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ABSTHRCT 

E x p e r i a e n t s  assessed t h e  use o f  t h s  p h e r o m o n e s  l i n e a t i n ,  

( + ) - s u l c a t o l ,  a n d  S - ( + ) - s u l c a t o l  i n  m a n a g e m e n t  o f  t h e  ambrosia 

b e e t l e s  T r y ~ g P e f i r i r o n  U&gg&yr~ ( G l i v i e r ) ,  Q a & h o t r i c h u s  sg&cptys 

( E e C o n t e )  , a n d  & mggsgs (LaUunte)  , r e s p e c t i v c l  y e  

I n  a 1 2 - w e e k  e x p e r i m e n t  p h e r o m a n e - b a i t e d  a n d  b l a n k  

u n t r e a t e d  t r a p  foqs uera a s  e f f i c i e n t  a s  p h e r o m o n e - b a i t e a  sticky 

traps f o r  gZ L&gn&gg u p  t o  4 w e e k s ,  v h e r e a f t e r  they were 

i n f e r i o r  to s t i c k y  t r a p s .  Overaff, p h e r o m o n e - b a i t e d  t r a p s  were 

gore e f f i c i e n t  t h a n  a l l  logs f o r  male GI r e t u s u s ,  o r  b l a n k  l o g s  

f o r  & &g~ghrgg, a n 6  e q u a l  t o  l o g s  f o r  male 5, ~gticatus, 

Y h e r a ~ o n e - b a i t e d  s t i c k y  t r a p s  were s u p e r i o r  t o  

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

12-week e x p e r i m e n t  TOE feuialt 4: gglciltus, a f t e r  4 u e e k s  f o r  & 

l i n e t u g  and &aft% GI ggL~grgg, b u t  only f o r  4 w e e k s  i n  

m i d - e x p e r i m e n t  f a r  5: ygtggug. O v e r a l l ,  t r a p s  uete superior t o  

l i n d a n e - t r e a t e d  l o g s  f o r  &, sg&sg&gg, whereas there was n o  

d i f f e r e n c e  f o r  the o t h e r  Z species, 

A n e u l y  d e s i q n z d  m u l t i p l e  f u n n e l  trap compared f a ~ o r 3 b i ~  i n  

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

S t i c k y  v a n e  t r a p s  Mere More e f f i c i e n t  t h a n  3 other t r a p  types 

f o r  higg.&pg an6 g, p g g g g s .  F o r  GL ~ p A ~ g & g g  t h e  m u l t i p l e  

funnel t r a p  n a s  more e f f i c i e n t  t k a n  a s t i c k y  c y l i n d e r  t r a p ,  b u t  

n o t  b e t t e r  t h a n  v a n e  o r  S c a n d i n a v i a n  drainpipe t r a p s .  P l a c z t t i c n t  

l i i  



of baits in t h e  l a g e r  h d l f  of d r a i n p i p e  t r a p s  increased their 

efficiency, 2, &&neptgg a e ~ a n s t r a t e a  a silhouette response by 

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

l i n e a t i n  e t  Y O  p q / 2 4 h  a n d  t o  t r a p s  r e l e a s i n g  f i n e a t i n  at 3 0  

p g / 2 4 h ,  but with a nearby d i s p e n s e r  r e l e a s i n a  the pneroBone at 

3 0  r g / 2 4 h .  I n  f a t e  A p r i l  t r a p s  p l a c e d  1 5  - 2 5  m inside t h e  

forest m a r g i n  c a u g h t  Pore z' l i a e a t u ~ ~  t h a n  t r a p s  a t  t h e  m a r g i n .  

T h e  p o p u l a t i o n s  of a l l  3 spec ie s  akre  surveyed by t r a p p i n q  

a n d / o r  overwintering satnples i n  4 d r r l a n d  s o r t i n s  a r e a s *  Bass 

t r a p p i n g  a t  Sooke, B,C., f o r  2 years  d i a  n o t  a p p e a r  t o  a f f e c t  

the populations of any species, d e s p i t e  c a t c h e s  of over 2 . 8  

m i l l i o n  beetles i n  3 9 8 1 .  There fore  p h e r o a o n e - b a s e a  wanagewent 

m u s t  b e  i n t e g r a t e d  w i t h  rigorous loq R a n a y e g t k n t .  
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B . C .  Mumbered d i a m o n d  s y m b o l s  i n d i c a t e  a p p r o x i m a t e  

position of s b ~ p l i n q  site r o r  o v e r w i n t e r i n g  beetles 

s h a u u  i n  c o r r e s p o n d i n g l y  n u m b e r e d  h i s l o g r n @ s .  Scale' 

F i g s .  20-21.  S p a t i a l  d i s t r i b u t i o n  of o v e r w i n t e r i n g  2, 

. -------- l i n e a t u m  a t  t h e  d r y l a u d  s o r t s  a t  P o r t  h e n f r e w  

( F i g . 2 3 ) ,  a n 6  C h i n a  Creek ( f i g .  21)  on Vancouver 

x v i  



I s l a n d ,  B.C. Numbered Giamond symbols i n a i c a t e  

a p p r o x i m a t z  p o s i t i o n  o f  s a m ~ l i n g  s i t e  f o r  

o v e r w i n t e r i n g  bset le s  s h a u n  i n  c o r r e s y o n 6 i n q l y  

numberec t  h i s t o q r a m ,  Sca l e  Lor each  h i s t o g r a m  a n d  

year shown t o  t h e  r i g h t  o f  each f i a u r e .  .......*.....oo...97 

F i g .  22. Mean d i s t r i b u t i o n s  of overwinter ing  EL kineaturn 

dt 2 d r y l a n d  s o r t s *  S a m p l e s  were taken a l o n u  

t r a n s e c t s  a t  0 ,  30 ,  6 0 ,  a n 6  40 n i n t o  the f o r e s t  

fro& the n a r a i n  a r o u n d  t h e  d r y l a n d  s o r t s  a t  Sooke 

a n d  Shawnigan .  ................................. ~ ~ . C C t C . . 1 0 2  

Figc 23. T a ~ p o r a l  d i s t r i b u t i u n  of 'l?, lineatus c a u q h t  at 

3 d r y l a n d  s o r t s  o n  V a n c o u v e r  Island, 1 SI ' I9 -bO.  .......... .707 

Pig. 2q. Tetnporal d i s t r i b u t f a n  of 5, s u f c a t u s  c a u g h t  a t  

3 d r y l a n d  sorts on Vancouver I s l a n d ,  1974-80.  ........ . * . I  09 

Fig. 2 6 .  Tempora l  d i s t r i b u t i o n  of x' I i n e a t g m  c a u g h t  i n  

a mass t r a p p i n g  program a t  t h e  d r y l a n d  sort a t  

. S a o k e ,  1981.  .......................................... ..I16 



Fiq 2-1. Tetnporal  d i s t r i b u t i o n  of 2 Chigthutr ichus  syp. 

c a u g h t  i n  a mass t r a p p i n a  program a t  t h e  d r y f a n d  

s o r t  a t  Sooke, 1901.  . . . . . . . . . . . . . . . . . . . .  . ~ C C C C . C . C . C I I . . l l P  

Fig. 28. Diagram if lustrat in@ areas used for e s t i m a t i n g  

overwintering p o p u l a t i o n s  of g, J,&ggptum at 4 



B I O L O G Y  ------- 
Ambrosia beetles are w o o d b o r i n a  Colaoptera b e l o n y i n g  t o  

the families P l a t y p o d i d a e ,  S c o l y t i i a a s ,  a n &  L y m e x i l i d a e  (baker 

1 9 6 3 )  T h e  name t s a n b r o s i a  beet le t f  re fers  t o  t h e i r  s - p r s b i s t i c  

a s s o c i a t i o n  w i t h  certain f u n g i ;  t h e  **ambrosias1 upon  which larvae 

a n 3  younq a d u l t s  feed (Baker 1 9 6 3 ) .  These furrgrr mag be 

r e l a t i v e l y  l i t t l e  s p e c i & l i z e d ,  e . g .  ( .&ratc~psg&s spy., w h i c h  a r e  

s i m i l a r  t o  b l u e - s t a i n  f u n g i  occurring w i t h  fffany bark b e e t l e s  

(KrebiT1 1 9 7 5 )  b u t  a r e  a m b r o s i a l  i n  the g a l l e r i e s  o f  

Gnathotricnus s u l c a t u s  (LeConte )  (Doane and G i l l i i a n d  1 9 2 9 ;  ------------- --em---- 
Baker 1963)  , or h i g h l y  s p e c i a l i z e d  s u c h  a s  &en&cmis ferru~igrma 

Mat h i e s e n - K a a r i  k, u h i c h  o c c u r s  in a a l l s r i e s  of 'rryEodenhtrgq 

l i n e a t u o t  ( 3 l i v i e r )  ( B a t h i e s e n - K a a r i k  1 9 5 3 ,  b a k e r  1 9 6 3 )  . O f  the -------- 
1O species of ambros i a  b e e t l k s  f o u n d  i n  d e s t e r n  Canada  (Table 

I), o n l y  3 are of e c o n o m i c  s i g n i f i c a n c e  i n  h r i t i s h  Co lumbia .  

xL linepgu&, t h e  s t r i p e d  a m b r o s i a  beet le ,  i s  h o l a r c t i c  i n  

distribution ( L e k a n d e r  et a l .  1 9 7 7 ) .  I t  i s  by t a r  t h e  most 

abundant s p e c i e s  i n  B o C * ,  and h a s  been  the s u b j e c t  of extensive 

stud J (Nf j h o l t  1 9 7 9 ) .  Its l i f e c y c l e  i s  ou t f  i n e d  i n  F i q .  1.  I n  

c o a s t a l  E r l t i s h  C o l u m b i a  T, &iggptgi o v e r u i n t e r  i n  duff or bark 

i n  t h e  f o r e s t  ~ a r y i n  n e a r  brood fogs i n  w h i c h  t h e y  were r e a f e d  



TABLE I. Ambrosia b e e t l e s  found i n  B r i t i s h  Columbia. (Compiled from 

B r i g h t  1976; F u r n i s s  and C a r o l i n  1 9 7 7 ) .  

