerging i n s e c t s  (Barnes 1948, 

1956; Coutin 1964; Readshaw 1965) and no t  i n  s w a r m s .  Swarms of - C. 



Figure 12. - C. oregonensis female (10 X actual  s i z e )  exhibi t ing  c a l l i n g  

behaviour. 
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oregonens i s  females  have been s i g h t e d  on occas ion ,  u s u a l l y  at  the  tops  of 

trees o r  above branches  bea r ing  c o n e l e t s .  Swarming by females has a l s o  been 

r e p o r t e d  i n  C. merce r i  Barnes,  a g a i n  i n  a s s o c i a t i o n  wi th  t h e  host  ( Jones  - 
1940). The r easons  f o r  such swarming a r e  no t  known but they would appear t o  

be a s s o c i a t e d  wi th  o v i p o s i t i o n  behaviour r a t h e r  than  mating. 

The average  t i m e  per  c a l l  i n c r e a s e d  wi th  the  age of t he  females up 

t o  30 h  (F ig .  13).  Females t h a t  reached 48 h of age appeared t o  c a l l  

c o n t i n u o u s l y ;  t h e i r  o v i p o s i t o r s  were f u l l y  extended u n t i l  they  d i e d ,  bu t  

whether o r  no t  they  were a c t u a l l y  producing pheromone con t inuous ly  is not 

known. Females t h a t  had no t  mated by 72-84 h of age l o s t  t h e i r  a b i l i t y  t o  

r e t r a c t  t h e i r  o v i p o s i t o r s  and were not  mated when males were p re sen t .  

The number of c a l l s  p e r  30 caged females  ou tdoors  i nc reased  d u r i n g  

t h e  morning, peaked between 1100 and 1400 h,  and then d e c l i n e d  s h a r p l y  u n t i l  

1700 h  a f t e r  which t h e r e  were no cal ls  (Fig .  14).  The number of c a l l s  

peaked earl ier  i n  t h e  l a b o r a t o r y  than ou tdoor s ,  between 0900 and 1000 h  

(Fig.  15).  Photoperiod appea r s  t o  de te rmine  t h e  e a r l i e s t  time of day t h a t  

mating can occur  s i n c e  no mating occur red  before  s u n r i s e .  The p r o t r a c t e d  

t i m e  of mating i n  t h e  l a b o r a t o r y  i s  probably  t h e  r e s u l t  of t he  con t inuous ly  

warm tempera ture  (21' C). Outdoors t he  numbers of calls and m t i n g s  

i n c r e a s e d  w i t h  tempera ture  d u r i n g  t h e  morning, sugges t ing  a tempera ture  

e f f e c t .  Photoper iod and temperature  a f f e c t  t h e  time of day mating occu r s  i n  

many i n s e c t s  (Sower e t  a l e  1971; Sanders and Lucuik 1972; Carde et  a l e  1975; 

Baker and Carde 1979; C a s t r o v i l l o  and Carde 1979). 

The number of matings was s i g n i f i c a n t l y  ( P  < 0.05) c o r r e l a t e d  wi th  

t h e  number of ca l l s  ( r  = 0.851 i n  t h e  f i e l d ;  r = 0.956 i n  t h e  l a b o r a t o r y )  

and fol lowed t h e  same d i e 1  p a t t e r n  (F ig .  14,  15). The d e c l i n e  i n  numbers of 

c a l l s  and rnatings is probably  t h e  r e s u l t  of a c t i v e  females  being mated. 



Figure 13. Average time per mating c a l l  i n  r e l a t i o n  to  age of female. 

Females more than 48 h o ld  appeared t o  c a l l  continuously. 



AGE (h) with no. observations 
in parentheses 



Figure 14.15. Die1 per iod ic i ty  of the number of mating c a l l s  and matings 

per 30 females: Fig. 14, outdoors at  V i c t o r i a ,  Fig. 1 5 ,  i n  the laboratory 

(4  Apri l )  i n  1981 (PST - P a c i f i c  Standard Time). 



TIME (PST) TIME (PST) 
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Females mated on ly  once whereas males mated s e v e r a l  t imes ,  a s  repor ted  i n  

C. s o r g h i c o l a  (Wal te r  1941). - 

3,3,2 Sex pheromone 

3 ,3 ,2 , l  F i e l d  t r a p p i n g  

No midges were 

c a n t l y  more male midges 

both sexes  t o g e t h e r  than  

t rapped  a t  Tahs i s  i n  1979, A t  Dewdney, s i g n i f i -  

were caught on t r a p s  b a i t e d  wi th  v i r g i n  females  o r  

t hose  b a i t e d  wi th  v i r g i n  males o r  on c o n t r o l  t r a p s  

(Table  I I I ) ,  There was s i g n i f i c a n t  v a r i a t i o n  i n  ca t ches  between t r a p  l i n e s ,  

The t r a p s  on t h e  l i n e  n e a r e s t  t h e  edge of t h e  a d j a c e n t  n a t u r a l  s tand  caught 

s e v e r a l  times more midges than  t r a p s  on any o t h e r  l i n e ,  Two female midges 

were caught  by t h e  t r a p s  and t h e r e  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 

l u r e s ,  In 1980, t r a p s  b a i t e d  wi th  v i r g i n  females  caught s i g n i f i c a n t l y  more 

male midges than  any o t h e r  t r a p s  and t h e r e  were no s i g n i f i c a n t  d i f f e r e n c e s  

i n  mean t r a p  ca t ches  among the  o t h e r  t r a p s  (Table  I I I ) ,  

Observat ions  of midge mating behaviour  i n  t h e  l a b o r a t o r y  sugges ted  

p o s s i b l e  reasons  f o r  d i f f e r e n c e s  between t r a p  c a t c h e s ,  Only v i r g i n  females 

e x h i b i t e d  c a l l i n g  behaviour  and presumably r e l e a s e d  pheromone, Males 

appeared t o  need some per iod  of f l i g h t  be fo re  they  would mate, The response 

i n  1979 t o  t r a p s  c o n t a i n i n g  both  sexes  would i n d i c a t e  t h a t  mating had not  

occu r red  i n  t h e  cages ,  p o s s i b l y  because of t h e  l a c k  of a premating f l i g h t  by 

t h e  males ,  

Reasons f o r  d i f f e r e n c e s  i n  t r a p  c a t c h e s  between Tahs i s  and Dewdney 

are unknown but  could  be caused by t h e  d i f f e r e n c e s  i n  l o c a t i o n s  of the  t r a p s  

r e l a t i v e  t o  a d j a c e n t  s t a n d s  o r  t o  t h e  d i f f e r e n c e s  i n  t r a p  he igh t  r e l a t i v e  t o  

h e i g h t  of t h e  t r e e  crowns, The t r a p s  a t  Dewdney were cons ide rab ly  c l o s e r  t o  

a sou rce  of male midges than t h e  t r a p s  a t  Tahs i s ,  The importance of the  



Table  111. Numbers of C, o regonens is  males t rapped i n  - 
s t i c k y  t r a p s  us ing  l i v i n g  i n s e c t s  as l u r e s ,  

No./caught/ trap 

Year S i t e  Lure &ana Max Min 

1979 Dewdney Virg in  

Vi rg in  d' 

?+d 

Control  

1980 PFRC Virgin ? 
Virg in  @ 

Mated 9 

Mated fl 

Contro l  

a Means i n  t h e  same year  fol lowed by same l e t t e r  

are not  s i g n i f i c a n t l y  d i f f e r e n t ,  Duncan's m u l t i p l e  

range tes t ,  P<0,01, - 



proximi ty  of t h e  a d j a c e n t  s t and  is supported by t h e  l a r g e r  t r a p  c a t c h e s  on 

t h e  t r a p  l i n e  t h a t  was l o c a t e d  n e a r e s t  t o  t he  edge of the a d j a c e n t  s t a n d  a t  

Dewdney. This  would a l s o  sugges t  t h a t  t h e  pheromone has a s h o r t  range. 

Car twr igh t  (1922) found t h a t  t h e  d i s t a n c e  of '  a t t r a c t i o n  of v i r g i n  female 

Hessian f l i e s  was 3-5 m, 

The need t o  p lace  t r a p s  where females  a r e  emerging l i m i t s  the  

p o t e n t i a l  u s e f u l n e s s  of pheromones f o r  mon i to r ing  - C, o r egonens i s  popula- 

t i o n s .  Harvest  of cones p r i o r  t o  the  emergence of f u l l y  developed l a r v a e  

removes p o t e n t i a l  ove rwin te r ing  midges from the  orchards .  Thus, t r a p s  

should be placed i n  a d j a c e n t  s t a n d s  o r  under nearby mature t r e e s  t o  monitor  

t h e  emergence of midges be fo re  they  e n t e r  t h e  o rcha rd ,  Trapping o u t s i d e  

o r c h a r d s  may not  be f e a s i b l e  i n  all s i t u a t i o n s  due t o  the  presence  of urban 

development around t h e  o rcha rds ,  

3,3.2.2 Laboratory  b ioassay  

Rinses  of o v i p o s i t o r s  from v i r g i n  females  -re a t t r a c t i v e  t o  caged 

males i n  t h e  l a b o r a t o r y  (Tab le  IV), Males d i d  no t  respond a t  a l l  t o  c l ean  

watch g l a s s e s  o r  t o  t hose  from which hep tane  had evapora ted ,  Males 

responded t o  t h e s e  r i n s e s  i n  s e v e r a l  ways, They became g e n e r a l l y  a g i t a t e d  

when t h e  r i n s e  w a s  p laced i n  the cage ;  locomotory a c t i v i t y  (i,e. walking and 

f l y i n g )  i n c r e a s e d  d rama t i ca l ly .  Four s p e c i f i c  responses  were observed:  i )  

f l y i n g  back and f o r t h  o r  hover ing i n  t h e  column of a i r  above the  r i n s e ,  i i )  

l a n d i n g  on t h e  watch g l a s s ,  i i i )  s e a r c h i n g  the  watch g l a s s ,  and i v )  wing 

buzzing on t h e  s p o t  of t h e  r i n s e .  Only t h e  l a s t  2 responses  were recorded  

because they  were the  most p o s i t i v e  responses  and most males responded i n  

one of t h e s e  ways, 



T a b l e  I V .  E f f e c t s  of v a r i o u s  f a c t o r s  on r e s p o n s i v e n e s s  of male C. - 
o r e g o n e n s i s  t o  female r i n s e  i n  t h e  l a b o r a t o r y .  N = 5 r e p l i c a t e s  e x c e p t  N = 

3 f o r  time of day  b i o a s s a y s .  D u r a t i o n  of e a c h  r e p l i c a t e  = 1 5  mine Unless  

o t h e r w i s e  s t a t e d ,  t h e  small c a g e s ,  1 pl (2  f e m a l e  e q u i v a l e n t s )  and 20 males 

were used  i n  e a c h  b i o a s s a y ,  

Mean X r e s p o n s e  by malesa  

F a c t o r  S e a r c h i n g  Buzzing 

Number of f emale  e q u i v a l e n t s  : 

0 , O  ( h e p t a n e  c o n t r o l s )  
Om5 
1 e O  
2eo 

1oeo 

Cage s i z e  (cm): 

Number of males: 

Age of males ( h )  : 

Time of day ( h  PST) 

a I f  ANOVA s i g n i f i c a n t ,  means f o r  e a c h  f a c t o r  f o l l o w e d  by same 
l e t t e 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 ,  Duncan's m u l t i p l e  range  t e s t ,  
when > 3 means,  P < 0e05, - - 
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Cage s i z e ,  number of males and age of males had no s i g n i f i c a n t  

e f f e c t  on t h e  p r o p o r t i o n  of males responding (Table  IV). Cage s i z e  had a  

s i g n i f i c a n t  e f f e c t  ( t - t e s t ,  Y<O.Ol) on t h e  time needed t o  run bio-assay - 
as says .  The exposure  time needed t o  e l i c i t  t h e  maximum response  of the  

males averaged  30  min ( r a n g e  = 23 - 38 min) i n  t h e  l a r g e  cage and 12  min 

( r a n g e  = 8 - 15 minu te s )  i n  t h e  sma l l  cage. T h e r e f o r e ,  t he  smaller cages 

were chosen f o r  s t a n d a r d  b ioas says ,  

The number of female e q u i v a l e n t s  and t i m e  of day had s i g n i f i c a n t  

e f f e c t s  on male response  (Tab le  IV). One o r  2  female e q u i v a l e n t s  i l l i c i t e d  

s i g n i f i c a n t l y  more response  than  d i d  0 - 5  and 10 female  e q u i v a l e n t s ,  Plale 

response  d i d  no t  d i f f e r  i n  b i o a s s a y s  run between 0800 and 1100 h  but  

decreased  s i g n i f i c a n t l y  t h e r e a f t e r ;  no response  occur red  a f t e r  1200 h ,  The 

l a c k  of d i f f e r e n c e  i n  male r e spons iveness  between 0800 and 1100 h  i n d i c a t e s  

t h a t  t he  i n c r e a s e  i n  numbers of matings i n  t h e  l a b o r a t o r y  du r ing  t h i s  per iod  

(F ig .  15)  is determined by t h e  i n c r e a s e  i n  t h e  numbers of females c a l l i n g  

and no t  by an i n c r e a s e  i n  male r e spons iveness ,  The d e c l i n e  i n  response  

a f t e r  1100 h cor responds  wi th  d e c l i n e s  i n  t h e  numbers of females c a l l i n g  and 

t h e  numbers of mat ings  ( F i g ,  15) ,  

3,3,2.3 O v i p o s i t i o n  behaviour  

L i t t l e  is known about  cecidomyiid  h o s t  s e l e c t i o n ,  i n c l u d i n g  t h a t  

o f  - C, oregonens i s ,  Chemoreception may be involved  (Barnes 1932),  

Once on the  c o n e l e t ,  t h e  female walks about  w i th  a s t o p  and go 

movement c h a r a c t e r i s t i c  of o t h e r  cec idomyi ids  ( P i t c h e r  1952; Coutin 1962, 

1964; P a r n e l l  1963),  and p e r i o d i c a l l y  backs i n  between 2  scales. There was 

no obvious  reason  f o r  s e l e c t i o n  of t he  scales, C, oregonens i s  females  d i d  - 
not  lower t h e i r  heads t o  t h e  s u r f a c e  of t h e  c o n e l e t s  when s e l e c t i n g  an 



o ~ i p o s i t f o n  s i t e ,  a s  do o t h e r  cecidomyiids .  C. oregonens i s  probably  does  - 
1 n o t  r e l y  h e a v i l y  on an t enna1  chemoreception,  as t h e i r  o v i p o s i t i o n  s i t e s  a r e  

more e a s i l y  l o c a t e d  than  are t h o s e  of t h e s e  o t h e r  midges, which o v i p o s i t  i n  

i n j u r i e s  caused by o t h e r  i n s e c t s  o r  o t h e r  damaged a r e a s  of smooth-surfaced 

P r i o r  t o  egg d e p o s i t i o n ,  t he  female extended he r  o v i p o s i t o r  and 

moved i t  back and f o r t h  a c r o s s  t h e  s u r f a c e  of t h e  scale. A t  t h i s  po in t  t h e  

female e i t h e r  r e t r a c t e d  he r  o v i p o s i t o r  and moved t o  a n o t h e r  s c a l e  o r  

c o n e l e t ,  o r  p o s i t i o n e d  t h e  o v i p o s i t o r  and remained s t a t i o n a r y  f o r  1-27 min. 

The number of eggs l a i d  was s i g n i f i c a n t l y  c o r r e l a t e d  ( P  < 0.05) 

w i th  t h e  l e n g t h  of time t h e  female remained on t h e  scale wi th  he r  o v i p o s i t o r  

extended (Fig .  16).  O v i p o s i t i o n  occur red  d u r i n g  d a y l i g h t  hou r s ,  a s  r epo r t ed  

- by Hedlin (1961),  t he  peak of a c t i v i t y  o c c u r r i n g  i n  t h e  e a r l y  a f t e rnoon .  

The ave rage  number of eggs  p e r  c l u s t e r  l a i d  i n  u n i n f e s t e d  c o n e l e t s  was 5.4 

( r a n g e  = 1-38) (F ig .  17).  Ov ipos i t i on  d i d  no t  t a k e  p l a c e  on abo r t ed  

c o n e l e t s  even though t h e s e  scales were v i s i t e d ,  i n d i c a t i n g  t h a t  female 

midges can d i s c r i m i n a t e  between h e a l t h y  and dead c o n e l e t s .  

Numbers of eggs con ta ined  by females  were s i g n i f i c a n t l y  c o r r e l a t e d  

wi th  abdominal wid th  and l e n g t h  (Fig .  18,19) but  no t  w i th  head capsu le  wid th  

( r  = 0.294). The average  number of eggs  per  female  was 254, s l i g h t l y  more 

t han  t h e  average  of  238 r e p o r t e d  by Hedl in  (1961),  and much h ighe r  than some 

o t h e r  C o n t a r i n i a  spp. (Reeher 1945; Barnes 1956; Readshaw 1965). The 

average  number of eggs remaining i n  dead females ,  which had o v i p o s i t e d  a t  

w i l l  over  t h e i r  l i f e  span,  was 17.6, i n d i c a t i n g  t h a t  females l a i d  94% of 

t h e i r  egg complement. 

The o v i p o s i t i o n  behaviour of females  was d i f f e r e n t  on p r e v i o u s l y  

i n f e s t e d  c o n e l e t s  t h a n  on f r e s h  c o n e l e t s .  The numbers of v i s i t s  t o  a  s c a l e  



Figure 16.  Number of eggs la id  in relation to length of time the ovipositor 

was extended during a v i s i t  to a scale by a female. 
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Figure 1 7 .  Frequency of eggs per s c a l e  l a i d  by 10 females i n  un in fe s t ed  

c o n e l e t s .  



NlJfVER OF EGGS PER SCALE 



F i g u r e  l 8 , I g .  R e l a t i o n s h i p  between number of eggs  pe r  female  and h e r  

abdominal  w id th  (F ig .  18) o r  l e n g t h  (F ig .  19) .  
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i n  which o v i p o s i t o r s  were extended f o r  < 1  min ( e x p l o r a t o r y  v i s i t s ) ,  o r  > 5 

min were p o s i t i v e l y  c o r r e l a t e d  (P < 0.05) w i t h  the  number of eggs p rev ious ly  

l a i d ,  whereas t h e  number of v i s i t s  i n  which o v i p o s i t o r s  were extended f o r  

2-3 min was n e g a t i v e l y  c o r r e l a t e d  P  ( <  0.05)' w i t h  the  number of p rev ious ly  

l a i d  eggs  (F ig .  20). The i n c r e a s e  i n  e x p l o r a t o r y  v i s i t s  sugges t s  t h a t  

o v i p o s i t i o n  was being d e t e r r e d ,  D i s s e c t i o n  of s c a l e s  on which e x p l o r a t o r y  

v i s i t s  occur red  showed t h a t  p rev ious ly  l a i d  eggs were p r e s e n t  i n  about  2 / 3  

of t h e  cases, Ov ipos i t i on  d e t e r r e n c e  could be due t o  phys i ca l  c o n t a c t  wi th  

a p r e v i o u s l y  l a i d  egg o r  t o  t h e  presence of an  o v i p o s i t i o n - d e t e r r i n g  o r  

e p i d e i c t i c  pheromone, as r e p o r t e d  f o r  numerous i n s e c t s ,  i n c l u d i n g  s e v e r a l  

d i p t e r a n s  (Prokopy 1981a, b ) ,  bu t  not  f o r  any cecidomyiid.  E p i d e i c t i c  

pheromones have p o t e n t i a l  f o r  reduc ing  p e s t  damage (Katsoyannos and B o l l e r  

1976). The d e c r e a s e  i n  v i s i t s  i n  which t h e  o v i p o s i t o r  was extended f o r  2-3 

min and t h e  i n c r e a s e  i n  v i s i t s  i n  which t h e  o v i p o s i t o r  was extended for  > 5  

min s u g g e s t s  t h a t  females  l a y  l a r g e r  numbers of eggs when they do f i n d  

s u i t a b l e  scales f o r  o v i p o s i t i o n ,  

The r e l a t i o n s h i p  between s t a g e  of cone development and - C, 

o r egonens i s  i n • ’  es t a t  i on  (Table  V )  s u g g e s t s  t h a t  young c o n e l e t s  a r e  

p r e f e r r e d ,  A t  2 1981 s i tes ,  Metchosin and Snowdon, t he  l e v e l  of i n f e s t a t i o n  

i n c r e a s e d  u n t i l  t h e  c o n e l e t s  had been open f o r  3 days but  not t h e r e a f t e r ,  

even though a d u l t  cone g a l l  midges =re s t i l l  a c t i v e .  However, i n f e s t a t i o n s  

d i d  i n c r e a s e  a f t e r  t h i s  s t a g e  of development a t  t h e  o t h e r  2 si tes ,  

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

cec idomyi ids ,  i n c l u d i n g  o t h e r  C o n t a r i n i a  spp , ,  which a t t a c k  r ep roduc t ive  

s t r u c t u r e s  of p l a n t s  a r e  known t o  a t t a c k  s p e c i f i c  developmental  s t a g e s  

(Cout in  1964). 



Figure 20. Relationship between length of previous exposure of a  s c a l e  t o  

o v i p o s i t i n g  females and numbers of previously l a i d  eggs ,  and duration of 

v i s i t s  (ov ipos i tor  extended) to  a  s c a l e  by females; t o t a l  number of v i s i t s  

was 386. 
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T a b l e  V. I n f e s t a t i o n  by C. o r e g o n e n s i s  i n  r e l a t i o n  t o  s t a g e  of cone - 
development  a t  4 si tes i n  B.C. i n  1981. 

- 
S t a g e  of cone x no. e g g s / c o n e l e t  

development  & t c h o s i n a  Quinsam snowdona ~ a h s i s ~  a 

Bud b u r s t  82.3 a 1.7 a 3.6 a 0.0 a 

Open 1 d a y  163,7 b 4.2 a 13.5 b 0.7 a 

3 d a y s  234.6 c 14.3 b 29,3 c 12.8 b 

7 d a y s  217.9 c - - 29.4 c 

C losed  and t u r n i n g  228.2 c 23,7 c 27.6 c 31.8 c 

a Means f o r  e a c h  site fo l lowed  by t h e  same le t t e r  are n o t  signi- 

f i c a n t l y  d i f f e r e n t ,  Duncan's m u l t i p l e  r a n g e  tes t ,  Y - < 0.05. 
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P r o d u c t i o n  of u n i s e x u a l  f a m i l i e s  ( i n s e c t s  i n  i n d i v i d u a l  h o s t  

o r g a n s  are t h e  same s e x )  have  been r e p o r t e d  for some cec idomyi id s ,  i n c l u d i n g  

C o n t a r i n i a  s p p ,  ( P a i n t e r  1930; Barnes  1931; Baxendale and T e e t e s  1981),  The 

g e n e t i c  make up of t h e  female has been sugges t ed  as t he  cause ,  In C, - 
o r e g o n e n s i s ,  u n i s e x u a l  f a m i l i e s  o c c u r r e d  i n  20 o f  28  scales where midges 

f rom i n d i v i d u a l  g a l l s  were r e a r e d  s e p a r a t e l y ,  The p r e sence  of bo th  sexes 

may i n d i c a t e  t h a t  > 1 female  o v i p o s i t e d  on t h a t  scale,  



4.0 POPULATION SURVIVAL WRING THE SUMMER 

4.1 I n t r o d u c t i o n  

Very l i t t l e  is known about t h e  popu la t ion  dynamics of C. - 
oregonens i s .  F l u c t u a t i o n s  i n  cone c rop  s i z e ' a n d  t h e  c a p a c i t y  f o r  prolonged 

d i apause  (d i apause  l a s t i n g  more than  one w i n t e r )  have been suggested as 

impor tan t  f a c t o r s  de te rmin ing  popu la t ion  s i z e  (Hedl in  1964a). The fo l lowing  

p a r a s i t e s  have been r ea red  from C. o regonens i s :  Torymus sp. (Hymenoptera: - 
~ u l o p h i d a e )  and P l a t y g a s t e r  sp .  (Hymenoptera: P l a t y g a s t e r i d a e )  i n  B.C. 

(Hedl in  1961);  Torymus sp. ,  T e t r a s t i c h u s  s t r o b i l u s  Burks ( ~ y m e n o p t e r a :  

Eulophidae)  and Zachalochlora  mil ler i  Crawford (Hymenoptera: P te romal idae)  

i n  C a l i f o r n i a  (Br ingue l  1968). A l l  excep t  P l a t y g a s t e r  sp., a r e  

e c t o p a r a s i t e s  w i th  one l a r v a  deve lop ing  on each hos t .  The e n d o p a r a s i t e  

P l a t y g a s t e r  sp. ,  t h e  on ly  s p e c i e s  not  r e a d i l y  v i s i b l e  i n  t he  g a l l s ,  k i l l s  

t h e  h o s t  o n l y  a f t e r  i t  has l e f t  t h e  g a l l  and spun a  cocoon i n  t h e  d u f f .  

P a r a s i t i s m  by a l l  s p e c i e s  a t  Lake Cowichan i n  1959 was 26% ( ~ e d l i n  1961). 

F l u c t u a t i n g  cone c rop  s i z e  is an impor t an t  f a c t o r  de te rmin ing  

p o p u l a t i o n  s i z e s  of o t h e r  cone and seed i n s e c t s  (Hussey 1956; Abrahamson and 

K r a f t  1965; K r a f t  1968; Mattson 1971, 1976, 1980; F o r c e l l a  1980). 

Compet i t ion,  a f u n c t i o n  of both c rop  s i z e  and i n s e c t  popula t ion  s i z e ,  is  

a l s o  impor t an t  (Hussey 1956; K r a f t  1968). Natura l  enemies were minor 

f a c t o r s  i n  t h e  r e g u l a t i o n  of popu la t ions  of t he  Douglas-f i r  cone moth dur ing  

a l i f e  t a b l e  s t u d y  (Nebeker 1977), a l t hough  h igh  rates of p a r a s i t i s m  have 

been r e p o r t e d  (Keen 1958; Hedlin 1960). The i n c i d e n c e  of p a r a s i t i s m  i n  

o t h e r  cone - in fe s t ing  cecidomyiids  has ranged f rom 20 t o  37.5% (IIedlin and 

Johnson 1963; Hedlin 1964b). 
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The o b j e c t i v e  of t h i s  s t u d y  was t o  de te rmine  f a c t o r s  t h a t  a f f e c t  

s u r v i v a l  of - C, o r egonens i s  between o v i p o s i t i o n  and cone ha rves t  i n  seed 

orchards .  

4.2 M a t e r i a l s  and Methods 

Cones were c o l l e c t e d  i n  t h e  s p r i n g  when c o n e l e t s  had c losed  and 

approached t h e  pendant p o s i t i o n  and a t  cone h a r v e s t  i n  August o r  e a r l y  

September, The s i t e s  and numbers of t r e e s  sampled were: Dewdney 10, 

Koksilah 6 ,  Lake Cowichan 10, PFP 9, Quinsam 10,  Snowdon 10,  and Tahs i s  9  i n  

1979; Koks i lah  19 i n  1980; Lake Cowichan 3, Quinsam 4, and Snowdon 4 i n  

1981. Ten c o n e l e t s  and cones were c o l l e c t e d  from each t r e e  i n  1979 and 

1980, and 20 i n  1981, The c o n e l e t s  were d i s s e c t e d  and t h e  numbers of eggs 

and egg i n f e s t e d  s c a l e s  counted,  The cones c o l l e c t e d  a t  h a r v e s t  were 

d i s s e c t e d  and t h e  numbers of g a l l s ,  midge l a r v a e ,  e c t o p a r a s i t e s  and f i l l e d  

s e e d s  counted. To determine t h e  rate of p a r a s i t i s m  by e n d o p a r a s i t e s ,  l a r v a e  

were manually removed from each g a l l  and p laced  i n  jars,  segrega ted  by t r e e ,  

w i t h  duff  t o  s p i n  cocoons and overwin te r .  Up t o  500 l a r v a e  were reared  from 

each tree, These cocoons were d i s s e c t e d  2  months l a te r  t o  determine the  

i n c i d e n c e  of e n d o p a r a s i t e s ,  This  p r o p o r t i o n  was m u l t i p l i e d  by the  o r i g i n a l  

number of l a r v a e  i n  each cone t o  estimate t h e  r a t e  of p a r a s i t i s m ,  

R e l a t i o n s  between numbers of midge l a r v a e  o r  g a l l s  and numbers of 

eggs and p a r a s i t e s  per  c o n e l e t  o r  cone were examined wi th  r e g r e s s i o n  

a n a l y s i s ,  Tree  ave rages  were used i n  the  a n a l y s i s ,  The Y-intercept  was set 

a t  0, except  when comparing number of g a l l s  t o  numbers of p a r a s i t e s ,  The 

comparat ive  r o l e s  of n a t a l i t y  and m o r t a l i t y  can be determined by c o r r e l a t i n g  

t h e  number of eggs wi th  t h e  s i z e  of t h e  f i n a l  popu la t ion  (Southwood 1978). 
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To de te rmine  t h e  e f f e c t s  of i n t r a s p e c i f  i c  compet i t ion  on i n s e c t  

s i z e  and a s s o c i a t e d  f e c u n d i t y ,  g a l l  midge l a r v a e  were manually removed from 

g a l l s  which c o n t a i n e d  1, 3 ,  6 ,  12-15, and > 25 l a r v a e ,  and placed i n  j a r s  

w i t h  duff  t o  ove rwin te r  i n  1980. The l a rvae '  were seg rega t ed  accord ing  t o  

t h e  number of l a r v a e  per  g a l l ,  e.g,, l a r v a e  from a g a l l  c o n t a i n i n g  3  l a r v a e  

were overwin te red  wi th  l a r v a e  from o t h e r  g a l l s  t h a t  con ta ined  3  l a r v a e ,  In  

t h e  s p r i n g  a f t e r  a d u l t  e c l o s i o n ,  t h e  abdominal l e n g t h s  o f  20 midges from 

each  jar  were measured and compared wi th  a n a l y s i s  of v a r i a n c e  and Duncan's 

m u l t i p l e  range tes t ,  

To de te rmine  the  e f f e c t s  of i n t e r s p e c i f i c  compet i t ion  ( a c c i d e n t a l  

p r e d a t i o n ) ,  cones i n f e s t e d  by t h e  Douglas-f i r  cone moth and /or  p y r a l i d  cone- 

worms a t  Koks i lah  i n  1978 were d i s s e c t e d  and t h e  numbers of g a l l  midge 

l a r v a e  counted.  Only trees b e a r i n g  5  o r  more moth- infes ted  cones were used 

i n  t he  a n a l y s i s ,  Counts i n  moth- infes ted  cones and cones i n f e s t e d  by - C. 

o r e g o n e n s i s  o n l y  from t h e  same trees were compared by a t-test ,  

A t  Koksi lah  i n  1978, some scales d i ed  and tu rned  brown prema- 

t u r e l y ,  a symptom of heavy g a l l  midge a t t a c k  (Johnson and Heikkenen 1958). 

