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A B S T R A C T  

A feeding b i o a s s a y  was d e v e l o p e d  f o r  the white p i n e  w e e v i l ,  

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

c o n t a i n i n g  p a i r e d  a g a r  discs e a b e d d s d  i n  p a r a f f i n  wax. Lens 

paper  c o v e r i n g  t h e  t c p  surface o f  the discs ~ r o v i d e d  a surface 

t h r o u g h  which w e e v i l s   ads r e g u l a r  f e e d i n q  p u n c t u r e s  w h i c h  c o u l d  

be easily c o u n t e d .  c a n d i d a t e  ' f e e d i n q  stimulants or d e t e r r e n t s  

were a p p l i e d  to the pawr c o v e r i n g  o n e  of t h e  discs, w h i l e  the 

o t h e r  s e r v e d  a s  a c c n t r o l .  ~ e e d i n g  stimulants were 

tested u s i n g  d i s c s  of p u r e  a g a r ,  a n d  d e t z r r e n t s  were a s s a y e d  on 

a g a r  discs t h a t  c o n t a i n e d  2 %  g r o u n d ,  d r i e d  S i t k a  spruce bark,  

Pic ra  s i t c h e n s i s  (Bcng) C a r r .  

The weevils exhibited a c o n c e n t r a t i o n  d e p e n d e n t  r e s p c n s e  to - 
the a m o u n t  o f  S i t k a  s p r u c e  b a r k  i n  t h e  a,gar d i s c ;  t h a  t h r e s h o l d  

aacuct  o f  b a r k  t h a t  t r i g g e r e d  a r e s p o n s e  was 6 0  pq. C h e m i c a l  * 

f e e d i n g  s t i a n l a n t s  i n  Si tka  spruce were, present t h r o u g h o u t .  t h e  - - 
, 

p h l a e .  of the tree. Needles e l i c i t e d  l i t , t l e  f e e d i n g ,  a n d  contained 
5 

c h e a i c a l s  w i t h  feeding d e t e r r 6 n t  a c t i v i t y ; '  Xylem c o n t a i n e d  
A< 

- feeding s t i m u l a n t s  on1 y i n  the t e rmha1  l e a d e r s .  
< - 

Several a c t i v e  non-volat i le  c h e m i c a l s  were d e t e c t e d  ' i n  Sitka 

s p r u c e  b a r k  e x t r a c t s ,  and dse currently beinq i s o l a ' t e d  a n d  

i d e n t i f i e 2  by r e s e a r c h  c h e m i s t s  a t  Simon F r a s e r  U n i v e r s i t y .  a 
j .  

5- 

- 
c 

1- 

4 
+ 





A. test for geeidinq dettrrents f a i l e d  t o  detect major 

differences i n  f e e d i n g  i n d u c e d  b y  the dried, g r o u n d  bark of 
1 

a t t a c k e d  -and n n a t t a c k e d  trees i n  2 p l a n t a t i o n s ,  a n d  i n  3 c l c n e s  * 

-taken from t ; r e s i s t a n t H  trees. I n t r a - s p e c i f i c  resistance t o  .P. 

S t h ~ h i  may re ly  on v o l a t i l e  feeding d e t e r r e n t s ,  o n  severa l  
6 ,  

c h a r a c t e r s  . . acting i n  c o n c e r t ,  a n d / o r  on  the absence of a proper .  

blend of f e e d i n g  s t i q u ~ a n t s .  The feeding d e t e r r e n t  activity of 

the felfbqe ef vestern red c a d a r ,  '$huda p l i c a t a  DO&, was most 
/ - 

p r c n o d n c e d  i n  the volatile f r a c t i o n  that  c o m p r i s e s  the l eaf  o i l .  

~ r a c t i o n a t i c n  o f  t h e  ' l e a f  o i l  ind5cated feedinq -deterrant  . 
- - 

activity - i n  the' aonoterpencl h y d r o c a r b o n ,  t h u j o n e ,  and t s r p e n e  .. , 
\ 

a l c o h o l  f racticns.  .when  t e s t i d  alone,  b o t h  ( 0 )  -3-isothu j o n e  and 

(+) -3-tho j o n e ,  u h i c h  l a d e  u p  7 5 8 0 %  and 5-10s of t h e  l e a f  o i l ,  

respectively, deterred f e e d i n q  by t h e  w e e v i l s ,  

Flestern r e d  c s d a r  l e a f  o i l  a l s o  showed a n t i f e e d a n t  a c t i v i t y  
, # 

w i t h  t h e  alder: f l e a  Lieetle,- ' Alt ica  ambiens ( L e  Conte) , a n d  

deterred o v i p o s i t i o n  b y  - the onion maggot ,  -. 
, - 

-a 

lqiq&, b u t  - h a d  no inhibitory effect o n  f e e d i n g  the leaf r o l l e r ,  

E ~ i n & i a  solandriaaa 
_ 

L., and the red- b a c k e d  sauf ly, m a m ~ g  
-6 
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8- Fig, 6 F e e d i n g  response of 2. strobi  when g i v e n  a 

choice B e t w e e n  agar discs w i t h  1% Sitka s p r x e  bark and 

discs with 1%- Sitka s p r u c e  bark  p l u s  0.5% b a r k  or  leaves 

of selected c o n i f e r  and n o n - c o n i f  e.r p l a n t s .  Responses 

expressed a s  p e r c e n t  of & s p o n s e  t o  S i t k a  spruce. 45 

F i g s . '  7 -8 .  D a i l y  emergence patern of t h e  progeny of 2 

p o ~ u l a t i o n s  - of g, strabi,  c o l l e c t e d  from Sitka s p r u c e *  

(fiq. 7) a n d  Engslmann spruce ( P i g .  8 )  when r e a r a d  on 
\ ,  *- 

- ,Sit ka s p r u c e ,  Enqe l  iaann s p r u c e ,  or: lodgepole pine. 
iY 

_ Pigs, 9- 5 :  Feed ikg  responqe of 2. s t r o b i  t o  agar-bark 

discs treated [solid l i n e )  and untreated (dotted l i n e )  

w i t h  rprious c o n c e n t r a  ticns of  S i t k a  s p r u c e  ~ o d o i e r ~ e n e s .  86 

. . - Piq. 16. Feeding response of P. s t r o b i  to agar-bark . 

discs treated ( s o l i d  l i n e )  and  u n t r e a t e d ,  (dotted l i n e )  'l 

with various c o n c e n t r a t i c n s  of l i i 8 o n e n s .  
\ 

b 

, 

P i g ,  17 .  ~ l o v  chart of extraction of? f e e d i n g  s t i m u l a n t  
P 

fract ions  from S i t k a  spruce bark w i t h  water, p e n t a n e  and 

'-et her. 
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Figure 2 0 .  $low chart  . o f  aqueous a l c o h o l i c  e x t r a c t i o n  of 
x 

western r e d  cedar f o l i a g e ,  1 . - 

P i g .  21.  Gas chromatogran of cedar l e a f  o i l  ' o n  t h e  

Carbowax 2 0 n  c a p i l l a r y  c o l u m .  Temp. prog*: 6 0  C u n t i l  

e l u t i o n  of s01vent.  then 4 C/min t o  160 C.  Practioq I - 

( I )  : monoterpane hydrocarbons. ~ r a c t i o n i  I I (F-11) :, - 

-L@ 
1 

t h u  jones: Fraction I11 (F-111) : aajor  peak is 
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of p. s trobi  on Sitka sfruce is c h e & a l l y  mediated, to  ' assess 

the r e l a t i v e  s t i n u l a t o r y  or i n h i b i t o r y  a c t i v i t y  of t h e  hark of 

host and nqn-hos t  trws,  and t o  gain some i n s i g h t  into t h e  nature 

and chara~ter i s t i c s  of t h e 4  c h e ~ i c a l s  J n v o l v e d ,  
" i 

T h i s  work was c a r r i e d  out i n  c o l l a b o r a t i o n  w i t h  Drs, A.C. 

Oehlschl 'ager  a n d  fl. D. Pierce Jr. of t h e  Chemistry Department, a 

Simcn P r a s e r  University, rho d i d  a l l  t h e  work pertaining t h e  

4 

-r 
p r e p a r a t i o n  and chemical a n a l y s i s  of f r a c t i o n s  froa h o s t  and 

a non-host trees. All t i o l o g i c a l  aspects  of tbk study were 

d e s i g n e d  and c a r r i e d  o u t  by t h e  a u t h o r . .  



2 . 1  Collectinq.  h a a d l i n g  and maintenance cf the insects. 

unlesd otherwise stated. t h e  w e e v i l s  used i n  these 

e x p e r i n e n t s  uere o b t a i n e d  as aature ldrvae i n f e s t i n g  S i t k a  
, 

spzace  leaders co l l ec tad  i n  various Vancouver 1sland and Lover 
i 

Praser Yalla y l c c a t i c n s  i n  British Columbia. I n  t h p  laboratory, 

the leaders uere placed i n  screened cages at room tenperature  t o  

<11ow thd l a r v a e  t o  finish. the== d e v a l c ~ a e n t .  The emerging 

raar i l s  were stcred at 3 C i n  p e t r i  d i s h e s  containing thin 
* 

strips of t h e  rearing d i e t  described by ~ e r i l l o  and odell  

(1773)  , m o d i f i e d  a s  indicated in-  able I. Prior t o  their use i n  

f eeQinq  experiments,  t h e  weevils were h e l d  for 24h a t  room 

t e n ~ e r a t s r e ,  without f o c d ,  on moist f i l t e r  p a p e r .  



-,6 '"; - 
-- - r 'd v- - 7 - 

4 

- T a b l e  I.' Pissodes s t r o b i  a a i n t a n a n c e  diet formula* 

I 

D i s t i l l e d  water 
b S i t k a  s p r u c e  bark p c w d ~ r  20.0 g 

Toasted wheat germ e 

4 '  

Sucrose  

Dextrose 12.0 q ,  

Corn starch 

S a l t  Uesson 

Case in  

Cholestercl 0 . 5  g 

V i t a m i n  ' D i e t  P o r t i  f i c a  tion . . 1 2 . 0  g 

. . A n t i m i c r o b i a l  n i i t u r e c  15.0 a 1  

Potasinm h y d r o x i d e  

Q, 
r s x  a g a r  and  sugars i n  v a t e r  a n d  b r i n g  tp b o i l .  Cocl t o  

. 7 0  C, p o u r  into a b l e n d e ~ ,  a d d  r e s t  o f  i n g r e d i e n t s ,  blend 
1 

= A  - f o r  2 a i n ,  am3 pour into p e t r i  dishes, 
- b 

Bark-is s t r i ~ ~ e 3  f r ~ t  l a t e r a l  b r a x h e s ,  d r i g d  ( 8 h  a t  60 C) . 

a n d  m i l l e d  in a r c t a r y  &ill. 
- 

C a - 
Rade by dissolving~2Qg of s a r b i c  a c i d  and 359 of m e t h y l  

p b e n z o i c  acid ir: 170 ril of 35% e t h a n c l ,  



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

A Q U A N T I T A T I V E  

. , 

F E E D I N G  B I O A S S A Y  FOR 

The w h i t e  p i n e  w e e v i l  r e l i e s  o n  v i s u a l  (VanderSar  and .Borden . 
1977a) a s  well a s  c h e m i c a l  (Anderson and F i s h e r  1956, 1960; - 

VanderSar and Bofden 1377b) cues t o  f i n d  i ts  h o s t s .  VanderSar  

s n d  Borden (1977b) s h o v e d  that feeding s t i m u l a n t s   resent i r  an 

e t h a n o l i c  e x t r a c t  of Sitka s p r u c e  b a r k  c a u s e d  ' t h e  w e e v i l s  to 
' #  

f e q  o n  e x t r a c t - i m p r e g n a t e d  e l d e r b e r r y  p i t h  d i s c s .  The weevils 

f e d  l i t t l e  cn  Sitka spruce t w i g s  soaked i n  p r e s s u r e - e x t r a c t e d  

fluids of western r e d  c e d a r ,  T h u i a  A i c a t a  Donn. They  

hypothesized t h a t  the ultimate s t e p  i n  K o s t  s e l e c t i o n  was 

a e d i a t e d  b y  o l f a c t i c n  and contact chentoreception, i n v o l v i n g  

chemical f e e d i n g  s t i m u l a n t s  a s  well a s  d e t e r r e n t s .  

A s  a prerequiskte t o  i d e n t i f y i n g  t h e  c h e m i c a l s  i n v o l v e d ,  i t  
e 

07 

uas essential t o  d e v e i o p  a  r e l i a b l e .  q u a n t i t a t f v e  b i o a s s a y  for  

the response cf pa s t r o b i  t o  feeding stimulants and d e t e r r e n t s .  

The spruce t w i g  bioassay ( V a e d e r S a r  and  Borden  1977b) required 

e x t e n s i v e  p r e p a r a t i c n ,  and was subject t o  genetic v a r i a t i o n s  

bet u e e n  individual- trees. An a l t e r n a t i v e  i n e r t  substrate t o  

e l d e r b e r r y  p i t h  discs ( V a n d e r S a r  and Borden 1977b) was a l s o  



needed,  as t h e  w e e v i l s  made irreqular feeding cavities on them 

instead of  t h e  r o u n d ,  n e a t  punctures t h a t  t h e y  make i n  h o s t  

bark. Agar i s  a common i n e r t  s u b s t r a t e  u s e d  i n  r e e d i n g  
1 

bioassaps for other c o l e c p t e r a ,  i n c l u d i n g  the smaller European 
p. 

elm b a r k  beetle, S c o l y t u s  aul t i s t r ia_ tus  *(Harshaa) (Peacock et 

a l . .  1 9 6 7 )  , a n d  the bo1.1 weevil, &thonornus srandis Eoheman 
> 

(Keller et a l .  1962 )  . T h i s  s e c t i o n  d e s c r i b e s  t h e  d e v s l o p r n e n t  
1 

and e v a l u a t i o n  of a n  agar-kasad f e e d i n g  b i o a s s a y  for p, s t r o b i .  

- 4 3 . 2  n e t h o d s  and  m a t e r i a l s  

3 . 2 . 1 . D e s c r i p t i o n  a n d  s t a n d a r i z a t i o n  o f  t h e  f e e d i n g  b i o a g s a p  

.After e x p e r i ~ e a t a t i o n  with s e v e r a l  s u b s t r a t e s  and d e s i g n s ,  a 

f e e d i n g  b i o a s s a y  was d e v e l o p e d  which e x p l c i t e d  t h e  f a c t  t h a t  2. 
#-*  s t t o b i  w i l l  r e a d i l y .  feed on a g a r  c o n t a i n i n g  S i t k a  spruce bark, 

whereas they will feed very  l i t t l e  on agar alone. 

E a c h  e x p e r i m e n t a l  u n i t  ( a  r e p l i c a t e )  IPig. 1)  consisted of 

a  5 . 5 ~ ~  diam. g l a s t i c  ~ e t r i  d i s h  t h a t  contained o n e  or two  agar  

discs (1.5cra diam. x O.4cra h i g h ) .  The  agar d i s c s  were covered 

on their u p p e r  surface r i t b  a piece o f  Fisher s t a n d a r d .  . l e n s  

p a p e r ,  t h e  a o s t  a c c e p t a b l e  of a number of c o v e r i n g s  tested. 
i 



Piqs. 1-2. Bioassay s p p a r a t k  s h o w i n q  p. s t r o b i  f e e d i n g  -. , 

t h r o u g h  l e n s  Faper i n t o  aqar disk c o n t a i n i n g  2% S i t k a  s p r u c e  

bark, *r 





- 
a 

5' 

e After placing t h e  a g a r  ,discs 2 cm a p a r t  i n  t h e  petri  d i s h e s ,  h o t  

T 
p a r a f f i n  wax was added t o  a height equal t o  that of t h e  discs. - 

t 

T h u s ,  only t h e  u p p e r ,  p a p e r - c o v e r e d  s u r f a c e  o f  the a g a r  d i s c s  

was exposed, r e t a r d i n g  d e h y d r a t a t i o n  and p r e v e n t i n g  shrinkage of 

t h e  agar  away from t h e  pa.per. The pape r  was% kept i n  c o n t a c t  

with the a g a r  by e m b e d d i n g  i t s  edge i n  t h e  hot wax. I n s e c t s  
.v 

p l a c e d  i n  t h e  d i s h  had  r e a d y  a c c e s s  t o  t h e  s u r f a c e - l e v e l  t e s t  _ 
m a t e r i a l s  a s  t h e y  walked o v e r  t h e  d i s c s .  _ 

S t i m u l a n t s  were normally a p p l i e d  i n  s o l u t i o n  t o  t h e  p a p e r  

s u r f a c e  of  the d i s c s  or  t h e y  Mere i n c o r p o r a t e d  into t h e  a g a r  a s  

finely powdered ,  o v e n  d r i e d  (60 (3 f o r  8 h )  b a r k  from l a t e r a l  
+ 

b r a n c h e s  of h o s t  trees. Feeding d e t e r r e n t s  were a p p l i e d  t o  t h e  
" 

p a p e r  s u r f a c e  on a g a r  d i s c s  that, c c n t a i n e d  - t h e  h i g h l y  

s t i m u l a t o r y  powder of S i t k a  s p r u c e  bark. Feeding a c t i v i t y  u a s  

e v a l u a t e d  by c o m p a r i n g  the number of feeding p u n c t u r e s  made b y  

t h e  test insects i n  t h e  p a p e r  o v e r  t r e a t e d  a n d  c o n t r o l  d i s c s .  

The r e l a t i o n s h i p  between t h e  number  of f e e d i n g  ~ u n c t u r e s  a n d  

t h e  a r e a  a n d  volume of a g a r  i n g e s t e d  was i n v e s t i g a t e d  i n  10, 
& .  

2 0 - r e p l i c a t e  e x p e r i m e n t s .  Two w e e v i l s  p e r  r e p l i c a t e  &ere 
e ' - L ,  

a l l o w e d  t o  feed for 24h i n  bioassay p r e p a r a t i o n s  w i t h  only one 

a g a r  disc, c o n t a i n i n g  2 %  S i t k a  spruce b a r k  . An estimate of t h e  

vo lume "of each feeding p u n c t u r e  was o b t a i n e d  b y  m u l t i p I $ i n q  its 



area a t  suriface l e v e l ,  c a l c u l a t e d  by  p l a n i a e t e r  from a c a m e r a  

l n c i d a  d r a v i n q ,  by its d e p t h ,  measured b y  c a r e f u l l y  i n t r o d u c i n g '  
-\ an insect-pin Qepth gauge iqto  each c a v i t y .  By a d d i t i o n ,  a . 

~(tofal r o l u a G "  \d n t o t a l  area eatenw were o b t a i n e d  ;or each 

d i s c .  c o r r e l a t i o n  \oe f E i c i e n t s  were calculatid between the - 

number of feeding p r o d u c e d  and 1)surface area, and 2 )  

volume of.  agar i n g e s t e d .  

The number o f  w e s v i l s  t o  use per replicate'was e v a l u a t e d  .in 

a 4 - t r e a t m e n t ,  15-replicate e x p e t i m e n i , _  i n  which t h e  number of 
- 

p u n c t u r e s  made i n  24h by 1, 2 ,  3 + or 4 weevils on sLnqle  2% 

s p r u c e  bark-abar d i s c s  ugre c o u n t e d .  
- 

r, 

, 
- 

. - : ' &  
3.2.2. T e s t  of t h e  bioassap" for s v a l u a t i n g  S_itka s p r u c e  - 

bark and bark extracts a s  f e e d i n g  stimulants 
h - 

- - tr 

An e x p e r i m e n t  was designed to  test .whether  t h e  ' v e e v i f s  would  
6'' - 

e . x k i b i t p  a c o n c e n t r a t l o r - d e p e n d e n t  feeding x e s p o n s e t o  different  
Y 

, amounts  of . S i t k a  s p r n c e  back- i n c o r p o r a t e d  i n t o  the agar .  Each 
L 

r t 

- - r e p l i c a t e  comprised oDe agar-bark disc p l > u s  a p l a i n  a g a r  c o n t r ~ l  , 

, disc. E i g h t  differem cence%t;at ions '  of dark, r anq iaq .  fro. .., 

0.0 1% to 3 %  uere tested; 15 r e p l i c a t p s ,  each rc th  2 insects, 

were 'run for -24h for'iach traataent' a n d  sex of 1. s t ~ o b i .  ._ - 



--. 
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A - 
Two e x t r a c t s  of ~ i t k a  spruce  bark .ware t e s t e d  for % f e e d i n g  

s t i m u l a t o r g  a c t i v i t y .  Dried S i t k a  s p r u c e  bark - (30g) o k t a f n e d  
-1 

Fro8 l a t e r a l  b r a n c h e s  c c l l e c t e d  i n  the f a l l ,  uas s e q u e n t i a l l y  
I 

6 

e x t r a c t e d  f d r  24h i n  a  orbl let extractor w i t h  p e n t a n e  and e t h e r ' .  . . 
r k 

The 2 solvent e x t r a c t s  u e r e  c o n c e n t y t e d  t o  -25&+ by 

d i s i i l l a t i o n .  a n d  t h e n  ' 1 of e x t r a c t  (tlk e q u i v a l e n t  of . 

0.012g "ce b a r k )  was a p p l i e d  w i t h  a m i c r o p i p e t t e  to t h e  - 

p a p e r  s u g f a c s  o f  o n e  of pure a g a r  discs i n  eacb dish. I The 

c o n t x o l  disc i n  each d i s h  v a s  t r e a t e d  with top1 of e i t h e r  e t h e r  

CI pentane .  The number of a n d  the 
"\ 

e x p e r i m e n t a l  d u t a t l o n  r g r e  t h e  s a m e  a s  i n  the p r e v i o u s  
fl 

c 4 

e x p e r i m e n t .  