FAMILY SPECIES HOST TREES 

PIATYPODIDAE - P l a t y p u s  w i l s o n i  Swaine Abies  s p p . ,  wes te rn  hemlock, 
Douglas-f i r ,  occas ional . ly  
o t h e r  c o n i f e r s  

G n a t h o t r i c h u s  r e t u s u s  
(LeConte) 

Alnus s p p . ,  probably  most --- 
c o n i f e r s  i n  i t s  range  

G.  s u l c a t u s  (LeConte) - Probab ly  a l l  c o n i f e r s  i n  
i t s  r a n g e  

Monarthrum s c u t e l l a r e  q u e r c u s  spp .  
(LeConte) 

Tryyodendron b e t u l a e  - 
Swa i n e  

B e t u l a  spp.  

T . 1 i n e a  turn ( O l i v i e r  ) - - A l l  c o n i f e r s  i n  i t s  r a n g e ,  
Alnux s p p . ,  -- Betu la  spp.  

T.  re tusum (LeConte) - Populus  spp . ,  P i c e a  spp.  

T.  r u f i t a r e  (Kirby)  - 

Xyleborus  d i s p a r  
( F a b r i c  i u s )  

P i c e a  spp. , P i n u s  spp.  , 
probably  o t h e r  c o n i f e r s  

P robab ly  a l l  dec iduous  
t r e e s  

X. s a x e s e n i  (Ratzeburg ) - Var ious  dec iduous  s p e c i e s ,  
P i n u s  s p p . ,  wes te rn  
hemlock, Douglas - f i r  



F i g .  1 .  S c h ~ m a t i c  l i f e c y c l e  of TI Pineatge, ( C l i v i e r )  in 
c o a s t a l  B r i t i s h  C o f u m b i d .  



Young b e e t l e s  o r i e n t  
t o  f o r e s t  margin. Not 
responsive t o  aggre- 
ga t ion  pheromone. 

Brood b e e t l e s  begin  t o  emerge 
9-10 weeks a f t e r  i n i t i a l  
a t t a c k .  Main emergence i n  
June-July . A 

I 
Males produce ant iaggrega-  
t i o n  pheromone prevent ing  
overcrowding. 

Brood e s t a b l i s h e d  i f  
condi t ions  i n  sapwood 
s u i t a b l e  f o r  ambrosia 
fungus . 

Urlmated females 
reemerge, a s  do 

Brood g a l l e r i e s  -------) adulLs of both 
excavated.  sexes ,  from 

unsu i t ab l e  l ogs .  

Overwinter i n  duff  on 
f o r e s t  f l o o r ,  o ld  stumps, 
and bark  of l i ~ v e  t r e e s .  

Emergence from overwin- 
t e r i n g  h a b i t a t ,  f l i g h t  
and d i s p e r s a l  occur  from 
March-June . Fly ing  adul  ts 
capable of responding t o  
t h e  aggrega t ion  pheromone 
4 , 6 , 6  , - l i n e a t i n .  Mass 
t r app ing  poss ib l e .  

Pioneer  females i n i t i a t e  
a t t a c k  on logs  (any coni- 
f e r  and some hardwoods) 
f e l l e d  previous f a l l  o r  
w i n t e r  ( p a r t i c u l a r l y  
October-December) . 

Females and males a t t r a c t e d  
t o  l o g  odors  and pheromone 
produced by f i r s t - a t t a c k i n g  
females.  Mating occurs  
o u t s i d e  g a l l e r y  en t rance .  

Respond t o  aggrega t ion  pheromone 

----+ Not responding t o  aggrega t ion  pheronone 



( K i n g h o r n  a n d  C h a p m a n  1 9 5 9 ) .  I n  l a t e  & a r c h  t h r o u g h  J u n e  t h e y  

emerqe and ombark o n  a a r i e f  d i s p e r s a l  f f i u h t  {Graham 1 9 5 9 ;  

Chapman a n u  N i j h o P t  1 4 8 0 ) .  h e c e n t l y  itcad t r e e s  o r  logs felled 

t h e  p r e v i o u s  winter a r e  attacked b y  pioneer  f e m a l e s  (Chapman 

1961;  C h r i s t i a n s e n  a n d  S a e t h e r  1 9 6 6 ;  B n n i l a  6*t a l .  1 9 7 2 ) .  These 

females p r u d u c e  an  a g q r e g a t i o n  p h e r o m o n e ,  ~ a c e m i c  4 , b , b , l i n e a t i n  

(3,3,7-trimethyl-2,9-~rioxatricyclo [ 3.3 .1  . O % ? J  n ~ n a n e )  ( B a r d e n  

et a l .  1968, l g ? Y ) .  T h i s  pheromone, referrea t o  a s  l i n e a t i n ,  

a t t r a c t s  b o t h  sexes to the b r o o d  log, Z a t i n g  o c c u r s  outside t h e  

g a l l e r y  e n t r a n c e  ( N i j h o l t  1 9 7 8 ) ,  a n d  g a l l e r y  c o n s t r u c r i a n  i s  

usually c o m p l e t e d  i n  a b o u t  3 weeks ( V r e b b l e  and Graham 1 9 5 7 ) .  f n  

B , C e  o v i p o s i t i o n  c o m m e n c e s  i n  t h e  f i r s t  2 w e e k s  o f  g a l l e r y  

c o n s t r u c t i o n ,  sgqs  h a t c n  a f t e r  a b o u t  1 0  d a y s ,  a n d  b r o o d  

emergence negins a b o u t  9 - l u  weeks a f t e r  i n f t f a f .  a t t d c k  (Hadorn 

1933;  P r e h b L e  a n d  G r a h a m  1 9 5 7 ) .  The m a i n  a r o o d  e m e r g e n c e  

c o n t i n u e s  t h r o u g h  J u l y  ( S h o r e  e t  ale, 1 9 8 1 )  u h e r e a k t e r  v e r y  f e u  

beetles ef t ierge .  E r o o d  b e e t l e s  do n o t  r e s p o n d  t o  t h e  a g g r e g a t i o n  

pheronone (R.M. Fsijholtl, u n p u b l .  d a t a ) ,  o u t  f l y  t o  

o v e r w i n t e r i n g  sites (Prebble an6 G r a h a ~  1 9 5 7 :  Chapsan a n d  

K i n y h o r n  1 3 5 8 ) .  P a r e n t  beetles i n  u n s u i t a b l e  l o g s  may r e e i a e r g e  

a n d  a t t a c k  neu l o g s  (Chapman a n d  F i i n q h o r n  1 9 % ) .  Some p a r e n t  

b e e t l e s  s u r v i v e  to o v e r w i n t e r  a s e c o n d  y e a r  ( D y e r  1 9 6 1 ) .  

G. s u l c a t u s  is l e s s  a b u n d a n t  t h a n  TI ~ & ~ g ~ ~ ~ g ,  b u t  may -- -------- 
c o n s t i t u t e  a more severe p r o h l e ~  d u e  t o  i t s  h a k i t s .  ( F i g .  2 )  811 

l i f e  s t a g e s  overwinter i n  t h e  f o g s ,  ( C h a n r b e r l i n  1 9 3 9 ;  Y r g b b l e  



ana  G r d h a m  1957)  a n d  p a r e n t  b e e t l e s  resume gallery c o n s t r u c t i o n  

whenever  a m b i e n t  t e m p e r a t u r e s  a r e  s u i t a b l e *  in the s o u t h e r n  

c o a s t a l  a rea  of E.C., f l i g h ~  begins a p p r o x i m a t e l y  2 weeks l a t e r  

t h a n  t h a t  3f g! &&&gg&&i (Prr - tk ts fe  a n d  Grabanr 7957) .  Pioneer 

males a t t a c k  logs 2 weeks to 2 years a f t e r  f s l f i n a  (Ma the r s  

t 935) , arre p r o d u c e  t h e  a o g r e u a t i o n  pheromone ( 2 )  - s u l c a t o l  

(6-wethyl-5-hepten-2-01) (E3yrne e t  a l .  1 9 7 4 )  which a t t r a c t s  

males  and females t o  t h e  l o g .  A f t e r  ~ t a t i n y ,  females t a k e  aver  

c o n s t r u c t i o n  of the g a l l e r y  (Doane a n d  G i l l i f a n d  1929;  f r e b b f e  

and Graham l 9 5 7 ) ,  an3 e g g  l s y i n q  commences. Brood from e g g s  l a i d  

i n  widsummer: do nut efnert~e u n t i l  the f o f l o w i n $  s p r i n q  f r r e a b l e  

and  Graham 1 9 5 7 ) .  Brood beetles emerq ing  i n  l a t e  sumwer and 

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

a g g r e g a t i o n  pheromone, attack new ioqs, a n d  e s t a b l i s h  b r o s d *  B 

g a l l e r y  may be e x t e n d e d  f o r  a year o r  nore it the c o n d i t i o n s  f o r  

ambrosia f u n g i  a r e  suitable { P r e b b l t t  and Gratarri '19'57). 

Rudinsky a n d  Schneidclr  1 9 6 9 ) .  I n  b r i t i s h  Columbia g, gg&gggs 

f l i e s  i n  late s p r i n g ,  w i t h  minimal  a c t i v i t y  i n  August  t h r o u g h  

September .  g, g e t u s u s  a p p e a r s  t o  prefer a d r i e r  h a b i t a t  than El 

s u l c a t u s  (J.H. Eordenz,pers cornin,). -------- 



Fig. 2 .  Schematic lifecycle of 5: s u l c a t u s  ( L e C o n t e )  i n  
C o a s t a l  B r i t i s h  C o l u m b i a .  