Cones showing t h i s  symptom were c o l l e c t e d  i n  t he  f i r s t  week of August and 

d i s s e c t e d ,  The number of midge l a r v a e  on each scale i n  t h e s e  cones were 

counted and the  c o n d i t i o n  of t he  scale noted. The d i f f e r e n c e s  among means 

of  p r o p o r t i o n s  of dead s c a l e s  were t e s t e d  wi th  a x2 test.  

The numbers of eggs  i n  a b o r t e d  and h e a l t h y  c o n e l e t s  were counted 

a t  Koks i lah  i n  1978 t o  determine whether  o r  not  a b o r t i o n  of c o n e l e t s  could 

be a s i g n i f i c a n t  midge m o r t a l i t y  f a c t o r ,  Ten a b o r t e d  and 10 h e a l t h y  cone- 

l e t s  were c o l l e c t e d  from each  of 1 2  trees,  D i f f e r e n c e s  between means were 

compared wi th  a t tes t ,  



V a r i a t i o n s  among trees i n  t h e  number of eggs  l a i d  exp la ined  from 
B 

B 
X 93  t o  a lmost  100% of the  v a r i a t i o n  i n  t h e  numbers of l a r v a e  p re sen t  a t  cone 

h a r v e s t  (Tab le  VI). M o r t a l i t y  was not  r e l a t e d  t o  egg o r  l a r v a l  d e n s i t y  a t  

any s i t e .  Thus, n a t a l i t y  i s  more impor tan t  than  m o r t a l i t y  i n  de te rmin ing  - C. 

o r egonens i s  popu la t ion  d e n s i t i e s  i n  seed  orchards .  A s i m i l a r  s i t u a t i o n  

o c c u r s  i n  t h e  o l i v e  f l y ,  Dacus o l e a e  (Gmelin) (D ip t e ra :  T r y p e t i d a e ) ,  where 

numbers of eggs  l a i d  determined t h e  subsequent  number of pupae (Kapatos e t  

a l .  1977). I n  t h e  yew g a l l  midge, Taxomyia - t a x i  ( I n c h b a l d )  (D ip t e ra :  

Cecidomyiidae) ,  t h e  key f a c t o r  i n  m o r t a l i t y  was f a i l u r e  t o  ach ieve  maximum 

f e c u n d i t y  (Redfern  and Cameron 1978). The m o r t a l i t y  rate was r e l a t i v e l y  

c o n s t a n t ,  w i t h  r e s p e c t  t o  d e n s i t y ,  i n  Douglas-f i r  need le  midges, C o n t a r i n i a  

spp. (Condrashoff  1963) ,  which s u g g e s t s  t h a t  n a t a l i t y  is more important  than 

m o r t a l i t y  i n  de t e rmin ing  t h e  numbers of s u r v i v i n g  l a r v a e .  

Pe rcen t  p a r a s i t i s m  was low, < 1 - 12.4% f o r  e c t o p a r a s i t e s  and < 1 

- 6.5% f o r  e n d o p a r a s i t e s ,  w i t h  t h e  l a r g e s t  t o t a l  p a r a s i t i s m  rate a t  < 14% 

(Table  VII) .  The r e l a t i v e l y  low rates of p a r a s i t i s m  compared t o  those  

p r e v i o u s l y  r e p o r t e d  (Hedl in  1961; Kozak 1963) may i n d i c a t e  t h a t  p a r a s i t e s  

are no t  as common i n  seed  o rcha rds  as i n  f o r e s t  s t a n d s  due to  e i t h e r  the  

l a c k  of movement of p a r a s i t e s  i n t o  o rcha rds  o r  t o  t h e  use of i n s e c t i c i d e s  i n  

o rcha rds .  The p a r a s i t e  s p e c i e s  appeared t o  be Torymus sp. and P l a t y g a s t e r  

sp.  The number of e c t o p a r a s i t e  l a r v a e  i n c r e a s e d  wi th  t h e  number of host  

l a r v a e  a t  6  o f  8 s i t e s  examined i n d i v i d u a l l y  while e n d o p a r a s i t e s  showed t h i s  

response  a t  o n l y  3 si tes  (Table  VI I I ) .  The i n c r e a s e  i n  p a r a s i t e  numbers 

w i t h  h o s t  numbers i n d i c a t e s  t h a t  p a r a s i t e  d e n s i t i e s  are dependent on host  

d e n s i t y ,  as has been r e p o r t e d  f o r  t h e  yew' g a l l  midge (Cameron and Redfern 

l978 ) ,  a l t hough  such a r e l a t i o n s h i p  i s  obv ious ly  no t  c o n s i s t e n t .  Ne i the r  



Table VI, R e l a t i o n s h i p  ( log- log)  between mean numbers of l a r v a e  per cone a t  

h a r v e s t  and numbers of - C, oregonens i s  eggs per  c o n e l e t ,  A l l  r e g r e s s i o n s  

comparing numbers of l a r v a e  t o  eggs were h i g h l y  s i g n i f i c a n t  , P < 0,001, 

Nean no, Regress ion parameters  b 

Eggs/ Larvae/ S u r v i v a l  
Year Orchard cone le  t cone (%I C o e f f i c i e n t s  r 2 

1979 Dewdney 

Koksi lah 

Lake Cowichan 

PFP 

Quinsam 

Snowdon 

Tahs i s  

1980 Koksi lah 

- A J l a  

a Inc ludes  Lake Cowichan, Quinsam and Snowdon i n  1981, t hese  a r e  not 
l i s t e d  i n d i v i d u a l l y  because of smal l  sample s i z e .  

Based on d a t a  transformed by l o g l o  (x  + 1). 
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Table VII. Levels of parasitism of C. oregonensis by ectoparasites  and - 
endoparasi t e s  i n  Bm Cm seed orchards, 

Parasitism (%) 

Year Orchard Ectoparasites Endoparasites Total 

1979 Dewdney 6 * 2  2 * 6  8 * 8  

Koksilah 12.4 1 -1  1 3 , s  

Lake Cowichan 4 3  0 .3  4m8 

PFP 

Quinsam 

Snowdon l m 0  l m 2  2,2 

Tahsis 

1980 Koksilah 

1981 Lake Cowichan 9 * 3  4m1 13,4 

Quinsam 2m6 0 2 * 6  

Snowdon 0 0 0 



Table  VIII. Regress ion parameters  comparing numbers of e c t o p a r a s i  tes o r  

e n d o p a r a s i t e s  t o  numbers of hos t  l a r v a e ,  

Mean p e r  cone ' Regress ion  parametersa  
No , No. 

Year Orchard l a r v a e  p a r a s i t e s  ~ o e f  f i c i e n t b  r 2 

E c t o p a r a s i t e s  

1979 Dewdney 11.2 0.8 0,236+ 0,111*** 0,717 - 
Koksi lah  61.3 8.0 0.476 + 0,203** - 0,879 

Lake Cowichan 17.4 0.6 0,175 + 0,095** - 0,659 

PFP 

Quinsam 43, 5 0.2 0,079 - + 0,045 n s  0,203 

Snowdon 16.5 0.1 0,081 + 0,048 ns  0,212 - 
T a h s i s  91.8 9.2 0,462+0,115*** 0,915 - 

1980 Koksi lah  19.0 0.3 0,072 + 0,061* - 0,258 

Endopa ras i t e s  

1979 Dewdney 11.2 

Koks i lah  61.3 

Lake Cowichan 17.4 

PFP 28.3 

Quinsam 43.5 

Snowdon 16.5 

T a h s i s  91.8 

1980 Koksi lah  19.0 

a Based on d a t a  t ransformed by loglo (xi-1). Y-intercept  set a t  0. 

*** = P<0.001, ** = P<0.01, * = P<0.05, ns  = n o t  s i g n i f i c a n t .  - - - 



numbers of g a l l e d  s c a l e s  nor numbers of f i l l e d  seeds  were r e l a t e d  t o  numbers 

of  p a r a s i t e s ,  i n d i c a t i n g  t h a t  p a r a s i t e s  had no e f f e c t  on amounts of damage 

caused by t h e  midge, as shown i n  ano the r  cone and seed i n s e c t ,  I n  Great 

B r i t a i n ,  p a r a s i t i s m  rates of >90% d i d  no t  p revent  seed l o s s e s  of >90% t o  

Douglas-f ir  seed c h a l c i d  (Hussey 1955, 1956). P a r a s i t e s  a r e  not  u s e f u l  

a g e n t s  of g a l l  midge c o n t r o l  i n  seed o rcha rds ,  They may be b e n e f i c i a l  i n  

nearby s t a n d s  where they  reduce t h e  number of midges t h a t  could invade t h e  

orchard ,  

I n t r a s p e c i f i c  compet i t ion  due t o  crowding can be a source  of 

m o r t a l i t y  i n  some cone and seed i n s e c t s  (Hussey 1956; K r a f t  1968), f ru i t :  

i n s e c t s  ( G e i e r  1964) and g a l l  midges (Redfern  and Cameron 1978). A s  - C. 

o r egonens i s  l a r v a e  a r e  i s o l a t e d  from each o t h e r  i n  i n d i v i d u a l  f eed ing  cham- 

b e r s  w i t h i n  t h e  g a l l ,  canabal ism would no t  occur ,  a s  i t  does i n  the  

Douglas-f i r  cone moth and seedworms (Cydia spp  .) . The o v i p o s i  t i o n  behaviour  

of - C, o r e g o n e n s i s ,  i ,e. eggs are l a i d  i n  c l u s t e r s  even when popula t ion  

d e n s i t i e s  are low, s u g g e s t s  t h a t  compet i t ion  is not  d e t r i m e n t a l  u n t i l  a h igh  

c r i t i c a l  d e n s i t y  is reached,  Crowding d i d  not  appear  t o  r e s u l t  i n  o u t r i g h t  

m o r t a l i t y  ( u n l e s s  t h e  scale was k i l l e d )  i n  t h a t  few dead l a r v a e ,  o t h e r  than  

t h o s e  p a r a s i t i z e d ,  occur red  i n  g a l l s ,  r e g a r d l e s s  of the  number of l a r v a e  on 

each s c a l e ,  However, crowding d i d  a f f e c t  t h e  s i z e  of r e s u l t a n t  a d u l t s ,  and 

presumably a d u l t  f e c u n d i t y  (Fig .  20), when t h e  number of l a r v a e  per g a l l  was 

l a r g e ,  Adul ts  from g a l l s  c o n t a i n i n g  6  o r  fewer l a r v a e  were not  s i g n i f i -  

c a n t l y  d i f f e r e n t  i n  s i z e  but t h e s e  were s i g n i f i c a n t l y  l a r g e r  than a d u l t s  

from g a l l s  c o n t a i n i n g  12 - 15 o r  > 25  l a r v a e  ( F i g ,  - 21). Reductions i n  s i z e  

and f e c u n d i t y  occur red  i n  t h e  l u c e r n e  f lower  midge, C o n t a r i n i a , m e d i c a g i n i s  

K e i f f e r ,  when more t h a n  6 l a r v a e  i n f e s t e d  a f lower  ( S t r e b l e r  1977). 



Figure 21. E f f e c t s  of  l a r v a l  crowding on s i z e  of  re su l tant  a d u l t s .  Bars 

under common l i n e  are  not s i g n i f i c a n t l y  d i f f e r e n t  , Duncan's mul t ip l e  range 

test ,  P<0.05, n = 20. 
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Larva l  compe t i t i on  f o r  scales may be impor t an t ,  e s p e c i a l l y  when 

many eggs occur  on a scale. Up t o  160 eggs  have been found on a  s i n g l e  

scale. Dead f i r s t - i n s t a r s  were found on the  o u t s i d e  o f ,  o r  p a r t i a l l y  

w i t h i n ,  scales which con ta ined  h e a l t h y  l a r v a e .  It was not  p o s s i b l e  t o  

q u a n t i f y  t h i s  r e l a t i o n s h i p  due t o  problems involved  i n  d a t a  c o l l e c t i o n .  

Redfern and Cameron (1978) found l a r v a l  compe t i t i on  f o r  buds t o  be an 

impor tan t  m o r t a l i t y  f a c t o r  i n  t h e  yew g a l l  midge. The reasons  f o r  

p re -es tab l i shment  m o r t a l i t y  a r e  not  known but  could  be due t o  p h y s i o l o g i c a l  

changes i n  i n f e s t e d  scales which preven t  e s t a b l i s h m e n t  of f u r t h e r  l a r v a e ,  o r  

t o  a build-up of t o x i n s  a s s o c i a t e d  wi th  egg ha tch .  Such mechanisms would 

preven t  e x c e s s i v e  numbers of l a r v a e  from p e n e t r a t i n g  scales and would 

conse rve  the  l a r v a e  a l r e a d y  i n s i d e .  

The number of g a l l  midge l a r v a e  per  cone was reduced ( t - t e s t ,  

p<0.01) from a mean o f  193.1 l a r v a e  i n  cones w i th  C. o r egonens i s  on ly  to  a - - 
mean of 99.7 i n  cones w i th  1 l e p i d o p t e r a n  l a r v a .  In the  3 cones i n f e s t e d  by 

2 l e p i d o p t e r a n s ,  t h e  mean number of midges was reduced t o  8.3. These d a t a  

are c o n s i s t e n t  w i th  t h e  o b s e r v a t i o n  t h a t  compe t i t i on  wi th  t he  Douglas-f ir  

cone moth and coneworms is a s i g n i f i c a n t  m o r t a l i t y  f a c t o r  s i n c e  t h e s e  

l e p i d o p t e r a n s  w i l l  eat g a l l  midge l a r v a e  as w e l l  as cone t i s s u e s  as they 

mine cones.  The e x t e n t  of i n t e r s p e c i f i c  compe t i t i on  between g a l l  midges and 

cone moths would depend on s i z e  of t he  cone c r o p  and popu la t ion  l e v e l s  of 

t he  i n s e c t s .  I n t e r s p e c i f i c  compe t i t i on  would be h e a v i e s t  i n  yea r s  of l i g h t  

cone produc t ion  at sites where a l l  s p e c i e s  were abundant.  Heavy 

i n f e s t a t i o n s  of moths on t h e  c o a s t  occur  on ly  i n  l o c a l i z e d  a r e a s .  



Abort ion of c o n e l e t s  i n  seed o rcha rds  has  ranged up t o  80% w i t h  

6 some trees complete ly  a b o r t i n g  t h e i r  c rop  (C, Bartram pers .  comm,), 

Therefore ,  a major i n f l u e n c e  on C. o r egonens i s  popu la t ion  l e v e l s  could be - 
t h e  a b o r t i n g  of c o n e l e t s  , D i s s e c t i o n s  of c o n e l e t s  showed means of 212,8 and 

232,6 eggs i n  a b o r t e d  and h e a l t h y  c o n e l e t s  r e s p e c t i v e l y  ( t - t e s t ,  P > 0,40) ,  - 
Presumably, t h e  c o n e l e t s  a b o r t e d  a f t e r  g a l l  midge o v i p o s i t i o n  s i n c e  midges 

w i l l  not  o v i p o s i t  i n  abo r t ed  c o n e l e t s .  

Death of scales can be caused by l a r v a l  f eed ing  when t h e  number of 

midge l a r v a e  exceeds  15-25, t h e  c a r r y i n g  c a p a c i t y  of t he  s c a l e  ( F i g ,  22), 

Dead scales bore a mean load  of 28-9 midge l a r v a e ,  The i nc idence  of dead 

scales due t o  g a l l  midge i n f e s t a t i o n  was much less than  1% dur ing  t h i s  

s t u d y ,  However, d u r i n g  heavy i n f e s t a t i o n  y e a r s ,  much h igher  p ropor t ions  of 

s c a l e s  can be k i l l e d  (D.S. Ruth5, per.  comm.). 

In summary, s t u d i e s  of popu la t ion  s u r v i v a l  and m o r t a l i t y  f a c t o r s  

ove r  t h e  ma tu ra t ion  per iod  of cones (1 summer) d i d  not  i d e n t i f y  any agent  

t h a t  could  be used i n  seed o rcha rds  f o r  reduc ing  damage by - C, oregonens i s  

s i n c e  a l l  m o r t a l i t y  f a c t o r s  were a s s o c i a t e d  wi th  damage t o  s eeds ,  For 

n a t u r a l  m o r t a l i t y  a g e n t s  t o  be u s e f u l  a s  c o n t r o l  a g e n t s ,  i t  must be p o s s i b l e  

t o  manipula te  them o u t s i d e  of seed o rcha rds  i n  nearby s t a n d s  i n  o rder  t o  

reduce g a l l  midge popu la t ions  t h a t  could invade seed o rcha rds ,  

F o r e s t e r  , S i l v i c u l t u r a l  Branch, B.C. M i n i s t r y  of F o r e s t s ,  V i c t o r i a ,  
BwCe 



Fig. 22. Percent of 1488 scales i n  31 Douglas-fir cones infested and ki l led  

by C.  oregonensis at different densit ies .  x ' t e s t  indicated significant - 
differences in  the proportions of dead scales  among infestation l eve l s .  



Infested scales 

Killed scales 

<I 5 15-20 20-25 >25 
No. LARVAE PER SCALE 



5.0 SAMPLING PLANS 

5.1 Es t ima t ing  Numbers of Douglas-f i r  Cones 

1 1  I n t r o d u c t i o n  

The s i z e  of a cone c rop  determines ,  t h e  management c o s t s  t h a t  can 

be economical ly  j u s t i f i e d .  As a r e s u l t ,  having a method f o r  e s t i m a t i n g  t h e  

s i z e  of a c rop  is  a necessa ry  t o o l  f o r  e f f i c i e n t  orchard management. l'he 

importance of e s t i m a t i n g  c rop  s i z e  i n  de te rmin ing  t h e  need f o r  i n s e c t i c i d e  

a p p l i c a t i o n s  has been po in ted  ou t  by Yates (1977) and M i l l e r  (1982)* 

T r e a t i n g  c rops  f o r  i n s e c t  c o n t r o l  is no t  always j u s t i f i e d ,  depending on 

s e v e r a l  f a c t o r s  i n c l u d i n g  c rop  s i z e  ( s e c t i o n  6.2. 1.3.3). The d i s t r i b u t i o n  

of cones must be known i f  sampling t echn iques  f o r  e s t i m a t i n g  popula t ion  

s i z e s  of cone and seed i n s e c t s  are t o  be developed s i n c e  cones a r e  not  

d i s t r i b u t e d  even ly  between trees o r  w i t h i n  crowns. 

The p a t t e r n  of occur rence  of cones w i t h i n  tree crowns has been 

determined f o r  s l a s h  p ine  (DeBarr e t  al .  1975), red p ine  (Mattson 1979) and 

Douglas-f ir  (Winjum and Johnson 1964). Aspect and v e r t i c l e  crown s t ra ta  

have been s t u d i e d  s e p a r a t e l y  i n  some p i n e s  (Hard 1964; Smith and S t a n l e y  

1969), The s tudy  on Douglas-f ir  was  c a r r i e d  ou t  on unmanaged open-grown 

trees ranging  from 9.6 t o  22.4 m t a l l ,  and covered a wide range i n  numbers 

of  cones per  tree. The e f f e c t s  of cone d e n s i t y  on cone d i s t r i b u t i o n  were 

not  examined, a f a c t o r  which appea r s  t o  a f f e c t  d i s t r i b u t i o n  (Kozak 1963),  

and a method f o r  e s t i m a t i n g  s i z e  of cone crops  was not  proposed. To 

ma in ta in  and manage B.C. orcha rds  as e f f i c i e n t l y  as p o s s i b l e ,  t h e  d e s i r e d  

1 tree h e i g h t  is  7.6-9.2 m (Konishi  , per. corn.) .  Trees  a r e  topped t o  

ma in ta in  t h i s  he igh t .  

S i z e s  of cone c rops  on Douglas-f i r  can be e s t ima ted  us ing  binocu- 

l a r  counts  of cones on i n d i v i d u a l  branches  (Garman 1951; Winjum and Johnson 
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1962; Schenk e t  a l .  l 972) ,  but t h e  accuracy of such methods is less than  

d e s i r a b l e  f o r  use i n  o rcha rds ,  Nebeker and Overton (1979) e s t ima ted  the  

number of cones i n  a seed produc t ion  area us ing  an index- p r o b a b i l i t y  method 

which d i d  not  t ake  i n t o  account within-crown, v a r i a n c e ,  aga in  wi thout  the  

accuracy  needed f o r  use  i n  o rchards .  

The purpose of t h i s  s tudy  was t o  determine the  d i s t r i b u t i o n  of 

c o n e l e t s  i n  t h e  crowns of t r e e s  i n  Douglas-f ir  seed orchards  and t o  develop 

a technique  f o r  e s t i m a t i n g  numbers, 

5.1.2 M a t e r i a l s  and Methods 

Tree  crowns were d iv ided  evenly  i n t o  12 c e l l s  by a s p e c t  ( n o r t h ,  

e a s t ,  s o u t h ,  west )  and crown l e v e l  (upper ,  mid and lower) ,  The numbers of 

t o t a l  b ranches ,  branches  producing c o n e l e t s  and c o n e l e t s  were determined f o r  

each  ce l l ,  These counts  were seg rega ted  by branch type ,  i , e ,  whorl o r  

i n t e r n o d a l ,  In a d d i t i o n ,  2 randomly-selected whorl branches i n  each c e l l  

were measured and t h e  c o n e l e t s  on each counted,  The counts  were made i n  May 

o r  June,  depending on orchard  and year ,  Both h e a l t h y  and abor t ed  c o n e l e t s  

were counted t o  determine t h e  a c t u a l  numbers p r e s e n t  a t  t he  t i m e  of bud 

f l u s h ,  

Conele t -bear ing t r e e s  were randomly s e l e c t e d  i n  1978 and 1980 

whi le  i n  1981, t r e e s  were v i s u a l l y  c l a s s i f i e d  as l i g h t l y ,  moderate ly  o r  

h e a v i l y  producing and 8 t o  10 trees were randomly s e l e c t e d  i n  each ca t egory  

a t  each o rcha rd ,  The o rcha rds  and numbers of t r e e s  sampled were: Koksilah 

12 and Quinsam 12 i n  1978; KDksilah 33, PFP 15, Quinsam 10  and Tahs i s  15 i n  

1980; Koks i lah  28, Quinsam 30 and Snowdon 30 i n  1981, 

Ana lys i s  of cova r i ance ,  us ing  t o t a l  branches as the  c o v a r i a t e ,  was 

used t o  ana lyze  t h e  c o n e l e t  d i s t r i b u t i o n  d a t a .  Stepwise r e g r e s s i o n  a n a l y s i s  



was used t o  relate  t o t a l  numbers of c o n e l e t s  t o  v a r i o  

r e l a t i o n  between numbers of c o n e l e t s  and branch l e n g t h  on 
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ample cel ls .  The 

producing branches 

was examined f o r  each  l e v e l  i n d i v i d u a l l y  u s ing  s imple  r e g r e s s i o n  wi th  t h e  

i n t e r c e p t  set a t  0. Ana lys i s  of v a r i a n c e  w a s  used t o  examine t h e  e f f e c t s  of 

c rop  s i z e  and tree topping  on d i s t r i b u t i o n  of c o n e l e t s .  Duncan's m u l t i p l e  

range  test was used t o  test d i f f e r e n c e s  among means. 

Formulae recommended f o r  t h e  c a l c u l a t i o n  of sample s i z e s  f o r  

f i n i t e  p o p u l a t i o n s  v i a  i n t e r a t i o n  (Cochran 1963; Freese  1962) a r e  : 

2 where S  i s  t h e  p o p u l a t i o n  v a r i a n c e ,  x is t h e  popu la t ion  mean, P i s  

t h e  d e s i r e d  p r e c i s i o n  as a p r o p o r t i o n ,  t is t h e  S tudent  t v a l u e  which v a r i e s  

w i t h  sample s i z e ,  and N i s  the  p o p u l a t i o n  s i z e .  The popu la t ion  mean was 

known but  t h e  popu la t ion  v a r i a n c e  was no t  i n  all cases. Popula t ion  v a r i a n c e  

can be e s t i m a t e d  from sample v a r i a n c e  (Cochran 1963) w i t h :  

where s2 is  t h e  sample v a r i a n c e ,  n is t h e  sample s i z e  and N i s  the  

popu la t ion  s i z e .  S t a u f f e r  (1982) p o i n t s  o u t  t h a t  i t e r a t i o n  us ing  formula  1 
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does no t  always converge a s  would be expec t ed ;  d i v i d i n g  both s i d e s  of t h e  

2  e q u a t i o n  by t , s o  t h a t  n  e q u a l s  a f i x e d  v a l u e ,  avo ids  t he  problem 
tlL 

of l a c k  of convergence. Attempts t o  use  formula  1 showed t h a t  convergence 

was no t  o c c u r r i n g ;  t h e r e f o r e ,  S t a u f f e r  's (1982) m o d i f i c a t i o n  was used. Only 

s i g n i f i c a n t  f a c t o r s  i n  t h e  d i s t r i b u t i o n  of c o n e l e t s  were cons idered  i n  t he  

development of t h e  sampling technique.  Data f o r  i n s i g n i f i c a n t  f a c t o r s  were 

pooled p r i o r  t o  c a l c u l a t i o n  of sample s i z e .  

Estimates of t o t a l  numbers of c o n e l e t s  on whorl branches i n  t h e  

upper  and mid l e v e l s  u s ing  t h e  branches  t h a t  were measured i n  each sample 

c e l l  were made t o  test t h e  p r e c i s i o n  of t h e  c a l c u l a t e d  sample s i z e s .  The 

branches  were randomly s e l e c t e d  f o r  t h e  test  and t h e  c o n e l e t  counts  were 

t rans formed by l o g  10 (x+ l )  be fo re  e s t i m a t i n g  the  accuracy  achieved.  

These estimates were then  i n s e r t e d  i n t o  t he  a p p r o p r i a t e  r e g r e s s i o n  e q u a t i o n ,  

depending on y e a r ,  t o  estimate t o t a l  numbers of c o n e l e t s  on each tree and 

t h e s e  estimates were compared t o  a c t u a l  counts  t o  estimate the  p r e c i s i o n  

achieved.  

5.1.3 R e s u l t s  and Di scuss ion  

Crown l e v e l ,  tree and t h e  i n t e r a c t i o n  between l e v e l  and t r e e  were 

s i g n i f i c a n t  f a c t o r s  i n  t h e  d i s t r i b u t i o n  of Douglas-f i r  c o n e l e t s  i n  a l l  

o r c h a r d s  (Tab le  IX). Aspect was s i g n i f i c a n t  a t  Koksilah i n  1980 but  not  i n  

1978 o r  1981 o r  a t  any o t h e r  orchard .  I n  f o r e s t  s t a n d s ,  a s p e c t  was s i g n i f i -  

c an t  i n  trees 9.6 t o  22.4 m t a l l ;  t h e  s o u t h  s i d e  of t h e  tree produced more 

cones than  any o t h e r  a s p e c t  (Winjum and Johnson 1964). A s i m i l a r  p a t t e r n  

has been r e p o r t e d  f o r  red  p ine  i n  seed  p roduc t ion  areas (Mattson 1979). I n  

t h e  i n s t a n c e  i n  my s t u d y  where a s p e c t  was s i g n i f i c a n t ,  t h e  n o r t h  and e a s t  
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Table  IX. S i g n i f i c a n c e  of f a c t o r s  i n  t h e  d i s t r i b u t i o n  of c o n e l e t s  i n  crowns 

of trees 4.0 t o  9.2 m t a l l  i n  B.C. Douglas-f ir  seed orchards .  T o t a l  

branches  was used as t h e  c o v a r i a t e  i n  t h e  a n a l y s i s  of covar iance .  Cone le t s  

coun t s  were t ransformed by loglO(x + 1) be fo re  a n a l y s i s ,  *=P<0.05, - 
**=P<0.01, - ***=P<0.001, - n s  = not  s i g n i f i c a n t .  