3.2,'3, Compar i son  between fresh and d r i e d  b a r k  s t i m u l i .  
.& 

'$ The f e e d i n g  a c t i v i t y  e l i c i t e d  b y  d r y  a n d  fresh ~ i t k a  s p r u c e  

bark incorporated i n t o  a g a r  d i s c s  u a s  c o m p a r e d  i n  2. 
r 

1 5 - r e p l i c a t e  e x p e r i m e n t s .  Bark was p e e l e d  from 5 S i t k a  spruce . 

5 ' l e a d e r s  a d  d i v i d e d  q t o  2 portions. One p o r t i o n  u a s  oven  d r i e d  

a t  60 C a n d  t h e n  ground  t o  a p o u d e r .  T h e  s e c o n d  p o r t i o n  (6q) 

was ground w i t h  distilled u a t e r  (40.1)  ta a p a s t e  i n  a ~ a r i n g  

blender. ~ x p e r i n e c t a l  d i s h e s  Mere p r e p a r e d  b y  a d d i n g  1 %  d r y  

bark p o u d e r ,  o r  its equivalent i n  fresh bark paste ,  i n t o  t h e  

aqar, Two types of e x p e r i m e n t s  uere c o n d u c t e d :  



7 I - a) ?j ingle  b a r k  ' s t i m u l u s :  3 weevils were qiven a c h o i c e ,  in 

e a c h  d i s h ,  between a d i s c  c o n t a i n i n g  e i t h e r  d r y  cr fresh bark,  

and  a d i s c  of p1ai.n a g a r ,  

b ) -  Double bark s t i m u l u s :  3 u e e v i l s  were g i v e n  a c h o i c e ,  i n  

e a c h  dish, between an a g a r  d i s c  containing fresh bark a n d  an 

agar d i s c  with dried bark. 

3.2,4, Test of the b i o a s s a y  with feeding d e t e r r e n t s  

B r a n c h l e t s  of w e s t e r n  r e d  c e d a r  (2009). were m a c e r a t e d  i n  a 

Uaring B l e n d e r  with water (1750rnl), The m i x t u r e  was t r a n s f e r r e d  

t o  a 3 1 d i s t i l l i n g  f l a s k  fitted with a a c d i f i e d  N i e l s e n - K r y g e r  

c o n d e n s e r  ( V e i t h  a n d  K i u u s  1377),  and  s t e a m - d i s t i l l e d  for 3 . 5 h .  

T h e  c o n t i n u o u s  e x t r a c t i o n  s e c t i o n  of t h e  c o n d e n s e r  was c h a r g e d  

w i t h  a p p r o x i a a t e l y  5m1 of d o u b l y - d i s t i l l e d  p e n t a n e ,  The  p e n t a n e  

s o l u t i o n  o f  c e d a r  leaf o i l  was washed with 2% NaHCO, s c l u t i o n  

and w a t e r ,  d r i e d  (Ha2 SOq) , and c o n c e n t r a t e d  b y  d i s t i l l a t i o n .  
\ 

R e s i d u a l  s c l v e n t  was removed b y  b r i e f  v a c u u a  pumping. 

 he c e d a r  l e a f  o i l  was tested f o r  f e e d i n g  d e t e r r e n t  a c t i v i t y  

i n  a n  e x p e r i m e n t  i n  w h i c h  b o t h  agar  d i s c s  i n  a  d i s h  c o n t a i n e d  2% 

sitka spruce. bark, A p e n t a n a  s o l u t i o n  of the c e d a r  leaf o i l  was 

a p p l i e d  t o  t h e  p a p e r  s u r f a c e  c o v e r i n g  one of  t h e  discs i n  e a c h  



repl ica te .  T h e  control disc received a n  e q u a l  v o l u m e  of 

d i s t i l l e d  pentane.  The amounts of extract a p p l i e d  were: 1, 10, 

50 a n d  100pg. F i f t e e n  replicautes, each u i t h  2 w e e v i l s ,  were r u n  

f o r  2 4 h  f o r  t r e a t m e n t  a n d  sex of 9, strobi. 

3.3. R e s u l t s  a n d  d i s c u s s i o n .  - 

T h e  weevils  r e a d i l y  fsd on agar c o n t a i n i n g  S i t k a  s p r u c e  

bark. The r e s p o n s e  of t h e  insect was c a u s e d  by chemicals t h a t  

e l u t e d  out of  the bark,  i n t o  t h e  a g a r  a n d  i m p r e g n a t e d  the p a p e r  

c o v e r  o f  t h e  discs. After i n t r o d u c t i o n  i ' n t o  t h e  d i s h e s ,  t h e  

w e e v i l s  w a n d e r e d  a b o u t  f o r  2-3h b e f o r e  s t a r t i n g  t o  feed, They 

d i s c o v e r e d  t h e  b a r k - c o n t a i n i n g  d i s c  a p p a r e n t l y  b y  c lose r a n q e  

c h e m o r e c e p t i o n .  T h e  f e e d i n q  p u n c t u r e s  made i n  t h e  ' l e n s  paper  

were v e r y  d i s t i n c t  and easy t o  c o u n t  (Fig, 2 ) .  

H igh  c o r r e l a t i o n  c o e f f i c i e n t s  were o b t a i n e d  b e t v e e n  t h e  

nuaber of f e e d i n q  p u n c t u r e s  p r o d u c e d  a n d  t h e  area a n d  vo lume  o f  

a g a r  ingested b y  t h e  i n s e c t s  ( T a b l e  11). Therefore, t h e  number  

of p u n c t u r e s  is a g o o d  i n d i c a t o r  of t h e  a m o u n t  of feeding b y  the 

test i n s e c t s ,  j u s t i f y i n g  t h e i r  use a s  t h e  s o l e - m e a s u r e  o f  

e v a l u a t i n g  subsequsnt e x p e r i a e n t s .  If pcor c o r r e l a t i o n s  were 

found, t h e  number of f e e d i n g  p u n c t u r e s  would b e  indicative of 

w e e v i l  biting response rather t h a n  f e e d i n g  a c t i v i t y .  



Table 11. Linear correlation coefficients between number 
6 

of feeding p u n c t u r e s  produced  and t h e  volume and area of 

agar ingested by 2 g, strob& on Sitka s p r u c e  

bark (2%) -agar discs. N=20 replicates for each 



0 *- 
/ 

The number of f e e d i n g  p u n c t u r e s  i n  t h e  agqr d i s c s  increased , . . 

l i n e a r l y  w i t h - ' t h e  nunker  of female weevils p e r  r e p l i c a t e .  
,' 

i However, when 4 i n ' s t e a d  of 3 ' m a l e s  *rere i n c l u d e d  per r e p l i c a t e ,  

f e e d i n q  d i d  nbt increase g r o p c r t i o n a l i  g ( T a b l e  111) . obrerva- 
r .  * 4 - 

t i d n  may i n d i c a t e  a b e h a v i o r a l : d i i f e r e n c e  between sexes i n  rbs- 

ponse t o  crowdinq .  ~~e di,fferences i n  f e e d i n g  between males'and 
a 0 

females were n o t  s igndf  i c a n t  for  a n y  number of u e e v i l s .  The d a t a  

i n  T a b l e  111 i n d i c a t e  t h a t  t h e  u s e  af 2 or 3 w e e v i l s  of undetep 9 

B 

' a i n ~ d  sex per* r e p l i c a t e  wi&l result i n  r e l i a b l e  data. Use of 2 or 3 . 

weevils i& each dish e l i m i n a t e s  some q f  the v a r i a b i l i t y  in . 

t h e  d a t a  t h a t  i s  obtained when only one i n s e c t  i s  used per - 

_ i s  

There w a s  a c o n c e n t r a t i o n - d e ~ e n d e n t  f e e d i n g  response of 1. 

s t r o b i  to t h e  v a r i p u s  c o n c e n t r a t i e n s  of S i t k a  spruce bark i n  t h e  

, , agar d i s c s  ( T a b l e  IV) . Comparison of s e p a r a t e  l i n e a r  regressicn 

e q u a t i o n s -  o b t a i n e d  from t h e  d a t a  of m a l e s  and females, 

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

9 e q u a t i o n :  . 

r e s p o n s e  of  the two s e x e s  could be fepresent ' ed  by a  s i n g l e  
'. ' 

2 . 8  x tn C o n c e n t r a t i o n  ( X j  

where NPP= nuaker of f e z d i n g  punctures, 



Table 111. Mean nuaber of f e e d i n g  p u n c t u r e  p r o d u c e d  on 

, 

0 

sitka s p r u c e  t a s k  1 2 % ) -  agar d i s c s  by d i f  numbers 'Ilr 
-- of g. s t rob i .  N=fS repl icates  f o r  

Humber of weevils 

Mean number of 

f e e d i n q  p u n c t u r e s *  
/ I 

Hales Females 

afleans r i z h i n  each c o l s n o  followed b y  the same letter are not - 
s i . g ~ i f i c a n t l j  dif fersnt , Heuran-Keuls t e s t ,  P<O,O5. 



Table  IV. Feeding rsspanse of p, s t t o b i  to agar discs 

c o n 3 a i n i n g " i l i f f e r e n t  concentrations of Sitka'sprnce bark. N= 15 

t asan number of f eed ing  ~ u n c t u r e s  
i b 

P a r k  

concen t ' g a t i o n  Flalas Fenales  

Agar-spruce  U n t r e a t e d  Agar-spruce Untreated  
7 

d i s c s  d i s c s *  d i s c s  diP5cs ec 

4 
t - t e s t  s i g n i f i c a n c e  l e v e l  ,on difference between treated and , . 

Z i - - 
ccnr ro l  f o r  e a c h  sox i n d i c a b d  by: **=P<O. 01 ; *=P<0.05 

b 



/ 

C b r r o l a t i o n  analysis y i e l d e d  a c o r r e l a t i o n  coef f i ' c ihn t  of 0.8 1 

(P<O.Ot). By e x t r a p o l a t i o n  of the fittea curve ,  t h e  threshold 

of r e s p o n s e  t c  hark in the aqar uas found t c  be  0.01% o r  60pg of 

d r y  bark in t h e  discs ( a n  a g a r  disc a s i g h s  abou t  60Gmg). 

The w e e v i l s  r e a d i l y  re sponded  to the pentane and ether 

e x t r a c t s  of s p r u c e  bark ( T a k l ~  V ) .  T h e  h i g h  level of feedinq 

o b t a i n e d  on the t n a t e d  d i s c s  is in agreement t earl ier  

findings t i i a t  e x t r a c t a b l e  feeding s t i m u l a n t s  a r e  p r e s e n t  i n  

S i t k a  spruce bark ( V a n d ~ r S a r  and B o r d e n  1977b) , 

> = 

T h e  f e e d i n g  r e s p c r i s e s  of 1, s t r o b i  w e e v i l s  t c  fresh a n d  

d r i e d  tark  were b o t h  s i q n i f i c a n t l y  d i f f e r e n t  from t h e  f e e d i n g  on 

p l a i n  aqar  ( A N C V A ,  P <0,0 1 ) .  T h e  d i f f e r e n c e  between fresh a n d  

d z i e d  bark, however, was n o t  s i q n i f i c a n t  (Tab l e  V I )  , i n d i c a t i n g  

t h a t  the v o l a t i l e  c h e m i c a l s  that a r e  p r e s u m a b l y  l o s t  d u r i n g  t h e  

d r y i n q  process are n o t  c r u c i a l  i~ t r i g g e r i n g  a f e e d i n g  r e s p o n s e  

by 2, s t r o b i ,  T h e y  could b e  i ~ p o r t a n t ,  however, a s  a t t r a c t a n t s  

o r  repellents. 

v l s t e r n  r e d  cedar  l e a f  o i l  p r o v e d  to be h i g h l y  deterrent to 

f e e d i n q  b y  E. strobi, T h e  b i o a s s a y  effectively q u a n t i f i e d  t h e  



T a b l e  V. F e e d i n g  response of 2 ,  strob2 to agar d i s c s  treated 

E h e  sur face  with pentaas and ether extracts  of s i t k a  spruce  

bark. # = I  5 r e p l i c a t e s ,  2 w e e v i l s / r e p l i c a t e .  
* 

Hean nuaber of  f eed ing  punctures 

Extract dales Fe a a l e s  

Treated Untreated T ~ e a t e d  Untrea tea 
Q )i 

d i s c s  d i s c s  discs d i s c s  

Ether (10pl) 13.3 0. I**  46.5 0 .'4* * 
-- 

Q 
t- t e s t  s i q n i f  icance  l e v e l  on ?iff erence between treated a n d  

c o n t r o l  f o r  each sax indicated by : **=P<0.01 



T a b l e  VI. P e e d i a g  r e e p o n b  of p. strobi to agar d i s c s  with 

f r e s h  and dry bark from S i t k a  sFrucs terminal l e a d e r s .  N=1s 

r e p l i c a t s s  p e r  e x p e r i m e n t ,  3 weevils/replicate.  

.a Hean number of f e e d i n g  ~ u e c t u r e s  

Type  of 

Agar d i s c s  Plain aqar Agar d i s c s  Plain agar 

w i t h  d r y  d i s c s  w i t h  f r e s h  discs 

e x p e r i a e n t  bark bark 

S i n q l e  bark 

s t i m u l u s  3.8 0 . 1  12.3  0.0 

Double bark 

OI 
Differences i n  f e e d i n g  on discs w i t h  fresh and dry bark Mere nct 

sta t i s t i c a l l p  s i g n i f i c a n t ,  t - tes t .  



i n c r e a s i n g  d e t e r r e n t  ef f act of higher s t i m u l u s  c o n c e n t r a t i o n s  

(Table  V I I ) .  as t h e  b ~ o u n t  o f  cedar l e a f  o i l  i n c r e a s e d  on t h e  

treated s i d e ,  t h e  weevils f e d  preferentially cn the u n t r e a t e d  

a g a r  discs, 

The experiments reportsd h e r e i n  show that a n  a g a r  disc 

b i o a s s a y  c a n  b e  effectively u t i l i z e d  t o  e v a l u a t e  q u a n t i t a t i v e l y  

the feeding s t i a u l a t c r y  a n d  d s t e r r e n t  F r o p e r t i e s  of n a t u r a l  

p l a n t  p r o d u c t s  o n  E ,  s t r o b i .  S t i m u l i  c a n  either b e  

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

surface a t o p  t h e  d i s c .  

E v a l u a t i o n  of  feeding i n  t h i s  bioassay can be d o n e  by 

c o u n t i n q  t h e  n u m b e r s  of f e e d i n g  p u n c t u r e s ,  wh ich  are  h i g h l y  

c o r r e l a t e d  with t h e  amoun t  of m a t e r i a l  a c t u a l l y  i n g e s t e d  b y  t h e  

i n s e c t s .  T h e  b i o a s s a y  can be  c a r r i e d  o u t  using 1-3 insects per 
F-- 

/ 

r e p l i c a t e  u i t h c u t  affecting t h e  b e h a v i o r  of  the, u e e v i l s .  

Separate tests f o r  each sex are  not  n e c e s s a r y  a s  both sexes 
'3 

responded equally t o  feed inq  s t i m u l a n t s  a n d  d e t e r r e n t s  {Tables 

The  bioassay h a s  been used t o  c o n f i r m  t h a t  feeding 

stimulants f o r  1, m b i  o c c n r  i n  t h e  bark of S i t k a  spruce, a n d  

that c h s a i c a l s  f r o .  western r e d  c e d a r  leaf  oil i n h i b i t  f e e d i n g  
, 



Table VII. ~ e e d i n g  response of  9. s t r o b i  to agar d i s c s  

c o n t a i n i n g  2% S i t k a  spruce bark and t r e a t e d  on t h e  surface with 

i n c r ~ a s i n g  concentrat ions  of  v e s t e r n  red cedar leaf o i l .  ~ = 1 5  

r e p l i c a t e s ,  2 v e e v i l s / r e ~ l i c a t e .  
/ 

Hean number of -feeding punctures 
z. ,- d 

Amount of cedar  Hales Females 

o i l  a p p l i e d  Treated u n t r e a t e d  Treated Untreated 

discs 
& 

d i s c s  discs d i s c s  OL 

d 
t-test s i g n i f i c a n c e  level o n  difference b e t w e e n  treated and 

.-- control for  each s e x  i n d i c a t e d  by : **=P<0.01 *; *=P<0.05 ,  
$7 -> 



s on an ' otherwise acceptaPle  - leeding sub st re^. The larga 
h .- w* 

difgerences ba*uee$ feeding UJL* aredted and . untreated discs 
/' C 

i ~ a b ~ e  v )  , make &is' b?oassay , part i=-ular lg  s u i t a b l e  for 



4. I .  I n t r o d u c t i o n .  

Experiments i n  s e c t i o n  3 i n d i c a t n d  t h a t  both s e x e s  of 2. 

strohi . e x h i b i t s d  a f e e d i n q  response t o  a g a r  d i s c s  c o n t a i n i n g  

S i t k a  spruce bark. The b a r k  used i n  these experiments was 

o b t a i n e d  from l a t e r a l  b r a n c h e q  of S i t k w u  a n d  n o t  from t h e  . 3 
tree l e a d e r s  w h i c h  are t h e  preferred f o o d  fcr the weevils when 

!' 

t h e y  a t t a c k  trees i n  t h e  s p r i n g .  Therefore, i t  was of interest, 

t o  determine w h e t h e r  s t i r u l a n t s  f rom t h e  l e a d e r  would e l i c i t  a 

s t r o n g e r  f e e d i n g  r e s p o n s e  t h a n  those f r o m  l a t e r a l  tranches. An 9, 
a d d i t i o n a l  o b j e c t i v e  was t o  test  t h e  E o l i a q e ,  on which t h e  

weevils d o  not f e e d ,  for f e e d i n g  s t i m u l a n t  o r  deterrent 

a c t i v i t y .  

4 2. n e t h o d s  a n d  m a t e r i a l s .  

Xylem, n e e d l e s  a n d  b a r k  from t h e  l e a d e r  a n d  lateral 

b r a n c h e s ,  c o l l e c t e d  i n  the f a l l ,  were s e p a r a t e l y  d r i e d  ( 6 0  C f o r  

8h) , ground  t o  a powder a n d  i n c o r p o r a t e d  a t  1% r / w  i n t o  a q a r  

d i s c s .  The b a s e  of e a c h  n e e d l e  was c u t  t o  e l i m i n a t e  a t t a ched  

p i e c e s  of b a r k  t h a t  c o u l d  c o n t a m i n a t e  the n e e d l e  powder. The 

treatments c o n s i s t e d  of 15 d i s h e s ,  each c o n t a i n i n g  a p l a i n  aga r  

d i s c  a n d  a n  agar d i s c  with 1 %  t e s t  powder .  



An e x p Q r i m e n t  was c o n d u c t e d  t o  d e t e r m i n e  w h e t h e r  t h e  n e e d l e s  

c o n t a i n  c h e m i c a l  d e t e r r e n t s - t h a t  prevent f e e d i n g  o r  w h e t h e r  t h e  

o b s e r v e d  a b s e n c e  of feeding is d u e  to a d e f . i c i e n c y  in feeding 

s t i m u l a n t s ,  E x p e r i m e n t  a1 d i s h e s  were p r e p a r e d  t h a t  c o n t a i n e d  

one agar d i s c  e a c h ,  A c o n t r o l  t r e a t m e n t  c o n t a i n e d  1% dried and 

ground S i t k a  s p r u c e  b a r k  w h i l e  experimental treatments c o n t a i n e d  

bark p l u s  dried and  g r o u n d  Sitka s p r u c e  n e e d l e s  from t h e  + l e a d e r  

i n c o r p o r a t e d  a t  c o n c e n t r a t i o n s  of 0,1, 1.0, 2.5, and 101, i n t o  

the agar .  A d e c r e a s e  i n  t h e  f e e d i n g  activity i n  t h e  agar d i s c s  

c o n t a i n i n q  t h e  b a r k - n e e d l e  m i x t u r e  w i t h  respect t o  t h e  f e e d i n g  

' on t h e  d i s c s  with bark a l o n e  would d e m o n s t r a t e  t h a t  c h e m i c a l  

f e s d i n g  d e t e r r e n t s  a r e  p r e s e n t  i n  t h e  needles of S i t k a  s p r u c e .  

Each e x p e r i m e n t  was r u n  f o r  8h with 3 insects i n  each of I S  

r e p l i c a t e s .  

4.3. R e s u l t s  and d i s c u s s i o n .  

A 1 1  p a r t s  of t h e  S i t k a  s p r u c e  tree t e s t e d  e l i c i t e d  a P feed i ag  

response t h a t  was h i g h e r  th'an t h e  control stimuli (Table 

1 1 )  . T h e  s t r o n g e s t  r e s p o n s e  was t c  t h e  b a r k  of both t h e  

leader a n d  t h e  l a t e r a l  branch. No difference was f o u n d  b e t u e e n  

leader a n d  l a t e r a l  b r a n c h  bark. Leader xylem elicited a h i g h  



Table VIII. F e e d i n g  r e s p o n s e  of P. s t r o b i  t o  agar discs 

c o n t a i n i n q  powdered bark, xylem or needles  of the l e a d a r  or 

% l a t e r a l  - branches of Sitka 'spruce, N=15 replicates, 3 

w e e v i l  s /replicate.  