G a l l e r i e s  extended 
f o r  a  y e a r  o r  more. 

Brood e s t a b l i s h e d  
i f  condi t ions  i n  
sapwood s u i t a b l e  
f o r  ambrosia 
fungus. Pene t r a t e  
deeper than 
T.  lineaturn. - -- 

Brood (and p a r e n t  
a d u l t  ?) 
emergence. 

F a l l  f l i g l l t  i n  
August-October. 

Brood g a l l e r i e s  
excavated. 

A l l  s t a g e s  
except  eggs 
overwinter  i n  
g a l l e r i e s .  

Females and Unmated males 
males a t t r a c t e d  reemerge, as  
t o  l o g  odors do a d u l t s  of  
and pheromone both sexes 
produced by from unsui t -  
f i r s  t - a t t ack ing  ab l e  l ogs .  
males. Mating 
occurs .  

Adults resume 
g a l l e r y  cons t r- 
uct ion and 
l a r v a e  feed i f  
temperature is  
su f  ficient3.y 
high. 

1 
Brood emergence, 
f l i g h t  and d i s -  
p e r s a l  commence 
i n  A p r i l ,  con- 
t i nue  through 
October. F ly ing  
a d u l t s  capable  
of responding t o  
aggrega t ion  
pheromone (k) -. 
s u l c a t o l .  Mass 
t r app ing  

Pioneer  males i n i t i a t e  
a t t a c k  on c o n i f e r  l ogs  
f e l l e d  up t o  2 years  
prev ious ly .  

Respond t o  aggrega t ion  pheromone 

-------Blrs- Not responding t o  aggrega t ion  pheromone 

8 



A l l  3 s p e c i e s  a t t a c k  t i m b e r  a n d  lumber i n  t h e  P a c i f i c  

N o r t h w e s t  (H i  jhult 1 9 7 8 ) .  C u n s e r j u e n  t ~conorr t ic  l o s s a s  a r e  iae t o  

d e g r a d e  of lumber  a n d  plywood veneer a n a  e x p o r t  r e s t r i c t i o n s  

(Pi"lc8ride and  K i n a h o r n  19b0; G o b i e  1 9 7 8 ) .  T h e  t r e n d  f r o m  w a t e r  to 

drpXand s o r t i n g  and s t o r i n g  bas accentuates t h e  problem ( q i j h o l t  

1 9 7 8 ) .  Damage mag o c c u r  at 3 d i s t i n c t  l e v e l s  a s  l o g s  a r e  ~ o v e d  

from logging s i t e s ,  t h r o u g h  s o r t i n q  areas t a  sawmills  (Fig. 3 ) .  

t i o r d e n  a n d  McLean ( 1 9 6 1 )  o u t l ~ n c c l  3 p r i n c i p a l  s t r d t e q i e s  of 

a m b r o s i a  b e e t l e  managemen t :  1 )  hakiltat rrranaqeRent (e.q. r a p i d  

inventory t u r n o v e r  be fo r e  the p r o d u c t  i s  d t t a c k e d ) ,  2) 

p r o t e c t i o n  o f  t h e  ~ r o d u c t ,  an3 3 )  suppression of  b e e t l e  

p ~ p u i a t i o n s *  T n e  p o s s i b l e  management o p t i o n s  a s  o u t l i n e d  i n  F i g .  

3 are o n l y  u t i l i z e d  t o  a limited e x t e n t *  R a p i d  movement  o f  

v u l n e r a b l e  l o g s  a n d  lumber i s  practiced to the e x t e n t  t h a t  

logqinq a p e r a t i o n s ,  weather ,  mill c a p a c i t y ,  market c o n d i t i o n s ,  

ana labor d i s p u t e s  will a l l o w .  Tho p r a c t i c e  of p r o t e c t i n q  l o g  

boonts a n d  5 s c k s  by a p p l i c a t i o n  o f  L i n o a n e  (Graham ana d e b b  1952; 

Graham 1953 ; 2 ichmonS  1 9 6 1  ) was d k s c a n t i n u e d  d u e  t o  

e n v i r o n m e n t a l  c o n s i d e r a t i o n s  { F i n e g a n  1 9 6 7 ;  Richmond a n d  

N i j h o l t  1 9 7 2 ) .  T h e  o n l y  curreat  p r c t t e c t i o n  a z e a s u r e  i n  d r y l a n d  

s o r t i n q  axeas is w a t e r  misting o f  v a l u a b l e  log d e c k s  f h i c h m o n d  

a n d .  8i j h o l t  1 9 7 i ) ,  a n d  t h e  u s e  a t  t r a p  b u n u l e s ,  i.e. p u l p  l o g s  

p l a c e d  so  a s  t o  a b s o r b  maximum a t t a c k ,  whereafter t h e y  can b e  



F i g .  3 .  Flow ch3r-t o u t l i n i n g  ambrosia beetle a c t i v i t y  a n d  
t h e i r  p o t e n t i a l  a a n a g e m e n t .  
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t r a n s p o r t & &  t o  a p u l p  m i l l  a n d  d o s t r o y b a  i n  a c h i p p e r .  

R e p e l l a n t s ,  s u c k  a s  t u r p e n t i n e  ( i i i  j h o f  t 1973a) and o i n a  oil 

( N i j h o l t  19SOb) have  b ~ e n  t e s t e d ,  but are n o t  u s e d  

operational ly ,  whereas p h e r o m o n e - b a i t ~ d  t r a ~ s  h a v e  b e e n  utilized 

a g a i n s t  G, su&cg&gs_ i n  a co~tnrerciijtl sawmill ( E c L e a n  a n d  b o r d e n  

1979). 

U t i l i z a t i o n  of p h e r o m o n e s  t o  c o n t a i n  b a r k  beetles i n  

a l r e a a y  i n f e s t e d  areas t o    re vent n e u  attacks has been 

successful for  t h e  southern p i n e  b e e t l e ,  g e n d r o c t ~ g g ~  fr~ntg&&g 

Zimmsrmann ( H i c h 2 r s o n  et al. 1960) . S i n i f  trr t e c k n i q u e s  utif isina 

pfrero~one-baited trays o r  stumps ( B c L e a n  a n d  borden 1 9 7 5 )  s h o u l d  

b e  t r i e d  i n  l o g g i n g  a r e a s  to m i n i m i z e  the spread of a m b r o s i a  

beetles t o  new s i t e s  ( P i g .  3) . 

0BJSC';PIVES 

iciy o b j e c t i v e s  were: 1 )  t o  oevslop new t r a p p i ' n q  t e e h n i g u e s  

u t i l i z i n g  s y a t h e t i c  a a a r e q a t i o n  pheroaones a g a i n s t  a l l  3 

species ,  2 )  e v a l u a t e  these techniques i n  comparison with those 

a l r e a d y  e x i s t i n g ,  an9 3 )  t o  d e s i g n  an o p t i ~ a l  scheme for mass 

t r a p p i n g  all J species af  a ~ b r o s i a  b e e t l e  i n  d r y l a n d  s o r t i n g  

a r e a s  ( d r y l a n d  sorts) i n  B r i t i s h  Columbia, 



B. EVALUATION OF TWO TRAP LOG TECHNIQUES 

PUB AHBROSIB BEETLES IN T I H B E R  PROCESSING AREAS 

ON VANCOUVER ISLAMD 

C o n t r o l  of  a m b r o s i a  beetles b a s  b e e n  attempted by u t i l i z i n g  

t r a p  b u n d l e s .  These a r e  p u l p  o r  cull i o a  b u n d l e s  placed a r o u n d  

t h e  periphery of the s o r t  t c  i n t e r c e p t  x, &&&eaturn a s  they 

e m e r g e  f r o m  o v e r w i n t e r i n g  s i t e s  i n  t h e  s u r r o u n d i n q  f o r e s t  

a a r q i n ,  An experimental e v a l u a t i o n  of t h e  etllcacy o f  t r a p  

bunales has n o t  b e e n  made.  

S c o f y t i d  b e e t l e s  o r i e n t  t o  t h e i r  h o s t  in r e s p o n s e  t o  v i s u a l  

s t i m u l i ,  t o  h o s t  s p e c i f i c  chemicals  ( ~ r i m a r y  a t t r a c t i o n ) ,  a n d  t o  

species specific a g g r e q a t i o n  p h e r o m o n s s  a i o n e  or i n  combination 

w i t h  p r i m a r y  a t t r a c t a n t s  ( s e c o n d a r y  a t t r a c t i o n )  ( B o r d e n  1 9 7 7 ,  

1982) 

The s u c c e s s f u l  i s o f a t i a n ,  i d e n t i f i c a t i o n ,  synthesis and  

f i e l d  testing o 2  ( + ) - s u l c a t o l ,  t h s  sulcatisr; a g g r e g a t i o n  

p h e r o m o n e  (Byrne et af, l 9 7 4 ) ,  f e d  t o  t h e  o p e r a t i o n a l  . 

s u p p r e s s i o n  o f  t h i s  s p w i e s  a t  a co~iwercial sawmil l ,  using 

p h e r o u i a n e - b a i t e d  s t i c k y  t r a p s  (KcLean a n d  Boraer r  1 9 7 7 a ,  1 9 3 9 ) .  