Crown Aspect Aspect Level 
Year Orchard Aspect l e v e l  Tree x l e v e l  x tree x tree 

1978 Koksi lah  ns  *** **rk ns  ns *** 
Quinsam 

1980 Koksi lah  

PFP 

w i n s a m  

Tahs i s  

1981 Koksi lah  

Quinsam 

Snowdon 
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quadran ts  produced t h e  l a r g e s t  numbers of c o n e l e t s .  A s i g n i f i c a n t  a s p e c t  x 

t r e e  i n t e r a c t i o n  was due t o  a s p e c t  being i n s i g n i f i c a n t  on some t r e e s .  The 

d i f f e r e n c e s  i n  d i s t r i b u t i o n  between my s tudy  and t h a t  of Winjum and Johnson 

(1964) could be due t o  d i f f e r e n t i a l  s u r v i v a l '  among v a r i o u s  p a r t s  of t r e e  

crowns as t h e  cones mature ,  s i n c e  I counted c o n e l e t s  whi le  Winjum and 

Johnson (1964) counted mature cones. The d i f f e r e n c e s  may a l s o  be due t o  

d i f f e r e n c e s  i n  tree h e i g h t  o r  s t a n d  d e n s i t y .  Larger crowns a s s o c i a t e d  w i t h  

t h e  t a l l e r  trees i n  Winjum and Johnson 's  (1964) s t u d y  may r e s u l t  i n  g r e a t e r  

v a r i a t i o n s  i n  t h e  l i g h t  i n t e n s i t y  r ece ived  by d i f f e r e n t  p a r t s  of the  crowns; 

cone produc t ion  appears  t o  be p o s i t i v e l y  a f f e c t e d  by g r e a t e r  l i g h t  

i n t e n s i t i e s  ( P u r i t c h  1977). Stand d e n s i t y  a f f e c t s  both  t h e  numbers of cones 

produced and t h e  d i s t r i b u t i o n  of t he  cones (Matthews 1963; DeBarr e t  a l .  

1975; Mattson 1979). 

The r e l a t i v e  importance of each crown l e v e l  i n  cone product ion 

d i f f e r e d  among y e a r s  (Table  X). I n  1980, t h e  mid crown was the  most 

p r o d u c t i v e  l e v e l  a t  a l l  4 o r c h a r d s ,  whereas i n  1978 and 1981, the  upper 

crown was t h e  most p roduc t ive .  The reasons  f o r  t h e  d i f f e r e n c e s  among y e a r s  

are not  known, however, cone d e n s i t y  was not  t h e  reason.  V a r i a t i o n s  among 

sites i n  r e l a t i v e  importance of each crown l e v e l  have a l s o  been r epor t ed  f o r  

red  p ine  (Mattson 1979). In  subsequent  a n a l y s e s ,  1978 and 1981 d a t a  were 

ana lyzed  t o g e t h e r  because of t h e  s i m i l a r  c o n e l e t  d i s t r i b u t i o n s .  The 

r e l a t i v e  importance of each  l e v e l  v a r i e d  wi th  t h e  s i z e  of t h e  t o t a l  c rop  on 

each tree ( F i g .  23,24). The p r o p o r t i o n  of t h e  c rop  i n  t he  upper l e v e l  

i n c r e a s e d  as t h e  t o t a l  c rop  decreased  whi le  t h e  p ropor t ion  i n  the  lower 

l e v e l  i n c r e a s e d  wi th  i n c r e a s i n g  t o t a l  c rops  i n  1978 and 1981. I n  1980, 

d i s t r i b u t i o n  was no t  a f f e c t e d  by t o t a l  c rop  s i z e  t o  the  same degree  as i n  

1978 and 1981. The d i s t r i b u t i o n  d i d  not  d i f f e r  s i g n i f i c a n t l y  when t r e e s  
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F i g u r e s  23, 24. P r o p o r t i o n a l  d i s t r i b u t i o n  of c o n e l e t s  i n  crown l e v e l s  of  

Douglas - f i r  4.0 t o  9.2 m t a l l  i n  B.C. seed  o r c h a r d s  i n  r e l a t i o n  t o  c r o p  

s i z e :  F ig .  23 ,  1978 and 1981; Fig .  24,  1980. D i f f e r e n c e s  among c rop  s i z e s  

f o r  e ach  level 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  (Duncan's m u l t i p l e  range  

tes t ,  P<0.05) if no ted  w i t h  t h e  same l e t t e r .  - 



UPPER 

MIDDLE 

@ LOWER 

TOTAL NUMBER CONELETS 
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produced ove r  100 c o n e l e t s .  The reasons  f o r  t h e  d i f f e r e n c e s  among yea r s  a r e  

n o t  known. I n  4 of  6 trees wi th  over  2,500 c o n e l e t s ,  t h e r e  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 l e v e l s ,  each l e v e l  c o n t r i b u t i n g  about  1/3 of 

t h e  t o t a l .  V i sua l  e s t i m a t i o n  suggested t h a t  topping  of t he  t r e e s  s t i m u l a t e d  

more c o n e l e t  p roduc t ion  lower i n  t h e  crown; however, t h e r e  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 topped and non-topped trees i n  the  

d i s t r i b u t i o n  of c o n e l e t s .  

Stepwise  r e g r e s s i o n  a n a l y s i s  showed t h a t  v a r i a t i o n s  i n  t o t a l  

numbers of c o n e l e t s  on each t r e e  were r e l a t e d  t o  v a r i a t i o n s  i n  numbers of 

c o n e l e t s  i n  t h e  upper and mid crowns (Table  XI),  I n c l u s i o n  of t he  lower 

crown added l i t t l e  t o  t h e  o v e r a l l  r e l a t i o n s h i p .  However, the  lower crown 

d i d  add s i g n i f i c a n t l y  t o  t h e  r e l a t i o n s h i p  i n  trees wi th  mre than 2,500 

c o n e l e t s .  T o t a l  numbers of c o n e l e t s  were s t r o n g l y  r e l a t e d  t o  t he  number on 

whorl b ranches ,  whereas adding numbers on i n t e r n o d a l  branches added l i t t l e  

t o  t h e  r e l a t i o n s h i p  (Table  XI). I n t e r n o d a l  branches produced o n l y  9.0% of 

t h e  t o t a l  c o n e l e t s  i n  my s t u d y  and 9.1% o f  t h e  cones i n  t he  s tudy  by Winjum 

and Johnson (1964). The r e l a t i o n s h i p  between t o t a l  c o n e l e t s  and numbers of 

c o n e l e t s  on whorl branches w i t h i n  each l e v e l  showed the  same p a t t e r n  as 

t o t a l  c o n e l e t s  and numbers i n  each l e v e l ,  Regress ion parameters  r e l a t i n g  

t o t a l  numbers on trees t o  t h e  sample cel ls  t h a t  accounted f o r  wst of the  

v a r i a t i o n s  i n  t h e s e  t o t a l s  are l i s t e d  i n  Table  X I I ,  Tree t o t a l s  would be 

e s t i m a t e d  most e f f i c i e n t l y  by sampling whorl branches i n  t h e  upper and mid 

crown l e v e l s .  Both l e v e l s  should  be sampled because t h e i r  r e l a t i v e  

p r o d u c t i v i t i e s  may vary  among y e a r s  o r  o r c h a r d s ,  e.g., i n  1980 t h e  mid crown 

was t h e  most p roduc t ive  whi le  t h e  upper crown was t h e  most p roduc t ive  i n  

1978 and 1981. 
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Table  X I ,  I n c r e a s e s  i n  exp la ined  v a r i a t i o n  of t o t a l  c o n e l e t s  when 

r e l a t e d  t o  t o t a l  c o n e l e t s  i n  each  crown l e v e l ,  t o t a l  c o n e l e t s  on whorl 

and i n t e r n o d a l  branches ,  and c o n e l e t s  on whorl branches i n  each crown 

l e v e l  by s t epwise  r e g r e s s i o n  a n a l y s i s ,  A l l  . r eg re s s ion  c o e f f i c i e n t s  were 

h i g h l y  s i g n i f i c a n t ,  P<0,001, - 

Step  
a 

I n c r e a s e  
zb 2 

Year Fac to r  no. Var i ab le  r i n  r 

1978 
and 

1981 

1980 

Crown l e v e l  

Branch type 

Whorl branches 

i n  l e v e l s  

Crown l e v e l  

Branch type 

Whorl branches 

i n  l e v e l s  

Upper 

Mid 

Lower 

Whorl 

I n t e r n o d a l  

Upper 

Mid 

Lower 

Mid 

Upper 

Lower 

Whorl 

I n t e r n o d a l  

Mid 

Upper 

lower 

a The v a r i a b l e  i n  s t e p  1 i s  t h e  v a r i a b l e  t h a t  e x p l a i n s  t he  
l a r g e s t  p r o p o r t i o n  of t h e  v a r i a t i o n  i n  t o t a l  c o n e l e t s ,  

b  Based on d a t a  t ransformed by l o g l ~ ( ~  + 1). 
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Table  X I I ,  Regress ion  paramete rs  r e l a t i n g  t o t a l  numbers of c o n e l e t s  t o  

numbers i n  sample ce l l s  which accounted f o r  most of t h e  v a r i a t i o n s  i n  t h e  

t o t a l  numbers as i n d i c a t e d  i n  Tab le  X I ,  

a Regre s s ion  pa rame te r s  
Sample 

Year I n t e r c e p t  C o e f f i c i e n t  c e l l  

No. c o n e l e t s  
i n  sample T o t a l  no, 

ce l l  cone le  t s 

and 

T o t a l  upper 2, 1775 2,3975 

T o t a l  mid 1,7390 

T o t a l  whorl 2,3742 

Upper whorl  2,1422 

Mid whorl 1,7282 

T o t a l  mid 2,2357 2,5166 

T o t a l  upper 1,8825 

T o t a l  whor l  2,4513 

)lid whorl  2,1805 

Upper whor l  1,7207 
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The number of c o n e l e t s  per  producing branch i n c r e a s e d  wi th  branch 

l e n g t h  i n  a l l  crown l e v e l s  a t  a l l  o r c h a r d s  (Table  X I I I ) .  P r o d u c t i v i t y  p e r  

u n i t  of branch l e n g t h  was h i g h e s t  i n  t h e  upper crown and l e a s t  i n  the  lower 

crown, as has  been r e p o r t e d  f o r  r ed  p i n e  ( ~ a ' r d  1964; Mattson 1979). 

The numbers of producing whorl branches  neces sa ry  t o  estimate the  

t o t a l  numbers of c o n e l e t s  on whorl branches  i n  each crown l e v e l  w i t h  10% 

p r e c i s i o n  ( %  d i f f e r e n c e  from observed popu la t ion  mean) v a r i e d  between t rees,  

rang ing  f rom 1 t o  7 f o r  bo th  t h e  upper and mid crown and 1 t o  6 f o r  t h e  

lower crown (Fig .  25). Sampling 6 branches  i n  each  of t he  upper and mid 

crown and  5 i n  t h e  lower crown should  r e s u l t  i n  10% p r e c i s i o n  i n  95% of t h e  

trees sampled. The p r e c i s i o n  ach ieved  by randomly sampling up t o  7 whorl  

branches  i n  t h e  upper and mid l e v e l s  suppor ted  t h i s  f i n d i n g .  The achieved 

p r e c i s i o n s  d i d  not  va ry  s i g n i f i c a n t l y  among o r c h a r d s  and were combined t o  

de t e rmine  o v e r a l l  means (F ig .  26). Using t h e  e s t i m a t e d  va lues  determined i n  

t h e  t r i a l  of t h e  t echnique  and t h e  a p p r o p r i a t e  parameters  i n  Table  XIL, tree 

t o t a l s  were e s t i m a t e d  w i t h  10% p r e c i s i o n  when 6 o r  more branches were 

sampled i n  both  l e v e l s .  

The l a c k  of importance  of the  lower crown l e v e l  i n  the  r e g r e s s i o n  

a n a l y s i s  should  be noted wi th  c a u t i o n .  This l e v e l  may be impor tan t  i n  trees 

w i t h  more than  2,500 c o n e l e t s  , i n  which case i t  should  be .  sampled i f  t o t a l  

c rops  on i n d i v i d u a l  trees are t o  be e s t i m a t e d  a c c u r a t e l y .  In B o C o  

Douglas-f i r  seed o r c h a r d s ,  t h e  e f f e c t s  of no t  e s t i m a t i n g  numbers of c o n e l e t s  

i n  t h e  lower l e v e l  would be minimal w i t h  r e s p e c t  t o  management d e c i s i o n s  

. 
s i n c e  t h e  c r i t i ca l  c rop  s i z e  f o r  d e c i d i n g  whether  o r  not t o  manage a tree's 

c rop  is  app rox ima te ly  200, much lower t han  t h e  c rop  s i z e  t o  which the  lower 

l e v e l  adds  s i g n i f i c a n t l y  t o  v a r i a t i o n  i n  t o t a l  crop. 



Table X I L I .  Regression parameters r e l a t ing  numbers of conelets to branch 
length. The Y-intercept was s e t  a t  0. A l l  coef f ic ien ts  were highly 
s i gn i f i c an t ,  P<0,001, - 

a 
Regression parameters Mean 

Crown branch Mean no, 
Year Orchard leve l  Coefficient r length conelets 

( 4  

1980 b k s i l a h  Upper 0,036 - + 0,001 
Mid 0,020 
Lower 0,009 

PFP Upper 0,033 + 0,001 
Mid 0,022 T 0,001 
Lower 0.013 0.001 - 

Quinsam Upper 0.01 1 
Mid 0,007 
Lower 0.004 

Tahsis Upper 0,028 + 0,001 
Mid 0,019 0,001 
Lower 0,011 0,001 - 

1981 Koksilah Upper 0.007 
Mid 0,005 
Lower 0,004 

Quinsam Upper 0,006 
M i  d 0,004 
Lower 0,004 

Snowdon Upper 0,006 
Elid 0,004 
Lower 0.003 

a Based on data transformed by loglO(x + 1). Where coeff ic ient  
not followed by standard e r ro r ,  standard e r ro r  is <0,001, 



Figure 25. Frequency d i s t r i b u t i o n  of the numbers of whorl branches per 

sample necessary f o r  est imating mean t o t a l  numbers of conelets  on whorl 

branches i n  each crown l e v e l  on individual  t rees  with 10% prec is ion.  



UPPER 

MID 

On, 
LOWER 

No. WHORL BRANCHES PER SAMPLE 



Figure 26. Mean X accuracy with associated standard deviations achieved by 

randomly sampling up to 7 whorl branches in  the upper and mid crown l e v e l s .  
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The c a l c u l a t e d  number of sample trees requ i r ed  t o  e s t i m a t e  the  

t o t a l  cone c rop  i n  an orchard  w i t h  10% p r e c i s i o n  ranged from 4 a t  Tahs i s  t o  

21 a t  Quinsam (1981). The high va lue  should be used a t  o rcha rds  t o  ensure  

10% p r e c i s i o n .  The mean number of cones on ' these t r e e s  would be m u l t i p l i e d  

by t h e  number of producing trees t o  o b t a i n  an estimate of t h e  orchard t o t a l ,  

The number of trees r e q u i r e d  may change as more d a t a  are ga thered .  

Use of t h e  fo rego ing  technique  allows an orchard manager t o  

de te rmine  cone c rop  s i z e  on i n d i v i d u a l  trees f o r  d e c i d i n g  whether o r  no t  

management t echn iques  are economical ly  j u s t i f i e d  f o r  each t r e e ,  

5.2 Es t ima t ing  s i z e  of - C, o regonens i s  Egg Popula t ions  

l I n t r o d u c t i o n  

The within-crown d i s t r i b u t i o n  of cone and seed i n s e c t s  o r  t h e i r  

damage have been examined on ly  i n  a few i n s t a n c e s  on p ines  (Coulson and 

F r a n k l i n  1968; DeBarr e t  a l .  1975; k l a t t son  1976) and Douglas-f ir  (Kozak 

1963). Kozak found no s i g n i f i c a n t  v a r i a t i o n s  i n  pe rcen t  of mature cones 

i n f e s t e d  between d i f f e r e n t  areas o f  Douglas-f ir  crowns f o r  C. - 
wash ing tonens i s ,  - D, a b i e t i v o r e l l a  and - El, spermotrophus but  found s i g n i f i c a n t  

v a r i a t i o n s  i n  t h e  d i s t r i b u t i o n  of - C, oregonens i s .  Cone g a l l  midge i n f e s t e d  

p r o p o r t i o n a l l y  more cones on t h e  i n n e r  h a l f  of t h e  branch than on the  o u t e r  

h a l f ,  more i n  t h e  upper t h i r d  of t h e  crown than  i n  t h e  middle and least  i n  

t h e  lower t h i r d ,  and more on t h e  sou th  than on t h e  n o r t h  s i d e  of t he  tree, 

However, t h i s  uneven d i s t r i b u t i o n  i n  t h e  crown d i d  not  occur i n  a l l  

i n s t a n c e s ,  No sampling techniques  were developed f o r  e s t i m a t i n g  popula t ion  

s i z e ,  a l t hough  a technique  was developed f o r  c l a s s i f y i n g  damage (Kozak 



The purpose of t h i s  s t u d y  was t o  examine t h e  w i t h i n  crown 

d i s t r i b u t i o n s  of C. o r egonens i s  eggs and g a l l s ,  and t o  develop sampling - 
t echn iques  f o r  e s t i m a t i n g  popu la t ion  s i z e .  

5.2.2 Materials and Nethods 

Cone le t s  were c o l l e c t e d  a t  t he  fo l lowing  o rcha rds  (number of t r e e s  

i n d i c a t e d  i n  p a r e n t h e s e s ) :  Koksilah (10)  and Quinsam (10) i n  1978; Koksilah 

(12)  i n  1980; Lake Cowichan ( 3 ) ,  Quinsam (4 )  and Snowdon ( 4 )  i n  1981. Each 

t r e e  was  d iv ided  i n t o  12 c e l l s :  4 a s p e c t s  ( n o r t h ,  sou th ,  east,  west)  by 3 

crown l e v e l s  (upper ,  mid, lower) .  Ten c o n e l e t s  were c o l l e c t e d  from e a c h  

ce l l ,  5 from each of 2 branches  where p o s s i b l e ,  a f t e r  the  c o n e l e t s  had 

c losed  and approached t h e  pendant p o s i t i o n .  The c o n e l e t s  on each sample 

branch wre counted. The sample c o n e l e t s  were d i s s e c t e d  and the  numbers of 

eggs and egg i n f e s t e d  s c a l e s  were counted. 

Ana lys i s  of covar iance  us ing  number of c o n e l e t s  p e r  branch as t h e  

c o v a r i a t e ,  and Duncan's m u l t i p l e  range t e s t  were used t o  ana lyze  the  w i t h i n  

crown d i s t r i b u t i o n  of g a l l  midge. The formulae t o  c a l c u l a t e  sample s i z e  a r e  

t hose  o u t l i n e d  i n  s e c t i o n  5.1.2. 

5.2.3 R e s u l t s  and Discuss ion  

The on ly  s i g n i f i c a n t  f a c t o r  i n  t h e  d i s t r i b u t i o n  of C. oregonens i s  - 
eggs  a t  a l l  6 o rcha rd  sites was t h e  sample tree, whi le  crown l e v e l  and the  

i n t e r a c t i o n  between crown l e v e l  and tree were s i g n i f i c a n t  a t  5 orchards  

(Table  XIV) . Branch, a s p e c t  and i n t e r a c t i o n s  invo lv ing  e i t h e r  of t hese  

f a c t o r s  were not  s i g n i f i c a n t  at  any orchard  s i te .  The only  orchard where 

crown l e v e l  was not  s i g n i f i c a n t  was Koksi lah i n  1978 where the  h i g h e s t  

i n f e s t a t i o n  l e v e l s  occur red  (Table  XV). Females o v i p o s i t  more f r e q u e n t l y  i n  



Table XIV, Levels  of s i g n i f i c a n c e  of f a c t o r s  i n  t h e  d i s t r i b u t i o n  of C, - 
oregonens i s  eggs and i n f e s t e d  s c a l e s  a t  6 o rcha rd  sites i n  B o C e ;  ns  = not  

s i g n i f i c a n t ,  * = P<Oe05, - ** = P<0.01, *** = P<0.001. Number of c o n e l e t s  pe r  - - 
branch was used as t h e  c o v a r i a t e  i n  t he  a n a l y s i s  of covar iance ,  

1978 1980 1981 
Lake 

Fac tor  Koksilah Quinsam Koksilah Cowichan Quinsam Snowdon 

Branch (B) 

Aspect ( A )  

Crown l e v e l  (CL) 

Tree  (T) 

B x A  

B x CL 

A x CL 

A x T  

CL x T 
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c o n e l e t s  i n  t h e  upper crown a t  low popu la t ion  d e n s i t i e s '  but a t  h igh  

d e n s i t i e s ,  females  w i l l  d i s t r i b u t e  t h e i r  eggs  evenly  throughout t he  crown, 

The crown l e v e l  x  t r e e  i n t e r a c t i o n  a l s o  suppor t  t h i s  f i n d i n g  i n  t h a t  the  

mean number of eggs per  c o n e l e t  i n  t h e  mid and lower l e v e l s  i nc reased  wi th  

i n c r e a s i n g  o v e r a l l  means per  t r e e .  The even d i s t r i b u t i o n  of eggs a t  h igh  

d e n s i t i e s  is probably  due t o  an o v i p o s i t i o n  d e t e r r e n t  ( s e c t i o n  3 ,3) .  Kozak 

(1963) found a similar s t r a t i f i c a t i o n  from t h e  upper t o  lower crown l e v e l s  

i n  t h e  p r o p o r t i o n  of cones i n f e s t e d  by - C. oregonens i s  i n  1962 bu t  not i n  

1961 when t h e  p r o p o r t i o n  of cones i n f e s t e d  was s i g n i f i c a n t l y  h i g h e r ,  Kozak 

(1963) d i d  not  r e p o r t  numbers of midges so  i t  is not  known i f  t h e  

d i f f e r e n c e s  i n  d i s t r i b u t i o n  corresponded t o  d i f f e r e n c e s  i n  midge d e n s i t i e s .  

However, t h e  p r o p o r t i o n  of s eeds  t h a t  were g a l l e d  was similar i n  both yea r s  

( 1 5 , l  and 15,6% i n  1961 and 1962, r e s p e c t i v e l y )  which sugges t s  s i m i l a r  

p o p u l a t i o n  d e n s i t i e s ,  When sampling t o  e s t i m a t e  mean numbers of eggs per 

c o n e l e t ,  a l l  crown l e v e l s  producing c o n e l e t s  should  be sampled i n d i v i d u a l l y ,  

The i n f e s t a t i o n  l e v e l  of - C, o r egonens i s  on i n d i v i d u a l  trees was no t  r e l a t e d  

t o  s i z e s  of cone c r o p s ,  as has been r e p o r t e d  f o r  t h e  webbing coneworm, 

D i o r y c t r i a  d i s c l u s a  He in r i ch  (Lepidopte ra :  P y r a l i d a e )  (Mattson 1976). 

Dis tance  of t h e  c o n e l e t  from t h e  branch t i p  d i d  not  a f f e c t  t h e  

mean number of eggs p e r  c o n e l e t  a t  e i t h e r  Koksi lah o r  Quinsam i n  1978 (Table 

XVI), Numbers of - C. o r egonens i s  eggs were no t  s i g n i f i c a n t l y  d i f f e r e n t  i n  

c o n e l e t s  of d i f f e r e n t  l e n g t h ,  numbers of scales or color (Tables  XVII-XIX). 

Eggs were no t  d i s t r i b u t e d  evenly  w i t h i n  c o n e l e t s ,  The middle 

t h i r d  of t h e  c o n e l e t  con ta ined  s i g n i f i c a n t l y  more eggs  than  d i d  t h e  d i s t a l  

o r  proximal t h i r d s  which d i d  no t  d i f f e r  s i g n i f i c a n t l y  (Table  XX). 

The number of c o n e l e t s  neces sa ry  t o  estimate t h e  popula t ion  means 

of eggs pe r  c o n e l e t  i n  each crown l e v e l  w i t h  10% p r e c i s i o n  v a r i e d  among 



Table XVI. Mean numbers of C. oregonensis  eggs i n  c o n e l e t s  a t  varying - 
d i s t a n c e s  from the branch t i p  a t  2 B.C.  orchards i n  1978. The 

d i f f e r e n c e s  i n  each crown l e v e l  a t  each orchard were not s i g n i f i c a n t ,  

Duncan's mul t ip l e  range test . 

Crown Distance from branch t i p  (cm) 
Orchard th i rd  (25 25-50 50-100 >lo0 

Koksilah Upper 232.6 222.9 229.4 234.0 

Lower 221.7 228.4 236.2 224.6 

Quinsam Upper 91.2 86.5 88.2 86.9 

Lower 59.4 60.5 62.8 57.1 
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Table X V I I .  Numbers of C. oregonensis eggs i n  conelets  of d i f f erent  lengths - 
a t  2 B.C. orchards i n  1978. Differences  among means a t  each orchard are not 

s i g n i f i c a n t  , Duncan's mult iple  range test . 

Conelet length ( c m )  
Orchard < lo  0 1.0-2.0 >2.0 

Koksilah 234.3 

Quinsam 74.2 





Table XZX, Numbers of - C, oregonensis eggs in conelets of different 

colour at 2 B,C, orchards in 1978, Differences among m a n s  at each 

orchard were not significant, Duncan's multiple range test, 

Mean no. eggs/conelet 
Orchard Re d Red/Green Green 

Koksilah 238.3 239,5 244,7 

Quinsam 83,2 77,4 79,l 
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Table XX. Mean numbers of - C. oregonensis  eggs and i n f e s t e d  s c a l e s  per  

cone le t  i n  the  d i s t a l ,  middle and proximal t h i r d s  of the c o n e l e t s  at  2 

B.C. orchards  i n  1978. 

Conelet Mean no. per c o n e l e t  
I n f e s t e d  

m s a  
a 

Orchard t h i r d  s c a l e s  

- -- - 

Koksilah Distal 41.6a 6,9a 

Middle 128.2b 15.4b 

Proximal 53.9a 7.5a 

Quinsam D i s t a l  9.3a 2. l a  

Efiddle 35. 5b 6.4b 

Proximal 11.5a 3.0a 

a Means f o r  each f a c t o r  a t  each orchard followed 

by the  same l e t t e r  are not s i g n i f i c a n t l y  d i f f e r e n t ,  

Duncan's m u l t i p l e  range t e s t ,  P<0.001. - 
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trees and ranged from 3-8 i n  the  upper and mid crown and from 3 t o  12 i n  the 

lower crown (Fig.  27) .  To estimate the  popula t ion  mean wi th  10% p r e c i s i o n  

i n  95% of the  samples, 8 randomly s e l e c t e d  c o n e l e t s  should be taken i n  each 

of t h e  upper and mid crown l e v e l s  and 10 from the  lower crown l e v e l ,  The 

numbers of c o n e l e t s  necessary t o  estimate the  mean number of i n f e s t e d  s c a l e s  

per  c o n e l e t  a l s o  var ied  among trees and were similar t o  the  numbers 

necessary  f o r  e s t i m a t i n g  mean numbers of eggs (Fig.  28). To es t ima te  the 
h 

popula t ions  means wi th  10% p r e c i s i o n  i n  95% of the  samples,  7 randomly 

s e l e c t e d  c o n e l e t s  should be taken from the  upper crown, 8 from the  mid crown 

and 9  from t h e  lower crown, 

Stepwise r e g r e s s i o n  a n a l y s i s  showed t h a t  mean numbers of eggs p e r  

cone le t  i n  t h e  mid crown was more c l o s e l y  r e l a t e d  t o  tree means than t h e  

o t h e r  l e v e l s ,  account ing f o r  over 98% of  the  t o t a l  v a r i a t i o n ,  as  shown by 

t h e  fo l lowing (based on transformed egg counts ) :  

S tep  Crown 
2 

Incre  9s e 
no, l e v e l  r i n  r 

1 mid 0,9845 - 
2  lower 0,9966 0,0122 
3  upper 1,0000 0,0033 

The r e g r e s s i o n  equat ion  r e l a t i n g  mean number of eggs i n  the mid crown (X) t o  

tree mean (Y) was log  ( Y )  = 0,9794 log  (X) - 0,0064. The r e l a t i o n s h i p  f o r  

i n f e s t e d  s c a l e s  was  similar, Mid crown m a n s  were very s i m i l a r  to  tree mean 

and can be used a lone  t o  estimate tree means, 

The number of sample trees necessary  t o  estimate the o v e r a l l  

orchard mean number of eggs o r  i n f e s t e d  scales per cone le t  w i t h  10% 

p r e c i s i o n  ranged from 6 a t  Koksilah i n  1978 ( h e a v i e s t  i n f e s t a t i o n )  t o  696 



Figures 2 7 ,  28. Frequency d i s t r i b u t i o n s  of the number of conelets  per 

sample necessary to  estimate the population man of - C. oregonensis eggs 

(Fig .  2 7 )  and in fes ted  s c a l e s  (Fig .  28) per conelet  wi th  10% precis ion i n  

each crown l e v e l  on individual  trees. 
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( a c t u a l  number of producing trees was G O O )  a t  Koksi lah i n  1980 ( l i g h t e s t  

i n f e s t a t i o n ) .  Reducing t h e  p r e c i s i o n  t o  20% r e q u i r e d  t h a t  >400 trees be 

sampled a t  Koksi lah i n  1980. Because of t h e  h igh  t r e e  t o  t r e e  v a r i a t i o n ,  i t  

is not  p o s s i b l e  t o  de te rmine  mean numbers of. C. o r egonens i s  eggs o r  i n f e s t e d  - 
scales f o r  o rcha rds  wi thout  sampling most, i f  no t  a l l ,  producing t r e e s .  