Part of the Hean number of feeding punctures 

tree t e s t e d  P l a i n  agar  Agar  d i s c  w i t h  

d i s c  & b  t e s t  powder 

Leader xylem 0.0 19.6 a 

Leader n e e d l e s  0.3 4 . 1  b 

Leader bark 0.1 26.2 a ,  

Lat 

L a t  

sral b r a n c h  xylem 0 .1  

era1 branch qeedles 0.1 

Lateral branch k a r k  0.0 

@ f e e d i n g  on discs w i t h  test powder was in a l l  cases s i g n i f i c a n t l y  

d i f f e r e n t  from t h e  f s e d i a q  on plain agar, t-test, PC0.05. 

b 
means fol iowed b y  the same letter are not s i g n i f i c a n t l y  

d i f  f ~ r e n t ,  Newman-Kenls t 3 s t ,  P<0.05. 



degree o f  feeding s t i m u l a t i o n ,  rher ias  f e e d i n g  s t i m u l a t i o n  b y  

l a t e r a l  b r a n c h  x y l e m ' u a s  low.- s t i r n u l a t o r y  c h e m i c a l s  t h a t  appear  

t o  b e  p r e s e n t  i n  the xylem of t h e  l e a d e r  may i n  p a r t  be  t h e  

s t i m u l i  t h a t  r e t a i n  w e e v i l s  on t h e  l e a d e r  t i p s  for o v i p o s i t i o n .  

They may a l s o  i n d u c e  mature p .  strobi l a r v a e  t o  b o r e ,  i n t o  t h e  

xylem s h o r t l y  before p u p a t i o n ,  It i s  c o n c l u d e d  t h a t  t h e  2 types 

- of b a r k  c a n  b e  e q u a l l y  u s e d  i n  a c h e m i c a l  i s o l a t i o n  p rog ram f o r  - 

the feeding s t i r n u l a t o r y  chemicals. ' 

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

b r a n c h e s  a n d  l e a d e r  was v e r y  weak (Table VIII) . T h i s  f i n d i n g  

a q r e e s  w i t h  t h e  f a c t  ' t h a t  g. s t r o b i  d o e s  n o t  f e e d  cn o r  

p u n c t u r e  t h e  n e e d l a s .  The a d d i t i o n  of needle pcuder  t o  a g a r  + 

.ay-- 

discs t h a t  c o n t a i n e d  s i t k a  s Fruce  bark d r a s t i c a l l y  r e d u c e d .  the 

feeding r e s p c n s e  of E, s t f o b i  ( F i g ,  3 ) ,  d e m o n s t r a t i a q  t h a t  

chemical f e e d i n g  d e t e r r e n t s  are  p r e s e n t  i n  t h e  n e e d l e s .  The  

p r e s e n c e  o f  t h e s e  d e t e r r e n t s ,  p e r h a p s  c o u p l e d  t o  a relative 

a b s e n c e  of f e e d i n g  s t i m u l a n t s ,  may i n  p a r t  d i r e c t  t h e  w e e v i l s ,  

upon l and i4nq  on t h s  L e a d e r s ,  away -from the n e e d l e s ,  toward the 
p 

a p p r o p r i a t e  s i t e  for f e e d i n g  P a n d  o v i p o s i t i o n ,  i . e ,  t h e  bark 

s u r f a c e .  



A' 

P i .  3 .  F e e d i n g  response o f - 2 .  strub$ to agar-Sitka spruce 
fl 

d i s c s  c o n t a i n i n q  increasing aaosl(ts of S i t k a  s p r u c e  needle 
,'. 

powder. W -  T s 
l i  ,? ' t 

r* 
, 

-4 

.r 6 
d 



Concentration of needle powder (%)  
in agar-spruce bark discs 



E 

5.0. F E E D I N G  Of 2. STBOBI CN HOST AHD HCB-BOST TREES.  

The h o s t  selection process in p. strobi s t a r t s  early in t h e  

s p r i n g  when a d u l t s  of bcth sexes cadge frcm their c v e r w i a t e r i i L g  

sites i n  t h e  roil, duff or l i t t e r ,  or on t h e  l a t e r a l  branches of 

trees a t t a c k e d  the previous year ( B e l y e a  and S u l l i v a n  1956, 

S i l v e r  1968,  t l cau l l en  a n d  C o n d r a s h o U  1973)  . Upon emerqence , .  

t h e  v e e r i i s  -'k&??? reach' s u i t a b l e  h o s t s ,  w h i c h  i n  t h e  Pacific 

N o r t h w e s t  are Sitka s p r u c e  trees h a v i n g  a l a r g e  doninant-  leader 

(Gara d. 1971 ,  VanderSar  and ~ c r d e n  1977a) . H o v e a e n t  to the 

host is accomplished by f l y i n g  ( E a r r a n  a n d  Kulnan 1 9 6 7 ,  
g' 

O v e r h n l s e r  and Gars 1 9 7 5 ,  tiarman 1375) o r  . b y  c r a w l i n q  (Belyea 

and ~ u i l i v - a n  1356 ,  D i r k s  1364): D i s p e r s i n g  2, s t r o u  

d i f f e r e n t i a t e  t h e  h o s t  f r o a  several other coincident conifer a n d  

noa-coni fer  p l a n t s  i n  a n  a p p a r e n t l y  very precise ' manner. The 

a e c h a n i s l r  b y  which the s e l e c t i o n  - i s  a c c o m p l i s h e d  is not v e r y  

well u n d e r s t o o d .  VanderSar and Borden'  ( 1 9 7 7 a )  s h o v e d  i n  

laboratory b i o a s s a y s  t h a t  overwintered E .  s t r o b i  are a t t r a c t e d  

t o  b l a c k  s i l b o n e t t e s  t h a t  resemble t h e  leaders of Sitka spruce 

and p o s t u l a t e d  t h a t  v i s i o n  c o u l d ,  p l a y  an i n p o r t a n t  role  in A o 

s e l e c t i o n  of ths host tree. T h i s  v i s u a l  perception, however, i s  

i n s u f f i c i e n t  to acccuat for the a b i l i t y  of the weevil to - 



d i f f e r e n t i a t e  between eonifers  t h a t  h a v e  s imi la s  leader 

c h a r a c  terist ics. Si lhouet te  cues cac perhaps b e  more- important 

i n  differentiating conifers  from shrub-like ncn-ccni fer  plants. 

D o u b t l e s s ,  a more c o a p l e x  p a t t e r n  of  cues is i n v o l v e d  i n  . the C 

' food,  plant r e c o g n i t i o n  process. As indicated b y  Thorstelnson 
4 8 c 

Q 
1' ( 1 9 6 0 ) .  the spectral coaposit ion of l i g h t  reflected from 

/" 3 , l-. - 
surfaces o f  p lants  a n d  the che~ical cons t i tu t ion  of giants, 

e s p s c i a l l y  the  l a t t -e r ,  provides the complex p a t t e r n s  of - s t i m u l i  
. . 

necessary t o  e x ~ l a i n  the d i scr i&natory  powers of i n s e c t s .  

This section cosprises  a  series of erperiments d e s i $ n e d  to 

determine whether  t h e  chemicals t h a t  incite biting and s t i e u l a t e  

feeding' b y  g. rtrobi  a r e  a l s o  present i n  other plants, or 
3 

,' 

whether they are un ique  t o  Sitka spruce and t h e  otherccnifer 

hosts 'of the ueeoil. , 

5 . 2 .  nethods  and m a t e r i a l s .  

Tbe aqar d i s c  bioassay (Section 3) was used t o  s t u d y  the 
I 

presence of f e e d i n g  s t j m l a n t s  i n  several n a t i v e  and erot ic  

coni fers .  The s ~ e c i . 8 ~  tested were co l l ec t ed  i n  plantations or 

i n  an a rbore ta .  at t h e  University of B r i t i s h  Coluabia Research 
'--, 

Forest, Yapla Ridge, El,€,. and in nature at Uaaning P r o v i n c i a l  
-3. 

Park, B. C 1  The exporinents  also inchti& comaon non-conifer 



p l a c t s  fonnd i n  p l a n t a t i o n s  of S i t k a  spruce in , the l o v e r  

maisland of B r i t i s h  mluat-la, 

For  each c o n i f e r  species  (Table  I X )  , a sample of log  of 

lateral b r a n c h  b a r k  from each of 10 trees for f i e l d  col lected 

bark and 4 - 1 0  t r ees  from arboretum species, was collected and 

pooled. In t h e  laboratory, t h e  needles were r e ~ o v e d  and the 

bark  oven dried (60 C fcz ah) and m i l l e d  tc a pcwder. Bark o r  

l e a v e s  ( t h e  l a t t e r  used f o r  sword f e r n  and s a l a l  only) from 

n o n - c o n i f e r s  we re collected and prepared in a sini l a r  m a n n e r ,  

Three t y p e s '  o f  e x ~ e r i ~ e n t s ,  each with 10 r e p l i c a t e s ,  and 3 

weerils p e r  replicate, uere per formed: 

a )  S i n q l e  stimulus oioassays :  weevils g i v e n  a choice 

between a p l a i n  a g a r  d i s c  and  a disc t h a t  c o n t a i n e d  1 %  pcwdered  
f' - 

t e s t  p l a n t  tissue. 

b) Double s t i r n u l u s  b i o a s s a p s :  w e e v i l s  g i v e n  a choice  

b e t * - n  o c ~  -agar  d i s c  w i t h  1 %  p o w d e r e d  Sitka spruce bark and a 
t 

disc w i t h  1% test p l a n t  powder. 



Table IX. Conifer and non-conifer  s p e c i e s  tested i n  f e e d i a q  

stimulation experiments with g'. strobi. Species followed by 

asterisk are s y m p a t r i c  r i t h  Sitka or Engelmaan spruce in F r i t i s h  

Columbia.  

1 

Coaaon name S c i e n t i f i c  name 

B i s h o p  pine p i n u s  muricata I). Don. 

Bhutan p i n e  P i n u s  v a l l i c h i a n a  Jackson 

Eastern w h i t e  p i n e  Pinus strobus L. 

J a c k  p i n a  P i n u s  banks ianq Lamb. 

Korean p i n e  P i n u s  koraiensAp S i e b .  e t  Zucc.  

~ i a b e r  pine Pinus f l e x i l i s  Jaaes  

Lodqepole pins P i n u s  con to r tg  Donql. * 
Racedonian p i n e  P i  nus  peuce G r i s e b .  

nonterey p i n e  

a Ponderosa pine 

S c o t c h  p i n e  

Vestern white p i n e  

Blue spruce 

Brewer spruce 

Engelmann s p r u c e  

Yaruap s p r u c e  

Zed spruce 

Pinus gadia tq  D. Don. , - 
P i n u g  p o n d e ~ ~ p s a  Laws. 

PiauS svlvestr is  L. 

P i n n s  a o n t i c o l a  Dougl. * 
Picea punuens Engelm. 

P i c e a  breweciaeq Wats. 

Picea enaelmarinu Parry ex Enqelm. 

Picea a b i e s  (L.) Karst, 

Picea  y u b e n s  Sarg.  



T a b l e  I X  (Continued) 

S i t k a  s p r u c e  Picea s i t c h e n s i s  (Bonq.) C a r r .  

S e r b i a n  spruce -- P i c e a  - omorika ( P a n c i c )  P u r k y n e  

Hhite s p r u c e  P i c e a  a l a u a  (Hoench) Vos's. * 
Alpine fir  -- ~ b i e s  l a s i c c a r ~ a  (Hook.)  Mutt .  * 
A m a b i l i s  fir B b h s  amabilis ( D o u g l . )  Forbas  * 
Grand f i r  B b i e s  qraadis ( D o u g l . )  L i n d l .  * 
Greek f i r  Abies c e p h a l o n i c a  Loud. 

' ~ o b l e  f i r  --- A b i e s  n o b i l b  Rehder 

S a c h a l i n  f i r   big^ s a c h a l i n e n s h  Mast .  

White f i r  A b i e s  c o n c o l o r  L i n d l .  ex H i l d e b r ,  

Restern hemrock h e t e s o ~ b u  ( R a - f . )  S a r g .  * 
J a p a n e s e  hemlock T s u q a  s i a b o l d i  Carr. 

Lavson  cypress ~ a e a e c v ~ a r i s  l a w s o n i a n a  P a r l ,  

Alaska y e l l o w  cedarm Chamaecvparis q q e t k a t e n a  

( D .  Don) S p a c h .  * 
3 e s t e S n  red c e d a r  T h u i a  p l i c a t a  Donn. * 
D o u g l a s  f i r  P S ~ U ~ O ~ S U ~ ~  ~enziesii ( ~ i r b : )  P r a n c o  * 
-Broad1 eaf m a p l e  Acer a a c r o ~ h v l l u i a  P u r s h .  * 
Red a l d e r  '\ Jlnus rubra Bong. * 
Red h u c k l e b e r r y  V a c c i n i n a  ~ f i f o l i u m  Smith* * 
Sword fsrn ~ o l v s t i c h u a  muniturn Presl, * 
S a f a l  ~ a u l t h e r i a  shallon P u r s h  * 
S a l a c n b e r r y  -- Rubus spec- b i l i s  ~nrsh * 



c) ~ e s t  for f e e d i n g  deterrents: weevils ' q i v e n  a c h o i c e  
- 

b e t w e e n  one d i s c  uith 1 %  S i t k a  spruce bark and o n e  -u i tR  a  

m i x t u r e  of ~ i t k a  spruce k r k  ( 1 % )  a n d  test  p l a n t  p o u d e r  ( 0 , 5 1 ) ,  P 
o f  selected spscies uith low s t i m u l a t o ~ y  a c t i v i t y  i n  the f i r s t  2 

types o f  e x p e r i m e n t s .  

. ,s 
Due t o  t h e  a ~ o u n t  of work i n v o l v e d ,  p l a n t s  were t e s t e d  in 

q r o u p s  of 7- 10 species, e a c h  i n c l u d i n q  S i t k a  s p r u c e .  Single 
? 

s t i m u l u s  bioassays, i n  which c o m p a r i s o n s  between species were 
* 

s o u g h t ,  uere analyzed u s i n g  a n a l y s i s  ; of . v a r i a n c e  a n d  

Newaan-Keuls  multiple range test of means. In d o u b l e  s t i m u l u s  

bioassays a n d  i n  t h e  test for feeding d e t e r r e n t s ,  e a c h  species 

was compared uith S i t k a  s ~ r u c e ,  w i t h i n  each t r e a t m e n t ,  b y  u s i n g  

a s t a n d a r d  t-test for  p a i r e d  c o m p a r i s o n s ,  

5.3. Results a n d  d i s c u s s i o n .  

5 , 3 . l .  S i n g l e  stimulus b i o a s s a  ys, 

1 '  
A l l  c o n i f e r s  t e s t e d ,  w i t h  t h e  d e p t i o n  of isupa h a t e r o ~ h ~ l l q  

and C h a m a e c ~ ~ a r i s  nootkatensis, e l i c i t e d  a s i q n i f i c a n t l y  h i g h e r  

f e e d i n q  r e s p o n s e  i n  2, s trobi  t h a n  t h e  r e s p o n s e  t o  p l a i n  agar 

fP tO.05 )  (Pig, 4). This r e s u l t  i n d i c a t e s  t h a t  t h e  feeding 

s t i a u l a t o r y  chemicals are not restricted . on ly  t o  host trees, b u t  



E 

Fig. 4. Feeding respon'se of E. strobi in s i n g l e  . s t i m u l u s  G 

bioassays ,  to agar &i,cc> containing 1% pcodered  bark or l eaves  A 

&- - .  
w 

3 

of selected conifer and non-con i fer  plants. Responses e x p r e s s e d  

as percent pi response to Sitka spruce. P e e d i n q *  on species 

under  h c r i z o e t a l  bar was n o t  significantly lower t h a n  on 

Sitka spruce (Beurnan-Keuls t a s t ) .  



A bies Other Conifers Non Conifers ,+: 



that they a r e  p r e s e n t  i n  a wide v a r i e t y  of species i n  d i f f e r e n t  

c o n i f e r  genera, T h e  f a c t  t h a t  n o n e  of the n o n - c o n i f e r s  t e s t e d  

t r i q q e r e d  a f a e d i n g  r e s p o n s e  i n  g ,  s t x o b i  ( ~ i g ,  4), however, 

s u g g e s t s  that t h e  d i s t r i b u t i o n  'of t h e  s t imula togy  chemicals may 

b e  restri-ed t o  c o n i f e r s  only. A l l  s p e c i e s  t e s t e d  w i t h i n  t h e  

genus P i n u s  a n d  a l l  b u t  one i n  p i c e a  (g ,  brewerianq) e l i c i t e d  , 

f e e d i n g  r e s p o n s e s - h i 6 h e r  o r  n o t  d i f f e r e n t  f r o b  t o  that of  S i f k a  
> 

s p r u c e  ( P i g .  4 )  ".if f e r e n c e s  among t h e  three hosts  of g ,  strob&, 

p i n u s  s t r o b u s ,  f iceq s i t c h e ~ s i s  a n d  g. ~ n u e ~ m a e a i ~ ,  were n o t  

s t a t i s t i c a l l y  s i g n i f i c a n t  (P>0 ,US) . C o n i f e r s  i n  q e n e r a  o t h e r  

t h a n  P i n u s  a n d  f i c e a  e l i c i t e d  a response t h a t  was less t h a n  50% 

cf the response e l i c i t e d  by S i t k a  s p r u c e ,  suggesting t h a t  

f e e d i n g  stimulants p r e s e n t  i n  P i n u s  a n d  Picea are q u a n t i t a t i v e l y  

a n d / o t  q u a l i t a t i v e l y  d i f f e r e n t  frcm t h e  c p e m i c a l s  present i n  
&$' 

d 

other q e n e r a .  These d i f f e r e n c e s  may p a r t i a l l y  a c c o u n t  f o r  t h e  

n c n - p r e f e r e n c e  cf E. strobi for s p e c i e s  o u t s i d e  P i n u s  o r  gjcea, 

F s e u d o t s u q a  m e n z i e s i i ,  A b i e s  l a s i o c a ~ ,  J h u i a  plj cata  a n d  - 
T s u u a  h e t e r o ~ h y l l a  e l i c i t e d  less t h a n  30% of  t h e  f e e d i n g  

= 

a c t i v i t y  t r i g g e r e d  by S i t k a  s p r u c e  ( F i g .  4 ) .  These species 

s h a r e  t h e  r a n g e  with S i t k a  a n d  Enqelmann s p r u c e  a n d  must, . . 
theref ore, be a c t i v e l y  discriminated a g a i n s t  by s e a r c h i n g  P. 

s t r o b i .  



5.3.2. D o u b l e  s t i m u l u s  b i o a s s a y s .  

I n  choice bioassays b e t w e e n  S i t k a  s p r u c e  a n d  s e v e r a l  c o n i f e r  

s p p . ,  g. s t r o b i  d i d  n o t  d i s c r i m i n a t e  between S i t k a  spruce, - 

P i n u s  b a n k s i a n a ,  - P a  ~ v l v e s t r i q ,  E. po nderosa, p. m u r i c a t a ,  

P i c e q '  gnq - elmannu. a n d  2. q ~ a u ~ a  ( P i g .  5 ) .  These- species a r e  

p r o b a b l y  c h e . i c a l l y  s i n i l a r  to e a c h  o t h e r .  All, e x c e p t  

p d e r c s a  a n d  2. m u r i c a t a ,  a re  a t t a c k e d  ( a t  least k c a s i o n a l l y )  

b y  the w e e v i l -  (HacAloney  1332,-. B e l y e a  and S u l l i v a n  1956). 
e 

Feeding on picea , b r eve r&na '  was m a r g i n a l l y  l o v e r  (P<O. 1 1) t h a n  

t h e  feeding on S i t k a  s p r u c e .  I n  a l l  o t h e r  cases t h e r e  uas a 
= v --. 

s i g n i f i c a n t  praference (P<O.O 1) f o r  d i s c s  w i t h  S i t k a  %rote 
-. 

(Piq. 5 ) .  This r e s u l t  d e m o n s t r a t e s  t h a t ,  despite the h i g h  

" f e e d i n g  on  p i n u s  a n d  P i c e a  i n  s i n g l e  s t i ~ u l u s  e _ x p e r i m e n t s ,  most  

n o n - h o s t  s p e c i e s  tested were s u b o p t i m a l  f o r  ~ t r o b i .  The  

h i c h  f e e d i n g  rate on n o n - h o s t  s p e c i e s  i n  a more f o r c e d  'feeding 

s i t u a t i o n  ( P i g .  4)  , i n d i c a t e s  t h a t  2 ,  strobi can  lower i t s  

a c c e p t a b i l i t y  t h r e s h o l d  du,e t o  stress a n d  feed on s p e c i e s  that 

h a v e  i n a d e q u a t e  feeding s t i r n o l a t o r y  c h a r a c t e r i s t i c s ,  

S p e c i e s  s y m p a t r i c  w i t h  the w e e v i l ' s  western hosts  a able 
IX) , were r e a d i l y  d i s c r i m i n a t e d  against i n  f a v o r  of S i t k a  spruce 

( F i q .  5 ) ,  c o n f i r m i n g  t h a t  t h e  levels a n d / o r  c o m b i n a t i o n  of 

feeding s t i a u l a n t s  f o r  2. s t r o b i  from S i t k a  spruce a re  optimum 



P i g ,  5. P e e d i n g  response of 2. s t r o b i  when given a 'choice l 

b e t w e e n  agar d i s c s  w i t h  1% S , i t k a  spruce bark and d i s c s  w i t h  1% 
I 

bark f rog other conifers, R2sponses expressed a s  percent of 
Y 

response t o  Sitka spruce. Peedi 'ng on  s ~ e c i e s  under horizontal 
/ 

C 

bars was 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  from f e e d i n g  on S i t k a  

s p r u c e  ( t - t es t )  . 