L o g s  an& s t u m p s ,  b a i t e d  w i t h  p h e r o m o n e ,  w e r e  e v a l u a t e c i  a s  

p o t e n t i a l  suppression t o o l s  f o r  fitxu p o p u l a t i o n s  of 5, g u l c a t u s  

(BcLean a n d  B o r d e n  7977b). A comparative study of 

p h e r o m o n e - b a i t e d  t r a p  l o g s  arid t r a p s  uas n e v e r  u n d e r t a k e n ,  



h u u e v e r .  %'he recerrt a u d i l a b i l i t y  of i i n e d t i n  cund g - ( + ) - s u l c a t o l ,  

t h e  a q q r e g a t i o n  pheromones ,  respectively, o f  g' &.neaturn (Borden 

e t  af . 1 9 7 9 ) ,  and g, ~gtgggs ( b o r d e n  e t  a l .  l 9 8 O a ) ,  a n d  t h e  

d e m o n s t r a t a d  p o t e n t i a l  of p h e r o m a n e - ~ a i t e 6 ,  t r a p  l o g s  f o r  

c o n t r o l l i n g  some s c o l g t i d  b e e t l e s  ( N e a t h  l 9 8 ' 1 ) ,  R a v e  made such a 

s t u d y  t o r  a l l  3 species af  afiibrosid beetles aossibie. 

M y  o b j e c t i v e  was t o  e v ~ l u a t e  t h e  r e l a t i v e  e f f i c a c y  s f  

l i n d a n e - t r e a t e d  o r  u n t r e a t e d  t r a y  l o q s  ( l a g s )  , a g a i n s t  t h a t  of 

s t i c k y  t r a p s  ( t r a p s )  f o r  mltnagincj  ambros ia  beetle p o p u l a t i o n s  i n  

d r y f a n d  sorts. 

Tne e x p e r i m e n t s  sere c a r r i e d  o u t  a t  a a ry l ena  sort of 

H a c V i l l a n - a l o e d e l  L t 5 . ,  Shaunigan w o o d l a n d s  Division, n e a r  

D u n c a n ,  oil t h e  e a s t  coss t  of V a n c o u v e r  I s P a n 6 ,  B.C. The a r e a  

p e r i m e t e r  i s  ca. 1 kin a n d  i t  i s  m a i n l y  s u r r o u n d e d  by 2 n d  g r o u t h  

c o n i f e r o u s  f o r e s t  a b o u t  4 5  y e a r s  old. over 272,000 m3 o f  timber 

a r e  processed a n n u a l l y  t h r o u g h  t h e  sort. 

E x p e r i l s e n t  1 

T h i s  e x a e r i m e n t  compared u n t r e a t e d  l o g s  t o  s t i c k y  t r a p s ,  

a n d  was c o n d u c t e ~  b e t w e e n  Earch 15  anb J u n e  7 ,  1 9 7 ~ .  F o r t y - e i g h t  



- l e n q t h  = 4 6 4  cm, r a n a e  = 5 6 0  - 540 c~t: x d i d @  = 27.Y cm, r a n y e  = 

1 9 . 8  - 39.9 cm) were o b t a i n e d  t r o m  a Novereber 1 9 7 8  cutting i n  a 

2nd g r o w t h  stand i n t e s t e d  t y  t h e  r o o t  r o t ,  r h e l l i n g s  ( = g g ~ & )  

w e i r i f  (Murr.) G i l b e r t s o n .  This c u t t i n q  d a t e  ensured t h a t  t h e  ------ 
l o g s  were p r o p e r l y  a g e d ,  and t h e r e f o r e ,  s u i t a t l e  f o r  i n f e s t a t i o n  

b y  1: &jflg&tgtJ i n  t h e  s p r i n g  (Dyer a n d  Chapman 1 9 b 5 ) .  The logs 

were p l a c e d  a r o u n d  t h e  p e r i p h e r y  of  the s o r t  an Feh .  8 a n d  9 ,  

1 9 7 9 .  

C y l i n d r i c a l  h a r d w a r e  c l o t h  traps (Byrne et al. 7974), 

c o a t e d  w i t h  S t i k e m  Special ( R i c h e l  a n d  P e Z t o i r ,  L t d . ,  

E a e r y v i l l e ,  C a l i f . ) ,  were s e t  u p  o n  Mar .  15. I n  a r a n d o m i z e d  

block design, each of 24 p f o t s  a r o u n d  t h e  f o r e s t  m a r g i n  was 

r a n d o m l y  a s s i g n e d  p h e r o m o n e  f o r  1 species  of  ambrosia beetle.  

Three p l o t s ,  I f a r  each  species o r  beetle,  waae u p  a b f e c k ,  f o r  

a t o t a l  of 8 r e p l i c a t e s / s p & c i e s .  E a c h  p l o t  h a d  2 foqs a n d  2  

t r a p s  p l a c e d  a s  i n  F i q .  4 .  O n e  t r a p  a n d  1 104  vere' r a n d o n t l y  

chosen for p h e r ~ m o n z  b a i t i n g ,  th6" other t r a p  a n b  104 left 

u n b a i t e d  as b l a n k  c o n t r o l s .  blank traFs were u s e d  t o  r e c o r d  

b a c k g r o u n d  f l i g h t .  T h e  minimum distance between p l o t s  was 35 nt. 

L i r r e a t i n  was r e l t a s e d  frcrrn 4 Conrel fitrers (A lbany  

I n t e r n a t i o n a l  Cct., Needham, .pilass,) ( a p e r t u r e  d i a a .  = 0.2 ant) at 

a r a t e  o f  8 - 1 0  pg/ f  i b e r / 2 4 h s  (H.D, P i e r c e ,  Jr . 4 , u n p u b l x s h e 3  

d a t a ) .  ( 2 ) - ~ u l c a t o f  ai;d 3 - f + ) - s u i c a t o l  were r e l e a s e a  from o p e n  

glass v i a l s  ( a p e r t u r e  d i a s .  = 6 nim) a t  a  r e l e a s e  r a t e  of 4 . 9  

Rg/day (KcLean 1 9 7 6 ) .  These were comylementb~ by t n e  s y n e r g i s t i c  

1 5  



f i g *  Q, Diaqram of g l o t  l a y o u t  f o r  E x p e r i m e n t  1 .  





p r i m a r y  a t t r a c t a n t s  (Erorden e t  a l .  14FjOc1 (+ )  - c c - p i n e n e  ( k i d r i c h  

C h e m i c a l .  Co* ,  I n c , ,  & i l w a u k c ; . e ,  iris.) w h i c h  was released f r o 3  a n  

open g l a s s  t r i a l  (aperture d i a m ,  = d RBI)  a t  40 mc;/ctay, and  95% 

e t h a n o l  released from a p l a s t i c  bottle w i t h  1 hole (diam. = 3 

ma) drilled i n  t h e  c a p ,  j i v i n g  ii release rate of 200 mg/oay. T h e  

b a i t s  were t a p e d  t o  t h e  c e n t r a l  s u p p o r t  p o l e  ea. 20 cm from t h e  

t o p  of the 46 c~ h i g h  wire m e s h  c y f i n a e r  sf the t r a y s ,  01 were 

affixed to a l a r g e  spike, u i t h  a 1 0 0  c ~ n  p l a s t i c  r a i n  c o v e r ,  a t  

t h e  n t i d p s i n t  of t h e  loqs ( F i g .  5) 

C a p t u r e d  beetles u e r e  removed from s t i c k y  traps i a  h o t  

Shell Househo l5  S o l v e n t  ( S h e l l  Cherikical Co. ,  Ltd ,) . T h i s  

procedure was done b i w e e k l y  u u t i l  the o n s e t  of wajor f f i o h t  on 

h p r .  2 6 ,  and t h e r e a f t e r  weekly u n t i l  t e r a i n a t i o n  of the 

e x p e r i m e n t  on J u n e  7. tjeeties were k e p t  i n  solvent u n t i l .  c o u n t e a  

and t h e i r  sex d e t e r m i n e d ,  

Fresh a t t a c k s  i n  t e n ,  20  X Z U  cm s g t l a r c s  ( F i g .  5 )  Pr! 5 

p o s i t i o n s  ( 1  m apart) on b o t h  siiaes of e a c h  log ( F i q .  b) were 

counted b i w e e k l y  and  ~ a r k e d  u i t h  pins. T o t a l  a t t a c k  gas 

e x t r a p o l a t e d  from t h e  s a m p l e  squa re s  to t h e  t o t a l  surface o f  t h e  

log. A t  t h e  t e r m i n a t i o n  of  t h e  e x p e r i m e n t ,  2 J i s c s ,  ca. 10 cm 

t h i c k ,  were cut from each of t h e  5 positions on each l o g .  The 

bark o n  t h e  d i s c s  was reaoved a n d  a t t a c k s  were r e c o r d e a  i n  t o p ,  

s i d e ,  a n d  b o t t o ~  q u a d r s n t s ,  r e s p e c t i v e l y ,  t o  o b t a i n  a more 

accura t e  estimate. Total a t t a c k  Mas a g a i n  e x t r a p o l a t e d .  T h e  

e s t i ~ a t e s  f rom p i n n i n q  of attacks Mere corrected by d i v i d i n g  by 



the r a t i o  b e t w e e n  the t o t a l  e s t i m a t e &  from p i n n i n a  attacks over 

t h e  total estimated from c o u n t i n g  a t t a c k s  on log d i s c s .  

AttacK d e n s i t y  a n 3  brood p r o d u c t i o n  o f  xz Lineaturn are 

h i g h e r  i n  l o g s  from f a s t  growing t h a n  s l o g  growing  trees (Dyer 

a n d  Chaptnan  1964; C h a p i a a n  a n d  D y e r  lBC9).  T h e r e f o r e ,  log diaw. 

and  sapwood d e p t h  were measured t o  d e t e r m i n e  i f  these p a r a m e t e r s  

would b e  u s e f u l  i n  i 3 e n t i f y i n g  susceptible l o g s  for use i n  t r a p  

b u n d l e s .  