C a l c u l a t i o n  of number of sample s c a l e s  t o  estimate the  egg 

p o p u l a t i o n  w i t h i n  a c o n e l e t  i n d i c a t e d  t h a t  i t  is not  f e a s i b l e  t o  select a 

few scales randomly. The v a r i a t i o n  between scales was so  g r e a t  t h a t  at 

leas t  75 t o  80% of t h e  scales i n  a c o n e l e t  must be sampled. 

This  t echnique  a l lows  personne l  t o  estimate popu la t ions  of eggs o r  

i n f e s t e d  scales p e r  c o n e l e t  when necessary .  S t u d i e s  of popula t ion  dynamics 

are an example of when such estimates are necessary .  It is not a p r a c t i c a l  

t echn ique  f o r  o rchard  managers t o  use  the  technique when dec id ing  whether o r  

no t  t o  app ly  an i n s e c t i c i d e  because of t h e  time needed f o r  t he  c o n e l e t .  By 

t h e  a n a l y s i s  was completed t h e  optimum t i m e  f o r  sp ray ing  would be long pas t .  

5.3 Damage P r e d i c t i o n  

5.3.1 I n t r o d u c t i o n  

Damage p r e d i c t i o n  p r i o r  t o  t h e  optimum t i m e  f o r  a p p l i c a t i o n  of a 

c o n t r o l  a c t i o n  is  a r e q u i s i t e  f o r  p e s t  management (Geie r  1966). The cor re -  

l a t i o n  between popu la t ion  l e v e l s  and p l a n t  damage is f r e q u e n t l y  d i f f i c u l t  t o  

e s t a b l i s h ,  s i n c e  t h e  amount of damage caused by a p e s t  is a f u n c t i o n  of p e s t  

d e n s i t y ,  type of damage, and the  b i o l o g i c a l  c h a r a c t e r i s t i c s  of t he  hos t  

p l a n t ,  which are d i f f e r e n t i a l l y  a f f e c t e d  by b i o t i c  and a b i o t i c  f a c t o r s .  

Methods of damage p r e d i c t i o n  have been developed o n l y  f o r  a f e w  f o r e s t  

i n s e c t s  (Mason 1969, 1978; Ca ro l in  and Cou l t e r  1972; Raske and Bryant 1977) 

bu t  no t  f o r  cone and seed i n s e c t s .  



Losses t o  - C. oregonens i s  have been p r e d i c t e d  i n  f o r e s t  s t a n d s  by 

de t e rmin ing  both  t h e  number of ove rwin te r ing  l a r v a e  i n  t he  l i t t e r  below 

t r e e s  and t h e  s i z e  of t h e  c u r r e n t  c o n e l e t  c rop  (Johnson 1962b). This 

t echnique  has short-comings f o r  use i n  o r c h a i d s ,  namely: i )  overwin te r ing  

l a r v a e  are counted but  t h e  p r o p o r t i o n  of t h e  popu la t ion  t h a t  emerges, which 

w i l l  va ry  between yea r s  and s i t e s  due t o  prolonged d i apause ,  is  not taken 

i n t o  account ,  i i )  f a c t o r s  a f f e c t i n g  mig ra t ion  i n t o  o rcha rds  are not known, 

and i i i )  t h e  technique  could not be used d i r e c t l y  i n  o rcha rds  because no 

ove rwin te r ing  cone g a l l  midges occur  i n  o rcha rds  due t o  cone ha rves t .  

Johnson and Hedl in  (1967) sugges t  a method f o r  de te rmin ing  the  need f o r  an 

i n s e c t i c i d e  a p p l i c a t i o n ,  based on egg coun t s ,  o n  5 randomly s e l e c t e d  s c a l e s  

p e r  c o n e l e t ,  bu t  t he  method has no t  been v e r i f i e d  and the  previous  r e s u l t s  

( s e c t i o n  5.2.3) showed t h a t  subsampling w i t h i n  c o n e l e t s  g i v e s  u n r e l i a b l e  

estimates of t h e  number of eggs w i t h i n  a cone le t .  Also,  t h i s  method . 

c l a s s i f i e s  i n f e s t a t i o n  l e v e l s  i n t o  c a t e g o r i e s  much too broad f o r  use i n  

o rchards .  

An a l t e r n a t i v e  t o  a f i x e d  number of samples ,  such as shown 

p r e v i o u s l y  ( s e c t i o n  5.2), is  s e q u e n t i a l  sampling. Sequen t i a l  sampl ing 

c l a s s i f i e s  popu la t ions  r a t h e r  than  provid ing  e s t i m a t e s  of popula t ion  

parameters  and invo lves  a f l e x i b l e  sample s i z e  ( I v e s  1954;. Waters 1955; 

Onsager 1976). Samples are examined i n  sequence u n t i l  t h e  cumulative 

r e s u l t s  f i t  one o r  more c l a s s e s  d e l i n e a t e d  by p rev ious ly  e s t a b l i s h e d  l i m i t s .  

Usua l ly  s e q u e n t i a l  sampling is less t i m e  consuming than  f i x e d  sampling due 

t o  avoidance of oversampling (Knight 1967). Requirements f o r  development of  

a s e q u e n t i a l  sampling technique  are knowledge of t he  numerical  d i s t r i b u t i o n  

of p o p u l a t i o n s ,  and a q u a n t i f i e d  r e l a t i o n s h i p  between i n s e c t  numbers and 

damage s o  t h a t  m a n i n g f u l  class l i m i t s  can be e s t a b l i s h e d .  Kozak (1964) 



developed a s e q u e n t i a l  t echnique  f o r  de te rmin ing  whether o r  not cone c rops  
r 

on i n d i v i d u a l  trees i n  f o r e s t  s t a n d s  were worth c o l l e c t i n g  based on seed 

counts  and damage by cone and seed i n s e c t s ,  i n c l u d i n g  - C, oregonens i s ,  

Not a l l  scales i n  a cone are capable  of producing v i a b l e  s eed ,  as 

po in ted  o u t  f o r  p ines  i n  t h e  s o u t h e r n  United S t a t e s  (Bramlett et a l ,  1979). 

Thus, t o  determine p o t e n t i a l  seed produc t ion  and insect -caused damage per 

cone, i t  is  necessa ry  t o  know t h e  number of scales i n  t h e  produc t ive  zone of 

t h e  cone and t h e  l o c a t i o n  of apparen t  i n s e c t  damage i n  r e l a t i o n  t o  t h i s  

zone, 

The o b j e c t i v e s  of t h i s  s t u d y  were t o  determine the  number of 

s c a l e s  i n  t h e  p roduc t ive  zone of t h e  cone and t h e  inc idence  of g a l l s  i n  t h i s  

zone,  t o  de te rmine  how damage per cone a t  h a r v e s t  is r e l a t e d  t o  the  number 

of eggs per  c o n e l e t  i n  t h e  s p r i n g ,  and to  develop a s e q u e n t i a l  sampling 

method f o r  de te rmin ing  whether o r  not  an i n s e c t i c i d e  a p p l i c a t i o n  f o r  c o n t r o l  

of - C, oregonens i s  is  warran ted ,  

5.3.2 M a t e r i a l s  and Methods 

Cone le t s  were c o l l e c t e d  a f t e r  t hey  had c losed  and approached the  

pendant  p o s i t i o n  ( e a r l y  May) a t  t h e  fo l lowing  o rcha rds  (numbers of t r e e s  

i n d i c a t e d  i n  p a r e n t h e s e s ) :  Dewdney ( l o ) ,  Koksi lah ( 6 ) ,  L a b  Cowichan ( l o ) ,  

PFP ( 9 ) ,  Quinsam ( l o ) ,  Snowdon (10) and T a h s i s  ( 9 )  i n  1979; Koksilah (19)  i n  

1980; Lake Cowichan ( 3 ) ,  Quinsam (4)  and Snowdon (4 )  i n  1981, Ten randomly- 

s e l e c t e d  c o n e l e t s  were c o l l e c t e d  from each tree i n  1979 and 1980, and 20 pe r  

t r e e  i n  1981, These c o n e l e t s  were d i s s e c t e d  and t h e  eggs and egg- infes ted 

scales counted. 

A t  h a r v e s t ,  t h e  same number of cones as c o n e l e t s  was c o l l e c t e d  

from t h e  same trees, These cones were s l i c e d ,  s l ice  counts  taken and t h e n  
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d i s s e c t e d  s o  t h a t  t o t a l  counts  of f i l l e d  s e e d s ,  g a l l s  and g a l l e d  s c a l e s  

could  be made. An a d d i t i o n a l  10 cones  per  tree, processed f o r  seed 

e x t r a c t i o n ,  were c o l l e c t e d  a t  Quinsam and Snowdon i n  1980. The numbers of 

e x t r a c t e d  f i l l e d  seeds  per  cone was determined wi th  x-rays and seed 

d i s s e c t i o n .  

Regress ion  a n a l y s i s  was used t o  ana lyze  the  da ta .  Average count 

per  c o n e l e t  o r  per  cone f o r  each tree was used i n  t h e  a n a l y s i s .  The proce- 

du re  used f o r  deve lop ing  t h e  s e q u e n t i a l  t echnique  was t h a t  o u t l i n e d  by Iwao 

(1975). The egg counts  ob ta ined  d u r i n g  t h e  d e t e r m i n a t i o n  of d i s t r i b u t i o n  of 

C. o r egonens i s  i n  tree crowns were used i n  t h e  de t e rmina t ion  of a and 6 f o r  - 
each crown l e v e l .  

To determine t h e  average p o t e n t i a l  number of seeds  per cone,  a 

sample of  100 cones from Koksilah and Quinsam, 5  cones from each of  10 trees 

a t  each o rcha rd ,  w a s  s e l e c t e d  i n  1979. The l o c a t i o n s  of f i l l e d  seeds  . in the  

cones were noted as were t h e  l o c a t i o n s  of g a l l s  i n  t h e s e  same cones. The 

f i l l e d  seeds  were germinated accord ing  t o  t he  procedure o u t l i n e d  by 

Anonymous (1976) t o  de te rmine  seed v i a b i l i t y  and t h e  a c t u a l  p roduc t ive  zone 

of  t h e  cone. 

5.3.3 R e s u l t s  and Discuss ion  

The mean number of scales i n  t h e  p roduc t ive  zone (middle 213) of 

cones  was 29, w i th  a p o t e n t i a l  of 58 s e e d s ;  85% of  the  - C. oregonens i s  

popu la t ion  a l s o  occur red  i n  t h i s  zone (F ig .  29). Johnson and Winjum (1960) 

a l s o  found most of t h e  midge l a r v a e  i n  t h e  middle 2 /3  o f  cones. 

Occas iona l ly ,  some small seeds  were produced o u t s i d e  of t h i s  zone, but  t h e  

2  v i a b i l i t y  of t hese  seeds  was s i g n i f i c a n t l y  (X tes t ,  P<0.05) lower,  38.6 



Figure 29. Distribution of s c a l e s  and C. oregonensis larvae within cones i n  - 
r e l a t i o n  t o  the productive zone. 



Proximal Productive Distal 0 
Non- Non- 

productive productive 



107 

There were s t r o n g  p o s i t i v e  r e l a t i o n s h i p s  between mean numbers of 

eggs  per  c o n e l e t  i n  t h e  s p r i n g  and mean numbers of g a l l s  and g a l l e d  s c a l e s  

per  cone a t  h a r v e s t  (Table  XXI). Mean numbers of f i l l e d  seeds  per cone were 

n e g a t i v e l y  r e l a t e d  t o  mean numbers of eggs per  c o n e l e t  but t he  r e l a t i o n s h i p  

was much weaker (Table  X X I ) ,  due t o  seed development being a f f e c t e d  by 

s e v e r a l  o t h e r  f a c t o r s  i n c l u d i n g  p o l l i n a t i o n ,  tree physiblogy , and 

i n f e s t a t i o n  by o t h e r  i n s e c t s .  It is imposs ib l e  t o  know which g a l l e d  

p o t e n t i a l  seeds  would have developed i n  t h e  absence of g a l l s ,  It is 

p o s s i b l e  t o  estimate midge damage when numbers of seeds  i n  i n s e c t i c i d e -  

t r e a t e d  and u n t r e a t e d  cones from t h e  same orchard  can be compared, 

The r e l a t i o n s h i p s  between mean numbers of i n f e s t e d  s c a l e s  p e r  

c o n e l e t  and h a r v e s t  counts  were similar t o  t hose  f o r  mean numbers of eggs 

per  c o n e l e t  (Tab le  XXI), This s i m i l a r i t y  is very  s i g n i f i c a n t  because 

d i s s e c t i o n  of c o n e l e t s  t o  de te rmine  numbers of eggs  can t ake  up t o  1 h per 

c o n e l e t  i n  heavy i n f e s t a t i o n s  whereas de te rmin ing  numbers of i n f e s t e d  s c a l e s  

t a k e s  on ly  114 of t h i s  t i m e ,  

The number of l a r v a e ,  and presumably eggs ,  on a s c a l e  a f f e c t e d  t h e  

p o s s i b i l i t y  of both  p o t e n t i a l  s eeds  on a scale being damaged ( F i g ,  30),  One 

o r  2 l a r v a e  on a scale damaged 1 p o t e n t i a l  seed i n  90% of t he  cases  

whereas,  3 l a r v a e  damaged bo th  p o t e n t i a l  seeds  i n  about  50% of t he  cases  and 

> 6 damaged both  i n  a l l  cases, - 
A s e q u e n t i a l  sampling p lan  was developed on ly  f o r  i n f e s t e d  scales 

because t ime requirements  of egg counts  make damage p r e d i c t i o n s  based on 

t h e s e  counts  i m p r a c t i c a l ,  Also,  i t  is more d i f f i c u l t  t o  e s t i m a t e  a c r i t i ca l  

egg d e n s i t y  because of g r e a t e r  v a r i a t i o n  than  f o r  i n f e s t e d  scales, The most 

a c c u r a t e  approach would probably  be t o  determine t h e  f requency of the  num- 

b e r s  of eggs per  s c a l e  i n  each c o n e l e t ,  t a k i n g  i n t o  account the  chance of  
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Table XXI. Re la t ionsh ip  ( log-log) between mean numbers of - C. oregonensis  eggs 

o r  i n f e s t e d  s c a l e s  per  cone le t  and mean numbers of g a l l s  and f i l l e d  seeds per 

a x i a l  s l i c e ,  o r  g a l l s ,  g a l l e d  s c a l e s ,  f i l l e d  seeds and e x t r a c t i b l e  f i l l e d  

seeds  per cone , A l l  r e g r e s s i o n  c o e f f i c i e n t s  comparing numbers of eggs o r  

in•’ es ted  s c a l e s  t o  h a r v e s t  counts  were h ighly  s i g n i f i c a n t  , P<0,00 - 1, 

- - - -- - - 

a 
Var iab les  compared (mean no.) Regression parameters 

Spring Harvest I n t e r c e p t  C o e f f i c i e n t  r 2 

Eggs Per Per a x i a l  s l ice : 
c o n e l e t  
(56.1) g a l l s  (2.9) 

f i l l e d  seeds  (2.2) 

Per cone: 

g a l l s  (12.5) 

g a l l e d  s c a l e s  (1 1.0) 

f i l l e d  seeds (10.6) 

e x t r a c t a b l e  f i l l e d  
seeds  (10.0) 

I n f e s t e d  Per a x i a l  slice: 
scales per 
conele  t g a l l s  (2.9) 
(9.7) 

f i l l e d  seeds (2.2) 

Per cone : 

g a l l s  (12.5) 

g a l l e d  s c a l e s  (1 1.0) 

f i l l e d  seeds (10.6) 

e x t r a c t a b l e  f i l l e d  
seeds  (10.0) 

a Based on d a t a  transformed by log  10 (x  + 1). 



Figure 30. Effect of number of C. oregonensis larvae per scale on - 
probability that both potential seeds on a scale were damaged. 
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both p o t e n t i a l  s eeds  on each scale being damaged. However, such a t echnique  

would be even more t i m e  consuming than  de te rmin ing  t o t a l  eggs per c o n e l e t  

and t h u s ,  is i m p r a c t i c a l .  

Attempts t o  use  a procedure based on the  type of t h e o r e t i c a l  d i s -  

t r i b u t i o n  model b e s t  s u i t e d  t o  t h e  d a t a  (Waters 1955; Onsager 1976; 

Southwood 1978) were not  s u c c e s s f u l  because R, a parameter  indexing  aggrega- 

t i o n  i n  n e g a t i v e  binomial  d i s t r i b u t i o n s ,  v a r i e d  cons ide rab ly  between trees 

and a common k could not  be e s t i m a t e d  r e l i a b l y .  A similar problem occur red  

wi th  o t h e r  i n s e c t s  (Iwao and Kuno 1971; Bur t s  and Brunner 1981), An esti- 

mate of common k is necessa ry  f o r  deve lop ing  a s e q u e n t i a l  plan wi th  t h i s  

problem. 

To make p e s t  management d e c i s i o n s ,  i n  t h i s  case  whether o r  not t o  

app ly  an i n s e c t i c i d e ,  i t  is necessa ry  to  know i f  t he  p e s t  popula t ion  exceeds 

a c r i t ica l  d e n s i t y .  A c r i t i c a l - d e n s i t y  t h r e s h o l d  f o r  - C. oregonens i s  is a 

f u n c t i o n  of t h e  number of eggs o v i p o s i t e d  i n  o rchard  c o n e l e t s  ( s e c t i o n  4.3) 

and t h e  p o t e n t i a l  f o r  seed development as a f f e c t e d  by p o l l i n a t i o n ,  physiolo-  

g i c a l  f a c t o r s ,  wea ther ,  etc. Based on i n c r e a s e d  seed produc t ion  a f t e r  

i n s e c t i c i d e  a p p l i c a t i o n s  ( s e c t i o n  6.2.2), t h e  c r i t ica l  d e n s i t i e s  were 

d u p l i c a t i o n  e s t i m a t e d  t o  be 2.0 and 4.0 i n f e s t e d  scales per  c o n e l e t s  f o r  10 

and 20% seed  l o s s ,  r e s p e c t i v e l y .  

Iwao (1975) l ists  a procedure f o r  development of s e q u e n t i a l  p lans  

r e l a t i v e  t o  a c r i t i c a l  d e n s i t y  based on t h e  "mean crowding" parameter  

*7 (m ) (Lloyd 1967) f o r  measuring d i s p e r s i o n  of popula t ions .  This  

procedure is  v a l i d  f o r  common t h e o r e t i c a l  d i s t r i b u t i o n  models (e.g. 

b inomia l ,  Poisson,  n e g a t i v e  b inomia l ) ,  assuming t h a t  t h e  l i n e a r  r e l a t i o n s h i p  
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* 
m - a+ B m  e x i s t s ,  where m is t h e  popula t ion  mean and a and 8 are 

c o n s t a n t  c h a r a c t e r i s t i c s  of t h e  s p e c i e s  concerned. Iwao (1968) shows t h e  

* r e l a t i o n s h i p s  between t h e  t h e o r e t i c a l  d i s t r i b u t i o n  m d e l s  and the  m-m 

* 
r e l a t i o n s h i p .  The m-m r e l a t i o n s h i p  

* 
m - 2.356 + 1.024 m ( r 2  = 0.972) 

was ob ta ined  from my d a t a  f o r  i n d i v i d u a l  trees. Di f f e rences  between l e v e l s  

were not  s i g n i f i c a n t  s o  d a t a  from a l l  l e v e l s  were used c o l l e c t i v e l y  i n  the  

d e t e r m i n a t i o n  of and . 
To g e n e r a t e  a s e q u e n t i a l  sampling p lan  f o r  de te rmin ing  whether o r  

not  i n d i v i d u a l  t r e e s  should be sprayed wi th  an i n s e c t i c i d e ,  2.356 f o r  a , 

1.024 f o r  B and 2.0 o r  4.0 f o r  c r i t ica l  t h r e s h o l d  d e n s i t y  were s u b s t i t u t e d  

i n  Iwao's (1975) method. The de r ived  e q u a t i o n s  f o r  t he  upper and lower 

l i m i t s  of s e q u e n t i a l  sampling s t o p  l i n e s  a t  each of t hese  c r i t i ca l  d e n s i t i e s  

were: 

T O W  = 2.0 n - + t 4- c r i t i c a l  d e n s i t y  2.0 

and 

To(n) = 4.0 n  - + td- cr i t ica l  d e n s i t y  4.0. 

Figs .  31 and 32  show curves  gene ra t ed  from t h e s e  equa t ions  us ing  t v a l u e s  

a s s o c i a t e d  wi th  e r r o r  l e v e l s  of 5, 10 and 20%. These curves  can be used f o r  

a l l  crown l e v e l s .  A s  po in ted  o u t  p r e v i o u s l y  ( s e c t i o n  5.2.3), means f o r  
I' 

trees bea r ing  c o n e l e t s  i n  a l l  3 l e v e l s  can be e s t i m a t e d  a c c u r a t e l y  by 

sampling t h e  mid crown only.  When us ing  t h i s  p l an ,  one should s t o p  sampling 

when t h e  upper l i m i t  is exceeded,  i n d i c a t i n g  t h a t  t r ea tmen t  was necessa ry  or 

when t h e  lower l i m i t  is exceeded i n d i c a t i n g  no t rea tment .  A d e c i s i o n  should 

be made by the  time 24 c o n e l e t s  (7,8 and 9 from the upper ,  mid  and lower 

crown l e v e l s ,  r e s p e c t i v e l y )  per  tree have been d i s s e c t e d  s i n c e  i t  should be 



F i g u r e s  31, 32. S e q u e n t i a l  sampl ing g r a p h s ,  u s i n g  3 e r r o r  l e v e l s  and 

c r i t i ca l  t h r e s h o l d  d e n s i t i e s  of 2.0 (10% s e e d  l o s s )  (Fig.  31) and 4.0 

i n f e s t e d  scales p e r  c o n e l e t  (20% seed  l o s s )  ( F i g .  32) ,  f o r  de t e rmin ing  t h e  

number of cones  t o  be sampled from i n d i v i d u a l  trees when d e c i d i n g  whether  o r  

n o t  t o  a p p l y  a n  i n s e c t i c i d e .  
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p o s s i b l e  t o  estimate t h e  popu la t ion  mean f o r  each  tree w i t h  10% p r e c i s i o n  

w i t h  t h i s  number ( s e c t i o n  5.2.3). 

The a and f3 v a l u e s  c a l c u l a t e d  f o r  two s t a g e  sampling,  1.e. 

d e c i d i n g  whether o r  no t  t o  treat a whole o rcha rd ,  were a - 2.980, 

2  a 2  = 2.356, B1 = 0.990, and B 2  - 1.024. .The r va lue  f o r  t h e  

whole tree r e g r e s s i o n  a n a l y s i s  w a s  0.949. S u b s t i t u t i n g  t h e s e  v a l u e s ,  t h e  

above c r i t i c a l  t h r e s h o l d  d e n s i t i e s ,  and 5 ( t h e  number expe r i ence  has 

i n d i c a t e d  as normal ly  s u f f i c i e n t )  o r  9  ( t h e  maximum necessa ry  f o r  a crown 

l e v e l )  f o r  t h e  number of c o n e l e t s  per tree ( k ) ,  t he  fo l lowing  equa t ions  were 

de r ived  f o r  t h e  s e q u e n t i a l  sampling s t o p  l i n e s :  

c r i t i c a l  
k d e n s i t y  T ~ ( k l l ) '  

Figso 3 3  t o  36 show cu rves  gene ra t ed  from t h e s e  e q u a t i o n s  us ing  t v a l u e s  

a s s o c i a t e d  wi th  an e r r o r  l e v e l  of 10%. The number of sample t r e e s  necessary  

t o  make a d e c i s i o n  wi th  t h e s e  graphs  du r ing  t h e  moni tor ing 'of  5 orchards  i n  

bo th  1981 and 1982 ranged from 8 t o  30, a c o n s i d e r a b l e  r educ t ion  from the  

hundreds neces sa ry  f o r  e s t i m a t i n g  t h e  popu la t ion  mean fo r  i n f e s t e d  scales 

p e r  cone le t .  The t i m e  r e q u i r e d  t o  p rocess  t h e  samples from 8 t o  30 t r e e s  

was 1-2 days ,  an o p e r a t i o n a l l y  f e a s i b l e  amount of t ime i n  r e l a t i o n  t o  t iming  

of s y s t e m i c - i n s e c t i c i d e  a p p l i c a t i o n .  



Figures  33 ,  34. S e q u e n t i a l  sampling g raphs ,  u s ing  a sample s i z e  of  5 cones 

p e r  tree ( k ) ,  10% p r e c i s i o n  and c r i t ica l  t h r e s h o l d  d e n s i t i e s  of 2.0 (10% 

seed l o s s )  (F ig .  33) and  4.0 i n f e s t e d  scales per  c o n e l e t  (20% seed l o s s )  

(Fig .  3 4 ) ,  f o r  de t e rmin ing  t h e  number of trees t o  be sampled i n  an orchard  

when d e c i d i n g  whether  o r  no t  t o  app ly  an  i n s e c t i c i d e .  
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Figures  35 ,  36. Sequent ia l  sampling graphs,  u s ing  a sample s i z e  o f  9 

c o n e l e t s  per tree ( k ) ,  10% p r e c i s i o n  and cr i t ical  thresho ld  d e n s i t i e s  of 2.0 

(10% seed  l o s s )  ( F i g .  35)  and 4.0 i n f e s t e d  s c a l e s  per c o n e l e t  (20% seed 

l o s s )  (F ig .  36 ) ,  f o r  determining the number of  trees to be sampled when 

dec id ing  whether or not t o  apply  an i n s e c t i c i d e .  
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The c a l c u l a t e d  B va lues  f o r  both crown l e v e l s  and whole t r e e 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  f rom 1, I n s e r t i n g  1 f o r  @ i n t o  t h e  

fo l lowing  r e l a t i o n s h i p  which relates t h e  mean crowding v a r i a b l e  t o  the 

n e g a t i v e  bionomial  index  of agg rega t ion  v a r k a b l e ,  k (Iwao 1968): 

* 
m = a + f3m = m (1 + l / k )  

r e s u l t s  i n  

k  = m/a 

A s  t h e  popu la t ion  i n c r e a s e s  s o  w i l l  t h e  index  of agg rega t ion ,  A t  l a r g e  

v a l u e s  of m, t h e  d i s t r i b u t i o n  of egg- infes ted  scales per c o n e l e t  would 

f o l l o w  a Poisson  f requency  d i s t r i b u t i o n  which a p p l i e s  random a t t a c k ,  Such a  

random a t t a c k  p a t t e r n  could  be t h e  r e s u l t  of o v i p o s i t i o n  d e t e r e n c e  at  high 

p o p u l a t i o n  d e n s i t i e s ,  

5,4 Es t ima t ing  Numbers of F i l l e d  and Damaged Seeds by Cone S l i c i n g  

5 4 1  I n t r o d u c t i o n  

Axial cone s l i c i n g  of Douglas-f ir  cones was f i r s t  used i n  the  

1950's  (HcWilliams 1950; Rudinsky 1955) as a m t h o d  f o r  exposing the  i n s i d e  

of a cone s o  t h a t  t h e  numbers of f i l l e d  and damaged seeds  could be 

e s t i m a t e d ,  The technique  has been widely  adopted because it is easier and 

qu icke r  than  comple te ly  d i s s e c t i n g  cones. Various cone c u t t e r s  have been 

developed f o r  s l i c i n g  cones l o n g i t u d i n a l l y  (Hopkins 1956; Winjum and Johnson 

1960; DeBarr and Proveaux 1969; F a t z i n g e r  and Proveaux 1971). 

In  B r i t i s h  Columbia, counts  of f i l l e d  seeds  per  a x i a l  slice are 

used as a g u i d e l i n e  f o r  d e c i d i n g  whether o r  not  cone c rops  i n  f o r e s t  s t a n d s  

are worth c o l l e c t i n g  (Dobbs e t  a l ,  1976). No s i g n i f i c a n t  d i f f e r e n c e s  were 

found between s l ice  counts  and t o t a l  cone counts  i n  percen tage  of  Douglas- 
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f i r  s eeds  t h a t  were f i l l e d  o r  damaged by cone and seed i n s e c t s  (Johnson and 

Heikkenen 1958; DeMars 1964). However, t h e  e x a c t  r e l a t i o n s h i p s ,  i n  terms of 

C 
t a c t u a l  coun t s ,  were not  r e p o r t e d ,  Such r e l a t i o n s h i p s  must be known i f  

e s t i m a t e s  of numbers of f i l l e d  and insect-damaged seeds  a r e  t o  be made. 