Pmus Picea Other Conifers 





/ 

P i g .  6 .  Feedinq r e s p o n s e  of 2. s t x o b i  when g i v e n  a chaice 

between agar discs u i t h  1% Sitka s p r u c e  bark and discs q u i t h  1% 

sitka s p r u c e  bark p l u s  0 . 5 %  bark or leaves of s e l e c t e d  conifer 

and n c n - c o n i f e r  plants, Responses expressed as percent of 

response, to Sitka spruce.  Peed ing  on aqar  d i s c s  c o n t a i n i n g  - 

S i t k a  spruce and any of the species under h o r i z o o t a l  b a r s  was 

not significantly d i f f e r e n t  from feeding on agar d i s c s  with 
L-' 

S i t k a  spruce a l c n e  ( t - t e s k ) ,  



Conifers I Non Conifers 



l a s i c c a ~ ~ '  Kicata, 2. het6rophvlla a n d ,  n o t a b l y  in choice 
2; t / 

bioassay*, by eastern host, finus s t robus  ( ~ i q .  
I' 

6 ) .  explains $heir l o w  f e e d i n g  s t i n u l a t o r y  a c t i v i t y  i n  the o t h e r  

2 expegimeats ( F i g s . .  4 ,  5) . 
\ 

P i n u s  m o n t i c o l q  and g, c o n t o r t a  were r e a d i l y  d i s c r i m i n a t e d  

a g a i n s t  i n  choice f e e d i n g  b i o a s s a y s  (Pig. 5 ) ,  b u t  they d i d  n o t  

deter f e e d i n g  s i g n i f i c a n t l y  when , a d d e d  t o  S i t k a  s p r u c e  bark % 

(Pig. 6)  . Therefore, n o n - p r e f e r e n c e  for these s p e c i e s  in 
f 

c h o i c e  f e e d i ~ g ,  b ioassays  i s  apparently due t o  q u a n t i t a t i g e  
L "  

' 4  

-, a - 
and /o r  q o a l i t a  t i v e  d e f i c i e n c y  i n  f a e d i n g  s t i m u l a n t s  r a t h e r  t h a n  P'  

! t o  t h e  presence cf f f e d i n q d e t e r r e n t s .  
,& 

T h e  n o n - e r e f e r e n c e  of P. s t r o b i  fd'P eastern white p i n e  i d  
.. d 

c h o i c e  feeding experiments (Piq. 5), a n d  the f i n d i n g  t h a t  it' 

contains chemical f e e d i n g ; d e t e r r e n t s  f o r  1, strob& ( F i q .  6)  

c d n t r a d i c t s  t h e  f a c t  t h a t  e a s t e r n  w h i t e  pine i s  the p r e f 8 r r e d  

5os.t for-the weevil in eastern North Anerica, The results, 

however ,  e x   lain t h e  c b s ~ r v e d  a o n - p r e f e r e n c e  o f  2 .  &r%k& for  
I . ,  

. e a s t e r n  u h i t e  p i n e  i n  ~ r i t i s h  C o l u a b i a .  ~t ths UBC Research 

F o r e s t  where e a s t e r n  white p i n e  was cbllect=d, t>h& are  s e v e n & .  . 

clones of t h i s  species growing side by s i d e ,  w i t h  a S i t k a  s p r u c e -  

p l q n t a t i o n .  Although t h e  u e e ~ i l ~ ~ o ~ u l a t i o n  i n  the area ijs h i g h  . 
4 

( u p  to 80% of  t h e  S i t k a  spruce trees trees a t t a c k e d ) ,  e a s t e r n  



u h i t e  p i n e  h a s  c e v e s  been  a t t a c k e d , .  This o b s e r v a t i o n  poses  - 2  , 

h y p o t h e s e s .  Either British C o l u m b i a  grown easterri w h i t e  pine i s  

d i f f e r e n t  frcm w h i t e  p i n e  from t h e , E a s t ,  o r  ' t h e  e a s t e r n  a n d  

western p o p n l a t i c n s  of 1. s t r o b i  a r e  d i f f e r e n t ,  s i n c e  +the 

eastern u n i t e  p i n e  c l o n e s  s a m p l e d  were b r c u g h t  d i r e c t l y  from t h e  

E a s t ,  i t  is  unlikely t h a P t  the f i r s t  h y p o t h g s i s  is c o r r e c t .  

H a n n a  a n d  smith ( l 3 5 3 ) ,  S n i t h  ( 1 3 6 2 )  a n d  Snith a n d  Sudgen (19-69) 

d e a o n s t r a t e d  cn m o r p h o l c g i c a l  a n d  s e r o l c g i c a l  ba =is, t h a t  2. 

stroki reared from eastern white p i n e ,  S i t k a  _ s p r u c e  and 

E c q e l a a n n  s p r u c e  a r e  r a c e s  o f  2 .  g s o b i  and  r . o t  d i f f e r e n t  . , 

species a s  H o ~ k i ~ s  ( 1 3 1  1 )  p r o p o s e d .  " H o u e v e r ,  it is p o s s i b l e  _1 7 

that in the l o n g  period of i s o l a t i o n ,  the p o p u l a t i o n s  i n  eastern * 

u h i t ~  p i n e  a n d  S i t k a  sFruce h a y s  d i f f e r e n t i a t e d  t o  the p o i n t  a t  
P 

w h i c h  1. s t r c k i  reazed from S i t k a  spruce qoes hct,  r e c o g n i z e  
-3 

eastern u h i t e  p i n e  a s  a h o s t .  A d e f i n i t e  answer c o u l d  oe obtained 

by t e s t i n g  white p i n e  c c l i e c t e d  i n  t h e  e a s t  w i t h  western u e a v i l s ,  

T h e  study of h y b r i d  waevils would a l s o  b e  p e r t i n a n t .  1 

In conc lus icn ,  t h e  f i n d i n g  t h a t  t h e  f e e d i r g  r e s p o n s e  of 1. 
1 d 

s t r o t i  t o  a g a z  d i s c s  c o n t a i n i r g  g r o u n d  u p  b a r k  o r  l e a v e s  of 

~ l a c t s  v a r i e d  g r a d u a l l y  from h i g h  acceptance  +A a k s o l u t e  

run-preference i n d i c a t e s  t h a t  t h e  , f e e d i n g  response ic t h i s  lnsect  

i s  a e t e r a i o e d  b y  a c c n p l e x  v a r i s t y  o f  c h e m i c a l s  t h a t  a r e   resent 

i n  different s p e c i e s  in r i x t u r &  t h a t  d i f f e r  i n  q u a l i t y  a n d  

q u a ~ t i t ' j ,  Acceptarcs o f  c s r t a i r  s p e c i e s  by  2,  s t r o b i  i s  

a e d i a t e d  by c o n i f e r - k c r n e  f e e d i n g  s t i r n ~ a n t s ,  R e j e c t i o n  cf some 



n o n - h o s t  plants was s h c v n  to be due to the presence of feeding  

detefrents, and of others  to. inappropiate  l eve l s  or b l e n d s  of 

f e ~ d i n q  s t i m u l a n t s .  The selection of Sitka and ~ n ~ e l n a n n  spruce 

o v a r  all other non-host species by B.C. weevils is p r o b a b l y  

determined u l t i m a t e l y  b y  only a few chemicals that are s ~ e c i f i c  

to t h e s e  t r e e  species. 



6.0. DIFFERENCES IN HOST SELECTION AND DEVELOPMENT OF 

PLSSODES STROEI. REAgED CN HOST AND NOH-HOST TREES , 

The f i n d i n g  that P. s t r o b i  can d i f f e r e n t i a t e  between S i t k a  

s p r u c e  and most other c o n i f e r  s p e c i e s  p o s e s  the question of 

w h e t h e r  t h e  p r e f e r e n c e  is t h e  c o n s e q u e n c e  o f  a - r i q i d ,  

, g e n e t i c a l l y  based b e h a v i o r ,  t h a t  i s  t r a n s m i t t e d  from q&nerat j .cn 

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

o f  the ins& b y  ' e x p o s u r e  t o  t h a t  s p e c i e s .  Food  c o n d i t i o n i n q  i n  

i n s e c t s ,  c a u s e d  b y  their previous f e e d i n g  experience h a s  b e e n  

reported p r e v i o u s l y .  H o ~ k i n s  h o s t  s e l e c t i o n  p r i n c i p l e  ( B o p k i n s  

1 9 1 7 ,  C r a i q h e a d  192 1,  Graham 1963)  stated t h a t  a n  insect s p e c i e s  

t h a t  b r e e d s  i n  2 o r  more hosts will prefer to  c o n t i n u e  t o  b r e e d  

i n  t h e  host tc which  i t  has become a d a p t e d .  T h i s  h y p o t h e s i s ,  

h o w e v e r ,  has n o t  been s u p p o r t e d  f o r  certain i n s e c t  s p e c i e s  

( R i c h a o n d  1333,  Uood 1963) .  

The study o f  t h e  degree of p r e - d e t e r m i n a t i o n  of t h e  f e e d i n q  

b e h a v i o r  i n  i n s e c t s  is  of p r a c t i c a l  i m p o r t a n c e  b e c a u s e  i t  

indicates how easily a n  insect a t t a c k i n g  o n e  s p e c i e s  can  s h i f t  

t o  attack a n o t h e r  species o r  variety, broadening i t s  h o s t  r a n g e .  

M o d i f i c a t i o n  o f  f e e d i n g  preferenca i s  possible i n  soma insects 



species, a n d  very d i f f i c u l ~  v i t h  others. ali ( 1  976) 
z 

d e m o n s t r a t e d  t h a t  the preference of a d u l t  a l f a l f a  . l a d y  b e e t l e ,  

S u b c o c c i n e l l a  2 4 - ~ u n c t a a  L, ,  f o r  a l f a l f a ,  R e d i c a a o  s h t i v a  L., 

could be c h a n g e d  t c  p r e f e r  C h e n o ~ o d i u m  album L., if t h e  larvae - 
were r a i s e d  i n  t h e  latter s p e c i e s ,  The degree of r e s i s t a n c e  of 

t h e  A f r i c a n  armpworat moth, S p o d o ~ t e r a  exempta Mlk, t o  feed o n  

non-ho st cassava, g s c u l e n t a .  C r a n t z . ,  was d e p e n d e n t  on 

w h e t h e r  t h e  inse had previously f a d  on maize, Zea maiz L., i t s  

n o r m a l  h o s t  (I p e  1.975).  The r e s i s t a n c e  t o  f e e d  o n  c a s s a v a  

i n c r e a s e d  with t h o  number  of h o u r s  the i n s e c t  had  b e e n  in 

contact w i t h  maize. 

Hanson ( 13 76) i n v e s t i g a t e d  u h e t h e r  r a i s i n g  l e p i d c p t e r a n  

l a r v a e  o n  certain plants enhanced f e e d i n g  p r e f e r e n c e  f o r  t h a t  

p l a n t  i n  2- o r  3-choice s i t u a t i o n s .  Responses ranqed from 

strong i n d u c t i o n  of  p r e f e r e n c e  t o  no d e t e c t a b l e  effect.  Eie 

c o n c l u d e d  t h a t ,  i n  g e n e r a l ,  more p o l y ~ h a q o u s  s p e c i e s  could be 

more easily i n d u c e d  t o  change  t h e i r  f e e d i n g  prsf ereoces b y  

p r e v i o u s  exposure t h a n  l e s s  p o l y p h a g o u s  species, 

Experiments r e p o r t e d  i n  Section 5 i n d i c a t e d  that 1. strobi , 

d i d  not d i f f e r e n t i a t e  b e t w e e n  S i t k a  and Engelmann sprcce  a n d  

showed clear n o n - p r e f e r e n c e  for l o d g e p o l e  p i n e .  T h e  expezinents  

in this s e c t i o n  aimed t o  , t e s t  w h e t h e r  t h e  rejection 



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

h o s t ,  a n d  whether t h e  w e e v i l l s  host s e l e c t i o n  p r e f e r e n c e  cculd 

be modified by  raising "it i n  t h i s * s p e c i e s .  

6 2 N e t h o d s  a n d  m a t e r i a l s .  

Two p o p u l a t i c n s  cf 1. s t r o b f ,  co l l ec ted  on either S i t k a  o r  

E n g e l m a n  spruce, w2re u s e d  i n  t h i s  i n v e s t i g a t i o n  ( h e r e a f t e r  

referred a s  SS5l a n d  E S H ,  r a s p e c t i v e i y )  . S i t k a  . s p r u c e  t e r m i n a l  

l eaders  were c o l l a c t e d  f r o m  a h e a v i l y  u e e v i l e d  S i t k a  s p r u c e  

p l a n t a t i o n  i n  t h e  U B C  R e s e a r c h  Forest, n a p l s  Ridqe, B.C., and 

terminal l e a d e r s  o f  E n q e l m a n n  s p r u c e  a n d  l o d q e ~ o l e  p i n e  were 
I 

c o l l s t e d  ic t h e  v i c i n i t y  of K o o t e n a y  N a t i o n a l  P a r k ,  B.C. Both . 
types of weevils u e r s  hand  picked e a r l y  i n  t h e  spring o f  1373 

f r o m  t h e  l e a d e r s  of small  trees. ' Host i n s e c t s  were c a . u q h t  a s  

matinq pairs, t h u s  ensuring a s u p p l y  of i n s e m i a a t e d  females, 

The w e e v i l s  uere kept until t h e  s t a r t  of  t h e  e x p e r i m e n t s  i n  

glass c o n t a i n e r s  with f r a s h  S i t k a  spruce o r  E n q e l m a n n  spruce 

twigs, i n  t h e  r e f r i g e r a t o r  (422 C) . 

Feeding preferences of collected a d u l t s  were t e s t e d  i n  a 

3 5 - r e p l i c a t e  experiment u s i n g  the agar dish bioassay* T h e  2 

i n s e c t  p o p u l a t i c n s  vere g i v e n  a choice b e t w e e n  agar discs that 

c o n t a i n e d  1% s i t k a  spruco bark a n d  d i scs  t h a t  contained the bark 





- 6.3. R e s u l t s  and d i s c u s s i o n .  
,F' 

Q 

' A d u l t  SSU a n d  ESW e x h i b i t e d  a  clear p r e f e r e n c e  f o r  S f t k a -  

spruce when g i v e n  a choice between t h i s  species a n d  l o d q e p o l e  

p i n e  (Table X )  , c o n f i r m i n g  t h e  results i n  ~ i g .  5 .  No d i s c r i -  

m i n a t i o n  was shown b e t w e e n  t h e  tuo h o s t s .  

E rogeny  of SSw a n d  ESH r a i s e d  f r o a  e g g  t o  a d u l t  i n  S i t k a  

s p r u c e ,  E n g e l a a n n  spruce and l o d g e p o l e  p i n e  r e t a i n e d  their - 

-preference f o r  s i t k a  spruce over l o d q e p o l e  p i n e  ( T a b l e  X I ) .  The 

f a c t  t h a t  pa s t r c b i  r e a r e d  i n  l o d g e p o l e  p i n e  d i d  not prefer t h e  

species i n  which  i t  was r e a r e d ,  i n d i c a t e s  t h a t  feeding 

preference i n  t h i s  i n s e c t  a a y  be a  r a t h e r  f i x e d ,  g e n e t i c a l l y  

d e t e r m i n e d  b e h a v i o r .  S i m i l a r  e v i d e n c e  was o b t a i n e d  b y  ' Graham 

a n d  S a t t e r l u n d  (1956) who qave 2. s t r o b &  a c h o i c e  of  e i t h e r  r e d  

pine o r  e a s t e r n  w h i t e  p i n e  twigs .  R e g a r d l e s s  of w h e t h e r  t h e y  

h a d  emerged  fro9 r e d  p i n e  o r  e a s t e r n  w h i t e  p i n e ,  t h e  w e e v i l s  

preferred to f e e d  on e a s t e r n  w h i t e  p i n e .  T h e s e  r e s u l t s ,  

however ,  must be taken w i t h  c a u t i o n  u p t i l  f u r t h e r  

e x p e r i a e n t a t i c n  w i t h  a d d i t i o n a l  tree species  i s  d o n e ,  a n d  several 

i n s e c t  q e n e r a t i o n s  are tested.  
d 

The d e g r e e  of p l a s t i c i t y  i n  t h e  feeding b e h a v i o r  of 1. 

strotr i  is an i a ~ o r t a n t  c o k i d e r a t i o n  i n  a F r o g r a n  l e a d i n g  t o  t h e  

developnent of t r e e s  r e s i s t a n t  t o  2. s t r o b i  b y  a a n i p u l a t i n g  t h e  -% 



Table X. Feeding response of 2 populations of 2.  s t r o b i  when 

qiaen a choice b e t w e e n  agar discs w i t h  1 %  Sitka spruce and d i s c s  

w i t h  1 %  E n g e l ~ a n n  spruce or l o d g e p o l s  pins, N =  15 replicates, 
2 

't 
Populat ion  Test * -  

.\ \ 
dean -number of feeding ~uncturss 

species Bgar d i s c s  w i t h  -Agar discs with t- t e s t  
v 

Sitka spruca test species probabilitya 

bark ' -bark 

S i t k a  

S i t k a  s p r u c e  - 1 1 . 5  1 2 . 9  

? 

s~rnce s p r u c e  - 6.8 " 

Lodqepole  

w e e v i l  p ' ine  10.6 0.1 $* 
\ 

Si tka 

E n g e l n ,  spruce  . 1 3 . 4  

E n q e l  mann 

s p r u c e  spruce 8.3 

L o d g e p o l e  

meevil pine 32.0 

Q. 
t-test s i g n i f i c a n c e  l ~ v e l  on difference between f eed ing  cn agar 

discs w i t h  Sitka s p r u c e  and f e e d i c q  on discs w i t h  test  species 

i n d i c a t e d  by: **= P<O,Ol, *= P<0.05, HS= P>O.05. 



T a b l e  X I . .  F e e d i n g  r e s p o n s e  of proqeny o f  2 populations of 1, 
A7 

- s o  reared on S i t  ka spruce, ~nqeliann s p r u c e  and l o d g e p o l e  

pine. Weevils were given a c h o i c e  between agar discs c o n t a i n i n g  

1 %  S i t k a  s p r u c e  and discs w i t h  1 %  lodgepole p i n e ,  N=15 

r e p l i c a t e s ,  1 wqeril/repli&te. 

Population S p e c i e s  F e e d i n g  on F e e d i n g  on t - t e s t  
i n  which d i s c  with ' d i s c  w i t h  probabilityQ 
weevils S i t k a  spruce l o d g e p o l e  
reared bark pine bark 

2 

S i t k a  S i t k a  

spruce 

s p r u c e  Engel mann , 

spruce 

w e e v i l  Lcdqepole  

* 
' s p r u c e  

- 

S i t k a  

spruce  

E n g e l  man n 

s p r u c e  2 3 . 8  0. 3 ** 
w e e v i l  Lcdgepole 

p i n e  ; 27 ,9  3 , O  ** 
& 
t-test s i g n i f i c a n c e  level on difference hetveen f e e d i n q  on agar 

discs w i t h  Sitka s?ruce and feeding on d i s c s  with test s p e c i e s  
v 

q i n d i c a t e d  b y :  **= P < O . O l ,  *= X0.05, HS= P X . 0 5 .  
b 

t - t e s t  p r o b a k i l i t y  l e v e l :  X G .  0 6 ,  
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Piqs. 7-8 .  D a i l y  enenqence patern of the progeny of 2 i T ,  

p o p u l a t i c n s  of 8 .  strobi, collectad from Sitka spruce (Fig. 7) 

and Engelnann s p r u c e  (pig. 8) when reared on Sitka spruce, 

Engelmann spruce, or lodgepole pine. 



1 Engelmann spruce weevil 

July 1979 



7.0. TEST FOE PRESENCE O F  EEEDIBG DETEBBENTS IN UNATTACKED 

S I T K A  S F B U C E  T R E E S .  

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

V a r i e t a l  r e s i s t a n c e  a s s o c i a t e d  w i t h  t h e  presence i n  a p l a n t  

o f  chemicals  with f2eding d e t e r r e n t  a c t i o n  h a s  been repor ted  f o r  

S O B E  s p e ~ i e s  of v e r t e b r a t e s  (Radvan and E l l i s  1975,  Raduan 1 9 7 8 )  

a ~ d  several s ~ e c i e s  o f  insects, e . g .  Hanover (137S),  and 

r e f e r e n c e s  t h e r e i n ,  Bobinson et al. '(1978), R u s s e l l  e t  al. 

(1978) . The a c t i o n  of feeding d e t e r r e n t s  fits P a i n t e r ' s  ( 1 3 5 1 )  

i con- preference t y p e  of r s s i s t a  ace i n  p l a n t s .  Non-preference, 

accord ing  t o  Fainter, "is present when t h e  p l a n t  posesses  a 

character o r  qrcup of  c h a r a c t e r s  t h a t  cause  the insect to n o v s  

a w a y  from tho, u s e  of t h a t  p a r t i c u l a r  p l an t  f o r  o v i p o s i t i o n  o r  

food",  

Most publ i shed  reports on the r e s i s t a n c e  t o  P a  s t t ~ b i  -came 

f r z ~  o b s e r v a t i c n s  on t h e  e a s t e rn  h o s t ,  eastern u h i t e  pine. The 

# a  j o r i t y  d e a l  with con-pref e rence  r e s i s t a n c e  a s s o c i a t e d  w i t h  

a o r p h o l o q i c a l  c h a r a c t e r i s t i c s  of the t e r n i n a i  leaders.  P a  

\ s t r o b i  prefers  t o  a t t a c k  e a s t e r n  w h i t e  pines w i t h  l a rge r  l eaders  
P 

(YacAloney 1 3 3 0 )  a n d  thicker oark (Kriebel 1 9 5 4 ,  S u l l i v a n  1961, 

S t r o h  a n d  Gerhold 1 9 6 5 ) .  Stroh and G e r h o l d  (1365)  determined 

L 



t b a t  e a s t e r n  white p i n e  w i t h  shal low c o r t i c a l  r e s i n  d u c t s  i n  t h e  

l e a d e r  were less  a t t a c k e d  b y  2, s t r o b i  t h a n  l e a d e r s  with deeper 

ducts. T h e  reason u n d e r l y i n g  t h i s  res i s tance  was hypothes ized 

t o  be t h a t  feeding 2. s t r o b i  avoids r u p t u r i n g  r e s i n  ducts, and 

t h u s  c a n n o t  excavate feeding a n d  o v i p o s i t i o n  cavities in t h e  b a r k .  