S p e c i e s  d i f f e r e n t i a t i o n  o f  gdlleries was a c h i e v e d  by  u s e  of 

2 p r o b e s  (d iam.  = 1.48 B E  and 1 . 1 9  mm). Based on e a r l i e r  d a t a  

(Kinghorn 1957;  RcLean a n d  tturffen 1 9 7 7 a ) ,  h o l e s  1.46 m m  and 

l a r j e r  were recorded a s  be ing  made by & riqsp&&g, h o l e s  s m a l l e r  

t h a n  f .A9 m m  by G1 ~ g l c a t u ~ ,  a n d  h o h s  batween 1 . 2 9  and 1.47 w @  

by f, r e t u s u g  . Accuracy Mas d e t e r m i n e d  by a i s s e c t r o n  or 9 ,  8 ,  

rtnd 1 5  q a l l e r i e s  r e c o r d e d  a s  made b y  'fL l i n e a t g n ,  5, s u b t u g ,  

and  GI gszg~gg, r e s p e c t i v e l y .  

T h e  d a t a  on c a t c h  and e s t i m a t e d  number of a t t a c k s  were 

transforrrred as f x @ = 1 og10 (x  + 1)  ] betore f a c t o r i a l  a n a l y s i s  of 

v a r i a n c e  ( f a c t o r s  a t t r a c t a n t ,  t r a p p i n g  d e v i c e ,  a n d  b lock )  a n d  

t h e  Neuman-Keuls Test f P < 0 . 0 5 ) .  T h e  r e l a t i o n  b e t u s e n  attack 

d e n s i t y ,  ana l o g  diam. and s a p w o o d  d e p t h  uas a n d l y z e a  by 

~ u P t i p P e  r e q r e s s f o n .  T h e  c r i t e r i o n  f o r  s e l e c t i a j  t h e  best 

equation was t h e  v a l u e  of t h e  c o e f f i c i e n t  a f  c o r r e l a t i o n .  



F i e .  5 - 7 .  t x p e r i a e n t a l  s e t u ~  a n d  assesstvent f o r  t r a p  l o q  
e x p e r i m e n t s .  E i c - s e c t i o n  of l o g  i n  E x p e r i m e n t  1 s h o v i n g  20 X 20  
cm s a m p l e  s q u a r e ,  a n 3  s u l c a t u l  a n d  s y n e r g i s t  d i s p e n s e r  ( F i g .  5 ) .  
C o u n t i n : :  a l n b r o s i a  b e e t l e  a t t a c k s  i n  s a m p l e  l r lua res  ( P i g .  6 ) .  
L i n d a n e - t r e a t e d  t r a p  l o g  i n  collectin? t r o u a h  i n  E x p e r i m e n t  2 
( P i a .  7 )  . 





E x p e r i m e n t  2 

This e x p e r i m e n t  c o n p a r e d  l i n a a n e - t r e a t e e  logs w i t h  s t i c k y  

t r a p s ,  a n d  was c o n d u c t e i t  b e t w e e n  8pr. 1 5  and J u l y  9 ,  3980. Logs 

sere o b t a i n e d  from a s t a n d  of v i g o r o u ~ ,  secona q r o w t h  

Douqlas-fir fogqed i n  J a n .  19k30. Twenty-eight, 1.5 m l o n g  b o l t s  

(5 d i m ,  = 27.1 cm, r a n g e  = 21 - 3 1  cm) were s p r a y a d  

i n d i v i d u a l l y  t o  r u n o f f  w i t h  a 0.5% aqueous  s u s p e n s i o n  of f i n d a n e  

( f so tox  25  WP, o r t h o  A q r i c u l t u r a l  C h e m i c a l s ,  L t a . ,  V a n c o u v e r ,  

B m C * ) ,  u s i n g  a hand p r e s s u r i z e d  b a c k  p a c k  s p r a y e r  (Solo Knapsack 

s p f  a y e r  425,  S o l o  K l e i n w o t o r e n ,  G m b H ,  7832 S i n d e l f i n g e n ,  

W*Gerrnang) .  T h e  bolts were p l a c e o  a r o u n d  t h e  d r y l a n d  s o r t  i n  1.7 

in - long  c o l l e c t i n q  t r o u g h s  { F i g .  7) made f r o @  h a l v e s  of 200 l i t e r  

steal d ~ a i t i s ,  u l l d e 4  t o g e t h e r  e n d  to e n d .  A l i  t r o u g h s  were 

p a i n t e d  w i t h  Tremcfaik o r a n g e ,  r u s t - r e s i s t a n t  p a i n t  (Tremco 

[Canada 1 Ltd., T o r a n t a ,  Ontario). 

A total of 7 c o ~ ~ p l e t s f y  r a n a o m i z e d  blocks Mere set up,  each 

c o n t a i n i n g  8 t r e a t m e n t s :  3 c y l i n a r i c a l  wire mesh sticky t r a p s  

and  3 l i n d a n e - t r e a t e a  t r a p  l o g s ,  each b a i t e d  w i t h  p h e r o m o n e  for 

1 species a • ’  a s k r o s i a  beetle, a n d  1 t r a p  a n d  I l o 3  u n b a i t e d  a s  

b l a n k  c o n t r o l s .  B a i t i n q  o f  t r a p s  a n d  l o g s  was d o n e  o n  Apr. 15,  

1 9 8 0 .  T h e  m i n i ~ u m  d i s t a n c e  b e t w e e n  t r e a t m e n t s  was 4 0  @. 

L i n e a t i n  r a s  r s l e a s e a  a s  i n  E x p e r i m e n t  1. The s u l c a t o l s  

were r e l e a s e d  from o p e n  v i a l s  ( a p e r t u r e  d i a m .  = 4 mm), a t  a 

release r a t e  o f  1 mq/day, Ethanol was released f r o m  a n  o p e n  



n a l q e n e  b o t t l e  ( a p e r t u r e  ciam.  = 7 2  ma), a t  1 g / d a y  (Bor6wrt et 

al. 1 9 8 1 b ) ,  a n d  & - p i n e n e  a s  p r e v i o u s l y  d e s c r i b e d .  Baits were 

placed i n  traps a n d  o n  foqs a s  i n  E x p e r i s e n t  1 .  

C a p t u r e d  i n s e c t s  on s t i c k y  t r a p s  wsre c o l l e c t e d  a n d  

processed ~ i w e e k l g  a s  i n  E x p e r i m e n t  1 ,  corfifrtencing Eay 1 ,  u n t i l  

s e p a r a t e d  t r o a  d e b r i s ,  c o u n t e d ,  a n d  their sex  a e t e r ~ i n e d .  k t  the 

t e r m i n a t i o n  o f  t h e  e x p e r i m e n t  a n  a p p r o x i a a t e l y  1 0  c a  t h i c k  d i s c  

was cut from t h e  m i d d l e  o f  e a c h  b o l t .  T h e  disc uas debarked a n d  

t h e  attacks were r e c o r 3 e d .  F o r t y - e i ~ h t  q a f l e r i e s  were Qissscted 

t o  d e t e r a i n e  b r o o d  success. 

D a t a  were t r a n s f o r m e d  a s  i n  E x p s r i ~ e n t  1 b e f o r e  f a c t o r i a l  

analysis of v a r i a n c e  a n d  the Hewman-keuls Test (p<0.05) as i n  

Exp. I *  S e x  r a t i s s  f o r  beetles capture& by b a i t e d  t r a p s  a n d  l o g s  

were a n a i y z e d  ~ y  a n a l y s i s  of variance w i t h o u t  t r a a s t o r m a t i o n .  

RESULTS ------- 

E x p e r i m e n t  1  

T h e  1 s t  a t t a c k s  b y  TI Jhghkg~ were n o t e d  on M a r c h  19 ,  

1979, d y  t h e  1st s a z f i g l i n g  d a t e ,  E a r .  29 ,  b a i t e c :  and  c o n t r o l  l o g s  

of several r e p l i c a t e s  h a d  sustained heavy attacks, s i g n i f i c a n t l y  

h i g h e r  t h a n  t h e  r e l a t i v e l y  l i q h t  catches o n  t r a p s  ( a n a l y s i s  of  

v a r i a n c e ,  p(O.05) ( F i g e  8). However, t h e  N e u m a n - K e u l s  t es t  



f a i l e d  t o  $ i s c l o s e  a s i g n i f i c a n t  difference t e t u e e n  mean c a t c h  

of feirr~ales ( t h e  1 st a t t a c k i n q  sex)  on pheromong-baited s t i c k y  

t r a p s ,  a n d  m e a n  a t t a c k  on e i t he r  p h e r o m o n e - l a i t e d  o r   lank t r a p  

l o g s .  u h i l e  a t t r a c t i v e n e s s  of  t h e  trap 103s a p ; z r e n t f y  decrease2 

over time, the t r a p s  became r e l a t i v e l y  more e f f i c i e n t  ( P i g .  €31, 

and were s i g n i f i c a u t l y  better t h a n  l a a s  f r s ~  Bpr .  26 o n .  

aeet fe  a c t i v i t y  r e m a i n e d  h i g h  t h r o u g h a u t  t h e  e x p e r i r i i e n t a l  

period, w i t h  a d ~ c t e 2 s e  i n  e a r l y  April. A t t a c k s  o n  t r a y  fags 

v i r t u a l l y  ceased a f t 3 r  tne i n i t i a l  8 weeks of t h e  e x p e r i ~ e n t .  

S e a s o n a l  a t t a c k s  f u r  5: sglcgggs a n d  g ,  were no t  

recorded s i n c e  a l l  t r a p  logs were h ~ a u i l y  attacked by 2: 

kjneiltua, and uhen attacks were p i n n e d ,  t h e  3 species c o u l d  n o t  

b e  s e p a r a t e d .  