The purpose of t h i s  s tudy  was to  examine t h e  r e l a t i o n s h i p s  between 

a x i a l  s l i c e  counts  and t o t a l  cone counts  of f i l l e d  and i n s e c t -  damaged 

seeds ,  

5,4,2 Materials and Methods 

Mature cones were c o l l e c t e d  a t  t h e  fo l lowing  o rcha rds  (number of 

t r e e s  i n  p a r e n t h e s e s ) :  Koksilah (10)  i n  1978; Ikwdney ( l o ) ,  Koksilah (6),  

Lake Cowichan ( l o ) ,  PFP ( 9 ) ,  Quinsam ( l o ) ,  Snowdon (10) and Tahs i s  ( 9 )  i n  

1979; Koksilah (19 )  i n  1980; Lake Cowichan ( 3 ) ,  Quinsam ( 4 )  and Snowdon ( 4 )  

i n  1981, Twenty cones were c o l l e c t e d  from each tree i n  1978 and 1981, whi le  

10  cones per  tree were c o l l e c t e d  i n  1979 and 1980, Each cone was s l i c e d  

l o n g i t u d i n a l l y  (Winjum and Johnson 1960) and counts  were made of f i l l e d  seed  

and seed damaged by v a r i o u s  s p e c i e s .  The cone was then  d i s s e c t e d  and the  

seeds  c l a s s i f i e d  i n t o  t h e  d i f f e r e n t  t ypes ,  Damage by B, c o l f a x i a n a  and - 
D i o r y c t r i a  spp. were grouped because of d i f  f i c u l t y  i n  i d e n t i f y i n g  damage 

done by each  s p e c i e s  i n  cones where bo th  occur red ,  Regresesion a n a l y s i s  was 

used t o  ana lyze  t h e  d a t a ,  

The r e l a t i o n s h i p  be tween t o t a l  cone counts  of e x t r a c t i b l e  f i l l e d  

seeds  and a x i a l  s l i c e  counts  was examined i n  con junc t ion  wi th  some of t h e  

i n s e c t i c i d e  t r ials  c a r r i e d  ou t  du r ing  t h i s  r e s e a r c h  ( s e c t i o n  6 . 2 . 2 ) .  For ty  

cones per  t r e e  were c o l l e c t e d  a t  each of  3 o r c h a r d s  (number of trees i n  

pa ren theses ) :  Koksi lah (52) i n  1978, and Quinsam (70) and Snowdon (71) i n  

1980, The number of cones per  tree a x i a l l y  s l i c e d  was 10 i n  1978 and 20 i n  
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1981, with  an equal  number processed f o r  seed e x t r a c t i o n .  Tree averages of 

numbers of e x t r a c t e d  f i l l e d  seeds  and f i l l e d  seeds per a x i a l  s l i c e  were 

compared v i a  r e g r e s s i o n  a n a l y s i s .  Af te r  seed e x t r a c t i o n ,  processed cones 

were d i s s e c t e d  and remaining f i l l e d  seeds  counted t o  determine e x t r a c t i o n  

e f f i c i e n c y .  

5.4.3 Resu l t s  and d i s c u s s i o n  

T o t a l  cone counts were s i g n i f i c a n t l y  r e l a t e d  t o  a x i a l  s l ice counts 

f o r  numbers of f i l l e d  seeds ,  - C. o regonens is  g a l l s  and l a r v a e ,  and seeds 

damaged by l ep idop te rous  l a r v a e  and seed c h a l c i d s  (Table XXII), showing t h a t  

s l i c i n g  cones can be used t o  estimate t o t a l  cone counts ,  as r epor ted  pre- 

v i o u s l y  (Johnson and Heikkenen 1958; DeMars 1964). The r e l a t i o n s h i p s  when 

t h e  d a t a  were not  transformed wre s i m i l a r  t o  t h e  r e l a t i o n s h i p s  with 

transformed da ta .  Kozak (1964) repor ted  the  r e l a t i o n s h i p  (da ta  not  

t ransformed)  f o r  t o t a l  cone counts of f i l l e d  seeds  (Y) t o  a x i a l  s l ice counts 

(X)  as Y = 3.04X - 0.33. The equat ion  repor ted  here  is l o g  (Y)  = 2.65 + 
4.34 l o g  (x). The d i f f e r e n c e s  may be due t o  sample s i z e  s i n c e  Kozak's (1964) 

r e l a t i o n s h i p  was based on counts  from 100 cones whereas the  r e l a t i o n s h i p  

r e p o r t e d  he re  was based on 1438 cones. In s p i t e  of the  high degree of 

s i g n i f i c a n c e  of t h e  r e l a t i o n s h i p ,  the  amount of unexplained v a r i a t i o n  was 

cons ide rab le :  26.9% f o r  t o t a l  f i l l e d  seeds ,  33.9% f o r  e x t r a c t e d  f i l l e d  

s e e d s ,  21.4% f o r  - C. o regonens is  g a . l l s ,  26.1% f o r  - C. oregonens is  l a r v a e ,  6.4% 

f o r  moth damaged seed and 34.3% f o r  seed cha lc id .  T o t a l  cone counts of 

f i l l e d  seed of  12 t o  51 were represented  by an axial  s l ice count of  5, t h e  

th resho ld  number when dec id ing  whether o r  not  cones should be c o l l e c t e d  from 

a t r e e  i n  a f o r e s t  s t and  ( h b b s  et  a l .  1976). The number of samples needed 

t o  estimate t r u e  mean slice counts  f o r  i n d i v i d u a l  trees depends on the  
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c o e f f i c i e n t  of v a r i a t i o n  but  was e s t i m a t e d  t o  be g e n e r a l l y  between 20 and 30 

cones f o r  10% p r e c i s i o n .  

The r e l a t i o n s h i p  between t h e  numbers of e x t r a c t e d  f i l l e d  seeds  (Y) 

and a x i a l  s l i c e  coun t s  (X) i n  t h i s  s tudy  wasa  log(^)= 2.47 + 3.83 l o g  ( X )  , 

similar t o  t h e  e q u a t i o n  Y - 4.61 + 3.73X ( d a t a  no t  t ransformed)  r epor t ed  by 

Olson and S i l e n  (1975). The average m u l t i p l i e r s  were 4.54 and 4.46 f o r  my 

s t u d y  and t h a t  of Olson and S i l e n  ( l 9 7 5 ) ,  r e s p e c t i v e l y .  The e x t r a c t i o n  

e f f i c i e n c y  was 87% i n  my s tudy.  Opera t iona l  e x t r a c t i o n s  at  t h e  Duncan Seed 

Centre  u s i n g  k i l n s  f o r  d ry ing  cones are g e n e r a l l y  80 t o  85% e f f i c i e n t  

8 (Bowden-Green , pers.  comm.). E x t r a c t i o n  e f f i c i e n c y  can vary  

s u b s t a n t i a l l y  w i th  cone q u a l i t y  which is a f f e c t e d  by m a t u r i t y  when c o l l e c t e d  

and t h e  presence  of mould. 

Duncan Seed Cen t r e ,  B.C. M i n i s t r y  of F o r e s t s ,  Duncan, B.C. 



6.0 CONTROL TECHNIQUES 

6.1 Delaying Seed-Cone Bud Burs t  

6 . 1 .  I n t r o d u c t i o n  

Reproduc t ive  bud b u r s t  can be de l ayed .  up t o  14 days  by sp ray ing  

Douglas-f i r  trees wi th  co ld  water  when t h e  a i r  tempera ture  i s  > l  l • ‹ C  d u r i n g  

t h e  pe r iod  of bud development i n  t h e  s p r i n g  ( S i l e n  and Keane 1969; S i l e n  and 

Copes 1972). C u r r e n t l y ,  3 Douglas-f ir  seed o rcha rds  i n  B r i t i s h  Columbia 

have i n s t a l l e d  s o l i d - s e t  overhead i r r i g a t i o n  systems f o r  de l ay ing  

r ep roduc t ive  bud development,  p r i m a r i l y  f o r  p reven t ion  of p o l l e n  

contamina t ion  ( F a s h l e r  and D e v i t t  1980). 

The e f f e c t s  of d e l a y i n g  r ep roduc t ive  bud b u r s t  on cone and seed 

i n s e c t  i n f e s t a t i o n s  are not  known. - C. o regonens i s  appeared t o  be a s u i t a b l e  - 
c a n d i d a t e  f o r  c o n t r o l  by d i s r u p t i o n  of synchrony between presence of 

o v i p o s i t i n g  females  and s u s c e p t i b l e  hos t  s t a g e  because of a r e s t r i c t e d  

o v i p o s i t i o n  pe r iod ;  females  o v i p o s i t  i n  c o n e l e t s  which are open t o  r e c e i v e  

p o l l e n  (Hedl in  1961; Johnson 1963a). Ov ipos i t i on  is not  p o s s i b l e  once t h e  

scales of t h e  c o n e l e t s  become appressed.  D i s r u p t i n g  the  synchrony be tween 

i n s e c t  o v i p o s t i o n  and s u s c e p t i b l e  hos t  s t a g e  is used t o  c o n t r o l  damage by 

cec idomyi ids  , such as t h e  sorghum midge C o n t a r i n i a  s o r g h i c o l a  ( C o q u i l l e t )  

(Wiseman and McMillan 1968; Huddleston et al.  1972) and t h e  Hessian f l y ,  

Mayet iola  d e s t r u c t o r  (Say) (Barnes 1956). I n f e s t a t i o n  l e v e l s  of Douglas-f ir  

need le s  midges, C o n t a r i n i a  spp., are a f f e c t e d  by t h e  degree  of synchrony 

be tween a d u l t  emergence and presence of t h e  s u s c e p t i b l e  h o s t  stage 

(Condrashof f 1963). 

My o b j e c t i v e s  were: i) t o  assess co ld  water sp rays  as a p o t e n t i a l  

c o n t r o l  method f o r  - C. oregonens i s  and ( i i )  t o  de te rmine  t h e  r e l a t i o n s h i p  

between phenology of cone development and i n f e s t a t i o n s  of C. o regonens i s  . - 



6,1 ,2  M a t e r i a l s  and Methods 

I n f e s t a t i o n s  of C, o regonens i s  were measured at  Koksi lah i n  - - 
1978-1980, and a t  PFP i n  1978 and 1980. Both o rcha rds  have i r r i g a t i o n  

systems f o r  d e l a y i n g  r ep roduc t ive  bud bu r s  t ,  Koksilah was d iv ided  i n t o  

water- t r e a t e d  (de layed)  and u n t r e a t e d  ( c o n t r o l )  b locks  i n  a l l  3 yea r s .  PFP 

was d i v i d e d  i n t o  delayed and c o n t r o l  b locks  i n  1980, bu t  not  i n  1978 when 

a l l  trees were t r e a t e d ,  Tahs i s  w a s  used as t h e  c o n t r o l  b lock i n  1978. PEP 

was not  sampled i n  1979 because t h e  cold-water t rea tment  was not  app l i ed ,  

I n  1978, 10 e a r l y -  and 10 l a t e - f l o w e r i n g  trees were i d e n t i f i e d  i n  

each block a t  Koksi lah,  a t  PFP (de l ayed)  and Tahs i s  ( c o n t r o l ) ,  From each of 

t h e s e  trees 25 cones  were c o l l e c t e d  at  Koksi lah and 10 cones were c o l l e c t e d  

a t  PFP and Tahs i s  a t  cone h a r v e s t  (August 21-23), These cones were s l i c e d  

a x i a l l y  (Winjum and Johnson 1960) and t h e  numbers of - C, o r egonens i s  g a l l s  

exposed were counted. 

In  1979, t h e  seed-cone buds and c o n e l e t s  were checked at Koksi lah 

f o r  s t a g e  of development 3 times per  week from la te  March u n t i l  t h e  c o n e l e t s  

became pendant ( e a r l y  Play) on 55 trees i n  t h e  delayed block and 29 t r e e s  i n  

t h e  c o n t r o l  b lock,  The trees i n  both  blocks  r ep resen ted  t h e  same 11 

f a m i l i e s  ( h a l f  s i b l i n g s ) .  After t h e  scales of t h e  c o n e l e t s  became appressed 

(May 2-3), 10 c o n e l e t s  were c o l l e c t e d  from each tree. These c o n e l e t s  were 

d i s s e c t e d  and - C, o r egonens i s  eggs and i n f e s t e d  scales counted,  A t  cone 

h a r v e s t  (August 22-23), 10  cones per  tree were c o l l e c t e d  and processed.  

In  1980, t h e  bud and c o n e l e t  phenologies  and l e v e l s  of - C, 

o r egonens i s  i n f e s t a t i o n  a t  Koksilah were determined f o r  11 trees i n  t h e  

c o n t r o l  b lock and 27 trees i n  t h e  delayed b lock  at  Koksi lah i n  t h e  same 

manner as i n  1979, w i th  t h e  e x c e p t i o n  t h a t  20 c o n e l e t s  and 20 cones were 

c o l l e c t e d  from each  tree, A t  PFP, 10 cones were c o l l e c t e d  from each of 10 
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trees i n  both  t h e  delayed and c o n t r o l  b locks  a t  cone h a r v e s t  (August 24) and 

processed.  

Analys i s  of v a r i a n c e  and t-tests were used t o  ana lyze  the  d a t a  f o r  

each orchard  and year .  D i f f e rences  among groups o f  > 3 means were t e s t e d  - 
w i t h  Duncan's m u l t i p l e  range test. The d a t e  t h a t  each tree flowered was 

numbered, 1 A p r i l  being day one, i n  o r d e r  t o  c a l c u l a t e  t h e  average f lower ing  

times i n  t r e a t e d  and u n t r e a t e d  blocks  and thus  determine the  amount of d e l a y  

i n  bud development. I n f e s t a t i o n  l e v e l s  were grouped i n  s e v e r a l  ways, 

depending on orchard  and y e a r ,  t o  de te rmine  t h e  e f f e c t s  of t he  fo l lowing  

f a c t o r s  on i n f e s t a t i o n  l e v e l s  of C. oregonens i s :  i) de lay ing  seed-cone bud - 
b u r s t  ( a l l  o rcha rds  and y e a r s )  ii) t i m e  of bud b u r s t  (Koksi lah 1979 and 

1980), i i i )  l e n g t h  of t ime c o n e l e t s  were open (Koks i lah  1979 and 1980), and 

i v )  h a l f - s i b l i n g  f ami ly  (Koks i lah  1979). 

6.1.3 R e s u l t s  and Discuss ion  

Delaying seed-cone bud b u r s t  caused r e d u c t i o n s  of 87.6% and 99.2% 

i n  - C. o r egonens i s  i n f e s t a t i o n s  a t  Koksi lah and PFP, r e s p e c t i v e l y ,  i n  1978 

when 10  days d e l a y  was achieved and of 42.1% a t  PFP i n  1980 w i t h  6 days  

d e l a y  (Tab le  XXIII). No r e d u c t i o n s  occur red  a t  Koksi lah i n  1979 o r  1980 

when d e l a y s  were o n l y  2 and 5 days. Thus, amount of d e l a y  achieved is an 

impor tan t  f a c t o r .  The r e d u c t i o n  a t  Koksi lah i n  1978 was similar t o  t he  b e s t  

r e d u c t i o n  ach ieved  i n  an i n s e c t i c i d e  trial c a r r i e d  o u t  t he re .  V a r i a t i o n s  

i n  t h e  amount of d e l a y  achieved wi th  cold-water t r ea tmen t  among yea r s  are 

t h e  r e s u l t  of d i f f e r e n c e s  i n  weather and are beyond c o n t r o l .  For example, 

u n t r e a t e d  trees began bud development approximate ly  2 weeks before  t r e a t e d  

trees a t  Koksi lah i n  1979. However, j u s t  a f t e r  u n t r e a t e d  buds began 

deve lop ing ,  a 3-week series of co ld  lows moved through t h e  r eg ion ,  slowing 
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development of t h e  u n t r e a t e d  buds, so  t h a t  t hey  were on ly  2 days  ahead of 

t h e  t r e a t e d  buds by t h e  time warmer, d r i e r  weather r e t u r n e d ,  

Another impor tan t  f a c t o r  a f f e c t i n g  t h e  l e v e l  of midge i n f e s t a t i o n  

t h e  synchrony between t h e  presence  of a d u l t  midges and s u s c e p t i b l e  s t a g e s  

c o n e l e t s .  The g r e a t e s t  r e d u c t i o n s  i n  midge i n f e s t a t i o n s  (Table  XXIII) 

occur red  i n  y e a r s  when e a r l y  f lower ing  trees were t h e  most h e a v i l y  a t t a c k e d  

(Table  XXIV). No r e d u c t i o n s  occur red  when trees t h a t  f lowered du r ing  the  

middle of t h e  f lower ing  per iod  of an  orchard  were t h e  most h e a v i l y  a t t a c k e d ,  

For many cecidomyiids  a d u l t  emergence and occur rence  of s u s c e p t i b l e  hos t  

s t a g e  are w e l l  synchronized ,  e s p e c i a l l y  when t h e  h o s t  is s u s c e p t i b l e  f o r  

o n l y  a s h o r t  t i m e  (Cout in  1964). Such is not  always t h e  c a s e  f o r  - C, 

o r egonens i s ,  The synchrony between a d u l t  cone g a l l  midge emergence and 

occur rence  of s u s c e p t i b l e  h o s t  s t a g e s  appea r s  t o  be a f f e c t e d  by weather ,  as 

i t  is  i n  o t h e r  cone and seed i n s e c t s  and cecidomyiids  (Hussey 1955; . 

Condrashoff 1963). Kozak (1963) found t h a t  l a te  f lower ing  trees were more 

h e a v i l y  i n f e s t e d  than  e a r l y  f lower ing  trees, Under such c o n d i t i o n s  d e l a y i n g  

seed-cone bud development may r e s u l t  i n  i n c r e a s e d  r a t h e r  than decreased 

i n f e s t a t i o n s ,  The p a t t e r n  of - C, o r egonens i s  i n f e s t a t i o n  was s i m i l a r  when 

r e l a t i n g  it t o  phenology of seed-cone bud b u r s t  o r  t o  t he  c o n e l e t  s c a l e s  

becoming f u l l y  r e f l e x e d  (Table  XXIV) .  

There was no s i g n i f i c a n t  c o r r e l a t i o n  between the  l e n g t h  of time 

t h e  c o n e l e t s  were exposed and cone g a l l  midge i n f e s t a t i o n  a t  Koksilah i n  

1979 o r  1980 (Table  XXV). Trees  which f lowered du r ing  6-13 A p r i l  1979 were 

more l i g h t l y  a t t a c k e d  than  trees which f lowered d u r i n g  14-25 A p r i l ,  even 

though c o n e l e t s  on most of t h e  earlier f lower ing  trees =re s t i l l  open, and 

presumably a v a i l a b l e  f o r  a t t a c k  c o i n c i d e n t a l l y  w i th  t h e  l a t e r  f lower ing  

trees f o r  s e v e r a l  days. Such i n f e s t a t i o n  p a t t e r n s  sugges t  t h a t  young 
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cone l e t s  are more a t t r a c t i v e  f o r  cone g a l l  midge ov ipos i t ion  than a r e  o lde r  

c o n e l e t s ,  as i nd i ca t ed  i n  Table V. 

Kozak (1963) found the converse of my r e s u l t s ,  i n d i c a t i n g  t ha t  

phenologies of d i f f e r e n t  cone developmental s t age s  are import an t  under 

d i f f e r i n g  circumstances.  In my s tudy,  when the  .earliest f lowering trees 

were t he  most heav i ly  i n f e s t e d ,  i n f e s t a t i o n  was r e l a t e d  t o  phenology of 

seed-cone bud burs t  but not t o  the  t i m e  cone le t s  became pendant, whereas 

when trees flowered i n  the  middle of the  f lowering per iod ,  i n f e s t a t i o n  was 

no t  r e l a t e d  t o  e i t h e r  of these  f a c t o r s .  When the  la tes t  f lowering t r e e s  

were the  most heav i ly  i n f e s t e d ,  i n f e s t a t i o n  was r e l a t e d  t o  phenology of 

cone l e t s  becoming pendant but not  t o  phenology of bud burs t  (Kozak 1963). 

Tree family was a s i g n i f i c a n t  f a c t o r  a f f e c t i n g  cone g a l l  midge 

i n f e s t a t i o n ,  but not  when the e f f e c t s  of phenology of seed-cone bud burs t  

were removed (Table XXVI). Hedlin and Ruth (1978) reported t h a t  c lona l  

v a r i a t i o n  was not of p r a c t i c a l  s i g n i f i c a n c e  i n  g a l l  midge i n f e s t a t i o n s .  

Delayed seed-cone bud bu r s t  cannot be r e l i e d  upon t o  c o n t r o l  C. - 
oregonensis  under a l l  circumstances . It reduced - C. oregonensis  i n f e s t a t i o n s  

when seed-cone bud bu r s t  was delayed by about 10 days and adu l t  midge 

emergence coincided with f lowering on e a r l y  trees, but was not e f f e c t i v e  

when s h o r t e r  per iods of de lay  occurred o r  when midge emergence coincided 

wi th  f lowering on middle and la te  trees. Monitoring i n s e c t  populat ion 

l e v e l s  is j u s t  as important  i n  cold-water t r e a t e d  orchards as i n  un t rea ted  

orchards  because i n s e c t i c i d e  a p p l i c a t i o n s  w i l l  be necessary on occasion,  

though hopeful ly  less o f t en .  Fashler  and Devi t t  (1980) note t h a t  f u r t h e r  

work is requi red  on c a l i b r a t i o n  of the system. S imi la r ly ,  f u r t h e r  s tudy on 

the  synchrony between i n s e c t  a t  tack  and occurrence of su scep t i b l e  host  s t age  

should be c a r r i e d  out  t o  determine the i n t e r a c t i o n s  between these and 



Table XXVI. Ranked r e l a t i o n s h i p  between h a l f - s i b l i n g  family and C, - 
oregonensis  i n f e s t a t i o n ,  Koksilah (bo th  b locks) ,  1979. 

Spring assessment F a l l  ( h a r v e s t )  assessment 
Family No. Mean no, Family No . Mean no. - 
name trees eggs /conele ta  name trees g a l l s / a x i a l a  

s l ice 

a Means followed by the  same let ter  are not s i g n i f i c a n t l y  d i f f e r e n t ,  

Duncan's m u l t i p l e  range tes t ,  P<0.05, - When d a t e  of seed-cone bud b u r s t  

was used as the  c o v a r i a t e  i n  a n a l y s i s  of covar iance ,  family was not 

s i g n i f i c a n t ,  
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weather t o  d e l i n e a t e  the  c i rcumstances  under which de laying  seed-cone bud 

b u r s t  w i l l  e f f e c t i v e l y  reduce C. oregonensis  i n f e s t a t i o n s .  - 

6.2 I n s e c t i c i d e s  

6.2.1 Conventional  I n s e c t i d e s  

6.2.1. 1 I n t r o d u c t i o n  

Many c o n t a c t  and systemic i n s e c t i c i d e s  have been t e s t e d  a g a i n s t  

Douglas-fir cone and seed i n s e c t s ,  e s p e c i a l l y  - C. oregonensis  (Mi l l e r  

1980). Contact i n s e c t i c i d e s  can be used only as p reven ta t ive  sp rays  

because they must be a p p l i e d  when a d u l t s  are a c t i v e .  Systemic 

i n s e c t i c i d e s  are used as l a r v i c i d e s  because they are taken up by p l a n t  

t i s s u e s .  Unlike con tac t  i n s e c t i c i d e s  which must be app l i ed  without 

knowledge t h a t  s i g n i f i c a n t  damage w i l l  occur ,  sys temic  i n s e c t i c i d e s  can 

be appl ied  a f t e r  cone g a l l  midge o v i p o s i t i o n  is completed, and p o t e n t i a l  

damage is p red ic ted  by means of egg counts.  Current ly ,  dimethoate is t h e  

only i n s e c t i c i d e  r e g i s t e r e d  f o r  use a g a i n s t  Douglas-fir cone and seed 

i n s e c t s ,  i n c l u d i n g  - C. oregonensis  (Richmond et  al .  1975). 

Contact  i n s e c t i c i d e s  t h a t  have been e f f e c t i v e  a g a i n s t  - C. 

oregonensis  i n  a t  l e a s t  one t r i a l  are azinphosmethyl, c a r b a r y l ,  endosulfan,  

and B.H.C. (Miller 1980). A l l  systemic i n s e c t i c i d e s  t e s t e d  a g a i n s t  - C. 

oregonensis  as e i t h e r  f o l i a r  sp rays  o r  i n j e c t i o n s  were e f f e c t i v e  i n  a t  l e a s t  

one t r i a l  (Miller 1980). 

I n s e c t i c i d e s  used i n  seed orchards  should have low t o x i c i t y  t o  

nontarge t  organisms, e s p e c i a l l y  m a m m a l s ,  because s e v e r a l  orchards  a r e  

l o c a t e d  ad jacen t  t o  r e s i d e n t i a l  areas. Dimethoate is the  l e a s t  t o x i c  t o  

m a m m a l s  of the  sys temic  i n s e c t i c i d e s  t e s t e d ;  many of the  o t h e r s  are 



136 

h ighly  t o x i c  and unsu i t ab le .  Acephate, a sys temic  i n s e c t i c i d e  low i n  

mammalian t o x i c i t y ,  was e f f e c t i v e  a g a i n s t  coneworms on Douglas-f i r  but has 

not  been t e s t e d  a g a i n s t  - C. oregonensis.  Methoxychlor, another  con tac t  

i n s e c t i c i d e  low i n  mammalian t o x i c i t y ,  has not  been t e s t e d  a g a i n s t  any 

Douglas-fir cone and seed i n s e c t .  

Johnson and Hedlin ( 1  967) recommend t h a t  systemic i n s e c t i c i d e s  be 

a p p l i e d  when c o n e l e t s  a r e  c losed  and t u r n i n g  but before  they reach the  

pendant p s i  t ion .  Mmethoate w a s  more e f f e c t i v e  when appl ied  t o  c o n e l e t s  

near ing  t h e  pendant p o s i t i o n  than when appl ied  t o  open c o n e l e t s  (Buffam and 

Johnson 1965). However, a p p l i c a t i o n s  af ter  c o n e l e t s  have become pendant may 

a l s o  be e f f e c t i v e .  Dimethoate app l i ed  t o  cones t h a t  were pendant and 

1.91-2.54 crn long (mid-May) r e s u l t e d  i n  double the  number of f i l l e d  seeds 

per cone (Dewey e t  a l .  1975). When a p p l i c a t i o n s  were made even la ter ,  e a r l y  

J u l y ,  no c o n t r o l  was achieved,  even a t  concen t ra t ions  up t o  10% (McDermid 

1965). 

No s t u d i e s  of t r e a t i n g  c o n e l e t s  a t  d i f f e r e n t  s t a g e s  during the 

recommended period have been repor ted .  These e f f e c t s  of d i f f e r e n c e s  i n  

t iming should be known i f  i n s e c t i c i d e s  are t o  be appl ied  on an orchard 

b a s i s ,  because v a r i a t i o n s  i n  cone development among trees of up t o  3 weeks 

occur i n  Douglas-fir seed orchards  i n  B.C. In a d d i t i o n ,  cons iderable  

v a r i a t i o n  occurs  among trees and even among d i f f e r e n t  p a r t s  of a tree crown 

i n  phenology of cone development (Allen 1943; Orr-Ewing 1956). A t  any one 

time, c o n e l e t s  on some trees may be a t  t h e  recommended s t a g e  of development 

f o r  spraying ,  while o t h e r s  w i l l  not  have reached t h i s  s t a g e  and o t h e r s  w i l l  

have passed it. A s i n g l e  a p p l i c a t i o n  t o  a l l  orchard trees at  one t im may 

be d e s i r a b l e  from the  poin t  of c o s t  but m u l t i p l e  a p p l i c a t i o n s  may be more 

e f f e c t i v e .  



Mist blowers, hydrau l i c  sp raye r s  and a i r b l a s t  sp raye r s  are 

ground-based s p r a y e r s  t h a t  can be used i n  seed orchards .  l l i s tblowers  and 

a i r b l a s t  s p r a y e r s  are g e n e r a l l y  used t o  apply  low volume, high concen t ra t ion  

sprays  whereas hydrau l i c  sp raye r s  apply high volume, low concen t ra t ion  

sprays.  Hydraulic s p r a y e r s  appear t o  be more s u i t a b l e  than the  o t h e r s  f o r  

apply ing  systemic i n s e c t i c i d e s  o p e r a t i o n a l l y  because good coverage of the 

cone-bearing p a r t s  of the  crown ( f o l i a g e  and cones)  is e s s e n t i a l  f o r  maximum 

e f f e c t i v e n e s s  (Hedl in  1966; Johnson and Zingg 1967), A i r b l a s t  sp raye r s  a r e  

considered b e s t  i n  p ine  seed orchards  i n  the  sou the rn  United S t a t e s  (Nerkel 

1969) where con tac t  i n s e c t i c i d e s  are a p p l i e d ,  but  have not been t e s t e d  i n  

Douglas-fir orchards .  Hydraulic sp rays  can be d i r e c t e d  s e l e c t i v e l y  t o  

cone-bearing p o r t i o n s  of crowns and a r e  less s u s c e p t i b l e  to  d r i f t  than 

a i r b l a s t  sp rays  because the  d r o p l e t s  produced are l a r g e r .  An a i r b l a s  t 

sp raye r  can apply a  spray  t o  an orchard f a s t e r  than a hydrau l i c  sprayer .  