Resistance c f  Sitka s p r u c e  t o  2. s t r o b i  h a s  not been  

s t u d i l d  in d e t a i l .  S i l v e r  ( 1 9 6 8 )  m e n t i o n s  t h e  e x i s t e n c e  of some 

a p p a r e n t l y  weevil r e s i s t a n t  t rees i n  a , p l a n t a t i o n  e s t a b l i s h e d  i n  

1930, in t h e  B.C. Pcrest Service Green Timbers  Nursery,  S u r r e y .  

B.C.. That p l a n t a t i o n  has b e e n  under h e a v y  v e e v i i  a t t a c k  since 

1337,  when the t rees were about 2a ta.11. I v i s i t e d  the 

p l a n t a t i o n  i n  t h  s p r i n g  cf 1 3 7 3  a n d  f o u n d  t h a t  most v e e v i l e d  

t r e e s  had b e e n  s u p r e s s e d  by competing v e q e t a t i c n  and h a d  d i e d .  

There a ,  however, 4 tress ( m a r k e d  1 - 4 )  w h i c h  r e a c h e d  

- c o - d o n i n a n t  status acd that a p p e a r  to have suffered l i t t i e  or no 

w e e v i l i n q  i n  t h e  past, Trees 7 ,  2 a n d  3 uere vege t a t i ve ly  

r e p r e d x e d  b y  t h e  5 . 2 ,  Forest Serv ice  and  t h e  clones are . . 
p r e s r ~ t l y  k e p t  a t  i t s  Ycrth 2oad Lab-tory, V ic to r i a ,  B.C. 

T h e  e f f ec t iveness  o f  t h e  a g a r  disc b i o a s s a y  ( S e c t i c n  3 ) . ,  

ezccaraqs3 its use f o r  detecting d i f f e r e n c e s  i n  feeding 

1 ~ z a t t a c k e 3  Sitka spruce trees  i n  3a tu re  a n d  i n  c l o n e d  trees 1-3. 
R . R C ~  

/ i' 



7.2. f i e t h ~ d s  and m a t e r i a l s ,  

Tho n u n b e r  cf a t t a c k s  p e r  t,ree was r e c o r d e d ,  i n  2 S i t k a  

spruce p l a n t a t i o n s  (Was, 1 and 2 ,  e s t a b l i s h e d  i n  1472  and 1367, 

r a s p e c t i v e l y )  a t  t h e  UBC R e s e a r c h  f o r e s t ,  naple Ridge, B . C .  A l l  

undamaged t r e e s  were t a q q e d  a n d  a sample o f  l a t e r a l  b r a n c h  bark 

from the previous year* s growth was collected, P l a n t a t i o n  1 had 
0 

30 u n a t t a c k e d  trees (Table XIIZ), b u t  cnly 10 uere s t u d i e d .  

P l a n t a t i o n  . 2 c o c t a i n e d  ~ n l y  9 u n a t t a c k e d  t r e e s ,  a l l  of  which 

were s t u d i e d .  E a c h  u n a t t a c k e d  tree was  tested i n  a '. . 
double-stimulus experisent, u s i n g  t h e  agar disc bicas TY* Three 
v e e v i l s  i n  each of 10 replicates per tree, were given a  choice 

b e t w e e n  a g a r  discs c o n t a i n i n g  1 %  u n a t t a c k e d ,  t r r e s i s t a n t f l  tree 
/ 

bark and  discs c c a t a i n i n g  1 %  pooled, * s u s c e p t i b l e M  t ree  b a r k  
6- 

A 

f r c a  5 trees t h a t  qad been attacked 5 times or wre. L e a d e r  

b a r k ,  a l t h o u q h  nore preferable ,  was no t  c o l l e c t e d  t ov I ' avo id  

danaqinq t h e  t r e e s .  
.F 

- 
* 

The clones from the  r e s i s t a n t  trees a t  Green T i m b e r s ,  were 

tested for p r e s e n c e  of f e e d i n g  deterrents, in t h e  same manner  a s  

a b o v e .  A bark sample was t a k e n  from t h e  previous year's l a t e r a l  
5~ 

branch qrouth fror the c n l y  surviving c l o n e  from tree Bo. 1 a n d  

fzom 5 clones cf  t r e e  Bos, 2 and  3 ( 1 0  clones of each tree are 

a l i v e )  , weevils were q i v e ~  a c h o i c e  b e t w e e n  agar d i s c s  

c o n t a i n i n q  s o s c c p t i b l a  b a r k  anci d i s c s  w i t h  r e g i s t a n t  *clone  bark. 



Tablo XIIX. Number of u e e v i l i n q s  p e r  tree and p r o p c r t i o n  cf trees 

in each  r e e v i i i n g  class i n  2 plantations a t  the U n i v e r s i t y  of. 

a r i t i s h  C o l u m b i a  Sesearch Porest, Hap18 R i d g e ,  B.C. 

4 

80, of v e e v i l i n g s  P l a n t a t i o n  1 Plantation 2 

per  tr-ee Frequency Propor t ion  Prequenc y Propor t ion  

of t o t a l  No. 

of trees ( X )  

of t o t a l  No. 

of trees (%) 

6 

Total 



7.3, R e s u l t s  and d i s c u s s i o n .  

The feeding r e s p o n s e  c f  2 .  s t r o b i  t o  bark of 10 of' the 30 

unattacted trees i n  the l e s s  s e v e r e l y  a t t a c k e d  p l a n t a t i c n  1 
- 

( T a b l e  XIII) was n o t  s i q n i f i c a n t l y  different fro@ t h e  r e s p o n s e  

t o  s u s c e p t i b l e  t r e e  bark ( A N O V A )  (Table X I V )  . U n a t t a c k e d  t rees 

in p l a n t a t i o n  2 ,  , h o w e v e r ,  t r i g q e r e d  a s i g n i f i c a n t l y  lower . 
I 

feeding response , ' t h a n  on s u s c e p t i b l e  t r e e  b a r k  (ALIOVA,  P=8.73, 

P<0.01), i n d i c a t i n g  the absence of an o p t i m a l  s t i m u l u s  a n d / o r  
0 

the p r e s e n c e  cf f e e d l n g  d e t e r r e n t s  i n  the unat tacged  trees 

' ( T a b l e  XIV) . H o w v q r ,  d i f f e r e n c e s  i n  f e e d i n g  bet ween a t b a c k e d  

a n d  nnnatacked  t r ees  v e r e  small. The r e s p o n s e  t o  t h e  3 

resistant c l o n e s  f r o m  Green T i m b e r s  mas n c t  s i g a i f i c a n b l y  

different from t h e  response t o  s u s c e p t i b l e  t ree  b a r k  (Table X V ) .  

C 

\ The absence o f  a s i g n i f i c a n t  f e e d i n g  d e t e r r e n t  r e s p o n s e  i n  
- r i  

p l a n t a t i o n  T a n d  t h e  3 c l c n e s ,  and t h e  small d e t e r r e n c y  detected 

i n  p l a n t a t i o n  2 c o u l d  h a v e  severag possible- e x p l a n a t i o n s .  
\ 



Table XIY. F e e d i n g  r5spcnse of 1. strobi when g i v e n  a cho ice  

b e t w e e n  agar d i s c s  w i t h  I f  p o o l e d  bark froa s u s c e p t i b l e  Sitka 
Q 

s p r u c e  trees and disc-s with 12 bark from u n a t t a c k a d  trees. Two 

plantations t es ted ,  10 r e p l i c a t e s / t r e e ,  3 i ~ s e c t s / r e p l i c a t e .  

- 'i_ 

Onattacked, tree dean No. o f  feeding p u n c t u r e s  

HO Disc w i t h  1% Disc with 1 %  D i f f e r e n c e  

s u s c e p t i b l f  unat tacked 

bark bark 

b_ 
a 

Plantation 1 
1 1 7 . 7  2 3 . 5  + 5 . 8  
2 2 6 . 8  2 1 . 0  - 5 . 8  

- 3 2 3 . 4  33 .6  + 1 0 * 2  
4 2 2 . 6  2 5 . 1  + 2 . 5  
5 15.2 3 1 + 1 6 . 3  
6 2 1 . 7  24,O + 2 . 3  
7 12.8 8 . 9  - 3 . 9  
8 2 6 . 9  3 4 . 7  + 7 . 8  
9 2 2 . 5  25.7 + 3 . 2 -  

10 
C 

P l a n t a t i o n  2  

% 

' 6 
p o o l e d  bark from 5 trees t h a t  had be= a t tacked  5:timek or more. 

b 
P rdlne  •’01 t y ~ e  of bark = 1.35, ma-rugdificant (AII0Y;AL. ' ' 

C 
P value  f o r  t y p e  of bark = 8 . 7 3 ,  s i g n i f i c a n t  a t  P<0.01 4 A l l C V A )  

i 
P r o b a b i l i t y  level / for  difference between s u s c e p t i b l e  and .. 

unattackea bark i n d i c a t e d  by: **=P<O.O 1 ,  * = P < o . ~ , '  IIS= P>O.OS._ 
~ 

a 



Table X v .  f e e d i n g  response  of -2. s t r o b i  when given a choice 

bet reen agar d i s c s  vith 1 X pooled bark. from susceptible ~ i t k a  

s p r u c e  tr&s and discs w i t h  1% bark from nresistantw clones from 

the B.C. F o r e s t  Service  Green Tinbars Nursery, Surrey, B.C. 

N=10 replicates /tree,  3 insects / repl icate .  

~nat tacked clone Bean No, of f e e d i n g  p u n c t u r e s  
, 

Q 
No. Disc w i t h  1% Disc with 1 %  Difference 

* " 

s u s c e p t i b l e  resistant 

clone bark 

a 
Differences i n  . f e e ' d i n g  on  s n q c e p t i b l e  and r e s i s t a n t  bark 

not s iqni f icant  , ANOVA.  
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have co different resin a c i d  c o n t e n t  i n  t e bark w i t h  respect t o  

s u s c e p t i b l e  trees. s u s c e p t i b l e  trees / have no detectable amom ts 

of the monoterpene  Iimonene and h i g h e r  c o n t e n t  of an 

unidentified monoterpene ,  w h i l e  t h e  w r e s i s t a n t n  clones have u p  

to 13% limonene, a corponnd that  acts a s  feeding St imulant  a t  low 

concantrations and a s  potent f e e d i n g  deterrent above a c e r t a i n  

t h r e s h o l d  concentration (Pkg. 16) . 



f 
8 .  I S O L A T I O N  OF PISSODES S T R O B 1  F E E D I N G  STIEWLANTS 

8.1. Role o f  v o l a t i l e  a n d  n o n - v o l a t i l e  c d m p o n e n t s  of  S i t k a  

s p r u c e  bark a s  feeding s t i m u l a n t s .  

S e l e c t i o n  of S i t k a  sFruce by P i s s o d e s  s t tob i  i s  a p p a r e n t l y  
4? 

m e d i a t e d  by  vision ( V a n d e r s a r  a n d  B o r d e n  1977a) , and at clcse  

r a n g e  by f e e d i n g  s t i m u l a n t s  i n  t& bark ( V a n d e t S a r  and  B o r d e n  
i 

1977b) . p r e v i o u s  r e s e a r c h  (section 3) i n d i c a t e d ,  t h a t  t h e  

w e e v i l s  e x h i b i t e d  a highly s e n s i t i v e ,  c o n c e n t r a t i o n - d e ~ e n d e n  t ? 

r e s p o n s e  t o  n c n - v o l a t i l e  c h e m i c a l s  present i n  S i t k a  spruce bark. 

The n o n - v o l a t i l e  m i x t u r e  a p p e a r s  t o  b e  q u a n t i t a t i v e l y  a n d  

q u a l i t a t i v e l y  d i f f e r e n t  among v a r i o u s  c o n i 4 e r  species .(Section 

5 )  . T h e  role cf h o s t  v o l a t i l e s  i n  t h e  feeding b e h a v i o r  o f  P. 

s t r o b i  is p o o r l y  u n d e r s t o o d .  A n d a r s c n  and Fisher (1956, t 36O) ,  

c l a i n e d  that g r o u n d .  q r e e n  b a r k  from w e e v i l - r e s i s t a n t  Picea  

species e m i t t e d  volatiles t h a t  had  a r e p e l l e n t  effect on P. 

s t c ~ b i .  ' ~ o u e r e r ,  t h e  weevils were a l s o  r e p e l l e d  b y  t h e  odors of 

t h e i r  eastern hcst, p .  s t r o b u s  

ir * 
I n  a laboratcry o l f a c t o r e t e r ,  5% m e t h a n o l i c  s o l u t i o n s  of t h e  

* 

sonoterpenes M - ~ i n e n e  a n d  nyrcene  were r e p e l l e n t  t o  1, stsobi, 



whereas l i m o n e n e  'was attractive (Carlson 1 9 7 1 )  . Since t h e  

l imonens  c o n t e n t  i n  susceptible S i t k a  spruce trees appeared ta 

increase a t  the time of w e e v i l  dispersion, C a r l s o n  ( 1 9 7 1 )  

postulated t h a t  this moncterpene was p r i m a r i l y  r e s p o n s i b l e  fo,r 

h o s t  s e l e c t i o n  by 2. strob&. soles ( 1 9 7 0 ) ,  $ o w e v e r .  found v e r y  

weak c o r r e l a t i c n s  between incidence of w e e v i l  a t t a c k  and the 

monoterpene compos i t ionb  o f  t h e  host trees., T 

0 

T h i s  section r e p o r t s  t h e  results cf  s t u d i e s  d e s i g n e d  t o  

eramine the f e e d i n q  s t i s n l a t o r y  a c t i v f  t y  on g. strobi, a d u l t s  of 

various  t y p e s  o f  a x t r a c t s  c o n t a i n i n g  v o l a t i l e  and  n o n - v o l a t i  le 

c h e i i c a l s  from t h e  bark and  n e e d l e s  of Sftka s p r u c e .  

8.1.2,  . f l e t h c d s  and m a t e r i a l s .  

8. 1.2. 1 4  Bicassagr 'Procedures. 
P 

Feeding s t i m o l a t i c n  and i k b i t i c n  uere  i n v e s t i g a t e d  us ing  

t h e  aqar d i s c  b i o a s s a y  ( S e c t i o n  3 ) .  C a n d i d a t e  chemicals f o r  

feeding s t i m u l a t i o n  uere a p p l i e d  to *he paper-covered surf ace, 

or were mixed i n t o  cne cf 2 paired a g a r  discs. The  second d i s c  

i n  e a c h  dish was t h e  s o l v e n t  or blank control. Feed ing  b 

i n h i b i t i o ~  was tested by  applying chemicals t o  the surface  of 

aga r  d i s c s  t$t c o n t a i n e d  1% ~itka' s p r u c e  bark (grotand and 
J 



d r i e d ) ,  a  s u b s t r a t e  upon which t h e  w e e v i l s  f e e d  r e a d i l y .  

E x p e r i a e n t s  uerekrun for  24h, us in 'q  2 o r  3 i n s e c t s  p e r  r ep l ica te  
? 

L. 

a n d  1 0 - 1 5 - r e p l i c a t e s  p e r  t r e a t r a n t ,  --', 

8.1,2.2. B i o a s s a y  of s t e a m - d i s t i l l e d  v o l a t i l e s  of 9 i k k q  
i 

spruce. bark, 

F i n e l y *  q r o u n d ,  d r y  Sitka s F r u c e  l a t e r a l  branch b a r k  (25q i n  

50,0m1 of water) was s t e a m  ' distilled, a n d  2 f r a c t i c n s  of 

d i s t i l l a t e '  ( I  l 2 ~ g  and 186mq; r e s - ~ c t i v e l y )  were collected." T h e  

1 
f r a c t i o n s  were e x t r a c t e d  v i t h  ether (4  times w i t h  50 ml) . The 

9 

e t h e r e a l  ex t rac t s  of each f r a c t i o n  ware combined, washed v i t h  

s a t u r a t e d  s a l t  s o l u t i o n ,  - d r i e d  (BgSOy) , filtered, . a n d  

h n c e n t r a t a d  t a  25.1 t y  d i s t i l l a t i o n .  The a q u e o u s  digest 

k a a i n i n q  in t h r  still pet was s e p a r a t e d  f r o *  t h e  bark p a r t i c l e s  
, 

b y  c e n t r i f u g a t i o n .  The -3 f racti~ns o b t a i n e d  were bioassa yed f o r  
J 

f e e d i n q  s t i m n l a t o r p  a c t i v i t y  , The e q u i v a l e n t  of 1 2 . 5 ~ g  of b a r k  

of  each f r a c t i c n  (12.5.q = t h e  w e i g h t  of b a r k  i n  a 1 %  agar-bark 
=. . 

disc) was a p p l i e d  t o  the aqar d i s c s  . - 





through . Porapak-Q, 7) Porapak-Q e x t r a c t  ( t e s t e d  at 2 

concentrat ions) ,  . 8 )  psntane extract of water-extract  d bark, and 43 
3)ether e x t r a c t  of  bark after e x t r a c t i c n  with water and pentane. 

S o l i d  samples wsre d r i e d ,  ground, and t h e n  mixed  a t  1s into 

t h e  agar o f  the t s s t  d i s c s .  Aqueous f r a c t i o n s  Mere n i x e d  w i t h  

distilled water and used t c  prepare t h e  aqar of t h e  

c o r r e s p o n d i n g  treated d i s c s .  T h e  amount of aqueous e x t r a c t  u s e d  

was adjusted t c  b e  t h e  equ iva lent  of 1 %  bark, I n  both cases, 

the c o n t r o l  consisted of agar discs prepar.ed with distilled 

water. F r a c t i c n s  dissolved i n  volatile s e l v e n t s ,  were a p p l i e d  

? t o  t h e  paper surface  of an* of t h e  d i s c s  i n  the d i s h e s :  t h e  

o t h e r  d i s c  served a s  a solvent c o n t r o l .  One hundred  pq of the 

p e n t a n e  and ether extracts ,  and 10  and lOOpg o f  the Porapak-(i 

e x t r a c t  were t e s t e d ,  

I n  the bioassays  in w h i c h  t h e  c h e a i c a l s  were a p p l i e d  to the 

paper sur face  cf t h e  agar disc, a standard aaount of 1 0 0 ~  uas 

se tec ted  and serveil a s  a basis for further e x p l o r a t i o n .  For 

campariso5, note t h a t  t h e  threshold anount of d r y  bark d i s p e r s e d  

i n  agar t h a t  elicits a feeding r e s p o n s e  by f. strob4 is l e s s  

than f f30ng-fca lcuiated  i r o n  dose response equations, page 171. 



0 . 1 . 2 . 4 ,  E x t r a c t i o n  and bioassay of c u t i c u l a r  c o n s t i t u e n t s  

of bark and needles. 

rr 

Pive excised, undamaged S i t k a  s p r u c e  terminal  lead'ers ( 1  4Oq)  

vere d i p p e d  f i r s t  i n  c h l o r o f o r m  and then i n  pen%ane, Care was 

t a k e n  t c  a v o i d  c o n t a m i a a t i d n  of t h e  s o l v e n t s  w i t h  materials from 
-- 

the cut e n d  o f ,  t h e  twigs, After evaporation o f  t h e  s o l v e n t s ,  

t h e  s e m i - s o l i d  e x t r a c t s  weighed 3 2 4  and 44mg for chlorofors  and 

p e n t a n e  ex tracts, respectively, T h e  extracts were d i s s o l v e d  back 

into t h e i r  respective s o l v e n t s  and were t e s t e d  bp a p p l y i n g  

12.5pl of +solution (100pq o f  ex t rac t )  t o  o n e  o f  2 p a i r e d  a q a r  
* 

disc s. 

0.1.2.5,  B i o a s s a y  of v o l a t i l e s  of bark and needles t r a p p e d  

Strips of  fresh bark (130g) a n d  n e e d l e s  (68g) froa l a t e r a l  

branches vere placed in separate glass chambers, and for  a one 

week aereat ion period, t h e  volatiles Mere c a p t h r e d  in a,nd 

r e c o v e r e d  froa Porapak' Q, a s  described by Vernon st &&. ( 1977 ) .  . 

P e n t a n g  e x t r a c t s  conta io inq  t h e  h o s t  v o l a t i l e s  were b i o a s s z i g e d  

w i t h  q r o u p s  of  10-15 i n s e c t s  for a t t r a c t a n c y  i n  2 types of 

o l f a c t o m e t e r s ,  one developed for  t h e  b o l l  weevil, A n t b o u  

qrandis  Bohsman (Hardee & . 1967) ,  and the o t h e r  for  





spruce  bark ware t r e a t e d  with p e n t a n e  sol~ticns of l i m n a o e  at 8 

levels r a n q i n g  f r o s  0.021 t o  420pq.  

8.1.3,  R e s u l t s  and d i s c u s s i o n .  
b .  