T n e  t o t a l  a t t a c k  e s t i m a t e c i  f r o m  pinning uas 79:k o f  the 

e s t i s a t e  from v r r i i i e d  attacks, censideraufy h i g h e r  than i n  a 

g a l l e r i e s  assessed on t h e  basis of d i a n e t e r  as being aade by x, 
lineaturn were confira~3 by g a l l e r g  dissections. 5 i m i l a r l y ,  6 of -------- 
8 a n d  5 of 1 5  were c o r r a c t k y  i d e n t i f i r d  f a r  GI su1catatg a n d  GI 

get us^^, r e s p e c t i v e l y  . O f  t h e  qaf leries i d e n t i f  i e a  as b e i n g  ~ ~ a d e  

by gz nggstis, 2 were z c t u a l l y  made by  TI L i n e a t u i ~ .  The 

remain in^ 8 f o r  5,  ggtgsgg an& 2 for E, m x g t u g  c o u l d  not b e  

d e t e r m i n e d  s i n c e  t h e y  were a b a n k u n e d .  

. T h e  r e l a t i v e l y  h i g h  c o r r e l a t r a n  c o e f f i c i e n t s  for a t t a c k  



Fig. 8. B i k ~ e k l y  attack (r 1 SE) on t r a p  l o g s ,  a n d  catch on 
t r a p s ,  o f  gI 1 i n e d t w ~  females  in Experiseut 1 expressed as 
percentage of estimated t o t a l  ( t u ' )  . Catch on bf  ank traps ( 2  X of 
t o t a l  f o r  a l l  dates. 





l inea turn  (r  = 0 . 4 6 ,  k<tE . O 1 )  p r o h a t j l g  r e f  1 s t  r>ver l&p of T , - - - - - -- 
g a l l e r y  entrance  diameters of EL getusus w i t h  the o t h e r  2 

species. T h e  c o r r e f a t i o n  c o e f f i c i e n t  f o r  & guIcatus with XI 

f f n e a t u a  wwas  only  0 . 2 5  (p>(i.05), indicating q00G s e p a r a t i o n  of -------- 
these 2 species .  

Since g a l l e r i e s  are i n i t i a t e d  b y  t h e  1st attacking sex 

( f e m a l e  XI Pig"gm and male G_gathot~ichu~ syp.), cornparisorns 

between t h e  e f f i c a c y  of t r a p s  a n d  t r a 9  l u g s  ignored t h e  apposite 

sex. For the t o t a l ,  12-week exper iment ,  pheroaone-baited traps  

c a p t u r e d  19,217 female 2, &&ggpzt~ , 2,997 m a l ~  gL p&gzx&gg and 

1 , 5 1 5  male 5, yg&x?ggs. The t r a p s  were mare e f f i c i e n t  t h a n  t r a p  

l o g s  f o r  GI r e t u p g ~ ,  b e t t e r  t h a n  b l a n k  t r a p  l o g s  for gt 

l&kggmgm, and a s  goad a s  t r a 2  logs f o r  6 ,  su lcqtus  ( F i g .  9). 

Tdbie I1 shous e s t i m a t t a  t o t a l  attacks by a l l  3 species an a l l  

48 logs. 

T h e  presence of s y n t h e t i c  pheromsne  on t r a p  loqs d i d  n o t  

a f t e c t  t h e  h o r i z o n t a l  a t t a c k  a i s t r i b u t i o n .  The d i s t r i b u t i o n  o f  

a t t a c k s  o n  t o p ,  bot tom, a n d  sides of l o g s  was. sinri lar f o r  

l i n e a t u r n  and GI g g h c p t p ~  , both o f  w h i c h  pre ferred  sides or -------- 
bottom o f  l o g s ,  u h e r e a s  g1 ygtuggg showed no p r e f e r e n c e  ( T a b l e  

r z r j .  

T h e r e  was a s i y n i f i c d n t  c o r r e l a t i o n  between a t t a c ~  d e n s i t y  

and l o g  diamm. f o r  j" Llneagg~ and (;I rstgsus, a n d  between a t t a c k  

density a n d  sapwood d e p t h  for  El ~ulcargs (Fig. 10)  . However, 

t h e  fit o f  t h e  r e g r e s s i o n  was poor f a r  a l l  3 s ~ e c i e s .  Very low 







TABLE 11. Est imated  t o t a l  number of a t t a c k s  by 3 s p e c i e s  of ambrosia  b e e t l e s  

on t r a p  l o g s  i n  Exp. 1. Dryland s o r t  of MacMil-lan-Bloedel L t d . ,  

Shawnigan Woodlands D i v i s i o n ,  Duncan, B .  C .  , 1979. 

Treatment of 
Log (N=8) 

T r y p o d e n d m  -- G n a t h 0 t r i c . h ~ ~  Gnathotr  ic& 
l ineaturn s u l c a t u s  r e t u s u s  -- 

E i n e a t i n - b a i t e d  

Blank c o n t r o l  

(+ j -Su lca to l -ba i t ed  - 4,414 3,116 

Blank c o n t r o l  3,829 1 , 2 5 1  

S-(+)-Sulcatol -bai ted - 3,340 
Blank c o n t r o l  6,748  



TABLE 111. V e r t i c a l  d i s t r i b u t i o n  of ambrosia  b e e t l e  a t t a c k s  on Douglas-f i r  

logsa .  Dryland s o r t  of MacMillan-Blo2del L td . ,  Shawnigan Wood- 

l a n d s  D i v i s i o n ,  Duncan, R . C . ,  1979. 

Quadrant Trypodendron Gna tho t r i chus  Gna tho t r i chus  
1 i n e a  tum s u l c a t u s  r e t u s u s  

2 
~ t t e c k s / m ~  Range ~ t t a c k s / m ~  Range Attacks/rn Range 

S i d e  1 182.6b 0-679 74.6b 6-196 1 4 . 1  0-59 

S i d e  2 193.7b 0-642 76.7b 6-160 1 6 . 9  0-99 

Bottom 231.6b 0-809 60.7b 11-120 1 2 . 3  0-4 6  

a 
Means w i t h i n  columns fo l lowed  by same l e t t e r  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 ,  
a n a l y s i s  of v a r i a n c e  and Newman-Keuls T e s t ,  (P<0.05).  Means w i t h i n  columns 
n o t  fo l lowed  by l e t t e r s ,  n o t  s i g n i f i c a n t l y  d i f f e r e n t ,  a n a l y s i s  o f  v a r i a n c e ,  
(P<O. - 05) .  



Fig .  10.  R e l a t i o n s h i p  b e t w e e n  a t t a c k  density of 3 species 
of a s b r o s i a  beetles 3nd log diameter  or s a p u o o d  d e p t h  of 
Douglas-f ir  t r a p  fogs f n  E x p e r i s e n t  7 fN=4?). 





attack d e n s i t i e s  Mere observed  o n  Sous w i t h  a sapuaoi i  d e p t h  of 

1.5 - 2.0 cm f o r  a l l  3 s p e c i e s ,  whereas h i g h  attack d e n s i t i e s  

were a s s o c i a t e d  w i t h  sapwood d e p t h  of >2.0 c & .  M i g k  a t t a c k  

d e n s i t i e s  b y  2: 1i11eakgg a n d  El ggrgggs were y e n e r a f l y  

a s s o c i a t e d  w i t h  l o q  aiam. >25 cm. 

On t h e  1st sampling d a t e ,  catches of 1, lineatgg o n  

p h e r o m o n e - a a i t e d  traps a n d  f i n d a n e - t r e a t e 2  t r a p  logs u e r e  h i g h  

f o r  b o t h  sexes ( F i g .  1 7 ) .  C v e r  t h e  n e x t  4 weeks, c a t c h e s  

declined r a p i a l y .  T h e y  r e m a i n e d  lou on l i n a a n e - t r e a t e C  loqs f o r  

t h e  r e m a i n d e r  3 f  t h e  e x p e r i m e n t  b u t  i nc r ea sed  an s t i c k y  traps. 

T h e  t r a p s  were s i g n i f i c a n t l y  more effective t h a n  f o g s  a f t e r  t h e  

i n i t i a l  4 weeks. E l a n k  f i l n b a i t e t i )  lintlane-treated t r a p  l a g s  were 

i n i t i a l l y  F e t t e r  t h a n  blank s t i c k y  t l a p s  b u t  were .equaf  as 

i n f e r i o r  t o  blank t r a p s  a f t e r  4 weeks. 

G .  s u l c a t u s  catches were wsoera te ly  h i u h  t o r  b a t h  sexes -- -------- 
during t h e  1st 4 weeks o f  t h e  e x p e r i m e n t ,  w h e r e a k t e r  t h e y  , 

d e c l i n e d  ( F i g .  11 ) .  C a t c h e s  on p h e r a a o n o - b a i t @ &  t r a y s  were 

s i g n i f i c a n t l y  h i a h e r  t h a n  o n  l i n a d n e - t r e a t e d  t z a p  loss 

t h r o u g h o u t  t h e  e x p e r i m e n t  t a r  females, a n d  f o r  males a f t e r  t h e  

i n i t i a l  4 w e e k s .  b l a n k  t r a p s  a n d  l o g s  were i n e f f i c i e n t .  

Catches o f  t& qg&&sgs were low t h r o u q h o u t  t h e  e x p e r i m e n t ,  

w i t h  p e a k  catches i n  s e v e r a l  r e p l i c a t e s  o n  J u n e  26 { f i g .  I t ) .  



Baited t r a p s  e d u q h t  s i g n i f i c a n t l y  a o r e  beetles of ~ 0 t h  sexes 

t h a n  h i n d a n e - t r e a t e s  l o g s  uniy f u r  t b c  4 weens b e t w e e n  Bay 2 5  

an& J u n e  1 2 .  T h e r e  was no d i f f e r e n c e  b e t u e e n  b l a n k  t r a p s  and 

b l a n k  trap l o g s .  