My o b j e c t i v e s  were: i )  t o  test the  e f f i c a c i e s  of acephate ,  

c a r b a r y l  (dus t  and e m u l s i f i a b l e  concen t ra t e )  and ~ t h o x y c h l o r  f o r  c o n t r o l  of 

C. o regonens is ,  ii) t o  determine t h e  e f f e c t s  of t r e a t i n g  cone le t s  a t  - 
d i f f e r e n t  s t a g e s  of development, iii) t o  determine i f  2  a p p l i c a t i o n s  were 

more e f f e c t i v e  than s i n g l e  s p r a y s ,  and i v )  t o  compare the  e f f e c t i v e n s s  of an 

a i r b l a s t  sp raye r  t o  t h a t  of a hydrau l i c  sprayer .  

6.2.1.2 Materials and Methods 

6.2.1. 2.1 Experimental t r ia ls  

6 ~ 2 ~ 1 . 2 . 1 1  E f f i c a c y  Tes t s  

The systemic i n s e c t i c i d e s  dimethoate and acephate (only p a r t i a l l y  

sys temic)  were screened f o r  e f f e c t i v e n e s s  at  Koksilah i n  1978. In the 
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undelayed (no cold-water t rea tment)  block, the  i n s e c t i c i d e s  were appl ied a t  

concen t ra t ions  of 0.5 and 1.0% u n t i l  the t r e e s  were soaked ( u n t i l  run-off 

occurred) .  The 0.5% - dimethoate t reatment  was appl ied  t o  20 trees; t he  

o t h e r  t rea tments  were each app l i ed  to  10 tre9s. Twenty water- t reated trees 

were used as con t ro l s .  O r i g i n a l l y  10 trees t r e a t e d  wi th  0.5% dimethoate 

were t o  be sprayed a second t i m e ,  l a t e r  i n  t h e i r  cone development, but these  

la te r  a p p l i c a t i o n s  were not  made because of equipment breakdown. In  the 

delayed (cold-water t r e a t e d )  block each i n s e c t i c i d e s  was appl ied  a t  0.5% 

only t o  10 trees with another  10 as c o n t r o l s ,  The i n s e c t i c i d e s  were appl ied  

wi th  a motorized backpack sprayer  on 1-6 May when the cone le t s  were 

h o r i z o n t a l  t o  nea r l y  pendant, The i r r i g a t i o n  system had been shut  off by 

t h i s  t i m e ,  

A t  cone ha rves t  (21-22 August),  20 cones were co l l e c t ed  from each 

t r e a t e d  tree where poss ib le .  Some trees could not  be sampled adequately 

because heavy f r o s t s  dur ing  the  p o l l i n a t i o n  period k i l l e d  nea r l y  all the  

cones. Ten cones from each tree were s l i c e d  and seed counts made while t h e  

o t h e r  10 were d r i ed  and tumbled f o r  seed ex t r ac t i on ,  The ex t r ac t ed  seeds 

were d i s s ec t ed  and the  f i l l e d  seeds counted, If a tree had on ly  10 cones, 

they  were s l i c ed .  

Carbaryl  dus t  (DU) was app l i ed  t o  open cone le t s  i n  a mixture of 

po l l en  and ta lc  with booster  p o l l i n a t i o n  equipment (Fig.  37) a t  Koksilah i n  

1979. The r a t i o  of pol len :  talc:  c a r b a r y l  was 50:48:2. Ten trees were 

t r e a t e d  with ca rba ry l  but a l l  of t he  cone l e t s  on 2 of these  trees aborted s o  

on ly  8 were sampled at  ha rves t ,  Eight trees po l l i na t ed  i n  the same manner 

but without i n s e c t i c i d e  t reatment  were used as  con t ro l s .  A t  ha rves t  (21 

August) 10 cones were c o l l e c t e d  from each t r e a t e d  and con t ro l  tree. These 



Figure 37. Booster pol l inat ion equipment used to apply carbaryl dust a t  

Koksilah i n  1979. 
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cones were s l i c e d  and t h e  numbers of f i l l e d  seeds ,  Ce oregonensis  g a l l s  and - 
o t h e r  insect-damaged seeds  counted. 

Carbaryl  e m u l s i f i a b l e  concen t ra t e  (EC) and methoxychlor EC were 

app l i ed  a t  d i f f e r e n t  sites a t  Lake Cowichan i n  1979. Both i n s e c t i c i d e s  were 

a p p l i e d  at concen t ra t ions  of 0.5 and 1.0%; eight '  trees were t r e a t e d  with 

each c a r b a r y l  concen t ra t ion  and 1 0  trees wi th  each methoxychlor concentra- 

t ion .  The same number of u n t r e a t e d ,  c o n t r o l  trees was l e f t  a t  each s i te .  

Two methoxychlor-treated trees (1 a t  0.5% and 1 a t  1.0%) had a l l  t h e i r  cone- 

le ts  abor t .  The i n s e c t i c i d e s  were app l i ed  t o  open f lowers  with  a 10-L, 

motorized,  backpack sp raye r  on 22-27 Apri l .  Twenty cones per tree were 

c o l l e c t e d  on 22 August, s l i c e d  and the  f i l l e d  and damaged seeds counted. 

6.2.1.2.1.2 Timing a p p l i c a t i o n s  of systemic i n s e c t i c d e s  

A t  Dewdney, 75 trees wi th  female buds t h a t  had f lushed  wi th in  a 2 . 
day per iod (20-21 A p r i l  1979) were marked. Acephate and dimethoate were 

a p p l i e d  a t  0.5% with a 3.75-L compression sp raye r  u n t i l  the  trees were 

soaked. Each i n s e c t i c i d e  was app l i ed  to  5 trees at each of the fol lowing 

s t a g e s  of cone development: i )  c o n e l e t s  open t o  r ece ive  po l l en ,  ii) c o n e l e t s  

c losed  and tu rn ing ,  i i i )  c o n e l e t s  h o r i z o n t a l ,  i v )  cone le t s  pendant, and v) 

c o n e l e t s  pendant f o r  5 days. In a d d i t i o n ,  5 unsprayed trees were marked a t  

t h e  same t i m e  as t h e  sprays  were app l i ed  t o  s e r v e  as con t ro l s .  Spraying 

began on 21 Apr i l  and f i n i s h e d  on 18 May. 

Twenty cones per tree were c o l l e c t e d  on 10 August and s l i c e d ,  and 

t h e  numbers of exposed - C. orgonens is  g a l l s  and seed cha lc id  l a r v a  counted. 

The numbers of f i l l e d  seed and seed damaged by l ep idop te rous  l a r v a e  m t h s  

were a l s o  counted but were not  analyzed because of the  low numbers 

encountered. 



6.2.1.2.1.3. Double vs. s i n g l e  a p p l i c a t i o n s  

The e f f e c t i v e n e s s  of double a p p l i c a t i o n  of dimethoate was 

compared t o  t h a t  of a s i n g l e  a p p l i c a t i o n  a t  Snowdon i n  1980. The 

dimethoate w a s  app l i ed  a t  0.5% wi th  a hydrau l i c  sprayer  u n t i l  t r e e s  were 

soaked. T h i r t y  trees were t r e a t e d  with  2 sprays.,  30 wi th  a s i n g l e  spray  

and 16  were u n t r e a t e d  c o n t r o l s .  The f i r s t  - t reatment  of the  double 

a p p l i c a t i o n  was made when 25% of  the  c o n e l e t s  were approaching the 

pendant p o s i t i o n  and t h e  second when 75% were at t h i s  s tage .  The 

s ingle-spray  t rea tment  was a l s o  app l i ed  when 75% of the  cone le t s  were 

near ing  t h e  pendant pos i t ion .  

A t  cone ha rves t  (August l 8 ) ,  40 cones were c o l l e c t e d  from each 

tree; 20 were s l i c e d  and 20 processed f o r  seed e x t r a c t i o n .  The u s u a l  

s l ice counts were made and the  e x t r a c t e d  seeds  d i s s e c t e d  to  determine the 

number f i l l e d .  

6.2.1.2.1.4 A i r b l a s t  vs. hydrau l i c  a p p l i c a t i o n s  

The e f f e c t i v e n e s s  of an a i r b l a s t  s p r a y e r  (Tecnoma No. PM90) was 

compared t o  hydrau l i c  sp raye r  (Tecnoma No. 4506) at  Quinsam i n  1980. When 

t h e  conele  ts were c losed  and t u r n i n g  down, dimethoate ( a c t i v e  i n g r e d i e n t )  

was a p p l i e d  a t  r a t e s  of 0.56, 1.12 and 2.24 kg/ha with  the  a i r b l a s t  sp raye r ,  

and wi th  t h e  h y d r a u l i c  sp raye r  a t  0.5% u n t i l  trees were soaked. The volume 

of sp ray  per  tree averaged 7 and 4 L f o r  t h e  a i r b l a s t  and hydrau l i c  

s p r a y e r s ,  r e s p e c t i v e l y .  The a i r b l a s t  sp ray  wetted the  trees but d id  n o t  

soak them. Ten trees were t r e a t e d  with  each a i r b l a s t  r a t e ,  20 were t r e a t e d  

with  t h e  h y d r a u l i c  sp raye r  and 20 were l e f t  as un t rea ted  c o n t r o l s .  
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A t  cone h a r v e s t  (August 1 8 ) ,  40 cones were c o l l e c t e d  from each 

t ree ,  of t h e s e  20 were s l i c e d  f o r  seed and damage assessment,  and 20 were 

processed f o r  seed e x t r a c t i o n .  

1.5 Data a n a l y s i s  

Data f o r  each experiment were subjec ted  t o  a n a l y s i s  of var iance  

and Duncan's m u l t i p l e  range test. 

6.2.1.2.2 Opera t iona l  t r i a l s  

6.2.1.2.2.1 E f f i c a c i e s  

Two i n s e c t i c i d e s  have been app l i ed  o p e r a t i o n a l l y  i n  Douglas-fir 

seed  orchards  i n  B o C o :  i )  acephate  a t  Tahs is  i n  1978 and 1979, and at PFP 

i n  1979, and ii) dimethoate a t  Quinsam i n  1979, 1980 and 1981, a t  Snowdon i n  

1979 and 1981, and a t  Tahsis  i n  1980. Orchard personnel  app l i ed  bo th4  

i n s e c t i c i d e s  a t  0.5% with h y d r a u l i c  s p r a y e r s  u n t i l  run-off occurred.  The 

sp rays  were app l i ed  i n  l a te  Apr i l  o r  e a r l y  May, depending on the orchard 

year  when t h e  c o n e l e t s  had c losed  and were nea r ing  the  pendant pos i t ion .  

Some of t h e  c o n e l e t s  had a l r e a d y  become pendant by the  t i m e  t he  a p p l i c a t i o n  

was made a t  Tahsis i n  1979. 

Cone samples wre c o l l e c t e d  at  ha rves t  i n  August. The numbers of 

t r e a t e d  and un t rea ted  trees sampled a t  each orchard ,  and the  numbers of 

cones sampled per  tree were: 
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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  and had been t h o r o u g h l y  r i n s e d  b e f o r e  t h e  

a p p l i c a t i o n s  were made t o  t h e  o r c h a r d s .  

6.2.1.3 R e s u l t s  and D i s c u s s i o n  

6.2.1.3.1 E x p e r i m e n t a l  t r ia ls  

Acephate  and d i m e t h o a t e  s i g n i f i c a n t l y  reduced t h e  numbers of - C. 

o r e g o n e n s i s  g a l l s  and s e e d s  damaged by a l l  i n s e c t s ,  while i n c r e a s i n g  t h e  

numbers of f i l l e d  s e e d s  i n  t h e  undelayed b l o c k  a t  b k s i l a h  i n  1978 (Tab le  

XXVLI). The r e d u c t i o n s  i n  numbers of - C. o r e g o n e n s i s  g a l l s  p e r  a x i a l  s l i c e  

were 75 a n d  80% f o r  t h e  0.5 and  1.0% a c e p h a t e ,  r e s p e c t i v e l y ,  and 8 9  and 98% 

f o r  0.5 and 1.0% d i m e t h o a t e ,  r e s p e c t i v e l y .  There  were no d i f f e r e n c e s  i n  

e f f i c a c y  between c o n c e n t r a t i o n s  f o r  e i t h e r  i n s e c t i c i d e .  Dimethoate  a t  1.0% 

gave  s i g n i f i c a n t l y  l a r g e r  r e d u c t i o n s  of - C. o r e g o n e n s i s  t h a n  a c e p h a t e  at  

e i t h e r  c o n c e n t r a t i o n .  There was no s i g n i f i c a n t  d i f f e r e n c e  between 

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

may be more e f f e c t i v e  t h a n  d i m e t h o a t e  f o r  c o n t r o l l i n g  o t h e r  Douglas-f i r  cone  

and s e e d  i n s e c t s .  The number of f i l l e d  s e e d s  e x t r a c t e d  pe r  cone was doubled  

by a l l  t r e a t m e n t s ;  d i f f e r e n c e s  between i n s e c t i c i d e s  and c o n c e n t r a t i o n s  were 

n o t  s i g n i f i c a n t  ( T a b l e  XXVII). No s i g n i f i c a n t  r e d u c t i o n s  o c c u r r e d  with 

e i t h e r  i n s e c t i c i d e  i n  t h e  d e l a y e d  b l o c k  where d e l a y i n g  seed-cone bud b u r s t  

had reduced s i g n i f i c a n t l y  t h e  - C. o r e g o n e n s i s  i n f e s t a t i o n .  

A t  K o k s i l a h ,  2.0% c a r b a r y l  d u s t  a p p l i e d  w i t h  b o o s t e r  p o l l i n a t i o n  

equipment  had no s i g n i f i c a n t  e f f e c t  on t h e  numbers of s e e d s  damaged by cone 

and s e e d  i n s e c t s  ( T a b l e  X X V I I I ) .  Johnson and Winjum (1960) o b t a i n e d  more 

t h a n  80% c o n t r o l  wi th  3.0% c a r b a r y l  d u s t ,  s o  t h e  c o n c e n t r a t i o n  used i n  my 

e x p e r i m e n t  may have been t o o  low. 
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T a b l e  X X V I I I .  Numbers of f i l l e d  s e e d s ,  C w  o r e g o n e n s i s  g a l l s  and t o t a l  - 
i n s e c t  damage i n  cones  s p r a y e d  w i t h  c a r b a r y l  and methoxychlor  a t  2 o r c h a r d  

s i tes  i n  1979, 

Damaged s e e d s  
Concn No w e x p o s e d / a x i a l  s l i c e  

I n s e c t i c d e  ( % )  S i t e  trees T o t a l  i n s e c t  
G a l l s a  damagea 

C a r b a r y l  ( D U )  0  

2WO 

C a r b a r y l  (EC) 0  

OW5 

1 w o  

Methoxychlor  (EC)  0 

OW5 

1wo 

8 

Koks i l ah  8 

8 

8 

Lake Cowichan 8 

10 

9 

Lake Cowichan 9  

a I f  ANOVA s i g n i f i c a n t ,  P<0.05, means w i t h i n  a column f o r  e a c h  t r e a t m e n t  
f o l l o w e d  by t h e  same l e t t e 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 ,  Duncan's 
m u l t i p l e  r a n g e  t e s t ,  P< - 0.05, 
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A t  Lake Cowichan, c a r b a r y l  EC caused  s i g n i f i c a n t  r e d u c t i o n s  i n  

t h e  numbers of midge g a l l s  and t o t a l  s e e d s  damaged by i n s e c t s  ( T a b l e  

XXVIII), The p e r c e n t a g e  r e d u c t i o n s  f o r  1.0% were 69 and  71% f o r  g a l l  

midge and t o t a l  damage, r e s p e c t i v e l y .  These .  l e v e l s  of c o n t r o l  are not  

s u f f i c i e n t  f o r  c a r b a r y l  EC t o  be used i n  s e e d  o r c h a r d s .  Methoxychlor  d i d  

n o t  s i g n i f i c a n t l y  a f f e c t  t h e  numbers of midge g a l l s  o r  t o t a l  s e e d s  

damaged by i n s e c t s  ( T a b l e  XXVIII) , 

Timing of a p p l i c a t i o n  was a s i g n i f i c a n t  f a c t o r  i n  t h e  ef f e c -  

t i v e n e s s  of a c e p h a t e  b u t  n o t  d i m e t h o a t e  a g a i n s t  C. o r e g o n e n s i s  ( T a b l e  - 
XXIX) , A p p l i c a t i o n s  of a c e p h a t e  af ter  c o n e l e t s  became pendant  were s i g -  

n i f i c a n t l y  less e f f e c t i v e  t h a n  ear l ier  a p p l i c a t i o n s ;  e a r l i e r  a p p l i c a t i o n s  

a p p e a r e d  t o  d e c r e a s e  i n  e f f e c t i v e n e s s  t h e  l a t e r  t h e  a p p l i c a t i o n  was made. 

This  t r e n d  may i n d i c a t e  t h a t  a c e p h a t e  i s  more e f f e c t i v e  as a c o n t a c t  

i n s e c t i c i d e  o r  t h a t  i t  h a s  more s y s t e m i c  a c t i v i t y  i n  younger c o n e l e t s ,  

For d i m e t h o a t e ,  t h e  b e s t  a p p a r e n t  d e v e l o p m e n t a l  s t a g e s  f o r  t r e a t m e n t  were 

a f t e r  t h e  c o n e l e t s  had c l o s e d  and were t u r n i n g ,  b u t  b e f o r e  t h e y  reached 

t h e  pendant  p o s i t i o n ,  However, time of  t r e a t m e n t  d i d  n o t  s i g n i f i c a n t l y  

a f f e c t  t h e  amount of r e d u c t i o n ,  p r o b a b l y  because  of t h e  small sample s i z e  

and because  t h e  s y s t e m i c  e f f e c t  and p e r i o d  of e f f e c t i v e n e s s  p r i o r  t o  

d e g r a d a t i o n  of t h e  i n s e c t i c i d e  e n s u r e d  c o n t i n u a l  and p e r s i s t e n t  a c t i o n .  

Dimethoate  r e d u c e d  C, o r e g o n e n s i s  g a l l s  s i g n i f i c a n t l y  more t h a n  d i d  - 
a c e p h a t e  o v e r a l l ,  

A g a i n s t  Me s p e r m o t r o p h u s ,  b o t h  i n s e c t i c i d e s  were e f f e c t i v e  and - 
t i m i n g  of a p p l i c a t i o n  had no e f f e c t  ( T a b l e  XXIX), 

Two s p r a y s  of d i m e t h o a t e  were no better t h a n  one i n  r e d u c i n g  

numbers of midge g a l l s  o r  t o t a l  s e e d s  damaged by i n s e c t s  ( T a b l e  XXX),  Both 

t r e a t m e n t s  reduced g a l l s  and t o t a l  damaged s e e d s  s i g n i f i c a n t l y ,  Th i s  r e s u l t  
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T a b l e  XXIX. Mean numbers of C. o r e g o n e n s i s  g a l l s  and El. spe rmot rophus  - - 
l a r v a e  exposed  p e r  a x i a l  s l ice i n  cones  t r e a t e d  w i t h  0.5% a c e p h a t e  and 

0.5% d i m e t h o a t e  a t  5 s t a g e s  of cone development  a t  Dewdney i n  1979. 

S t a g e  of c o n e l e t  C. o r e g o n e n s i s  - 1 spe rmot rophus  - 
development  a t  

I n s e c t i c i d e  t ime of t r e a t m e n t  ga l l sa  l a r v a e a  

C o n t r o l  - 
Acephate  Open 0.03 c 

Closed  and t u r n i n g  0.18 c 

l l o r i z o n t a l  0.42 c 

Pendant  1.24 b 

Pendant  + 5 d a y s  1.30 b 

C o n t r o l  - 2.63 a 

Dimethoate  open 0.20 b 

Closed and t u r n i n g  0  b 

l i o r i z o n t a l  0  b 

Pendant  0.19 b 

Pendant  + 5 d a y s  0.11 b 

a Means w i t h i n  a column f o r  e a c h  e x p e r i m e n t  f o l l o w e d  by t h e  same 

l e t t e 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 ,  Duncan's m u l t i p l e  range  t e s t ,  

Y< 0.01. - 
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T a b l e  XXX. Numbers of f i l l e d  s e e d ,  C. o r e g o n e n s i s  g a l l s  and t o t a l  i n s e c t  - 
damage i n  cones  t r e a t e d  wi th  s i n g l e  and doub le  a p p l i c a t i o n s  of 0.5% 

d i m e t h o a t e  a t  Snowdon i n  1980, 

No No 

a p p l i c a t i o n s  t r e e s  

Mean no. s e e d s  e x p o s e d / a x i a l  s l i c e  

a a 
T o t a l  

a 
F i l l e d  Galls i n s e c t  damage 

C o n t r o l  

S i n g l e  

Double 

a Means f o l l o w e d  by t h e  same l e t t e 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 ,  

Duncan's m u l t i p l e  r ange  t e s t ,  P< 0.01. - 
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s u p p o r t s  t h e  f i n d i n g  i n  t h e  t i m i n g  exper imen t  t h a t  d i m e t h o a t e  is e f f e c t i v e  

when a p p l i e d  a t  any s t a g e  of development  u n t i l  t h e  pendant  p o s i t i o n  i s  

r e a c h e d ,  

H y d r a u l i c  s p r a y s  of d i m e t h o a t e  were more e f f e c t i v e  t h a n  a i r b l a s t  

s p r a y s  f o r  c o n t r o l l i n g  C, o r e g o n e n s i s  and t o t a l  i n s e c t  damage ( T a b l e  XXXI), - 
The o n l y  a p p l i c a t i o n  by a i r b l a s t  s p r a y e r  t h a t  caused  a s i g n i f i c a n t  r e d u c t i o n  

i n  t h e  number of g a l l s  was a t  2.24 kg a . i . / ha ,  and t h i s  r a t e  was no t  as 

e f f e c t i v e  as h y d r a u l i c  s p r a y s ,  

Summarizing t h e  e x p e r i m e n t a l  t r i a l s ,  d i m e t h o a t e  and a c e p h a t e  were 

t h e  most e f f e c t i v e  i n s e c t i c i d e s  t e s t e d  f o r  c o n t r o l l i n g  damage by C. - 
o r e g o n e n s i s  and o t h e r  i n s e c t s ;  t h e  o t h e r  i n s e c t i c i d e s  were no t  e f f e c t i v e  

enough f o r  u s e  i n  s e e d  o r c h a r d s ,  Dimethoate  was t h e  most e f f e c t i v e  agent  

a g a i n s t  - C, o r e g o n e n s i s ,  The o p t i m a l  s t a g e  of c o n e l e t  development f o r  

a p p l i c a t i o n  of  d i m e t h o a t e  is a f t e r  t h e  c o n e l e t s  have c l o s e d  and are t u r n i n g ,  

b u t  b e f o r e  t h e y  r e a c h  t h e  pendant  p o s i t i o n ,  a s  s u g g e s t e d  by Johnson and 

f I e d l i n  (1967).  S i n g l e  s p r a y s  are as e f f e c t i v e  as 2 s p r a y s ,  and h y d r a u l i c  

s p r a y s  are more e f f e c t i v e  and e f f i c i e n t  t h a n  a i r b l a s t  s p r a y s ,  

6.2,1,3,2 O p e r a t i o n a l  t r i a l s  

O p e r a t i o n a l  s p r a y s  of b o t h  a c e p h a t e  and d i m e t h o a t e  r e s u l t e d  i n  

s i g n i f i c a n t  r e d u c t i o n s  i n  - C, o r e g o n e n s i s  g a l l s  and t o t a l  i n s e c t  damage, and 

i n  s i g n i f i c a n t  i n c r e a s e s  i n  t h e  number of f i l l e d  s e e d s  ( T a b l e  XXXII), The 

i n c r e a s e s  i n  numbers of f i l l e d  s e e d s  per a x i a l  s l i c e  co r responded  t o  

i n c r e a s e s  i n  numbers of  e x t r a c t i b l e  f i l l e d  s e e d ,  The mean number of  

e x t r a c t e d  f i l l e d  s e e d s  p e r  cone w a s  12.6 and 23,2 f o r  c o n t r o l  and sp rayed  

trees,  r e s p e c t i v e l y ,  a t  Quinsam i n  1979,  15.2 a n d  20,8,  r e s p e c t i v e l y ,  a t  

Snowdon i n  1979, and 11,9 and 23,8,  r e s p e c t i v e l y ,  a t  Quinsam i n  1980, The 
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T a b l e  XXXI. Mean numbers of f i l l e d  s e e d s ,  C. o r e g o n e n s i s  g a l l s  and t o t a l  - 
i n s e c t  damage exposed p e r  a x i a l  s l i ce  i n  cones  t r e a t e d  w i t h  d i m e t h o a t e  

a p p l i e d  w i t h  a i r b l a s t  and h y d r a u l i c  s p r a y e r s  a t  Quinsam i n  1980. 