'2 

The respcase of 2. s t r o b i  to the f r a c t i o n s  d b t a i n e a '  b y  

s t e a m  d i s t i l l a t i o n  c l e a r l y  i n d i c a t e d  that t h e  v o l a t i l e  c h e m i c a l s  

extracted i n  the d i s t i l l a t e  d i d  n o t  e l i c i t  a f e e d i n q  response, 

whereas t h e  n u n - v o l a t i h  fraction r e m a i n i n q  i n  the d i s t i l l a t i o n  

flask was very active ( T a b l e  XBI). T h i s  result s u g g e s t s  t h a t  

n o n - v o l a t i l e  c h e m i c a l s  are r e s p o n s i b l e  f o r  f eedicq s t i m u l a t i o n  

i n  t%is  i n s e c t .  The  r e s p o n s e  of males and  f e m a l e s  was s i m i l a r ,  -- 

A c t i v i t y  a p p e a r e d  i n  a l l  f r a c t i o n s  e x t r a c t e d  w i t h  w a t e r ,  

ether &d p e n t a n e  (Table X V I I )  , i n d i c a t i n g  t ha t  s e v e r a l  

c h e ~ i c a l s  w i t h  d i f f e r e n t  p r o p e r t i e s  a r e  i n v o l v e d  i n  f e e d i n g  

s t i m u l a t i o n .  The amount  of f e e d i n q  by- t h e  t e s t  i n s e c t s  on t h e  

discs t h a t  c o n t a i n e d  u n e x t r a c t e d  b a r k .  uas s i g n i f i c a n t l y  lower 

than  t h e  r e spocse  - t o  the d i s c s  c o n t a i n i n g  t h e  w a t e r  e x t r a c t ,  

The b e t t e r  distribution of t h e  water extract t h a n  t h e  bark 

g r a n u l e s  i n  the a g a r  may a c c o u n t  for t h i s  d i f f e r e n c e .  An 

a l t e r n a t i v e  e x p l a n a t i o n  is t h a t  a f e e d i n g  inhibitor nay h a v e  

k e n  d e s t r o y e d  c r  removed d u r i n g  t h a  e x t r a c t i o n  p r o c e d u r e .  The  
< 

, c h e i l i i c a l s  extracted by t h e  Po rapak-Q a p p e a r e d  towhave a weaker 



T a b l e  X V I .  Feeding response of 2. strobi to  steam d i s t i l l a t i o n  

C p r o d u c t s  o f  S i t k a  spruce bark.  N= 15 re"plicates, 

2 w e e v i l s / r e p l i c a t e .  

-- -- 
nean number of feeding p u n c t u r e s  % 

S ~ ~ P U ~ U S  Hales Females 

. f r a c t i o n  , C o n t r o l  Treated c o n t r o l  ~ r e f t e d  , 

1 - I ( & '  
d i s c  d i s c q c  d i s c  d l s c  

Steam d i s t i l l a t e  

f r a c t i o n  1 0 . 2 0  0.013 0 . 1 3  0 07 

Steam d i s t i l l a t e  , 

f rac t ion  2 0 . 1 3  0 . 0 0  0 40  0 .20  

Aqueous  digest 

i n  still  p o t  0 . 0 7  1 7 . 6 6  ** 0 . 2 7  1 2 . 1 3  ** 

. O t - t e s t  s i g n i f i c a n c e  level on difference totueea c c n t r o l  and 

treated i n d i c a t e d  by **=P< 0.01  



Tab le  XVII. F e e d i n g  response o f  1. s t r o b i  to  chemical fractions 

obta ined  from S i t k a  s p r u c e  bark. H= 10 r e p l i c a t e s ,  3 

- -- 
man Hq* of f eedincr ~ u n c t u r e s ~  

F r a c t i o n  Control Treated t - t e s t  

d i s c  disc p r o b a b i l i t y  b 

Bark before  e x t r a c t i c n  

Bark a f t e r  extraction w i t h  b o i l i n g  

water 

Bark affer e x t r a c t i o n  w i t h  b o i l i n g  

water, pentane and ether 

Water e x t r a c t  from bark 

.water extract a f t e r  Celite f i l t r a t i o n  

u a t e r  extract a f t e r  Celite f i l t r a t i c n  

and percolation through Eorapak-Q - 

Porapak-Q e x t r a c t  (20 pg) 

Porapak-Q e x t r a c t  ( 100 p q )  

*Pentane e x t r a c t  of  boiling water- 

extracted bark - 
Ether extract o f  bark after e x t r a c t i o n  

w i t h  ~ e n t a n e  a n d  b o i l i n g  uater  

/ Q 
Reans fol lowed by ths sane l e t t e r  are not  significantly d i f f e r e n t ,  

lieuman-Kenls test, P ~ C O  .05.  
b 

t-test s i q n i f  icance l e v e l  on d i f f e r e n c e  between c o n t r o l  and 

9 t r e a t a d  indicated by:  **= P<O,Ol, *= P<0.05, and HS= P>0.05. 
0 
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Tabie X V I I I .  F e e d i n g  response of 2 ,  s t r o u  t o  2 e x t f a c t s  

- o b t a i c e d  by d i p p i n g  ( 1  rain) entire S i t k a  spruce leaders  i n  

ch lo ro fo rm and pentane. 1 = 7  5 rep l i ca te s ,  3 w e e v i l s  / r e p l i c a t e ,  

1OOpg of each extract  a p p l i e d .  

- -- - 

Stimulus d e s c s i p t i o n  Control disc 

Chloroform extract 6.2 11.4 * 
%s 

P e n t a n e  ex tract 2 , 6  3.7 * 

@totest s i g n i f i c a o c e  l e v e l  on d i f fe renc2  betwean c c n t r o l  and . 

treated i n d i c a t e d  b y :  *= P(0.05. 



The Porapak-Q-trappkd v o l a t i l e s  of bark am3 needles Bid n o t  

elicit a p o s i t i v e  reaction i n  e i t h e # f  the 2 o l f a c t a e t e c s .  

T h e  w e e v i l s  d i s t r i b u t e d  r a n d c m l p  dtween t h e  a i r  stream 

c o n t a i n i n g  the h o s t  v o l a t i l e s  a n d  the one c o n t a i n i n g  t h e  

s o l v e n t ,  noreover, when fresh S i t k a  s F r u c e  foliage mas t e s t e d  

i n  t h e  olfactometer, i t  was not a t t r a c t i v e .  Zn a d d i t i o n ,  

n e i t h e r  t h e  P o r a p a k - Q - t r a p p e d  v o l a t i l e s  n o r  t h e  S i t k a  spruce 

n e e d l e  o i l  induced t h e  u e a v i l s  t o  f e e d .  I n  fact, t h e  needle o i l  

was s i g n i f i c a n t l y  d e t e r r s n t  (t-test, P<O.O1) t o  males a t  h i g h  

c o n c ~ n t f a t i o n s  (70pq), r e d u c i n g  t h e  f e e d i n g  a c t i v i t y  on  t r e a t e d  

spruce b a r k - a g a r  discs by 50%. 

- 

Bone of the m o n o t e r p e n e s  induced g,  strobi  t o  f e e d  when 

t h e y  were a p p l i e d  t o  p l a i n  a g a r  ( T a b l e  X I X ) .  However, when 

t s s t ~ d  on  the aqar-bark m i x t u r e ,  t h e  m o n o t e r p e n e s  e l i c i t e d  

d i f f e r e n t  respcnses  { P i g s .  + 6 . O(-Pinene,  p - p i n e n e  

B-myrcene ( P i g s .  9- 1 1 )  c a u s e d  t h e  w e e v i l s  t o  f e e d  s i g n i f i c a n t  '9 
morf o n  t h e  t r e a t e d  discs ( i # i l c o x o n  m a t c h e d - p a i r s  s i g n e d  rank 

t e s t ,  P<O.OOl fcr M and p - p i n e n e  and  P(0.06 f o r  p-myrcene)  . 
> 

T h i s  r e s p o n s e  i n d i c a t e s  a n  a p p a r e n t  s y n e r g i s t i c  effect between 

these v o l a t i l e s  and the n c n - v o l a t i l a s  present i n  t h e  a g a r - b a r k  

m i x t u r e .  F e e d i n g  on  t h l  t r e a t e d  d i s c ' s ,  houever, d e c r e a s e d  a s  

t h e  c o n c e n t r a t f  cn of t h e  chemicals i n c r e a s e d  (Pigs, 9-1 1)  , 
suqqesting t h a t  an  i n h i b i t o r y  c o n c e n t r a t i o n  c o u l d  be reached. 



T a b l e  XIX. f e e d i n g  respcnse of g.3trobi to p l a 2 n  agar discs 
E 

treated on t h e  s u r f a e  w i t h  d i f f e r e n t  pnonoterpenes. 1= 10 

replicates f o r  each c o n c e n t r a t i o n  a n d  cheaical, 3 insects ,per  

r e p l i c a t e .  , 
1 

r. 
7 - 

I p g  stimulus lOOpg s t i a u l - u s  

Cheaical  ccncen tra tion c o n c e n t r a t i o n  

c o n t r o f  Treatsd  . ~ o i t r o f  Treated . 

d i s c  d i s c h  d i s c  disc 

( 5 )  camphor 5.7 5 .6  9 :4 4.0 

( + )  c a ~ p b o r  5.5 4.5 3 . 3  2.2 

Piperitone 4.6 1.1 2; 7 3.0 

~ l l  differences t e tueen  t rea ted  and c o n t r o l  were s t a t i s t i c a l l y  

n o n - s i g n i f i c a n t  , t - t e s t  . , 



Pigs. 3-15: F e e d i n g  response of 2. s t r o b i  to agar-bark d i s c s  

treated ( s o l i d  l i n e )  and untreated (dot ted  line) w i t h  va r ious  
* 

c o n c e n t r a t i o n s  of S i t k a  sFruce monoter penes. 
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i n h i k i t o r y  e f f e c t ,  Ths a m o u n t  fed b y  _P. strubi  at the b i g h e r  .. 
* 

c o n c e n t r a t i o n s  of p i p e r i t o n e  was extremely l o w .  

.1 
5 (+) -Caraphor  ( P i g ,  15) a n d  l i a o n e n e  ( P i g ,  16) proved t o  be 

?J inhrbit&ry t o  f e e d i n g  a t  h i g h  concentratio ( U i l c o x o n  t a s t ,  

9<0.05 fo r  ( 4 )  -camphox and P@,O1 . , f o r  l i a o n e n a )  whereas thig 
Q - .  c, - i 

a p p e a r e d  @to b e  s t i r n u l a t o r y  a t  low c o n c e n t r a t i o n s  (P(0.28 f o r  (+) 

g a n p h o r  a n d  P < O  . O f  for l iqonene )  . T h e  t r a n s i t i c n  c o n c e n t r a t i o n s  
s. 

were 20pq and  lpg, r e s p e c t i v e l y .  I n  each case ( P i g s ,  15- 16) , 
the s t r a i q h t  l i ne s  fitted t o  t h e  mean f e e d i n g  responses c n  t h e  

\ 

control and t r e a t e d  d i s c s  were s i g n i f i c a n t l y  d i f f e r e n t  ( A ~ O V A  bn 

r e g r e s i o n  a n a l y s i s  u s i n g  d u m m y  v a r i a b l e s ,  P<0.01). 

8 .  

The f e e d i n g  b e h a v i o r  of g,  s t rob i  on S i t k a  s p r u c e  a p p e a r s  

t o  ke d e t e r m i n e d  p r i r a r i l y  b y  n o n - v o l a t i l e  chemicals p r e s s n t  on 

the surface of the bark a n d  n e e d l e s  a s  well as within the p f i l c e u  

o f  t h e  h o s t \  tree ( T a b l e s  X V I - X V I I I ) .  They a r e  i n v o h a d  no t  cnly 

a s  i n c i t a n t s  t h a t  elicit a f e e d i n g  r e s F o n s e ,  b u t  also a s  

s t i a n l a n t s  t h a t  a a i n t a i n  c o n t i n u o u s  f e e d i n g .  The a c t i v e  

c h s n i c a l s  appear t o  he s e v s r a l ,  some water soluble, a n d  others 

s o l n k l e  i n  pentane  or ether. 



Pig. 6 .  ~ e e d i n g  r esP 

treated ( s o l i d  l i n e )  

cnse of 2. s t r o b i  to agar-bark d i s c s  

and untreated (dotted line) w i t h  various 

c o n c e n t r a t  ions cf li aonene .  





9 1 

The i m p o r t a n c e  og r e s i n  volatilss i n  t h e  host s e l e c t i o n  
' ,  

process by c o n i f e r  f e e d i n g  i n s e c t s  Bas been long recognized 

( H o p k i n s  1902)  . Some m o n o t e r p e n e s  i n h i b i t  feeding w h e r e a s  

others a c t  a s  a t t r a c t a n t s  ( S t a r k  1365 ,  R u d i n s k y  1966)  . Although 

the c a p t u r e d  v o l a t i l e  chemicals f r o m  S i t k a  s p r u c e  b a r k  and 

needles did net a t t r a c t  w a l k i n g  1. s t rchi  a n d  d i d  n o t  i n d u c e  

f e e d i n g ,  some a c n o t e r p e n e s  a p p e a r e d  t o  c o n p l e m e n t  o r  deter t h e  

stirnulatory a c t i o n  of non-volat'ile c h e m i c a l s  i n  t h e  b a r k  (~igs. 

9-16) .  t l y  s t u d i e s  suggest t h a t ,  l i k e  (+ )  - c a n p h o r  a n d  l ' imonene 
' b  , 

(Piqs. 15-16),  o ther  a o n o t e r p e r i e s  c o u l d  a c t  a t .  low 

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

and that a t  b i g h e r  c o n c e n t r a t i o n s  t h e y  may c a u s e  feeding 

i n h i b i t i o n ,  o r ,  a s  shorn. b y  S m i t h  , ( 1 9 6 6 ) ,  t h e y  may be toxic. 
* 

Further i n v e s t i g a t i o n s ,  however ,  s h o u l d  i n c l u d e  t h e  study  o f  

p l a r t  v o l a t i l e s  cther t h a ~  m o n o t e r p e n e s  (Uood 1 3 7 2 ) .  

T h e  concen  t r a t i o n - d e p e n d e n t  ef Eect o i  p l a n t  s o l a t i l e s  s h o u l d  b e  

considered in b e h a v i o r a l  experiments. Rhen t e s t e d  a t  o n l y  one 

c o n c e n  t r a t i o n ,  c e r t a i n  m o n o t e r p e n e s  might i n d u c e  r e s p o n s e s  q u i t e  

different from those a t  h i g h e r  , o r  l o w e r  s t i m u l u s  c o n c e n t r h t i o n s .  
4 

I n  a d d i t i o n ,  o l f a c t o m e t r i c  s t u d i e s  i n  which the length of time __ - 
9 

taken by t h e  t es t  i n s e c t s  t o  c r o s s  an  a i r -  stream c o n t a i n i ~  h o s t  

y o l a t i l e s  i s  u s e d  a s  a  measure of r e p e l l e n c y  (Anderson  and - - 

P i s h e r  1956,  1960; Bordasch a n d  Ber ryman 1977) .  may l a i l  t o  

d i s t i n g u i s h  b e t w e e n  r e p a l l e n c y  and a r r e s t b e n t  (a positive 

r e s ~ o n s e ) ,  H y  s t u d i e s  reaffirm t h a t  e x p e r i m e n t s  o n  t h e  feeding 



. d 

i n h i b i t o r y  o r  s t i r n u l a t o r y  a c t i o n  of chemicals should b e  

c o n d u c t e d  o v e r  a wide r a n g e  of c c n c e n t r a t i o n s .  

The choice f e e d i n g  b i o a s s a y  allows t h e  i n s e c t s  t o  
/-p 

d i s c r i m i n a t e  e f f e c t i v e l y  be tween  treated a n d  c o n t r o l  d i s c s ,  

f a v o u r i n q  the most s u i t a b l e  s u b s t r a t e - c h e m i c a l  c o m b i n a t i o n ,  T h e  

weak c o r r e l a t i o n s  f o u n d  by S o l e s  (1970)  between several i n d i c e s  

o f  2. s t r -  a t t a c k  a n d  the m o n o t e r p e n e  c o n p o s i t i o n  o f  th+ hos t  

trees, a r e  p r o b a b l y  a result of t h e  f o r c e d  a t t a c k  t e c h n i q u e  u s e d  

t o  e v a l u a t e  r e s i s t a n c e .  A caqed insect confined t o  a s u b o p t i m a l  

host may lower i ts  a c c e p t a b i l i t y  threshold, a n d  feed o n  

relatively u n s u i t a b l e  s u b s t r a t e s ,  T h i s  p o i n t  was c lea r ly  

d e m o n s t r a t e d  i n  F i g s .  4 ,  5. g, s t ~ p b i  s u s t a i n e d  high f e e d i n q  

l e v e l s  on non-host t ree species . t h a t  were no t   referred i n  
" d 

s u b s e q u e n t  c h o i c e  f e e d i n g  e x p e r i m e n t s .  
d .  

Carlson  (1371)  found that t h e  c o n c e n t r a t i o n  of l i m o n e n e  ( t h e  
* 

o n l y  m o n o t e r p e n e  t h a t  was a t t r a c t i v e  te 2 .  s trobi  i n -  t h e  

l a b o r a t o r y )  i n c r e a s e d  i n  fast g r o w i n g  trees a t  t h e  time when the 

w e e v i l s  were dispersing to f i n d  new9'ost ; .  He i n t e r p r a t e d  t h i s  

o b s e r v a t i o n  by ~ o s t u l a t i n g  t h a t  h o s t  se lec t i cn  o c c u r r e d  i n  

response t o  l imonene, However, my o b s e r v a t i o n s  ( p i g .  16) 

indicate that a rise i n  l i m o n e n e  content .in t h e  bark, above a 

c e r t a i n  t h r e s h o l d ,  u o n l d  h a v e  a d e t e r r e n t  effect c n  t h e  f e e d i n q  , 



of g, s t r o b i .  T h e r e f o r e ,  i t  c o u l d  be  e q u a l l y  hypothesized t h a t  

S i t k a  s p r u c e  " t u r n s  onw i t s  r e s i s t a n c e  mechanism a t  t h e  time o f  
e 

weevil d i s p e r s a l ,  

P i p e r i t o n e ,  w h i c h  is p r i m a r i l y  p r e s e n t  ie t h e  needles 

( H r u t f i o r d  et al, 137R). caused a d r a s t i c  r e d u c t i c n  o f  f e e d i n g  

a s  the c o n c e n t r a t i o n  i n c r e a s e d  ( P i g .  1 4 )  , and  may e x p l a i n  t h e  

d e t e r r e n c y  shown i n  Piq. 3. T h i s  c h e m i c a l  c o u l d  p l a y  a n  

i m p o r t a n t  r o l e  i n  rastf ict ing feeding t o  t h e  b a r k ,  as well a s  i n  

the r e s i s t a n c e  mechanism of trees w i t h  s u f f i c i e n t l y  hibh 

c o n c e n t r a t i o n s ,  The i d e n t i f i c a t i o n  of such c h e m i c a l s  a n d  t h e  

u n d e r s t a n d i c q  of their effect  o n  2, strobi may p r o v i d e  t h e  

basis for  t h e  d e v e l o p m e n t  of a s o u n d  s c r e e n i n g  p r o q r a n  f o s  trees' 

res i s tan t  t c  this insect pest ,  

>- 

" t >  
\ 

The f i n a l  a c c e p t a n c e  o r  r e j e c t i o n  of a tree a s  a has&, .fs 
\ 

\ 
I p r o b a b l y  determi& b y  a c o m p i i c a t e d  p r o f i l e  of  v o l a t i l e  ahd 

' n o n - v o l a t i l e  compounds .  S u s c e  ~ t l b l e  trees would  b e  t h o s e  h a v i n g  

a n  adequate d i v e r s i t y  a n d  quantity of feeding s t i a u l a n t s  and an . 

absence or  a low c o n c e n t r a t i o n  of feeding d e t e r r e n t s .  
.. 



PEED IN6 FOR 

S$'ROBI P30H THE B A B R  OF SITKB S P R U C E .  

4; 
The iaportapce of chenoreception i n  t h e  f i n a l  phases of h o s t  

s e l e c t i o n  bas long  been r e c o q n i z e d .  However, unders tanding  of 

the host p l a n t  c h e ~ i s t r y  in r e l a t i o n  to i n s e c t  feeding h a s  been 

n e g l e c t e d  i n  the p a s t  mainly because of t h e  complex nature of 

t h e  c h e m i c a l  m e s s a g e ,  and t e c h n i c a l  d i f f i c u l t i e s  i n  the ' 

i s o l a t i o n  of plant chemicals .  k. 

The c h e m i c a l  b a s e s  for h b s t  se lec t ion  i s '  known for a few 

i n s e e c t s  ( H s i a o  and Praenksl 1368a. b; Aapamura ,1970; Uumata et 

a l .  1 9 7 9 ) .  a l l  of them non-conifer feeders. This s u b j e c t  was 
1 r e v i e w e d  b y  Schoonhoven (.1968)., H e d i n  &. ( 1 9 7 4 )  a n d  Jermy 

k . , 
( 1976)  . 

3 program i s o l a t i n g  and i d e n  ti•’ y i n q  c h e m i c a l  

feeding s t i m u l a n t s  f o r  g. s trobi ,  from the bark qf S i t k a  

spruce, was s t a r t e d  i n  1377,  i n  c o l l a b o r a t i o n  u i t b  Drs, 1.C. 