The s e x  r a t i o s  of c a p t u r e d  x, l i n e a i u ~ i  s h o w e d  n o  c o n s i s t e n t  

t r a n d  b e t w e e n  t r a ~ s  a n d  f i n a a n e - t r e a t e d  t r a p  logs. F o r  b o t h  

G n a t h o t r i c h u s  s~p., h o r e v e r ,  t r a p  l o a s  a t t rz ic tee  a higher ------------- 
p r o n o r t i o n  of males ( t n e  f i r s t  a t t a c k i n g  a n d  p h e r o m o n e  ~ r o d u c i n g  

sex) t h a n  t r a p s  ( T a b l e  IV) e 

The t o t a l  catches on p h e r o r f i o n e - b a i t e d  t r a p s  a n d  loqs, 

r e s p e c t i v e l y ,  were 5 9 , 2 4 2  a n d  34 ,396  f o r  g, L i n e a t u r n ,  1 4 , 1 6 2  a n d  

6,578 f o r  g, gg&cxqp, a n d  7 , 8 4 2  a n d  3,567 far El gaggsgg. There 

was n o  s i a n i f i c a n t  3 i f f e r e n c e  i n  e i f i c a c y  between 

p h e r o m o n e - 6 a i t e a  traps an6 t r a p  l o g s  t o r  2, &knggx& a n d  2, 

r e t a s g g ,  whereas  t h e  t r a p s  were more efficient f o r  6, su1cp&qg 

( F i g .  5 2 ) .  B l a n k  c o n t r o l .  traps an0 l o g s  @ere l a r y s ' l y  

i n e f f i c i e n t ,  a l t h o u ~ k  1 b l a n k  Tog c a u 9 h t  h i g h  numbers  of gl 

l i n e a t u r n  , p r o ~ a b l y  i l u c  t o  s r c o n a a h y  a t t r a c t i o n  e s t a b l i s h e d  by -------- 
b r e a k t h r o u q h ,  i .e. successful attack i n  spite of t h e  l i . n d a n e  

t r e a t o l e n t  (Table V ) .  

T h e  a s s e s s ~ e n t  ok B r e a k t h r o u q h  s n o w e d  that  $'F L&ngp&g~ in 

p a r t i c u l a r  could s u r v i v e  a n d  e s t a b l i s h  brood ( T a b l e  V ) .  811 fogs 

baited wi t h  l i n e a t i n  a s  well a s  some o t h e r s  u e r b  attacked b y  

t h i s  species,  



f i g .  1 1 .  Biweekly catch (r 1 SE) of 3 srecies of ambrosia 
beetles an f i n d a n & - t r e a t e d  t r a p  fogs a n d  p h e r o m o n e - b a i t e d  s t i c k y  
traps i n  E x p e r i g i e n t  2 .  





3f the 48 cial ler ies  Clsszcted, 1 9  (3Y.6X) w e r e  e s t a t b f i s f i e d ,  

w i t h  eqg nich~s o r  g u p a l  c h a s o e r s .  Brood success, measured a s  

n u m a e r  o f  p u p a l  chambers divioed by t o t a l  n u ~ ~ b e r  of eqg niches 

p l u s  p u p a l  chambers, was 7 3 . 7 % .  A T 1  abandoned tunnels were 

shorter t h a n  25 mn. 

The o n l y  e s t a b l i s h e d  5: gii&cgcgg gallery dissec ted  was 5 70 

m a  l o n g ,  The 3 a h a n d o n e &  g a l l e r i e s  were 55 m& o r  shor ter .  T h e  2 

a b a n d o n e d  g, g g t u s u s  g a l l e r i e s  were 30 a n d  46 mn I o n ? .  

C a i i t p a r i s o n s  of T r a p  Logs a n d  Sticky Traps 

The d e c l i n e  i n  efficacy of licaane-treatea t r a p  l o g s  a f t e r  

t h e  i n i t i a l  4 weeks f o r  gL L.eestug a n d  G, @ e g g g ~  a n d  t h e i r  

c o n t i n u i n g  eff ectivenass f o r  5, r e t u s g s  ( F i g .  11 ) , i n d i c a t e d  

t h a t  t h e r ~  was a c h a n g e  i n  attractive p r o p e r t i e s  of the logs for 

t h e  former  2 s p e c i e s ,  rather t h a n  a reduced k n o c k d o w n  e f f e c t .  b y  

l i n d a n e .  T h i s  explanation a l s o  was s u p p o r t e d  Dy t h e  f a c t  t h a t  

the a a j o r i t y  of breakthrough attacks by g1 &iqgq&qm ( T a b l e  B )  

o c c u r r e d  on many l o g s  4uring t h e  i n i t i a l  4 w~eks. 

F a i l u r e  b y  lindane t o  p r o t e c t  10% a e c k s  an& booms h a s  been 

r e p o r t e d  hy G r a h a m  (1453) . I t  is likely t h a t  washoff of lfndane 

t o  s o ~ e  e x t e n t  c o n t r i b u t e 6  t o  s u c c e s s f u l  b r e a k t h r o u g h  a t t a c k s  by 



TABLE I V .  R e s p o n d i n g / f i r s t  a t t a c k i n g  s e x  r a t i o s  (male/ female  2. I tneaturn,  

f emale lmale  Gna tho t r i chus  s p p . )  of 3 s p e c i e s  of ambrosia b e e t l e s  on 

a 
pheromone-baited s t i c k y  t r a p s  and l i n d a n e - t r e a t e d  t r a p  l o g s  . Dry- 

l a n d  s o r t  of MacMillan-Bloedel L t d . ,  Shawnigan Woodlands D i v i s i o n ,  

Duncan, B.C., 1980. 

Date Trypodendron - G n a t h o t r i c h u s  Gnatho t r i c h u s  -- 

l i n e a t m -  s u l c a  t u s  r e t u s u s  
- --- - 

Trap Log Trap Log Trap Log 

Apr. 30  1.86 < 2.07" 1 . 9 3  > 1.28""* 3.45 > 1.55;* 

May 1 5  1 .86  > 1.54" 1 .98 1 .77 2.85 > 1.72**>t 

June  1 2  2.01 1 .43 1 .77 > 1.08" 2.42 -. 1.69* 

June  26 

J u l y  7 

a 
Comparisons fo l lowed  by * o r  ***, d i f f e r e n t  a t  - P<0.05 o r  - P<O.OOl,.respec- 
t i v e l y ,  by a n a l y s i s  of v a r i a n c e .  



Fig. 12 .  Mean total catch (f 1 Sk') ot 3 species of a a b r o s i a  
beetles on l i n d a n e - t r e a t e d  trap l o g s  ana c y l i n d r i c a l  s t i c k y  
t E a p s  (N=7) i n  Experimant 2. 





TABLE V. Breakthrough by 3 s p e c i e s  of ambrosia  b e e t l e s  on l i n d a n e - t r e a t e d  

t r a p  l o g s  (N=28). Dryland s o r t  of MaeMilian-Bloedel E t d . ,  

Shawnigan Woodlands D i v i s i o n ,  Duncau, B .  C .  , 1980. 

9 p o d e n d r o n  g n a t h o t r i c h u s  G n a t h o t r i c h u s  
1 inea tum --- s u l c a t u s  .-- r e t u s u s  

No. l o g s  a t t a c k e d :  

Blank 

Linea t i n  

Mean a t t a c k  d e n s i t y / g . l  m 2 

No. g a l l e r i e s  : 

I n i t i a t e d  

E s t a b l i s h e d  

No. egg n i c h e s  and pupa l  chambers 270 3 - 

No. pupa l  chambers 199 1 - 

% Brood success 73.7  - - 



'$: &igLigggg , s i n c e  only 2 o f  t h e  1 9  s u c c e s s f u l  qalLsriea were 

o n  t h e  bot tom q u a 6 r a n t  of t h e  l o g s ,  w i t h  4 a n d  1 3  attacks on the 

top a n a  s i d e s ,  r e s p e c t i v e l y t  B a s e d  o n  t h e  r e s u 1 t . s  from Table 

I f f ,  t h e  e x p e c t e d  a t t a c k  d i s t r i b u t i o n  should h a v e  teen 3 ,  10,  

a n d  6 d t t a c k s  on t o p ,  siGes, a n 6  b o t t o m ,  r e s p e c t i v e l y .  However, 

the k i f f e r e n c e s  between o b s e r v e d  a n d  e x p e c t e d  a t t a c k s  are n o t  

s i g n i f x c a n t  (&z  tes t ,  y<0 .as) .  

The t e ~ a l e : ~ t a l e  r a t i o  of c a p t u r e d  Gggghptrichug S p p e  b e i n g  

lower o n  l o g s t h a n  an traps ( T a b l e  PV) may i n d i c a t e  t h a t  sti~trufi 

o t h e r  t h a ~  t h e  synerglzed p h e r o m o n e s  ( B o r d e n  e t  al. I9ifOb) are 

i s p o r t a n t  f o r  t h e s e  2 specres. Such  s t i ~ u l i  may i n c l u d e  v i s u a l  

p e r c e p t i o n  of h o s t  m a t e r i a l s ,  whkcn aFp6:ars i a p o r t a n t  t o  2, 

&&igatum ( v i t a  ana B a k k e  1979; K l i m e t z e k  e t  a l .  1480; B o r l e n  e t  

ale 1981 b) a n d  2: dggegtjcgm (L . )  (lierck 1972)  i n  Europe, a n d  

primary a t t r a c t a n t s  e m i t t e d  by t h e  h o s t ,  a s  indicated f o r  s, 
r e t u s u s  i n  C a l i f o r n i s  (Woeck  e t  a f .  1 9 8 1 ) .  ------- 

A l t h o u g h  t h e  c y l i n d r i c a l  s t i c k y  t r a y s  uere Bore effective 

t h a n  p h e r o m o n e - b a i t @ & ,  f i n d a r t e - t r e a t e d  logs ( I i c t s .  7 1 ,  12) , 
o t h e r  t r a p s  may he even Bore effective, V a n e  t r a p s  ( d c E e a n  a n d  

Barden 1 9 7 9 )  a r e  r o u g h l y  t u i c e  ds e f i i c i e n t  35 c y l i n d r i c a l  t r a p s  

f o r  b o t h  g, l i n e p r g m  a n d  g, ~ g t g ~ g ~ ,  w h i l e  vanes a n &  a m u l t i p l e  

f u n n e l  t r a p  a re  more efficient f o r  Gz gq&cg&u~ ( C h a p t e r  111). 