T r e a t m e n t  

Nean no. e x p o s e d / a x i a l  s l i c e  
No F i l l e d  T o t a l  i n s e c t  

S p r a y e r  trees seeda  Gallsa damageaa 

C o n t r o l  - 20 0.91 a 4.94 a 6.93 a 

0.56 kg /ha  N r b l a s t  10 1.27 a b  4.71 a 5.61 a 

1.12 kg /ha  A i r b l a s  t 10 1.09 a 5.44 a 6.19 a 

2.24 kg/ha  A i r b l a s t  10 1.60 a b  3.42 b 4.05 b  

0.5% t o  d r i p  p o i n t  H y d r a u l i c  20 1.78 b  1.72 c 2.38 c 

a Means w i t h i n  a column fo l lowed  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 ,  Duncan's m u l t i p l e  r ange  t e s t ,  P<0.05. - 
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d i f f e r e n c e s  are a l l  s i g n i f i c a n t  ( t - t e s t ,  P < 0.01). Dimethoate g e n e r a l l y  - 
c a u s e d  g r e a t e r  r e d u c t i o n s  t h a n  a c e p h a t e  , which is  c o n s i s t e n t  wi th  t h e  

r e s u l t s  of t h e  e x p e r i m e n t a l  t r i a l s ;  however,  t h e r e  was c o n s i d e r a b l e  

v a r i a t i o n  i n  r e d u c t i o n s  of C, o r e g o n e n s i s  g a l l s  and t o t a l  i n s e c t  damage - 
a c h i e v e d  w i t h  b o t h  i n s e c t i c i d e s ,  

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

Although r a i n  a f t e r  i n s e c t i c i d e  a p p l i c a t i o n ,  can cause  i n s e c t i c i d e  d i l u t i o n  

and run-off , t h e  r e l a t i o n s h i p  between e f f e c t i v e n e s s  and weather  was no t  

c o n s i s t e n t ,  The wea the r  was warm and d r y  f o r  5 days  a f t e r  a p p l i c a t i o n  a t  

T a h s i s  i n  1978 where t h e  r e d u c t i o n  of t o t a l  i n s e c t  damage was 87%, whereas 

i t  r a i n e d  t h e  day  of a p p l i c a t i o n  p l u s  t h e  n e x t  9  days  a t  PFP i n  1979 where 

t h e  r e d u c t i o n  i n  t o t a l  i n s e c t  damage was 5 6 % ,  However, i t  was d r y  and warm 

f o r  s e v e r a l  d a y s  a f t e r  t h e  a p p l i c a t i o n  a t  T a h s i s  i n  1979 where t h e  r e d u c t i o n  

was o n l y  26%. The lower  r e d u c t i o n s  a t  T a h s i s  i n  1979 were i n  part due t o  

poor  t i m i n g  of a p p l i c a t i o n ;  n e a r l y  113 of t h e  trees had cones a l r e a d y  i n  t h e  

p e n d a n t  p o s i t i o n ,  Acephate  is n o t  as e f f e c t i v e  when a p p l i e d  to pendant  

c o n e l e t s  ( s e c t i o n  6.2,1.3.1). Poor t i m i n g  i s  p r o b a b l y  one of s e v e r a l  

f a c t o r s  t h a t  caused  t h e  poor  l e v e l s  of c o n t r o l  a c h i e v e d ,  s i n c e  2 / 3  o f  tlle 

trees were a t  t h e  recommended s t a g e  of cone development  f o r  t r e a t m e n t ,  For  

example ,  l i t t l e  is known a b o u t  t h e  i n t e r a c t i o n  between t h e  phys io logy  of 

c o n i f e r s  and s y s t e m i c  i n s e c t i c i d e s ,  

The e f f e c t i v e n e s s  of d i m e t h o a t e  was less v a r i a b l e  t h a n  t h a t  of 

a c e p h a t e  and t h e  r e l a t i o n s h i p  between wea the r  and e f f e c t i v e n e s s  was more 

c o n s i s t e n t ,  The most e f f e c t i v e  a p p l i c a t i o n s ,  a t  Snowdon i n  1979 and 1981 

( T a b l e  XXXII), were f o l l o w e d  by s e v e r a l  days  of d r y  wea the r .  The l e a s t  

least  e f f e c t i v e  a p p l i c a t i o n  was a t  Quinsam i n  1980 where 40% of  t h e  sample 

trees were t r e a t e d  on 2  Hay when p r e c i p i t a t i o n  o c c u r r e d  immedia te ly  a f t e r  



i n s e c t i c i d e  a p p l i c a t i o n ,  w h i l e  t h e  o t h e r s  were t r e a t e d  one week l a t e r  when 

b 

t h e  wea the r  was w a r m  and d r y ,  The r e d u c t i o n  i n  t o t a l  i n s e c t  damage a c h i e v e d  

by t h e  l a t e r  a p p l i c a t i o n  was s i g n i f i c a n t l y  g r e a t e r  t h a n  t h e  e a r l y  a p p l i c a -  

t i o n ,  8 5  v s  22% ( t - t e s t ,  P<0.01). - 
Weather  w i l l  undoub ted ly  pose a problem d u r i n g  f u t u r e  opera  t t o n a l  

a p p l i c a t i o n s  because  p r e c i p i t a t i o n  o c c u r s  r e g u l a r l y  abou t  t h e  time t h e  cone- 

l e t s  r e a c h  t h e  s t a g e  of development  s u i t a b l e  f o r  t r e a t m e n t ,  

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

t rees were c a l c u l a t e d  t o  d e t e r m i n e  t h e  number of cones  on a tree and 

i n c r e a s e d  s e e d  y i e l d  n e c e s s a r y  t o  make an a p p l i c a t i o n  cast e f f e c t i v e  based 

o n  t h e  f o l l o w i n g  assumpt ions .  The b a s e  c o s t  of a p p l i c a t i o n  used i n  . the  

a n a l y s i s  was $1.64 p e r  tree,  t h e  c a l c u l a t e d  c o s t  f o r  t h e  o p e r a t i o n a l  a p p l i -  

c a t i o n s  a t  Quinsam and Snowdon i n  1981 ( T a b l e  XXXILI), The s p r a y e r  used i n  

t h e s e  a p p l i c a t i o n s  w a s  a h y d r a u l i c  s p r a y e r  mounted on a s e l f - p r o p e l l e d  

m a n l i f t  ( A c t i v e  Machine Works Ltd. ,  Kelowna, B m C o )  ( F i g .  38) .  The i n c r e a s e  

i n  s e e d  y i e l d  ( e x t r a c t i b l e ,  f i l l e d  s e e d s )  p e r  cone due t o  t r e a t m e n t  was 

assumed t o  be 12,  t h e  v a l u e  o b t a i n e d  i n  t h e  small-scale t r i a l  a t  Koks i l ah  i n  

1978. M u l t i p l e s  of t h e  b a s e  c o s t  and t h e  base  s e e d  y i e l d  were used t o  show 

t h e  i m p o r t a n c e  of a p p l i c a t i o n  c o s t  and i n c r e a s e d  seed  y i e l d .  Seed v a l u e  was 

assumed t o  b e  $50,  $100,  $250 o r  $500 pe r  k i l o g r a m  and t h e  number of f i l l e d  

s e e d s  p e r  k i l o g r a m  was assumed t o  be 100,000,  a p p r o x i m a t e l y  t h e  mean number 

of  s e e d s  p e r  k i l o g r a m  l i s t e d  by Dobbs e t  a l .  (1976).  The c o s t  of o r c h a r d -  

produced D o u g l a s - f i r  s e e d  i n  B o C o  w a s  e s t i m a t e d  a t  $150 p e r  k i l o g r a m  i n  1980 

1 (J, Konish i  , p e r s ,  comm.), 

The t h e o r e t i c a l  b e n e f i t :  c o s t  r a t i o s  l i s t e d  i n  T a b l e  XXXIV 

i n d i c a t e  t h a t  i n s e c t i c i d e  a p p l i c a t i o n s  f o r  cane  and seed  i n s e c t  c o n t r o l  a r e  

e c o n o m i c a l l y  j u s t i f i a b l e  i n  Douglas - f i r  s e e d  o r c h a r d s  provided  a  t r e a t e d  



T a b l e  X X X I I I .  Breakdown of t h e  i n s e c t i c i d e  a p p l i c a t i o n  c o s t s  a t  2 s e e d  

o r c h a r d s ,  w i n s a m  and Snowdon, i n  1981 u s i n g  a manl i f tmounted  h y d r a u l i c  

8 s p r a y e r  (T, Crowder , per .  comm.), 

Labour:  1 7  112 h @ $9,30/h 162,75 

Dimethoate  4E, 22,5L @ $13,62/L 306.45 

S p r a y e r  r e n t a l ,  1 2  h  @ $4,00/h 48.00 

TOTAL 517.20 

Cost p e r  t ree ,  316 t r e e s  t r e a t e d  1  64 

Orchard  T e c h n i c i a n ,  Campbell R i v e r  Seed O r c h a r d s ,  S i l v i c u l t u r e  
Branch,  B,C. M i n i s t r y  of F o r e s t s ,  Campbell R i v e r ,  B,C. 



Figure 38. Hydraulic sprayer mounted on self -propel led manlift  used at 

Quinsam and Snowdon f o r  cone and seed i n s e c t  control .  
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T a b l e  XXXIV. T h e o r e t i c a l  b e n e f i t  : c o s t  r a t i o s  f o r  i n s e c t i c i d e  a p p l i c a t i o n s  

t o  i n d i v i d u a l  t r e e s  i n  Douglas - f i r  s e e d  o r c h a r d s  i n  B . C . ,  assuming a seed 

v a l u e  of $50/kg and 100,000 s e e d s / k g .  

Cost of Value of 
a p p l i c a t i o n  I n c r e a s e d  I n c r e a s e d  i n c r e a s e d  

p e r  tree y i e l d  p e r  No. cones  y i e l d  per y i e l d  p e r  B e n e f i t  : c o s t  
( $ )  cone per  tree tree t r e e  ($1 r a t i o  



tree b e a r s  a t h r e s h o l d  number of cones  and seed  y i e l d  is i n c r e a s e d  a 

t h r e s h o l d  number. The b e n e f i t :  c o s t  r a t i o  must be g r e a t e r  than  one 

bove n 

f o r  an 

i n s e c t i c i d e  a p p l i c a t i o n  t o  be c o s t  e f f e c t i v e ,  In  a s i m i l a r  a n a l y s i s ,  DeBarr 

(1971)  showed t h a t  i n s e c t i c i d e  a p p l i c a t i o n s  k r e  s i m i l a r l y  j u s t i f i a b l e  i n  

p i n e  o r c h a r d s  i n  t h e  s o u t h e r n  U n i t e d  S t a t e s ,  

I n  young s e e d  o r c h a r d s  e n t e r i n g  t h e  p r o d u c t i o n  p h a s e ,  i t  is  not  

uncommon f o r  a m i n o r i t y  of trees t o  produce most of t h e  crop .  T r e a t i n g  o n l y  

trees w i t h  modera te  of heavy c r o p s  maximizes t h e  b e n e f i t :  c o s t  r a t i o  by 

r e d u c i n g  t h e  amount of i n s e c t i c i d e  used and t h e  amount of l a b o u r  r e q u i r e d  t o  

a p p l y  t h e  s p r a y  w h i l e  p r o t e c t i n g  t h e  b u l k  of t h e  crop .  T h i s  approach  is 

c u r r e n t l y  f o l l o w e d  i n  B,C. Douglas - f i r  s e e d  o r c h a r d s  and has  been s u g g e s t e d  

f o r  use  i n  p i n e  o r c h a r d s  i n  t h e  s o u t h e r n  U n i t e d  S t a t e s  ( Y a t e s  1977).  

The a c t u a l  numbers of cones  a t r e e  must b e a r  a t  h a r v e s t  t o  recover 

t h e  c o s t  of t h e  i n s e c t i c i d e  a p p l i c a t i o n  are i n d i c a t e d  i n  T a b l e  XXXV. These 

numbers are dependen t  on t h e  i n c r e a s e  i n  s e e d  y i e l d  due t o  t h e  a p p l i c a t i o n  

and on s e e d  v a l u e .  Trea tmen t  of trees w i t h  less t h a n  t h e  t h r e s h o l d  number 

of cones  f o r  t h e  s p e c i f i c  c i r c u m s t a n c e s  is n o t  j u s t i f i e d .  Yates' (1977) 

c a u t i o n  t h a t  t h e  c r o p  s i z e  must be c o n s i d e r e d  when d e c i d i n g  whether  or  n o t  

t o  s p r a y  i n  p i n e  o r c h a r d s  a l s o  a p p l i e s  i n  Douglas - f i r  o r c h a r d s ,  Thus, i t  i s  

e s s e n t i a l  t o  have a t e c h n i q u e  f o r  e s t i m a t i n g  t h e  numbers of cones t h a t  t r e e s  

bea r .  S o m  a l l o w a n c e  f o r  c o n e l e t  a b o r t i o n  shou ld  be made when p r o j e c t i n g  

t h e s e  r e q u i r e d  h a r v e s t  c o u n t s  back t o  c o u n t s  a t  t h e  t i m e  of a p p l i c a t i o n .  

The amount of i n c r e a s e d  s e e d  y i e l d  p e r  cone n e c e s s a r y  t o  r e c o v e r  

t h e  a p p l i c a t i o n  c o s t  is  i n d i c a t e d  i n  T a b l e  XXXVI. The h i g h e r  t h e  seed  v a l u e  

o r  t h e  l a r g e r  t h e  number of cones  on t h e  t ree ,  t h e  s m a l l e r  is t h e  n e c e s s a r y  

i n c r e a s e  i n  seed  y i e l d  p e r  cone,  I n s e c t i c i d e  a p p l i c a t i o n s  f o r  c o n t r o l  of 

l i g h t  i n f e s t a t i o n s  are e c o n o m i c a l l y  j u s t i f i a b l e  i f  t h e  cone c r o p  i s  large 
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Table XXXV. Number of cones a Douglas-fir tree  must bear a t  harvest for  

recovery of i n s e c t i c i d e  appl icat ion c o s t s .  

Increased Application No. of cones required a t  s p e c i f i c  
seed y i e l d  c o s t s  per seed values  ( $ / k g )  

per cone tree  ($1 $50 $100 $250 $500 
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Table XXXVI, Amounts of increased seed y i e l d  (numbers of ex trac t ib le  f i l l e d  

seed)  per cone necessary to  recover the cos t  of an i n s e c t i c i d e  applicat ion 

to  a Douglas-fir t r e e ,  assuming 100,000 seeds/kg.  

Cost of 
Increase i n  no, seeds/cone 

required a t  s p e c i f i c  
appl i ca t ion  No, cones seed value ($ /kg)  

($1 on tree  $50 $100 $250 $500 
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enough,  whereas  t r e a t i n g  trees w i t h  o n l y  100 cones  is j u s t i f i a b l e  o n l y  when 

s e e d  v a l u e s  are h i g h  s i n c e  i t  is u n r e a l i s t i c  t o  e x p e c t  i n c r e a s e d  y i e l d s  of 

32 o r  65  s e e d s  p e r  cone c o n s i d e r i n g  c u r r e n t  s e e d  y i e l d s  o f  - < 25 f i l l e d  seed  

2 p e r  cone (Me Crown p e r s ,  c o r n , ) ,  The i n t e r a c t i o n  between i n f e s t a t i o n  

l e v e l  and i n s e c t i c i d e  e f f i c a c y  must r e s u l t  i n  an i n c r e a s e  i n  y i e l d  g r e a t e r  

t h a n  t h e  t h r e s h o l d  v a l u e  f o r  t h e  a p p l i c a t i o n  t o  be j u s t i f i a b l e .  E f f i c a c i e s  

o f  85% o r  more can  be a t t a i n e d  w i t h  d i m e t h o a t e ,  depending on wea the r .  When 

d e c i d i n g  whe the r  o r  n o t  t o  s p r a y ,  i t  is n e c e s s a r y  t o  know t h e  l e v e l  of 

i n f e s t a t i o n  p r e s e n t  i n  t h e  o r c h a r d ,  t h e  damage caused  by such  an  i n f e s t a t i o n  

l e v e l ,  and t h e  amount of damage t h a t  can be t o l e r a t e d  w i t h o u t  t a k i n g  c o n t r o l  

a c t i o n s .  Thus, i t  i s  e s s e n t i a l  t o  have sampl ing  t e c h n i q u e s  f o r  e s t i m a t i n g  

i n f e s t a t i o n  l e v e l  and f o r  p r e d i c t i n g  damage t h a t  w i l l  be done i f  no c o n t r o l  

a c t i o n  is t a k e n ,  

P h y t o t o x i c i t y  was a s s o c i a t e d  w i t h  a p p l i c a t i o n s  of d i m e t h o a t e .  The 

d e g r e e  of n e e d l e  burn ,  a s s o c i a t e d  w i t h  t h e  o p e r a t i o n a l  s p r a y s  was c o r r e l a t e d  

w i t h  c l o n e  o r  f a m i l y  ( T a b l e  XXXVII), For example,  7,4% of  a l l  t r e e s  sp rayed  

a t  T a h s i s  i n  1980 s u f f e r e d  modera te  t o  s e v e r e  n e e d l e  burn ,  but  t h i s  f i g u r e  

r o s e  t o  100% f o r  c l o n e  214, One c l o n e  ( 2 1 8 )  was s u s c e p t i b l e  at  2 d i f f e r e n t  

o r c h a r d  si tes and a t  t h e  same o r c h a r d  i n  2 c o n s e c u t i v e  y e a r s ,  Th i s  

r e l a t i o n s h i p  i n d i c a t e s  t h a t  some D o u g l a s - f i r  c l o n e s  and members of some 

f a m i l i e s  are r e l a t i v e l y  more s e n s i t i v e  t h a n  o t h e r s  t o  p o i s o n i n g  by 

d i m e t h o a t e .  Hybr ids  i n v o l v i n g  one s e n s i t i v e  p a r e n t ,  s u c h  as c l o n e  218, 

produced some o f f  s p r i n g  t h a t  were a l s o  s e n s i t i v e ,  i n d i c a t i n g  f u r t h e r  t h a t  

s e n s i t i v i t y  is a t  least p a r t i a l l y  g e n e t i c ,  a l t h o u g h  e n v i r o n m e n t a l  f a c t o r s  

and h e a l t h  of g r a f t s  and s e e d l i n g s  may a l s o  have e f f e c t s ,  s i n c e  not  a l l  

ramets o r  s e e d l i n g s  from one f a m i l y  were e q u a l l y  s e n s i t i v e  t o  burn (Tab le  
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T a b l e  XXXVII. Numbers o f  Doug las - f i r  trees and c l o n e s  o r  f a m i l i e s  

8 
m o d e r a t e l y  o r  s e v e r e l y  b u r n t  by M m e t h o a t e  4E i n  3 B m C m  s e e d  o r c h a r d s ,  

1979-80, 

No, c l o n e s  o r  f a m i l i e s  S u s c e p t i b l e  Clone o r  Family 
( t r e e s )  Code Now trees Now trees 

Orchard  Year ~ u r n t ~  b a Sprayed Name s p r a y e d  b u r n t  

Quinsam 1979 91(211)  2(3)  2 18c 2 2 
276c 1 1 

1980 87(189)  2 ( 4 )  2 18c 1 1 
276c 3 3 

Snowdon 1979 27(104)  o ( 0 )  - - - 

1980 34(163)  4 ( 4 )  546f 3 1 
54 8f 2 1 
556f 2 1 
56 6f 3 1 

T a h s i s  1980 120(1061)  16(79)  180c 4 3 
206c 9 2 
210c 6 3 
2 14c 17 17 
2 16c 7 3 
218c 8 7 
502c 13 8 
542c 10 3 
605c 7 5 
639c 5 2 
218/215x 8 2 
218/216x 22 ' 7 
218/220x 20 9 
218/windx 5 4 
180/windx 3 3 
216/220x 2 1 

a m o d e r a t e l y  o r  s e v e r e l y  
b c = c l o n e ,  f = f a m i l y ,  x = c r o s s  
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XXXIII), The degree  of need le  burn was not  c o r r e l a t e d  with p o s i t i o n  i n  the 

orchard ,  

It is not  known i f  t he  trees were s e n s i t i v e  t o  the  a c t i v e  

i n g r e d i e n t  o r  t o  ano the r  c o n s t i t u e n t  of t h e  i n s e c t i c i d e  fo rmula t ion ,  such a s  

t h e  e m u l s i f i e r  , Previous  s t u d i e s  (Johnson and Rediske 1965; Johnson and 

Meso 1966; Hedl in  1966; Johnson and Zing 1967) t h a t  i n d i c a t e d  l i t t l e  or  no 

p h y t o t o x i c i t y  a t  t h e  c o n c e n t r a t i o n s  a p p l i e d ,  used t e c h n i c a l  g rade  dimethoate 

(13 
o r  t h e  Cygon fo rmula t ions  and not  t h e  fo rmula t ion  used i n  t h i s  s tudy  

43 
(Dimethoate 4E ), D i f f e r e n c e s  i n  l e v e l s  of p h y t o t o x i c i t y  could a l s o  be 

due t o  d i f f e r e n c e s  i n  t h e  trees t r e a t e d ,  In  t h e  previous  s t u d i e s  a s m a l l  

number of "wild" trees were t r e a t e d ,  not  i d e n t i f i e d  c lones  o r  f a m i l i e s  as  i n  

t h i s  s tudy.  The p r o p o r t i o n  of c lones  o r  f a m i l i e s  t h a t  were moderately o r  

s e v e r e l y  burnt  i n  t h e  o rcha rds  was low, - <13%, and may be even lower i n  

non-orchard s t a n d s  i f  s u s c e p t i b i l i t y  i s  i n c r e a s e d  by such p r a c t i c e s  a s  

g r a f t i n g  , 

V i r t u a l l y  a l l  burnt  need le s  dropped from the  t r e e s  w i th in  3 weeks 

a f t e r  t h e  a p p l i c a t i o n  was made, Two s e v e r e l y  burnt  t r e e s  d i e d ,  both a t  

Tahs i s .  The o t h e r  s e v e r e l y  burn t  t r e e s  surv ived  because the  v e g e t a t i v e  buds 

f l u s h e d  1-2 weeks a f t e r  d imethoate  a p p l i c a t i o n ,  Appl ica t ion  of d imethoate  

a f  ter  v e g e t a t i v e  f l u s h ,  f o r  c o n t r o l  of Cooley spruce-ga l l  aph id ,  Adelges 

c o o l e y i  ( G i l l e t t e )  (Homoptera: P h y l l o x e r i d a e ) ,  could r e s u l t  i n  c o n s i d e r a b l e  

m o r t a l i t y  w i t h i n  t h e  s e n s i t i v e  c lones  o r  f a m i l i e s .  The consequences of 

t r e a t i n g  s e n s i t i v e  t r e e s  j u s t  be fo re  v e g e t a t i v e  f l u s h  i n  consecut ive  y e a r s  

i s  n o t  known, 

The burning of t h e s e  orchard  trees p o i n t s  out  the  need f o r  an 

expanded a r s e n a l  of r e g i s t e r e d  i n s e c t i c i d e s  f o r  use a g a i n s t  cone and seed 

i n s e c t s  i n  Douglas-f i r  o rcha rds ,  I f  a l t e r n a t i v e  r e g i s t e r e d  i n s e c t i c i d e s  do 
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n o t  become a v a i l a b l e ,  c l o n e s  o r  f a m i l i e s  s e n s i t i v e  t o  o p e r a t i o n a l l y  used  

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

o r c h a r d s .  The need t o  a v o i d  i n s e c t i c i d e - s e n s i t i v e  c l o n e s  o r  f a m i l i e s  is  a n  

u n d e s i r a b l e  c o m p l i c a t i n g  f a c t o r  i n  a tree improvement program. 

6,2.2 F a t t y  a c i d  d e r i v a t i v e s  

6.2,2.1 I n t r o d u c t i o n  

F a t t y  a c i d  d e r i v a t i v e s  ( i n c l u d i n g  sa l t s  o r  s o a p s )  have been known 

f o r  t h e i r  i n s e c t i c i d a l  p r o p e r t i e s  f o r  many y e a r s  ( S e i g l e r  and Poyenoe 1925; 

T a t t e r s f i e l d  and Gimingham 1927) ,  b u t  o u t s i d e  of the home g a r d e n ,  t h e y  have 

se ldom been used as p r a c t i c a l  c o n t r o l  a g e n t s  s i n c e  1940, They are g a i n i n g  

a t t e n t i o n  as a l t e r n a t i v e s  t o  c o n v e n t i o n a l  i n s e c t i c i d e s  because  of t h e i r  low 

t o x i c i t y  t o  n o n t a r g e t  organisms.  Recent  s t u d i e s  have shown t h a t  t h e  f a t t y  

a c i d  s a l t s ,  p o t a s s i u m  o l e a t e  and p o t a s s i u m  c a p r a t e ,  were e f f e c t i v e  a g a i n s t  

s e v e r a l  f o r e s t  a p h i d s  and l e p i d o p t e r a n s  ( P u r i  t c h  1974,  1975, 1978).  

The purpose  of t h i s  s t u d y  was t o  d e t e r m i n e  t h e  e f f i c a c y  of s e v e r a l  

f a t t y  a c i d  d e r i v a t i v e s  f o r  u s e  a g a i n s t  - C. o r e g o n e n s i s  and t o  d e t e r m i n e  i f  

t h e s e  compounds were p h y t o t o x i c .  

6,2.2.2 Materials and Methods 

T r i a l s  were c a r r i e d  o u t  a t  K o k s i l a h  and Lake Cowichan i n  1979,  and 

a t  Dewdney i n  1980, A t  K o k s i l a h ,  4  b r a n c h e s  b e a r i n g  a t  least  20 c o n e l e t s  on 

e a c h  o f  10 trees r e c e i v e d  a s i n g l e  a p p l i c a t i o n  t o  t h e  d r i p  p o i n t o f  0.5% 

p o t a s s i u m  o l e a t e ,  1.0% p o t a s s i u m  o l e a t e ,  o r  water. Each b ranch  was t r e a t e d  

when t h e  c o n e l e t s  were open t o  r e c e i v e  p o l l e n  ( 2 4  a n d  25 A p r i l ) ,  t h e  

c r i t i c a l  t i m e  f o r  a p p l i c a t i o n  of c o n t a c t  i n s e c t i c i d e s  f o r  c o n t r o l  of - C, 

o r e g o n e n s i s .  The a p p l i c a t i o n s  were made w i t h  a 3.79-L compress ion  s p r a y e r .  
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A t  Lake Cowichan, each of t h e  3 t r e a t m e n t s  were a p p l i e d  t o  10 randomly 

s e l e c t e d  t r e e s  (27  A p r i l )  w i t h  a 10-L, mechanical  pump, backpack sp raye r .  

A t  Dewdney, 5 f a t t y  a c i d  d e r i v a t i v e s  were each a p p l i e d  a t  3 

c o n c e n t r a t i o n s ,  as fo l lows:  potass ium o l e a t e ,  potassium c a p r a t e  and 

potass ium undecylena te  a t  1.0, 0.5 and 0.1%, methyl cocona te  [a  mixture  of  

t h e  methyl esters of l a u r i c  (50.1%), m y r i s t i c  (16.5%), p a l m i t i c  (7.8%).  

c a p r y l i c  (7.3%),  o l e i c  (5.7%), s tear ic  (3.6%) and l i n o l e i c  (1.5%) a c i d s ]  and 

l a u r y l  a l c o h o l  a t  0.25, 0.10 and 0.05%. Each s p r a y  was a p p l i e d  t o  5 

randomly s e l e c t e d  trees when t h e  c o n e l e t s  were open ( A p r i l  25 and 27) w i th  

t h e  same s p r a y e r  used at  Lake Cowichan. The c o n c e n t r a t i o n s  used a r e  laown 

t o  be i n s e c t i c i d a l  a g a i n s t  o t h e r  i n s e c t s  (Bade r t s che r  1931; Bousquet e t  a l e  

1935; Bradbury and Armstrong 1955; Fleming 1934; P u r i t c h  1974, 1975, 1978; 

T a t t e r s f i e l d  and Gimingham 1927). In a d d i t i o n ,  5 trees were t r e a t e d  w i t h  
Q 

0.5% d ime thoa te ,  t he  s t a n d a r d  i n s e c t i c i d e  f o r  Douglas-f i r  cone and seed 

i n s e c t s ,  and 5 u n t r e a t e d  trees were marked as c o n t r o l s .  

To e v a l u a t e  the  e f f e c t s  of t he  s p r a y s  on c o n e l e t s  i n  1979, t he  

t r e a t e d  branches  a t  Koksi lah  and 4 s e l e c t e d  branches per t r e a t e d  t r e e  a t  

Lake Cowichan were examined 2 weeks a f t e r  t r e a t m e n t ,  and the  numbers of 

h e a l t h y  and abo r t ed  c o n e l e t s  were counted.  I n  1980, t r e a t e d  trees were 

examined 3 weeks a f t e r  t r ea tmen t  and counts  f o r  whole trees were taken. 

To e v a l u a t e  t h e  e f f e c t s  on C. o r e g o n e n s i s ,  10  t o  20 cones per - 
t r e a t m e n t  per  tree were c o l l e c t e d  a t  the  t i m e  of cone h a r v e s t  (August 18-23) 

a t  each  s i te .  These cones were processed i n  t he  u sua l  manner. Tree 

ave rages  were then  c a l c u l a t e d  f o r  use i n  s t a t i s t i c a l  ana lyses .  Trees  t h a t  

produced fewer t han  1 0  h a r v e s t a b l e  cones  ( p e r  t r e a t m e n t )  were not  inc luded  

i n  a n a l y s e s ;  4 trees t r e a t e d  wi th  1.0% and 1 tree t r e a t e d  with 0.5% 
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potass ium o l e a t e  i n  1980 were no t  i nc luded .  Ana lys i s  of v a r i a n c e  and 

Duncan's m u l t i p l e  range  test  was used i n  d a t a  a n a l y s i s .  

6.2.2.3 R e s u l t s  and D i s c u s s i o n  

Po tass ium o l e a t e  caused l a r g e  i n c r e a s e s  i n  the  a b o r t i o n  r a t e  of 

c o n e l e t s  a t  bo th  sites i n  1979 (Tab le  XXXVIII). D i f f e r e n c e s  i n  e f f e c t  among 

c o n c e n t r a t i o n s  were s i g n i f i c a n t  a t  bo th  sites. 

A t  Dewdney i n  1980, a l l  c o n c e n t r a t i o n s  of potass ium o l e a t e  and 

po t a s s ium c a p r a t e ,  and t h e  2 h i g h e s t  c o n c e n t r a t i o n s  of potass ium undecyle-  

n a t e ,  caused l a r g e  s i g n i f i c a n t  i n c r e a s e s  i n  t h e  a b o r t i o n  rate of c o n e l e t s  

( T a b l e  In) . The lowes t  c o n c e n t r a t i o n s  of potass ium undecy l ena t e  and a l l  

c o n c e n t r a t i o n s  of methyl  cocona t e ,  l a u r y l  a l c o h o l  and d imethoa te  had no 

s i g n i f i c a n t  e f f e c t  on t h e  a b o r t i o n  rate. The d i f f e r e n c e s  i n  e f f e c t  among 

po tass ium o l e a t e  c o n c e n t r a t i o n s  were a l l  s i g n i f i c a n t  . The 2 h i g h e s t  

c o n c e n t r a t i o n s  of po tass ium c a p r a t e  d i d  no t  d i f f e r  i n  e f f e c t ,  bu t  both were 

. s i g n i f i c a n t l y  more t o x i c  t han  t h e  l owes t  c o n c e n t r a t i o n .  The 2  phy to tox i c  

c o n c e n t r a t i o n s  of po tass ium undecy l ena t e  were e q u a l  i n  e f f e c t  . F o l i a g e  was 

not  v i s i b l y  damaged by any of t h e  f a t t y  a c i d  d e r i v a t i v e s  t e s t e d .  

There  have been few r e p o r t s  of p h y t o t o x i c i t y  of f a t t y  a c i d  

d e r i v a t i v e s  t o  c o n i f e r s  i n  g e n e r a l ,  and no r e p o r t s  s p e c i f i c a l l y  concerned 

w i t h  phyto t o x i c i t y  t o  c o n e l e t s  . Spray ing  1-year-old  s e e d l i n g s  of 8 s p e c i e s  

of c o n i f e r s ,  i n c l u d i n g  Douglas - f i r ,  w i th  up t o  3.5% potass ium o l e a t e  t o  t h e  

d r i p  p o i n t  d i d  no t  cause  f o l i a g e  damage o r  s t u n t  growth (Ross and P u r i t c h  

1979, unpubl i shed  d a t a ) .  F o l i a g e  damage t o  grand f i r ,  Abies  g r a n d i s  

(Dougl.) L ind l . ,  was caused by 5% po ta s s ium o l e a t e  a p p l i e d  t o  the  d r i p  p o i n t  



Table  X X X V I I I .  E f f e c t s  of p o t a s s i u m  o l e a t e  on t h e  a b o r t i o n  r a t e  of 

D o u g l a s - f i r  c o n e l e t s  and on t h e  numbers of f i l l e d  s e e d s  and C. - 
o r e g o n e n s i s  g a l l s  exposed p e r  a x i a l  s l i ce  a t  Koks i l ah  and Lake Cowichan 

i n  1979. 