~ e h h l s c h l a g e r  and H.D. Pierce. 3r. of the chemistry , 

D e p a r t m e n t ,  Simon .maser - u n i v e r s i t y .  The progress of the  

.program t o  December 1979, is  indicated i n  P i g s .  17 to 19. The 
L 

v a r i o u s  s t e p s  i n  t h e  i s o l a t i o n  Mere moni tored  using the s t a n d a r d  

agar disc b i o a s s a y ,  by a p p l y i n g  d i s s o i v e d  f r a c t i o n s .  to t h e  



Fig, 77, Plow chart of extract ion  of  feeding stimulant 

f rac t i ons  from Sitka spruce b a r k  u i t h  water, pentaee and e t h e r ,  

u i t h  indication of b i o l o g i c a l  a c t i v i t y  in paired agar discs 

bioa ssa ys. 



A 

Qtka spruce 
Bark (dty a&. ~ b u n B )  

(active) (active) 



P i g ,  18, F l o w  chart o f  f r a c t i o n a t i o n  p r o c e d u r e  o f  t h e  pentane  
* 

extract of  s i t k a  spruce bark, w i t h  i n d i c a t i o n  of b i o l o g i c a l  

a c t i v i t y  in. p a i r e d  agar discs bioassays. 





Fig. 19. Plow chart  o f  f r a c t i o n a t i o n  procedure . of*. the et'her 

e x t r a c t  of S i t k a  spruce bark, w i t h  i n d i c a t i o n  of b i o l o g i c a l  

a c t i v i t y  in p a i r e d  aqar d i s c s  bioassays. 





s u r f a c e  of  one of 2 p a i r e d  agar d i s c s ,  

Sitka s p r u c e  bark, from l a t e r a l  branches, was d r i e d  ( 6 0  C 

for 24hj, and ground to a f iae powder, The bark powder was 

e x t r a c t s d  5 times w i t h  h o t  water i n  a S o x h l e t  e x t r a c t o r .  Both 

the hot water extract and t h e  r e s i d u a l  bark c o n t a i n e d  h i g h  

f e e d i n q  s t i n u l a t o r y  a c t i v i t p ( f i q .  17) , The water e x t r a c t  has 

n o t  been s t u d i e d  f u r t h f r  yet. Ten of the most common water 
f s o l u b l g  cfteneicals found i n  p l a n t s  were t e s t e d  to d e t e r m i n e  

a 

whathe; 2. s t r o b i  would e x h i b i t  a f e ~ d i n g  r e s p o n s e  t o  t h a n .  

The c h e m i c a l s  were: 

I n o s i t o l  

Baanose 

Dextrose 

s u c r o s e  

Citri'c a c i d  
I 

o(- R e t o g l u t a r i c  a c i d  

$ a l i c  a c i d  
6 

s u c c i n i c  a c i d  

sodium c h l o r i d e  

Po tas ium c h l o r i d e  



sucrose was the cnly c h € ~ i ~ h l  t h a t  triggered f e e d i n g ;  

however, t h e  l e v e l  of a c t i v i t y  was l o w n  when compared t o  

u n e x t r a c t e d  bark, 
2 

The h o f  water sx tracted  bark was further ex trac ted?  with 

pentane and ether, and these extracts were f u r t h e r  f r a c t i o n a t e d  

u s i n g  d i f f e r e n t  c h e ~ l i c a l  t e c h n i q u e s  ( ~ i g s .  17- 13)  , The . f r a c t i o n s  

o b t a i n e d  are c c m p l e x  mixtures c o n t a i n i n g  s e v s r a l  f e ed ing  
d 

stirnulatory chemicals, - Thin lager chromathografhy ( T L C )  , and 

n u c l e a r  a a g n e t i c  resonance ( E B B )  analysis i n d i c a t e  tha t  t h e  most 

a c t i v e  chemicals i n  the pentane e x t r a c t  are  r e s i n  acids or 

c l o s e l y  related chemica l s  (Piq. 18)  . A very a c t i v e  compound' i n  

the ether d x t r a c t  seems to b e  a wax (Fig. 1 3 ) .  B o t h  extracts ,  

- houever, contain several o t h e r  unidentified c h e m i c a l s  t h a t  are 

a l s o  a c t i v e .  The prccess  of  sep 'ara t ion and i d e n t i f i c a t i o n  of 

s t irnulatory c h e m i c a l s  i s  s t i l l  underway. 



9.0, I N S E C T  FEEDING AND O V I P O S I T I O H  DETERRENTS PBOU OESTERN 

RED CEDAR F O L I A G E  \ 

3.1. I N T B O C U C T I O B  
I 

The wood o f  western rod c e d a r ,  JThuiq j l i c a t a  Donn, i s  

r e s i s t a n t  t o  fungal decay due t o  t o x i c  s u b s t a n c e s  i n  t h e  

h e a r t w o o d  (Bennerfel  t 1948, E r d t a a n n  a n d  G r i p e n b e r g  1948 ,  Roff 
B 

and i f h i t t a k e r  3 9 5 3 ,  Van Der Kamp 1975) .  I n s e c t  r e s i s t a n c e ,  

horerer ,  h a s  b e e n  less s t u d i e d ,  b u t  i f e l l i n g t o n  (196b)  a n d  B a r t o n  

e t  dl, ( 1  972) have shown t h a t  western red c e d a r  wood c c n t a i n s  - 
\ 

c c r p o n n d s  w i t h  j u v 2 n i l e  h o r a o n e  a c t i v i t y .  Hach a n d  ncDona ld  

(1371)  f o u n d  t h a t  -the wood extractive t h u j i c  a c i d  had  a 

repellerit e f f e c t  an mosquitoes. 

L i t t l e  i s  known a b o u t  t h e  s u s c e ~ t i b i l i t p  o f  g. p l i c a t a  t o  

attack by d e f o l i a t i n q  i n s e c t s  i n  i t s  natural h a b i t a t ,  As fewer 

I 
insects are r e p o r t e d  on western red c e d a r  than on cther - 

I 
Data c o l l e c t e d  i n  British Columbia  by the Forest I n s e c t  a n d  

Disease S u r v e y ,  Canadian Forest ry  Service, indicates t h a t  - -- 

b e t v e s n  1 3 7 2  and 1378, o n l y  65 d i f f e r e n t  i n s e c t  s p e c i e s  uere 
r;l. 

c o l l e c t e d  from P. p l i c a t a  compared  t o  144" from T m  

h e t e r o ~ h y l i a  ( aa f  .) Sarj. a n d  235 f ron P s e n d o t s u q a  m e n z i e s i i  

( d i r k e l )  Francc (J E H a r r i s ,  pers .  corm., p a c i f i c  F o r e s t  

Eesearch Centre ,  C a c a d i m  F o r e s t r y  Service ,  Victor ia ,  8.C. ) . 



tree species, its foliage may contain c h e m i c a l  - f e e d i n g  

d e t e r r e n t s ,  r e p e l l e n t s  ' or s u b s t a n c e s '  uith . i n s e c t i c i d a l  effect .  : 

VanderSar a n d  Borden ( 1  977b) , i n v e s t i g a t i n g  d iscr iminat ion by 

P, stEpbi, between s y a p a t r i c  host species,  demonstrated - 
t h a t  t h e  weevil would n o t  feed on twigs of its normal  h o s t ,  

s i t k a  s p r u c e ,  if they had  been soaked i n  a c r u d e  e x t r a c t  of 

w e s t e r n  r e d  cedar b r a n c h l e t s .  Thase results wers c o r r o b o r a t e d  

v i t h  2 ,  ~ l i c a t a  l e a f  o i l  (Table V I I ) .  

T h i s  section r s p o r t s  a series of exper iaents  designed t o  

elucidate t h e  c h e m i c a l  n a t u r e  of t h e  a n t i f e e d a n t  a c t i v i t y  of 

w e s t e r n  red cedar f o l i a g e  u e n g  2. strob1 a s  a test i n s e c t .  

e 

2 Hethods and m a t e r i a l s .  

A Varian 2 1 0 0  chromatograph m o d i f i e d  f o r  use w i t h  g l a s s  

capillary columns and equipped w i t h  a S p e c t r a -  P h y s i c s  Autolab 

f l in ig ra to r  was employed for a n a l y t i c a l  g a s - l i q u i d  partition 
B 

chrcaatography (GLC) . ~ n a l y s e s  were carried out on t h e  

f o l l o v i n q  c a p i l l a r i e s :  a 33. x 0.25mm I D  column c o a t e d  w i t h  

OV-101, a 23.4r x 0 . 2 7 ~ 1 ~  I D  w h i s k e r - w a l l e d  column coated w i t b  



10 5 

S I L B R -  1OC and a 2 3 . 2 ~  x G.28mm I D  w h i s k e r - w a l l e d  c o l u m n  c o a t e d  

" i t h  Ca rbowax  208 ( S c h i e k e  e t  aJ. 1 9 j 5 ,  S a n d r a  a n d  Verzale 

'3 A Y a r i a n  700  was used f o r   reparative GLC, a n d  

s e & r a t i o n s  were o n  a 152ca x 6.35rn. OD s t a i n l e s s  

steel  column packed with 25% Carbowax- 1540 o n  C h r o m o s o r b  A 4 

60/80. a t  133 C. combined g a s  chromatocf%aphy-mass  s p e c t r o s c o p y  

(GC/HS) was carried out w i t h  a H P S ~ B ~ / Z • ÷ S / D S  mass s p e c t r o m e t e r  
, 

i n t e r f a c e d  t h r o u q h  a  P t - I r  c a p i l l a r y  t o  a 30. x 0.25mm 10 glass 

c a p i l l a r y  c o l u m n  coated, w i t h  SP-1000 (J & id scientific, I nc . .  

a v a i l a b l e  from s u p e l c o ) .  o p t i c a l  r o t a t i o n s  of nea t  l i q u i d s  uera 

m e a s u r e d  w i t h  a ~ u d o l p h  p o l a r i m s t e r .  

9.2.2. Extraction cf k r a c c h l e t s  a n d  p r e p a r a t i o n  o f  uestern 
e5_- 

-c. 

r e d  c e d a r  leaf ail 

western r e d  c e d a r  foliage uas  e x t r a c t e d  a s  i n d i c a t e d  i n  P i g .  

20. C e d a r  b r a n c b l a t s  (4OGg) were macerated u i t h  50% aqueous 

a lcohol  i n  a ~ a r i n g  B l e n d e r .  The s y r u p y  p u l p  was a l l o w e d  t o  

stand overnight a t  7 C,  f i l t r a t e d  t h r o u g h  c h e e s s c l o t h  a n d  t h e  

r e s i d u e  d i s c a r d e d .  T h e  aguequs a l c o h c l i c  s o l v e n t  i n  t h e  

f i l t r a t e  was r e m v a d  on  a rotary e v a p o r a t o r .  A p o r t i o n  of the 

r e s i d u e  l e f t  i s  t h e  r o t a r y  e v a p o r a t o r  was s e p a r a t e d  f o r  tes t ing-  

( F r a c t i o n  A ) ;  the rest u a s  t r i t u r a t e d  w i t h  e t h a n o l ,  f i l t r a t e d  

u n d e r  s u c t i o n  to give an  ethancl i n s o l u b l e  a n d  s c l u b l e  f r a c t i o n  



+%.PC 

F i q .  2 0 .  Flow -char t  of aqueous a l c o h o l i c  extract ion of 

western r e d  cedar f o l i a q e .  



Weatern red cedar 
branchlets 
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50% ethanol 
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I 

1 
tth.-1 Ethanol 

inwluble  soluble 
residue f i l t r a t t  

(-act ton B) ( R u t i o n  C) 



( B  a n d  C r e s p e c t i v e l y ) .  3 c o n d e n s a t e  i n  t h e  receiver of the 

\ r o t a r y  e v a p o r a t o r  was diluted it& water, aria axtracted s e v e r a l  
0 

* 

times with e t h e r .  The combined  ethereal extracts were u a s h a d ,  
.. 

dried (aqso4j 
a n d  c o n c e n t r a t e d  b y  d i s t i l l a t i o n ,  The r e s i d u a l  

oil ( h e r e a f t e r  r e f e r r e d  t o  a s  c e d a r  leaf o i l )  was r e d i s t i l l e d  in 

a microdistillation a p p a r a t u s  at sed ' uced  q a p p r o r .  
* - 

6 
0,Smra) t o  g i v e  0.55g of a co lo r l e s s  liquid + ( F r a c t i o n  D) . 

9.2.3. F r a c t i o n a t i o n  of cedar i e a f  oil 

Cedar leaf oil o b t a i n e d  f rom f r e s h  b r a s c h l e t s  b y  steam . 

d i s t i l l a t i o n  ( v o n  R u d l o f f  1962)  was s e p a r a t e d  b y  p r e p a r a t i v e  GLC , - 

i n t o  fractions a s  i n d i c a t e d  i n  t h e  a n a l y t i c a l  c h r o m a t o g r a m  i n  

Piq. 21. A n a l y s i s  of the lsaf o i l  by GC/HS (temp. proqram , 
60-160 C a t  4 C / a i n )  i n d i c a t e d  t h a t  F r a c t i o n  1 c o n t a i n e d ,  i n t e r '  

u, 4 - p i n e n e ,  myrcene , l i m o n e n s ,  r - t e r p i n a n e  and p-ng rcena .  

Fraction II c o m p r i s e d  (-) - 3 - i s o t h u  jone a n d  (+)-3-thu jone (flt 
e, 

152) . T e r p i n e n - 4 - 0 1  was the major component of fraction LII, 

( 0 )  -3-Isothu jone was isclated from r e d i s t i l l e d  c e d a r  l e a f  o i l  b y  

p r e p a r a t i v e  GLC, and was 37% p u r e  b y  a n a l y s i s  on t h e  OY-101 

qlass c a p i l l a r y  c o l u m n  ( temp.  p roq ram,  8 5  C  a t  4 C/min), 

( + ) - 3 - T h u j o n e  was p r e p a r e d  b y  t h e  p r o c e d u r e  of Hach a d, 
( 1 3 7 1 )  and exhibited o n l y  one p e a k  on ths SILAR-1OC capillary 

column ( t e m p .  p rog ram,  60-200 C a t  6 C/nin) : [a(] = +78.6 ( L i t ,  
'7 



L 

Piq. 21 .  Gas chro.&atsgram, of cedar leaf o i l -  o n  the Carbowax 
i 3 .  

20H c a p i l l a r y  column, Temp, proq,: 60 C o c t i l  e l u t i o n  of . 

s o l v e n t ,  t h e n  4  C / $ i n  tc 160 C. Frac t ion  I I )  : a h o t e r k n e  

h y d r o c a r b o n s ,  F r a c t i o n  I1 (PzII) : t h u  jones. Prac t ion  I11 . e. 
( I 1 1  : ma jar p e a k  is t s r p i n e n - 4 - 0 1 ,  

* 





/ 

[ 0( ] 78..8) {Hach &. 1371). The s x t r a ~ t s ,  f r a c t i o n s ,  a n d  

c o a p c u n d s  t e s t e d  for fee$'ing b e t e r r e n * ?  a c t i v i t y  a r e  i n d i c a t e d  i n  

T a b l e  XXI. 

9.2.4, B i o a s s a y s  w i t h  P .  s t r o b i .  

F e e d i n q  d e t e r r e n q  t o  2. strobi was s t u d i e d  v i  t h  t h e  p a i r e d  
- 

a q a r  d i s c  p r o c e d u r e  d e s c r i b e d  p r e v i o u s l y .  On€ p e r c e n t  Sitka 

spruce b a r k  ( d r i e d  a n d  finely powdered) from >lateral b r a n c h e s  

was i n c o r p o r a t e d  i n t o  the aqar a s  a feedinq s t i m u l a n t .  

C a n d i d a t e  a n t i f e e d a n t  s t i m u l i  were a p p l i e d  i n  s o l v e n t  t o  the 

l e n s  p a p e r  c o v e r i n g  c n e  o f  t h e  p a i r e d  agar  d i s c s  w h i l e  t h e  o t h e r  

s e r v e d  a s  a s c l v e n t .  c o n t r o l .  

An e x p e r i m e n t  was c o n d u c t e d  t o  d e t e r m i n e  w h e t h e r  . t h e  

f r a c t i o n s  obtained i n  the a q u e G u s  a l c o h o l i c  e x t r a c t i o n  of c e d a z  

b r a n c h l e t s  exhibited a n t i f e e d a n t  a c t i v i t y  w i t h  E. s t rob&.  

E x t r a c t s  were t e s t e d  a t  c o n c a n t r a t i o n s  e q u i v a l e n t  t o  0.5aq of 2. 

p l i c a t a  foliage. T h e  solvents u s e d  ;ere: 50% ethanol for t h e  
\ 

t o t a l  e x t r a c t  ( F r a c t i o n  A ) ;  d i s t i l l e d  water f o r  the 

e t h a n o l - i n s o l u b l e  f r a c t i o n  ( B )  ; p u r e  e t h a n o l  for t h e  ethanol 

s o l u b l e  f r a c t i o n  (C)  ; and p e n t a n e  for the v o l a t i l e  f r a c t i o n  ( D ) .  

The a a o u n t  of feeding was e v a l u a t e d  b y  c o u n t i n g  t h e  nunber of 

f e e d i n g  punctures made i n  24 h by 2  v e e v i l a  into the s u r f a c e  o f  



the treated a n d  untreated d i s c s .  T h e  f i rs t  3 f r a c t i o n s  were , 

t e s t e d  u s i n q  20 r e p l i c a t e s  v c h ,  a n d  the f o u r t h  i n c l u d e d  1 5  
: 

' I  L 

r e p l i c a t a s .  

I n  n o t h e r  e x p e r i n e n t i  I s t u d i e d  d e t e r r e n c y  f o  P, s t r o b i  of cedar . - 
l e a f  o i l  a n d  its components when t e s t b d  , a t  s i m i l a r  

\ *  w rrx 
c o n c e n t r a t i o n s  -to those which  o c c u r  i n  n a t u r e  ( T a b l e  X X I )  . In 

w e s t e r n  r e d  c e d a r ,  the l e a f  oil a c c c u o t s  f o r  about 5.5% of t h e  

d r y  w e i q h t  cf t h e  foliage (won B u d l o f f  1962) .  Cedar leaf o i l  

was a p p l i e d  (1OOpq) t o  t h e  p a p e r  s u r f a c e  o f  a g a r - s p r u c e  b a r k  

n 
d i s c s .  S i n c e  t h e  weight o f  this p a p e r  s u r f a c e  i s  a b o u t  2,4mq, 

the r e s u l t i n q  c o n c e n t r a t i o n  on t h e  p a p e r  has  abou t  4% of its d r y  

w e i g h t .  The e x p e r i m e n t  i n c l u d e d  15 r e p l i c a t e s  p e r  treatment 

w i t h  3 w e e v i l s  p e r  replicate, and  was r u n  f o r  2 4 4  i n  a growth 

chamber a t  2 4  C. 

T h e  d e t e r r e n t  e f f a c t  of c e d a r  l e a f  o i l  o n  f e e d i n q  b y  2 .  

s t r o b i  on a n a t u r a l .  s u b s t r a t e  was t e s t e d  u s i n g  S i t k a  s p r u c e  

t w i q s .  The experimental u n i t  c o n s i s t e d  of 2 Sitka s p r u c e  t w i g s  

(2cm l o n g )  , from l a t e r a l  b r a n c h e s ,  connected end t o  end  b y  Beans  
- 

of a h e a d l e s s  entomological p i n  i n s e r t e d  through the p i t h .  One 
D 

of t h e  twigs  i n  e a c h  c o u p l e  was d i p p e d  for 2 s e c o n d s  i n  a 1% 

pentane s o l u t i c n  o f  cedar  l e a f  o i l ,  The s e c o n d ,  c o n t r o l  t w i g ,  



was d i p p e d  i n  pure  p e n t a n e .  E a c h  r e p l i c a t e  c o n s i s t e d  of a n e  

p a i r  cf c o n e c t e d  t w i g s  p l a c e d  u i t h  a s i n g l e  weevil u n d e r  an 

inverted g l a s s  j a r  ( 4 4 8  m l )  o v e r  ,a f i l t e r  paper f l o o r ,  The 

e r p e r i n e n t  lasted 24h a n d  was e v a l u a t e d  by c o u n t i n g  the n u m b e r  

of f e e d i n q  punctures made by  each w e e v i l  o n  t h e  t w i g s .  T h e  

number of r e p l i c a t e s  for e a c h  sex was 16. E x c e p t  w h e r e  otherwise 

i n d l g c a t s d ,  e x p e r i m e n t s  were r u n  a t  20-21 , C  o n  a l a b o r a t o r y  

c o u n t e r  t o p  with a n a t u r a l  p h o t o p e r i o d .  

I n  a l l  e x p e r i m e n t s ,  f s e d i n g  d e t e r r e n c y  was c a l c u l a t e d  a s  a 
'. 

p e r c e n t a g e  b y  s u b s t r a c t i n q  the a m o n r t  of feedinq on the t r ea t ed  ,r , 
d i s c s  f r o m  t h e  feeding o n  the c o n t r c l  a n d  d i v i d i n g  the 

P 

d i f f e r e n c e  b y  t h e  f e e d i n g  on  tbs c o n t r o l .  