Aborted Mean no. e x p o s e d / a x i a l  s l i c e  

Concn cone l e  t s F i l l e d  

S i t e  (%I  (mean %)a  s e e d s a  Gallsa  

K o k s i l a h  C o n t r o l  1.8 a 3.31 8.51 a 

0.5 64.6 b  3.32 3.25 b 

1  .O 94.0 c 3.39 4.31 b 

Lake Cowichan C o n t r o l  9.2 a 3.08 6.66 a 

a Eleans w i t h i n  a column a t  e a c h  s i t e  f o l l o w e d  by t h e  same l e t t e r  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 ,  Duncan's m u l t i p l e  range  t e s t ,  P - < 0.05. 
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(Table IXL. E f f e c t s  of 5 f a t t y  a c i d  d e r i v a t i v e s  and dimethoate  on t h e  

a b o r t i o n  rate of Douglas-f ir  c o n e l e t s  and on the  numbers of f i l l e d  seeds 

and C o n t a r i n i a  o regonens i s  g a l l s  exposed per half-cone,  Dewdney, 1980, 

Mean no. 
Aborted exposed /ax ia l  s l i c e  

Concn c o n e l e t s  F i l l e d  
Treatment ( % )  (mean %)a seedsa  G a l l s a  

Con t ro l  

Potassium o l e a t e  

Potassium c a p r a t e  

Potassium undecylena te  

Methyl coconate  

Lauryl a l c o h o l  

Dimethoate 

a Means wi th  a column followed by a le t ter  a r e  s i g n i f i c a n t l y  different from 
c o n t r o l ,  Concent ra t ion  means fol lowed by a d i f f e r e n t  1 , e t t e r  a r e  
s i g n i f i c a n t l y  d i f f e r e n t ,  Duncan's m u l t i p l e  range tes t ,  P - < 0e05* 



1 7 1  

d u r i n g  t h e  growing season (G.S. p u r i t c h l 0 ,  pers .  comm.) but not by 

c o n c e n t r a t i o n s  of up t o  15% d u r i n g  t h e  dormant season ( P u r i t c h  1975). 

Douglas-f i r  c o n e l e t s  which are open t o  r e c e i v e  p o l l e n  a r e  a p p a r e n t l y  more 

s e n s i t i v e  t o  potassium o l e a t e  t han  is f o l i a g k .  

F a t t y  a c i d  d e r i v a t i v e s ,  e s p e c i a l l y  methyl esters con ta in ing  the  

s a t u r a t e d  f a t t y  a c i d s  between C6 and C l o ,  a r e  known t o  reduce growth 

of p l a n t s  i n  o t h e r  taxonomic groups and have been used as chemical pruning 

a g e n t s  (Tso 1964; Wil l iams and Moser 1974; Verecke 1975; Byers and Barden 

1976). The methyl coconate  used i n  t h i s  experiment conta ined  low 

c o n c e n t r a t i o n s  of f a t t y  a c i d s  i n  t he  C6-C10 r ange ,  which may exp la in  

why t h i s  mixture  of methyl e s t e r s  d i d  not  a f f e c t  t h e  c o n e l e t s .  Methyl 

cocona te  d id  not  i n c r e a s e  the  a b o r t i o n  r a t e  of c o n e l e t s  i n  white s p r u c e ,  

P i cea  ~ l a u c a  (Moench) Voss (J .R.  Su ther land  11, pers .  corn.).  

The a b o r t i n g  of c o n e l e t s  caused by the  f a t t y  a c i d  s a l t s  may be due 

t o  changes i n  t h e  c u t i c u l a r  waxes, a l l owing  d e s s i c a t i o n  of the  c o n e l e t s  . 
F a t t y  a c i d  d e r i v a t i v e s  have been shown t o  a f  f e c t  c u t i c u l a r  waxes i n  sweet  

c h e r r i e s  (Har r ing ton  e t  a l e  1978) and chrysanthemums (Nelson and Reid 

Spraying c o n e l e t s  a t  v a r i o u s  p o i n t s  i n  t h e i r  development showed 

t h a t  they  were a f f e c t e d  l e s s  by potass ium o l e a t e  as they matured. Conele t s  

were s e n s i t i v e  from the  t i m e  t hey  opened u n t i l  they  had been pendant f o r  2 

10  Formerly Research S c i e n t i s t ,  P a c i f i c  F o r e s t  Research Cent re ,  
Canadian F o r e s t r y  S e r v i c e ,  V i c t o r i a ,  Be C, Cur ren t ly  D i rec to r  of  
Research,  S a f e r  Agro-Chem Ltd., V i c t o r i a ,  B.C. 

11 Research S c i e n t i s t ,  P a c i f i c  Fo res t  Research Cent re ,  Canadian 
F o r e s t r y  S e r v i c e ,  V i c t o r i a ,  B.C. 
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d a y s ,  bu t  n o t  when t h e y  had been pendant  f o r  1 month, even w i t h  concen t r a -  

t i o n s  of up t o  2% ( t h e  h i g h e s t  c o n c e n t r a t i o n  t e s t e d ) .  

Reducing t h e  numbers of c o n e l e t s  cou ld  be u s e f u l  when t r e e s  

p roduce  more c o n e l e t s  t h a n  t h e y  can  s u p p o r t  t o  m a t u r i t y .  To p r even t  l a r g e -  

scale l o s s e s  i n  t h e s e  i n s t a n c e s ,  an  a g e n t  f o r  measured t h i n n i n g  of t h e  c r o p  

would be u s e f u l ,  The f a t t y  a c i d  sal ts ,  e s p e c i a l l y  po tass ium o l e a t e ,  may 

have c o n s i d e r a b l e  p o t e n t i a l  f o r  such  use .  

The numbers of - C, o r e g o n e n s i s  g a l l s  pe r  cone were s i g n i f i c a n t l y  

reduced by po tass ium o l e a t e  a t  bo th  sites i n  1979 ( T a b l e  XXXVIII), The 

r e d u c t i o n s  a t  Koks i l ah  were 49 and  62% f o r  1 , O  and 0,5% po t a s s ium o l e a t e ,  

r e s p e c t i v e l y ,  and a t  Lake Cowichan, 74 and  64% f o r  1 , O  and 0,5%, r e spec -  

t i v e l y ,  The d i f f e r e n c e s  between c o n c e n t r a t i o n s  wre no t  s i g n i f i c a n t  a t  

e i t h e r  s i t e ,  A t  Dewdney i n  1980, none of t h e  f a t t y  a c i d  d e r i v a t i v e s  

a f f e c t e d  t h e  number of g a l l s ,  whereas dimet  h o a t e - t r e a t e d  c o n e l e t s  were g a l l  

f r e e  ( T a b l e  IXL) ,  i n d i c a t i n g  t h a t  none of t h e  d e r i v a t i v e s  were as e f f e c t i v e  

as d ime thoa t e  f o r  r e d u c i n g  - C. o r e g o n e n s i s  damage. Reasons f o r  t h e  d i f f e r -  

ence s  between y e a r s  i n  e f f e c t i v e n e s s  of po t a s s ium o l e a t e  are not  known, 

The numbers of f i l l e d  s e e d s  were no t  a f f e c t e d  s i g n i f i c a n t l y  a t  any 

s i t e  even though t h e  number of g a l l s  was reduced (Tab l e  XXXVIII). I n c r e a s e d  

numbers of f i l l e d  s e e d s  no rma l ly  cor respond  t o  r e d u c t i o n s  . in  - C, o r e g o n e n s i s  

damage when e f f e c t i v e  i n s e c t i c i d e s ,  such  as d i m e t h o a t e ,  are used,  

The f a t t y  a c i d  d e r i v a t i v e s  t e s t e d  f o r  use a g a i n s t  - C, o r e g o n e n s i s  

are u n s u i t a b l e  because  t h e y  were t o x i c  t o  c o n e l e t s  o r  not  e f f e c t i v e  i n  

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

ha s  n e g a t i v e  economic impac t s  on seed  p r o d u c t i o n  u n l e s s  t he  i n c r e a s e  i n  

a b o r t i o n s  caused by an  i n s e c t i c i d e  is o f f s e t  by r educ ing  t h e  p r o p o r t i o n  of 

seed  c r o p s  d e s t r o y e d  by t h e  midge. For example,  d ime thoa t e  sometimes c a u s e s  



a b o r t i o n  r a t e s  o f  10-15%, b u t  is used because i t  u s u a l l y  reduces  i n s e c t  

damage by - > 85%. U n f o r t u n a t e l y ,  none of t h e  d e r i v a t i v e s  used i n  t h e s e  t e s t s  

p rov ided  t h i s  combinat ion  of low p h y t o t o x i c i t y  wi th  h igh  e f f i c a c y  a g a i n s t  - C. 

o r e g o n e n s i s *  Potass ium o l e a t e ,  t h e  o n l y  d e r i v a t i v e  t h a t  d i d  cause  

s i g n i f i c a n t  r e d u c t i o n s  i n  gall midge damage, caused many t imes more 

a b o r t i o n s *  I n  a d d i t i o n ,  t h e  r e d u c t i o n s  i n  i n s e c t  damage d i d  not  i n c r e a s e  

t h e  numbers of f i l l e d  s eeds .  



7,O CONCLUDlNG DISCUSSION 

To d a t e ,  C,  o r egonens i s  has been the  key p e s t  i n  c o a s t a l  - 
Douglas-f i r  seed  o rcha rds  i n  B.C. Components of a p r a c t i c a l  p e s t  management 

sys tem were developed du r ing  t h i s  r e s e a r c h ,  e s p e c i a l l y  i n  the  a r e a s  of 

popu la t ion  moni to r ing ,  damage p r e d i c t i o n  and c o n t r o l ,  f o r  use a g a i n s t  t h i s  

p e s t  i n  seed o rcha rds ,  

Sampling t echn iques  f o r  e s t i m a t i n g  popu la t ions  of Douglas-f i r  

c o n e l e t s  ( s e c t i o n  5.1) and p r e d i c t i n g  - C. o r egonens i s  damage ( s e c t i o n  5.3) 

a l l o w  f o r  d e c i d i n g  whether o r  not  an i n s e c t i c i d e  a p p l i c a t i o n  is j u s t i f i e d ,  

Both of t h e s e  v a r i a b l e s  must be cons idered  because t h e r e  is no po in t  i n  

a p p l y i n g  an i n s e c t i c i d e  i f  t h e  cone c rop  is too  small t o  recover  the  

a p p l i c a t i o n  c o s t s  o r  i f  t h e  expec ted  damage is less than  the  t h re sho ld  v a l u e  

such  t h a t  a p p l i c a t i o n  c o s t s  can be recovered ,  

An impor tan t  component of p e s t  management systems is knowledge of 

t h e  economic t h r e s h o l d ,  i ,e ,  t h e  d e n s i t y  a t  which c o n t r o l  measures should be 

a p p l i e d  t o  p reven t  a p e s t  p o p u l a t i o n  from reach ing  the  d e n s i t y  t h a t  w i l l  

c ause  economic damage ( S t e r n  e t  a1 l959) ,  Th i s  t h r e s h o l d  a l l ows  f o r  opt imal  

economic use  of i n s e c t i c i d e s  ( S t e r n  1973). It is d i f f i c u l t  t o  determine the  

economic i n j u r y  l e v e l  f o r  - C, o r egonens i s  because i t  is d i f f i c u l t  to  

de te rmine  seed va lue .  The o n l y  seed v a l u e  c u r r e n t l y  a v a i l a b l e  is  t h e  

p roduc t ion  c o s t  which is a f u n c t i o n  of t he  s i z e  of the  crdp and management 

t echn iques  used. Crop s i z e  v a r i e s  d r a m a t i c a l l y  among o rcha rds  and y e a r s ,  

Seeds produced from a small c rop  are more expens ive  than seeds  from l a r g e  

c rops  managed wi th  t h e  same procedures .  L i t t l e  seed has been produced i n  

o r c h a r d s  t o  d a t e ,  and t h i s  seed is q u i c k l y  used by the  producing agency, 

Market v a l u e s  w i l l  not  be known u n t i l  g e n e t i c  g a i n s  i n  orchard-produced 



s e e d s  can  be q u a n t i f i e d  and amounts produced i n  o r c h a r d s  a r e  l a r g e  enougtl 

f o r  market  sales t o  o c c u r ,  

The t e c h n i q u e s  developed f o r  e s t i m a t i n g  p o p u l a t i o n  s i z e s  of 

Douglas - f i r  c o n e l e t s  and  - C. o r e g o n e n s i s  eggs  can  be t i m e  consuming d u r i n g  a  

p e r i o d  when t i m e  is  a t  a premium. The p e r i o d  between time of damage 

p r e d i c t i o n  sampl ing  and o p t i m a l  t ime f o r  i n s e c t i c i d e  a p p l i c a t i o n  is o f  t e n  

less t h a n  1 week, Thus,  time is a c r i t i ca l  commodity. The s e q u e n t i a l  

t e c h n i q u e  f o r  damage p r e d i c t i o n  r educes  c o n s i d e r a b l y  t h e  time needed f o r  

e s t i m a t i n g  damage, I f  p r e c i s e  estimates are no t  r e q u i r e d ,  t h e  t i m e  needed 

t o  estimate c r o p  s i z e  cou ld  be reduced by sampl ing  on ly  trees t h a t  appear  t o  

b e a r  app rox ima te ly  t h e  t h r e s h o l d  number of c o n e l e t s  f o r  c r o p  management to  

be j u s t i f i e d ,  For example,  i f  t h e  t h r e s h o l d  number i s  200 c o n e l e t s ,  

e s t i m a t i n g  c r o p  s i z e  w i t h  t h e  t e chn ique  on a tree b e a r i n g  1000 c o n e l e t s  

shou ld  n o t  be nece s sa ry .  V i s u a l  c l a s s i f i c a t i o n  by expe r i enced  p e r s o n n e l  

s h o u l d  i n d i c a t e  t h a t  t h e  tree b e a r s  more t h a n  t h e  t h r e s h o l d  number, 

S i m i l a r l y ,  a tree b e a r i n g  o n l y  25 c o n e l e t s  shou ld  no t  r e q u i r e  

q u a n t i f i c a t i o n ,  

O b s e r v a t i o n s  of r e p r o d u c t i v e  behav iour  i n d i c a t e d  t h e  p resence  of a 

s e x  pheromone i n  - C, o r e g o n e n s i s  (Tab l e  111). This  s u b s t a n c e  has p o t e n t i a l  

u s e  i n  p o p u l a t i o n  mon i to r i ng  and f o r  i n d i c a t i n g  t h e  d a t e s  of i n i t i a l  and 

maximum a d u l t  midge a c t i v i t y ,  C u r r e n t l y ,  s t u d i e s  a r e  be ing  c a r r i e d  o u t  t o  

i d e n t i f y  t h e  a t t r a c t a n t ( s )  . Placement  of s e x  a t t r a c t a n t  t r a p s  is  impor t an t  

because  t h e  midges mate on o r  n e a r  t h e  duf f  where t hey  o v e r w i n t e r ,  It would 

be  n e c e s s a r y  t o  p l a c e  t r a p s  i n  nea rby  s t a n d s  of Douglas - f i r  which may 

p r e s e n t  a  problem w i t h  vanda l i sm i n  some c i r c u m s t a n c e s  because midges from 

a d j a c e n t  areas invade  o r cha rds .  Host a t t r a c t a n t s ,  i f  t h e y  e x i s t  a s  f o r  

o t h e r  cone and seed  i n s e c t s  (Asher  1970; Kinzer  e t  a l e  1972) ,  may hold more 
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p o t e n t i a l  f o r  popu la t ion  moni tor ing  than sex  a t t r a c t a n t s  because they could 

be used i n  t h e  o rcha rds  and because they  moni tor  popula t ions  of females  

r a t h e r  t han  males, t h e o r e t i c a l l y  a more d i r e c t  measure of p o t e n t i a l  damage 

s i n c e  females  a t t a c k  ( o v i p o s i t  i n )  t h e  c o n e l e t s ,  Trapping of a d u l t s  wi th  

e i t h e r  a sex  a t t r a c t a n t  o r  h o s t  v o l a t i l e s  should reduce the  time necessary  

f o r  cone g a l l  midge popu la t ion  moni tor ing compared t o  methods based on egg 

counts  and have t h e  a d d i t i o n a l  advantage of being non-des t ruc t ive ,  

A b i o a s s a y  technique  us ing  heptane e x t r a c t s  of female o v i p o s i t o r s  

was developed ( s e c t i o n  3,3,2,2) but  needs f u r t h e r  r e f inemen t s ,  Male 

r e spons iveness  may be inc reased  pas t  t h e  maximum achieved i n  t hese  s t u d i e s  

(42%) by us ing  v i r g i n  males which have not  been exposed t o  c a l l i n g  females 

p r i o r  t o  use i n  b ioassays .  Hab i tua t ion  r e s u l t i n g  i n  reduced male response 

due prev ious  exposure t o  pheromone is  known i n  Lepidpte ra  (Shorey and Gaston 

1964; T rayn ie r  1970; Farkas  e t  a l e  1975) and Coleopte ra  (Vick e t  a l e  1973) 

but  has not  been r e p o r t e d  i n  D ip te ra ,  Problems a s s o c i a t e d  wi th  ensu r ing  

v i r g i n i t y  and l a c k  of p rev ious  exposure i n c l u d e  reduced inc idence  of a d u l t  

emergence due t o  handl ing  i n  i n d i v i d u a l  r e a r i n g s  and an i n a b i l i t y  t o  

de te rmine  the  sex  of midges p r i o r  t o  t he  a d u l t  s t a g e ,  

The on ly  p r a c t i c a l  c o n t r o l  t echnique  c u r r e n t l y  a v a i l a b l e  f o r  

p r o t e c t i n g  a c rop  is t h e  a p p l i c a t i o n  of d imethoa te ,  t h e  on ly  i n s e c t i c i d e  

r e g i s t e r e d  a g a i n s t  Douglas-f ir  cone and seed i n s e c t s  i n  B.C. (Richmond e t  

al .  1975). None of t h e  o t h e r  i n s e c t i c i d e s  t e s t e d  du r ing  t h i s  r e s e a r c h  were 

as e f f e c t i v e  as d imethoa te  and most d i d  no t  reduce - C, o regonens i s  damage 

s i g n i f i c a n t l y  ( s e c t i o n  6,2) .  Seve ra l  i n s e c t i c i d e s  were shown by o t h e r  

r e s e a r c h e r s  t o  be e f f e c t i v e  ( M i l l e r  1980), but  most are more t o x i c  t o  

m a m m a l s  than  d imethoa te ,  C u r r e n t l y ,  t h e  B,C, M i n i s t r y  of F o r e s t s  p r e f e r s  t o  

avoid  us ing  p e s t i c i d e s  i n  t h e i r  o rcha rds  t h a t  a r e  h i g h l y  t o x i c  t o  m a m m a l s ,  
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However, t h e  s u s c e p t i b i l i t y  of some Douglas-f i r  c lones  t o  dimethoate  p o i n t s  

o u t  t h e  need f o r  o t h e r  r e g i s t e r e d  i n s e c t i c i d e s .  

Contact i n s e c t i c i d e s  can be used on ly  as p r e v e n t a t i v e  s p r a y s  

because they  a r e  e f f e c t i v e  on ly  when a p p l i e d  t o  c o n e l e t s  open t o  r ece ive  

po l l en .  P r e v e n t a t i v e  s p r a y s  may have uses  i n  an orchard p e s t  management 

program f o r  - C. oregonens i s  when i n f e s t a t i o n s  are l i k e l y  t o  be h i g h ,  L e o  

when a l i g h t  t o  s i g n i f i c a n t  c rop  occu r s  i n  nearby s t a n d s  the  year fo l lowing  

a moderate o r  heavy c rop  i n  t h e s e  s t ands .  Systemic i n s e c t i c i d e s  a l low time 

f o r  a demons t ra t ion  of t h e  need f o r  an i n s e c t i c i d e  a p p l i c a t i o n ,  because they 

may be a p p l i e d  a f t e r  - C. oregonens i s  o v i p o s i t i o n  is completed and egg 

popu la t ion  e s t i m a t i o n  is  p o s s i b l e .  Thus, they  are a t t r a c t i v e  t o o l s  i n  

o rchard  p e s t  management, Delayed seed-cone bud b u r s t  can reduce the  number 

of c rops  t h a t  must be p r o t e c t e d  wi th  i n s e c t i c i d e s  but the  e f f e c t i v e n e s s  of 

de layed  bud b u r s t  is determined by weather and v a r i e s  so  d r a m a t i c a l l y  t h a t  

i t  cannot  be r e l i e d  upon ( s e c t i o n  6.1). I n s e c t  c o n t r o l  should not be 

cons ide red  a f a c t o r  when dec id ing  whether o r  no t  t o  i n s t a l l  an overhead 

i r r i g a t i o n  system because of t h i s  l a c k  of c o n s i s t e n t  c o n t r o l .  Any n e g a t i v e  

e f f e c t s  on i n s e c t  i n f e s t a t i o n s  should be cons idered  a bonus. 

The impact of cone h a r v e s t  as c o n t r o l  technique should not be 

underes t imated  (Anni la  1976). All cones should be ha rves t ed ,  i nc lud ing  

unwanted cones produced on r o o t s t o c k s .  Tahs i s  c o n s i s t e n t l y  s u f f e r e d  h e a v i e r  

i n s e c t  l o s s e s  than  PFP, l o c a t e d  about  1 km away, u n t i l  they  changed i n  1978 

t o  a p o l i c y  of h a r v e s t i n g  a l l  cones ,  as is done a t  PFP. 

P a r a s i t o i d s  and p r e d a t o r s  appear  t o  be of l i m i t e d  use fu lnes s  i n  

o rcha rds  because of t h e i r  low inc idence  and t h e i r  i n a b i l i t y  t o  p revent  

damage. Other  b i o l o g i c a l  a g e n t s ,  such a s  entomophagous f u n g i ,  may have 

p o t e n t i a l  as c o n t r o l  agents .  Timonin e t  a l e  (1980) showed t h a t  Beauvaria 
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bas s i ana  (Bals.)  Vui l l .  and Metarrhizium a n i s o p l i a e  (Metcha) Sor. cause  

m o r t a l i t y  i n  sp ruce  cone and seed i n s e c t s  i n  the  l a b o r a t o r y ,  but  no 

s u c c e s s f u l  f i e l d  t r i a l s  have been r epor t ed .  

The sex  a t t r a c t a n t  and, i f  one e x i s t s ,  t h e  o v i p o s i t i o n  marker 

pheromone ( s e c t i o n  3.3.2.3) a l s o  have p o t e n t i a l p  as c o n t r o l  agen t s .  Both 

types  of pheromones have been used i n  mass t r a p p i n g  and d i s r u p t i o n  t r i a l s  to  

reduce damage by o t h e r  i n s e c t s  (Jacobson 1972; B i r ch  1974; Katsoyanrlos and 

B o l l e r  1976; Hoelof fs  1979). 

U l t i m a t e l y ,  t h e  most e f f e c t i v e  c o n t r o l  t echnique  may be orchard 

i s o l a t i o n  which would reduce t h e  number of g a l l  midges invading an orchard .  

I f  p o s s i b l e ,  o rcha rds  should be i s o l a t e d  from s t a n d s  of t h e  same s p e c i e s .  

The amount of i s o l a t i o n  from o t h e r  s t a n d s  r equ i r ed  f o r  e f f e c t i v e  pes t  

c o n t r o l  is no t  known s i n c e  the  d i s t a n c e s  - C. oregonens i s  ( o r  o t h e r  

Douglas-f ir  cone and seed i n s e c t s )  can d i s p e r s e  are not known. It would be 

d i f f i c u l t  t o  i s o l a t e  Douglas-f i r  o rcha rds  by s i g n i f i c a n t  d i s t a n c e s  i n  a r e a s  

s u i t a b l e  f o r  cone produc t ion  i n  B.C. It may be p o s s i b l e  t o  i s o l a t e  o rchards  

th rough  d e s t r u c t i o n  of cone c rops  i n  nearby s t a n d s  when they  occur and the  

e v e n t u a l  e l i m i n a t i o n  of - C. o r egonens i s  popu la t ions  i n  t h e  v i c i n i t y  of t h e  

orchard.  F a t t y  a c i d  s a l t s  may be u s e f u l  agen t s  i n  t h i s  regard  (Tables  

X X X V I I I ,  IXL). 

The p e s t  management system f o r  - C. oregonens i s  i n  Douglas-f ir  seed 

o rcha rds  developed du r ing  t h i s  r e s e a r c h  c o n s i s t s  of e s t i m a t i n g  c o n e l e t  c rop  

s i z e s  and - C. oregonens i s  i n f e s t a t i o n s  on trees i n d i v i d u a l l y  and, when 

necessa ry ,  s p r a y i n g  t h e  t r e e s  w i th  dimethoate .  

T o t a l  numbers of c o n e l e t s  can be e s t i m a t e d  by count ing  the  number 

on 6 whorl branches  i n  each  of t h e  upper and mid crown t h i r d s ,  m u l t i p l y i n g  

c a l c u l a t e d  means, a f t e r  t rans forming  by loglO (x  + l ) ,  by the  number of 



179 

producing branches ,  A t  c u r r e n t  a p p l i c a t i o n  c o s t s  ( $ l 0 6 4 / t r e e ) ,  a t r e e  

should  produce 200-250 ( t rans formed v a l u e  of 2.301-20 398) cones at h a r v e s t  

f o r  an i n s e c t i c i d e  a p p l i c a t i o n  t o  be economica l ly  j u s t i f i a b l e .  An al lowance 

f o r  c o n e l e t  a b o r t i o n ,  s p e c i f i c  t o  each  o r c h a r d ,  should be made when dec id ing  

whether o r  no t  t o  s p r a y  a tree. 

P r e d i c t i o n s  of seed l o s s  t o  C, o r egonens i s  can be made by - 
de te rmin ing  t h e  numbers of egg- in fes ted  scales per  c o n e l e t .  Using t h e  

s e q u e n t i a l  p lan  developed d u r i n g  t h i s  r e s e a r c h ,  t h e  number of c o n e l e t s  

r e q u i r e d  from a tree is  determined by c r o s s i n g  of " s top  sampling l i n e s "  

i l l u s t r a t e d  i n  F igs ,  31 and 32, The c r i t i c a l  d e n s i t i e s  f o r  10 and 20% seed  

l o s s  were e s t i m a t e d  t o  be 2.0 and 4.0 i n f e s t e d  s c a l e s  per c o n e l e t ,  

r e s p e c t i v e l y ,  Means f o r  trees bea r ing  cones i n  a l l  3  l e v e l s  of the  number 

of eggs o r  i n f e s t e d  scales can be e s t i m a t e d  a c c u r a t e l y  by sampling the  mid 

crown on ly ,  A maximum of 8 c o n e l e t s  wlould be neces sa ry  t o  determine whether 

o r  no t  an i n s e c t i c i d e  a p p l i c a t i o n  i s  neces sa ry  f o r  t h e s e  trees, Otherwise ,  

a l l  producing crown l e v e l s  should  be sampled, 

Dimethoate should  be a p p l i e d  when the  c o n e l e t s  are c losed  and 

t u r n i n g  but  be fo re  they  r each  t h e  pendant p o s i t i o n  wi th  a  h y d r a u l i c  s p r a y e r  

a t  a rate of 0.5-1.0% u n t i l  t h e  cone-bearing r eg ions  of the  trees a r e  

soaked. Orchard trees should  be t e s t e d  f o r  s u s c e p t i b i l i t y  t o  d imethoate  

po ison ing  (Table  XXXVII) b e f o r e  being o p e r a t i o n a l l y  sprayed f o r  the  f i r s t  

time, s o  t h a t  p o t e n t i a l  p h y t o t o x i c i t y  problems w i l l  be known i n  advance, 

The p e s t  management procedures  developed du r ing  t h i s  r e s e a r c h  

were aimed on ly  at - C, o r e g o n e n s i s ,  a l t hough  t h e  e f f i c a c i e s  of t he  test 

i n s e c t i c i d e s  and de layed  f l o w e r i n g  were determined f o r  a l l  Douglas-f ir  

cone and seed i n s e c t s  p r e s e n t ,  A p e s t  management system should  be 

expanded t o  i n c l u d e  o t h e r  p e s t s ,  The importance  of a management sys tem 



aimed a t  t h e  whole complex of p e s t s  is unde r l ined  by t h e  s i t u a t i o n  a t  YFP 

i n  1981 where 24% o f  t h e  seeds  =re i n f e s t e d  by the  Douglas-f ir  seed 

c h a l c i d  ( R e  Heath lz ,  per.  comm.) i n  s p i t e  of a dimethoate  

a p p l i c a t i o n  aimed a t  r e d u c t i o n  of g a l l  midge damage. U l t ima te ly ,  any 

p e s t  management system should be i n t e g r a t e d  wi th  a l l  orchard management 

t echniques .  

l2 Pes t  management o f f i c e r .  P a c i f i c  F o r e s t  Produc ts  Ltd., 
V i c t o r i a ,  B o C *  
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