9.2.5. E f f e c t  of cedar leaf o i l  o n  f e e d i n g  a n d  o v i p o s i t i o n  

o f  o t h e r  i n s e c t s  
# 

Insects i n  3 s p e c i e s ,  t h e  a lde r  f l e a  b e e t l e ,  A l t i c a  a m b i e n q  

(Le C o n t e )  ( C c l e c p t e r a :  C h r y s o n e l i d a e ) ;  a leaf rol les,  _Fr;iaotia 

s o l a n d r i a n q  L. ( L e  p i d o p t a r a :  O l e t h r e u t i d a e )  ; a n d  t h e  
C 

r e d -  b a c k e d  s a w f l y ,  g r i o c a n ~ a  a L. 4Hyaencptera: 
0 

T e n t h r e d i n i d a e )  , were collected on Burnaby H o u n t a i n ,  B. C., where 

they d e f o l i a t e  red a l d e r , '  A l n u s  j u b r a  Bong., a species uhich  is 

s y l a p a t r i c  u i t h  2. pl ica ta .  Tha e f f e c t  of cedar l ea f  o i l  on t h e  



f e e d i n g  o f  these p h y t a p h a g o u s  i n s e c t s  vas t e s t e d  b y  g i v i n g  t h e  

insects a choice b e t w e e n  one h a l f  of a n  a l d e r  leaf d i p p e d  for 2 

s e c o n d s  i n  a p e n t a n e  s o l u t x m  pf cedar l e a f  o i l  a n d  a . 
s o l v e n t - t r e a t e d  h a l f - l e a f .  T h e  two h a l v e s  were p l a c e d  o n  moist 

f i l t e r  paper i n  a 10 C E  g l a s s  p . e t r i  d i s h .  P o u r  c o n c e n t r a t i o n s  

o f  cedar  l e a f  o i l  ( 0 . 0 1 % ,  0. I % ,  I % ,  a n d  2%) were t e s t e d .  

The a x p e r i m e n t  w i t h  a d u l t  4. g m b i e n ~  i n c l u d e d  5 r e p l i c a t e s  

w i t h  7 i n s e c t s  each. feeding was e v a l u a t e d  b y  c o u r i t i n g  the 
I 

number  o f  f e e d i n g  h o l e s  made by  t . h e  i n s e c t s  i n  12h. - E. 

s o l a n d r i a n a  a n d  - ova ta  l a r v a e  were t e s t e d  i n  s e p a r a t e ,  

5 - r a p l i c a t e  e x p e r i m e n t s  u s i n g  5 insects per r e p l i c a t e .  i e e d i n g  

was e v a l u a t e d  w i t h  t h e  a i d  cf a camera l u c i d a ,  b y  d r a w i n g  on 

p a p e r  t h e  a r e a  e a t e n  i n  24h ,  T h e  d r a w i n g s  were t h e n  c u t  a n d  

v e i q h e d  on a b a l a n c e ,  

C e d a r  l e a f  o i l  was t e s t e d  a s  a n  o v i ~ o s i t i o n  d e t e r r e n t  f o r  ' 

t h e  o n i o n  root maggot, f&J,em~a a n t i q u a  ae igen  ( D i p t e r a :  

~ n t h o m g i i d a e ) ,  u s i n g  t h e  o v i p o s i t i o n  b i o a s s a y  o f  Vernon e t  al. 

( 1  977) , i n  v h i c h  3, antfuiia is i n d u c e d  t o  o v i p o s i t  into notches 

c u t  a r o u n d  t h e  l i p  o f  an i n v e r t e d  N a l q e q e  beaker c o n t a i n i n g  a 

suspended o n i o n  slice. I n  t h e  o v i p o s i t i o n  deterrency t e s t  

r e p o r t e d  h e r e ,  30Opc~ o f  c e d f i e a f  o i l ,  d i s s o l v e d  i n  pentarse, 
f' 

were a p p l i e d  t o  t h e  fif ter p a p e r  u n d e r  e a c h  notch. The control 



p a p e r s ,  received o n l y  p e n t a n e k  T w o  treated 'and. twc c o n t r o l  sets 

of  b i o a s s a y  a p p a r a t u s  were introduced into each o f  3 screen mesh 

cages t h a t  c o n t a i n e d  25  qravid f e m a l e  f l i e s .  T h e  numbhr  -of eqqs 

laid u ~ d e r  each k e a k e r  after 4 8 h  uere caun , t ed .  The e x p e r i m e n t  

was r e p e a t e d  3 times l i i  t d i f f e r e n t  g r o u p s  of  i n s e c t s .  9, 

3 3 R e s u l t s  a n d  d i s c u s s i o r .  

The t o t a l  a q u e o u s  a l c o h o l i c  extract cf  w e s t e r n  r e d  cedar 
7. i 
i branchlets h a d  n o  s i g n i f i c a n t  ant i feedant  effect o n  e .  strobj, 

st able X X )  . s u r p r i s i n g l y ,  t h e  e t h a n o l - s o l u b l e  and  i n s o l u b l e  

f r a c t i o n s  ( f  ract ior is  C a n d  B I  r e s p e c t i v e l y )  uere s t i m u l a t o r y .  

Only t h e  fraction c o n t a i n i n g  t h e  v o l a t i l e  l e a f  o i l ,  s h o v e d  

s i g n i f i c a c t  f e e d i n q  d e t e r r e n t  a c t i v i t y  (Table X X )  . A n a l y s i s  b y  

gas chroma t og r aph  y i n d i c a t e d  t h a t  ( 0 )  -3-isothu j o n e  a n d  

( + I - 3 - t h u j o n e  accounted for more t h a n  80% of t h e  l e a f  o i l ,  s i m i l a r  

t o  r e s u l t s  r e p o r t e d  b y  Von Rudloff  ( 1962) . 
1 

Table X X I  E n d i c a t e s  the r e l a t i v e  composition of t h e  

conpcnents  of cedar l e a f  oil. When tested at s imi lar  r e l a t i v e  

c o n c e n t r a t i o n s ,  a l l  fractions that c o m p r i s e  the l e a f  o i l  of 

w e s t e r n  red cedar h a d  a deterxent effect on the f e e d i a q  of P.' 

s t r o b i .  [ + )  - 3 - T h u j o n e  caused s i g n i f i c a n t  inhibition a t  very l o w  

c o n c e n t r a t i o n s  (5pg)  whereas the i n h i b i t i o n  caused k g  



- 
0.. 

Table XX. Total nurnker of f e ' e d i n g  punctures nade by 2. s t r o b i  

oc aqar-bark discs treated and. u n t r e a t e d  with fractions of 

s t i m u l u s  Hales Females 

d e s c r i p t i o n  Control Treated Percent Control T r e a t e d  Percent 
b 

d i s c  d i s c  d s t e r r e n c y  d i s c  
b 

d i s c  deterrency 

Total 

e x t r a c t  

50% aqu2ous, 

athanol 

s o l n b l e  

50% aqueous, 

e t h a n o l  H 

i n s o l u b l e  54 87 -- 57 120* -- 

volatil~ fraction w h i c h  incladed only 15 replicates. 
b / 

t - t e s t  s i g n i f i c a n c e  l e v e l  on difference b e t w e e n  treated and 

control, i n d i c a t e d  by: *=P<O. 05, **=P<0.01. 





I - )  -3-1 s u t h n  jone was l o w e r  and no t  s i g a i f  i c a n t .  Ifouever, 

additional testing s h e w e d  that when the concentration of 

( -1  - 3 - i s o t h u  jone was i n c r e a s e d  to  1 0 0 p g / d i s c ,  feeding i n h i b i t i o n  

was h i g h l y  s i g n i f i c a n t  (t-test, P<O. 0 1 ) .  

The experimeht i n  which S i t k a  spruce t u i q s  were dipped ' i n  a 

cedar leaf  1 s o l u t i o n  showed that cedar l eaf  o i l  depressed 

s i g n i f i c a n t l y  t h e  f e e d i n g  of  g.  strobi (Table X X I I ) .  

Alder f l e a  k s e t l e s  f e d  s i g n i f i c a n t l y  mcre on so lvent- treated 

alder l e a v e s  than  o n  l e a v e s  d i p p a d  i n  t h e  cedar l e a f  o i l  * 

s o l u t i o ~ l  ( T a b l e  X X I I f )  , The feeding d e t e r r e n c y  d i d  n o t  i , n c r e a s e  
A 

propor  t i m a t 1  y w i t h  i n c r e a s i n g  s t i m u l u s  c o n c e n t r a t i c n ,  

s u g g e s t i n g  t h a t  the l o w e s t  c o n c e n t r a t i o n  t e s t e d  may h a v e  been 
4 

a'cove the  threshcld  for d e t e r r e n c y ;  thus the dif feisnce ketween 

i s  p r c b a b l y  due  v a r i a t i o n ,  Cedar l e a f  o i l  

h a d  rc e f f e c t  cn t h e  f e e d i d q  a c t i v i t y  of 4. s o l a n d r i a %  and 1. 

o v a t a  l arvae  w h i c h  f e d  e q u a l l y  on t r e a t e d  and u n t r e a t a d  leaves. -- 
T h e  leaf , r o l l e r s  (E, solandriana) e x h i b i t e d  t h e i r  normal l ea f  

rolling b e h a v i o r  on t h e  traated l s a v e s  before s t a r t i n g  t o  f e e d .  

o v i p c s i t i o n  b y  t h e  o n i o n  root m a g g o t  was h i g h l y  i n h i b i t e d  by t h e  

D r e s e n c e  of  csdar leaf o i l  i n  the treated o v i p o s i t i o n  s t a t i o n s .  

{Table XI1 V) . 



T a b l e  XXII. dean number of f e e d i n g  Functures  made b y  one 2. * 

s t r o b i  on S i t k a  s p r u c e  twigs  d i p p e d  for 2 s e c o n d s  in a 1% --- 
pentane s o l u t i c n  of cedar leaf oil, contro) twigs were dipped 

in pure p e n t a n e .  *=I6  r e p l i c a t e s  ' f o r  each sax, 1 

S e x  C o n t r o l  ~ r e a t e d ~  Percent 

t es ted  t r i g  t w i g  d e t e r r e n c y  

-- -- 
Males 2.5 0.5 ** 80.0 

%-test s i g n i f i c a n c e  l e v e l  on difference betwe2n treated and 

control, indicated by: *=P<0,05, **=P<O.OI, 



Table X X I I I ,  ngaa numb-er of f e e d i n g  h o l a s  made by A .  ambieas on 

r e d  a l d e ~  half-leaves t r e a t e d  aqd u n t r e a t e d  wi tb  cedar laaf oil. 

Stimulus C c n t r o l  Treated Percent 

c o n c e n t r a t i o n  

c o n t r o l ,  indicated by: *=P<O.OS, **=P<0.01. 



T a b l ~  XXIB, Tctal n u m b e r o f  eggs laid by 25 y a  ~nt i cr t l a  on 

cedar l e a f  oil-trea t e d  and u n t r z a t e d  o v i p o s i t i o n  .stations, N= 3 
a 

repl icates  per - e x p a r i m e n t .  

a 
t - t e s t  s i q n i f i c a n c e  l e v e l  on difference b e t w e e n  treated - and 

control, indicated by: *=P<O,O5, **=P<O.Ol. 



Ply e x p e r i m e n t s  indicate tha t  cedar leaf o 

122 

il i n h i b i t s  t h e  
+ 

f e e d i n g  o f  a t  least 2 p h y t o p h a g o o s  insects, T h e s e  insects, 1. 

strobi and 8 ,  a e b i e n s ,  must  discrirr' inate between 2 ,  $lica?a .w 

and t h e i r  n o r a a l  hosts i n  n a t u r e ,  aowaver, other h o s t  

d i s c r i m i n a t i o n  mechanisms m u s t  exist f o r  i n s e c t s  s u c h  a s  8 .  

s o l a n d r i a =  a n d  g. owata  which are n o t  i n h i b i t e d  by c e d a r  leaf 

o i l  b u t  which d c  n o t  feed on 2. p l i c a t q  i n  n a t u r e .  Feeding 

(and p o s s i b l y  o v i p o s i t i o n )  d e t e r r e n c y  map p a r t i a l l y  a c c o u n t  f o r  

the cbserved resistance cf u s s t e r n  r e d  cedar to foliage f e e d e r s  

i n  nature .  How'ever, the ralatively high c o n c e n t r a t i o n s  r e q u i r e d  

t o  elicit f e e d i n g  i n h i b i t i o n  a n d  t h e  l a c k  of a b s o l u t e  d e t e r r e n c y  

(Tables X X I - X X I V )  suggest that a p p l i c a t i o n s  of cedar leaf o i l  or 

its c o m p o n e n t s  a s  c o m m e r c i a l  feeding d s t e r r e n t s  are  unlikely. 



10.0. CONCLUDING DISCUSSION, , 

The agar d i sc  bioassay d e v e l o p e d  B u r i n g  the c o u r s e  of t h i s  

r e s e a r c h  was e f f e c t i v e l y  u s e d  t o  s t u d y  the i n t i m a t e  c h e m i c a l  .. 

i n t e r a c t i o n s  t h a t  d e t e r m i n e  whether or n o t  a p l a n t  i s  accebted 

o r  rejectad a s  food by a p h y t o p h a g o u s  i n s e c t .  

Host s e l e c t i o n  b e h a v i o r  b y  9, strobi can be c o n s i d e r e d  a s  a 

series of sequential s t e p s  i n c l u d i n g  host tree f i nd ' i ng ,  l c c a t i o n  \--. 
.d 

of t h e  c o r r e c t  feeding area w i t h i n  the t r e e .  t e k t i n q  and 

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

maintenance of f e e d i n g ,  

H o s t  f i n d i n g  b e h a . v i o r  e x h i b i t e d  b y  2. stsobi i n  t h e  field 

s u g g e s t s  that o l f , a c t i c n ,  b e s i d e s  v i s i o n  ( Y a n d e r S a r  and  Borden  

1 9 7 7 a )  , may play a role  i n  h o s t  f i n d i n g .  H o u e v e r ,  rnonotarpene 

h y d r o c a r b o n s .  t h e  ~a jor v o l a t i l e  c o m p o n e n t s  i n  S i  tka sFsuce, 
I . 

failed t o  a t t r a c t  w a l k i n q  p. strobi i n  o l fac tomet r ic  - s t u d i e s .  

D e t e c t i o n  of o l f a c t o r y  r e s p o n s e s  i n  2. s t s o b i  nay n e e d  the 

d e v e l o p m e n t  of n o v e l  o l f  actometric t e c h n i q u e s . .  

After l a n d i n q  o n  t h e  tree, the w e e v i l s  may be o r i e n t e d  t o  

f e e d i n q  o n  t h e  bark by - t a c t i l e  s t i m u l i  and short-range o l f a c t o r y  - 

stimuli,  P e e d i n g  d e t e r r e n t s  i n  the needles 4 F i g .  3 )  m a y  serve 
1 

t o  restrict feeding t o  t h e  bark s u r f a c e .  Once  o n  t h e  bark 
I 

surface, the insects mus t  i n i t i a t e  t h e  n e x t  s t eF  i n  t h e  h c s t  

s e l e c t i o n  s e q u e n c e :  the b i t i n g  r e s p o n s e .  ~ e e d i n q  s t i a u i a n t s  

pr%sent  i n  t h e  c u t i c l e  o f  t h e  l e a d e r -  s u r f a c e  ma y t r i g g e r  t h i s  
v 



c r u c i a l  step ( T a b l e  X V I I I ) ,  C h e a i c a l  a n a l y s i s  c u r r e n t l y  being 

performed i n d i c a t e s  t h a t  t h e  c u t i c u l a r  f e e d i n q  s t i m u l a n t  i s  a 

wax or  a c l o s e l y  r e l a t e d  c h e m i c a l .  It i s  p o s s i b l e  t h a t  f a i l u r e  

t o  t r iqger a  b i t i n g  r e s p o n s e  may b e  an i a p o r t a n t  factor i n  

d e t e r m i n i n g  that some c o n i f e r  species are n o t  harmed by this 

i n s e c t .  

e 
Haintenance o k  f e e d i n g  f o l l o u s  a b i t i n g  resFonse o n l y  if t h e  

mixture of c h e m i c a l  f e e d i n g  stimulants i n  the inner b a r k  of t h e  

l e a d e r  is a p p r o p i a t e  for t h e  w e e v i l .  F e e d i n g  r e s F o n s e  s t i m u l i  

. for g. s t r o b i  on S i t k a  s p r u c e  c o m p r i s e  a complex m i x t u r e  

containing several c h e w i c a l s  with d i f f e r e n t  p r o p e r t i e s  (Tables 

XVII a n d  X v I I ? ,  F i g s ,  9 - 1 9 ) .  The d i s t r i b u t i o n  of  t h e  c h e a i ~ a l s  

- w i t h i n  S i t k a  s p r u c e  trees c o r r e l a t e d  well w i t h  the p r e f e r r e d  

s i t e s  for f e e d i n q  by t h e  weevils ( T a b l e  VIII), i .0 .  the l e a d e r  

bark .  C h e m i c a l  feedinq s t i m u l a n t s  a p p e a r e d  t o  b e  p r e s e n t  i n  
A 

l a r g e r  q u a n t i t i e s  or i n  b e t t e r  b l e n d s  i n  the phloem o f  t h e  

trees. , V o l a t i l e  n o n o t e r p e n e s  a p p e a r  t o  spnergize n o n - v o l a t i l e  

s t i m u l a n t s  i n  t h e  b a r k  (Figs. 9-1 1 ) .  Some v o l a t i l e  
b 

c h e a i c a l s ,  p a r t i c u l a r 1  y p i p e r  i t o n e ,  l i s l o n e n e ,  and (+) -camphor 

h a d  a d e t e r r e n t  effect on feeding when p r e s e n t  above a c e r t a i n  

t h r e s h o l d  c o n c e n t g a t i o n ,  .and aay p l a y  a ro le  i n  t h e  resistance 



t o  i n s e c t  attack. 

E x t e n s i v e  testing of conifer  and n o n - c o n i f e r  species 

demonstrated t h a t  .the c h e m i c a l  s t i m u l i  t r i g g e r i n g  f e e d i n g  v a r y  

in i n t e n s i t y  among t h e  s p e c i e s  tested (Figs. 4 6  . The 

chemical s t i m u l i  are o p t i m a l  o n l y  i n  t h e  h o s t  Sitka s p r u c e  a n d  a 

few o t h e r  coni fers  (Fig, 5) . S i n c e  t h e  stimuli i n  Sitka s p r u c e  

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

c o n c e r t ,  i t  i s  possible t o  hypothesize t h a t  p l a n t s  e l i c i t i n g  a 

low feedinq r e s p o n s e  have an i n c o m p l e t e  sat of  s t i n n l a t o r y  

chemicals. The p r e f e r r e d  h o s t  is p r o b a b l y  selected ove r  other 

c o i n c i d e n t  c o n i f e r  species because i t  c o n t a i n s  a c o m p l e t e  array 

of stimulants i n  a p p r o p r i a t e  c o n c e n t r a t i o n s .  The i d e n t i f i c a , . t i o n  
4 

of the various c h e m i c a l s  i n v o l v e d ,  e s p e c i a l l y  t h e  k e y  c h e r a i c a l s  

determiaing h o s t  specificity, nay p r o v i d e  t h e  basis f o r  

developing r e s i s t a n t  v a r i e t i e s  b y  r e a o v i n g  k e y  c h e m i c a l s  from - 
otherwise s u s c e p t i b l e  varieties. 

.This t h e s i s  h a s  also shown t h a t  p. strobi is s e n s i t i v e  to 

chemicals t h a t  h a v e  a  feeding d e t e r r e n t  a c t i o n  (Table V I I ) .  

F e e d i n g  d e t e r r e n t s  e x i s t  within S i t k a  spruce trees (Table XIV, 

P i g ,  3) a n d  in several n o n - h o s t  s p e c i e s  (Fiq. 6 ,  T a b l e s  V Z I ,  

XX-XXII) . ~ a t r o d u c t i o n  of feeding deterrents i n t o  s n s c e p t i , b l e  

v a r i e t i e s ,  b y  i n t e r - s p e c i f i c  h y , b r i d i z a t i o n  w i t h  more r e s i s t a n t  



' P 

s p e c i e s ,  ( l i k e  p i c  omorika), and p e r h a p s  s e l e c t i o n  f o r  . 
d e t e r r e n t s  a l r e a d y  p r e s e n t  may p r c v e  t o  he p r o d u c t i v e  means of 

of d e v e l o p i n g  resistance f o r  t h e  w e e v i l .  

f, strobi map a l s o  b e  s e n s i t i v e  t o  v a r i a t i o n  i n  

o v i p o s i t i o n a l  stimulants and the n u t r i t i o n a l  q u a l i t y  of the h o s t  

plant ( T a b l e  XII). O v i p o s i t i o n a l  r e s i s t a n c e  was p o s t u l a t a d  b y  

VanderSar ( 1  978) a s  a p o s s i b l e  e x p l a n a t i ~ n  fcr the f a i l u r e  o f  g. 

s t r o b i  t o  c o l o n i z e  p, m o n t i c o l a  i n  B r i t i s h  Columbia .  Removal 
0 (1 - of o v i p o s i t i o n a l  s t i n u l a n t s  or  key n u t r i e n t s  f r o m  s u s c e , p t i b l e  

v a r i e t i e s  of S i t k a  spruce may p r o d u c e  l i n e s  t h a t  d o  n o t  s u p p o r t  
8 6  

a  h e a l t h y ,  f e c u n d  w e e v i l  p o p u l a t i o n ,  

The p r o c e s s  of  h o s t  s e l e c t i o n  b y  2. s t r o b i  and of 

r e s i s t a n c e  by hos t  a n d  non-host p l a n t s  i s  complex and i n v o l v e s  
I 

physical a n d  laorphological f a c t o r s  i d e n t i f i e d  by ear l ie r  workers 

(Stroh a n d  G s r h c l d  1365, V a n d e r S a r  and Borden  1977a) ,  a n d  complex 

biochemical i n t e r a c t i o n s  b e t w e e n  t h e  p l a n t  and  t h e  i n s e c t .  

E l u c i d a t i o n  of t h e  n a t u r e  o f  this i n t e r a c t i o n  may F r o v e  t o  b e  a 

l a n d a a r k  i n  t h e  u n d e r s t a n d i n g  of h o s t  s e l e c t i o n  b y  
I 

c o n i  fer-in f e s t i n g  i n s e c t s ,  
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