There is c u n s i a e r a b l e  c o n t r o v e r s y  over  t h e  use of l i n d a n e  i n  

forestry (Koerber 1 9 7 9 ) .  Peany o t h e r  pesticides h a v e  h i g h e r  a c u t e  

t o x i c i t y  b u t  a r e  n o t  &are e f f i c i e n t  than f i n d a n e  a g a i n s t  bark 



b e e t l e s  i n  t h e  f i e l d  (Smith e t  a l e  197'4) .  T h e r e f o r e ,  I c a n n o t  

r e c o m m e n d  t h e  use of t r a p  l o g s  t r e a t e a  w i t h  lindane, sr  o t h e r  

p e s t i c i d e s  of c o s p a r n b l e  e f f i c a c y ,  f o r  c o n t r o l  of a m b r o s i a  

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

early i n  the s e a s o n .  

T h e  u n s u i t a b i l i t y  o f  s e v e r a l  l o a s  c a u s e d  h i g h  v a r i a n c e  of 

t h e  d a t a ,  v i t h  a r e s u l t i n g  l a r g e  e r r o r  term. E m p l o y ~ n e n t  of m o r e  

s u i t a b l e  loqs w o u l d  p r o b a b l y  h a v e  r e a u c e d  t h e  v a r i a t i o n  a a d  

a c c e n t u a t e d  t h e  e a r l y  season s u p e r i o r i t y  of t h e  f a g s  ( F i g .  9) ,  

T h i s  s u p e r x a r i t y  p r o b a b l y  h a s  i t s  bas is  i n  the s e c o n d a r y  

a t t r a c t i o n  p r o a u c e a  by t h e  a t t a c k i n g  beetles s rmpZy  o v e r u h e l ~ i n y  

t h e  attractive b a i t s  i n  the t r a p s ,  T h i s  p h e n o m e n o n  a c c e n t u a t e s  

t h e  i ~ p o r t a n c e  of r e a o v i n q  c o m p e t i n g  sources o f  s e c o n d a r y  

a t t r a c t i o n ,  e.g, a t t a c k e d  t i m ~ e r  I n  the sort, r n  o r d e r  t o  

maintain o p t i m a l  e f f i c a c y  aE t r a p s .  

T h e  d e c r e a s i n g  a t t r a c t i v e n e s s  w i t h  time o f  t r ap  l o g s  

i n f e s t e d  by TI &inea&gg r e l a t e s  t o  p r e s e n c e  af @ales,  w h i c h  

a p p a r e n t l y  p r o d u c e  a  asking o r  a n t i a g q r e y a t i o n  p h e r o m o n e  

( R i  j h o i t  1930 ,  13736; B o r d w  197rC) B o r e o v e r ,  females may cease 

p r o d u c t i o n  of p h e r o m o n s  i n  t h e  p r e s e n c e  of males, a s  i n  2iiLytgs 

m u l t i s t r i a t u s  (Earsham) ( E l l i o t  e t  a k .  f  975). Very h i q h  a t t a c k  ------------- 
d e n s i t i e s  (>200/0.1 m 2  ) are  s o m e t i m e s  r e p o r t @ @  (Chapman a n d  

N i j h o l t  I Y b O ) ,  and may r e s u l t  i n  l e s s e n e d  p h e r o m o n e  p r o d u c t i o a  

p e r . f e a a l e ,  a s  o b s e r v e d  i n  2, x p . p ~ s  L. ( b l i g h t  et a l .  1 9 7 8 ) .  

T h e  r e l a t i v e l y  c o n s t a n t  p e r t o r m a n c a  of lineatin-baited t r a p  l o g s  



a s  c o s p a r e d  t o  u n b a i t e d  t r a p  loqs  ( P i g ,  R )  s u g g e s t s  t h a t  t h e  

presence of s y n t h e t i c  p h e r o n o n e s  o v e r r i d e s  a n y  a n t i a y g r e a a t i o n  

p h e r o m o n e  or c o m p e n s a t s s  f o r  the l a c k  o t  c o n t i n u o u s  p h e r o m o n e  

p r o d u c t i o n  by fentales. 

G n a t h o t r i c h u s  spp. overwinter i n  host m a t e r i a l  (Richn tond  

1 9 6 6 )  stored i n  t h e  s o r t  o r  k r o u g h t  i n  f r o a  the f o r e s t .  

T h e r e f o r e ,  t h e  s y n t h e t i c  p h e r o m o n e s  uiust c o m p e t e  w i t h  

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

e m e r g i n g  beet les  a u a y  from t h e m .  2, ki.gp&gti, h o w e v e r ,  

o v e r w i n t e r s  i n  the d u f f  a n d  f i t t e r  of t h e  s u r r o u n d i n q  forest 

margin ( K i n q h o r n  a n d  Chapman 1 9 5 9 )  ana could b e  i n t e r c e p t e d  on 

t h e i r  way x n t o  the sort b y  ~ h e r a ~ o n e - b a i t e d  t r a ~  b u n d l e s  a n d  

traps. 

The s t r i ~ i n a l y  h l y h  n u m b e r s  0 5  a t t a c k s  on s e v e r a l  l o g s  

r e c o r d e d  i n  late March a n d  e a r l y  h p r i l  1979,  before any ~ t & j o r  

f l i g h t  h a 3  o c c u r r e d  s u q s e s t  t h a t  s u i t a b l e  h u n d i e s  o t  

p h e r o m o n e - b a i t e d  t r a p  P o y s  w o u l e  b e  s u p e r i o r  to s t i c k y  t r a p s  

early i n  the season. S i n c e  it i s  c t u c i a l  t o  keep t h e  I s t  f l i g h t  

of TL &iggqygg f r o a  e s t a b l i ~ h i n q  s e c o n d a r y  a t t r a c t i o n  inside t h e  

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

p r o g r a a  e a r l y  i n  t h e  s e a s o n .  

A l t h o u q h  fresh t r a p  l o c s  m i g h t  be more e f f i c i e n t  t h a n  

p h e r o m o n e - b a i t e d  t r a p s  l a t e r  i n  t h e  s e a c o n ,  protection s f  

f a l l . - f e P l e 5  l o g s  f r o m  a t t d c k ,  t o r  u s e  its f e p f a c e m e n t  t r a p  loqs, 

seens i m p r a c t i c a l .  H o u e v e r ,  r e p l a c e m e n t  sf t r a p  f o g s  v o u f d  b e  



p o s s i b l e  f o r  GL g u l c q t g ~  a n d  g, gg&x?sus, w h i c h  attack newly 

felled logs ( g a t h e r s  1 9 3 5 ;  Ca&e 1970;  Plciean a n d  b o r d e n  IP77b). 

B i o l o g i c a l  O b s e r v a t i o n s  

T h e  d i s t r i b u t i o n  o f  h, g t ~ & c p $ g ~  a t t d c k s  a r o u n d  the 

c i r c u m f e r e n c e  o f  t h e  loqs ( T a b l e  IfI) s u p p o r t s  e a r l i e r  f i n d i n g s  

of  Rclaan a n d  8orden (lW77B) uhile t h e  s i i r , i lar  d i s t r i b u t i o n  of 

T. f i n e a t u r n  a t t a c k s  supports t h e  d a t a  of Dyer ( 3 9 6 3 ) .  5: gggggus -- -------- 
a p p a r e n t l y  p r e f e r s  dryer a n d  warmer h a b i t a t s  t h a n  the other 2 

s p e c i e s  (J .R.  B o r c t e n z ,  p a r s .  comw .) a n d  M a t s  t h e  most p r e v a l e n t  

a a b r o s i a  t e s t l e  i n  a C a l i f o r n i a  study ( R o c c k  et al. 1 9 8 t ) e  Thos, 

i t  may be  more akle t h a n  the o t h e r  2 saecies  t o  c o l o n i z e  the 

warmest, u p p e r  q u a d r a n t  of  t h e  l o g s .  & - ( - ) - S b l c a t o l ,  p r o d u c e d  by 

GI ~p&cstgg, i s  i n h i b i t o r y  t o  ggrgzgs, w h x c h  r e s p o n d s  t o  

5 - ( + ) - s u l c a t o l  f b o r d e n  et d l .  l 9 b D a )  H o w e v e r ,  ? a b l e  17: shows - 
that the 2 species i n  fact can a t t a c k  the same l s q  to some 

extent. T h e  a b u n d a n c e  of g, ~gtusgg  a t t a e ~ s  cn  t h e  top o t  a loq 

( T a b l e  111) may r e f l e c t  i t s  p a r t i a l  d i s ~ l a c e m e n t  t o  t h i s  portion 

by t h e  p h c s o a o n e  odor of E, y~&cptgg males, u h i c h  f l y  earlier i n  

t h e  s e a s o n  ( F i g s .  24 -25 ,  C h a p t e r  E )  a n d  attack t h e  sides and 

botto~. The l a c k  of c a n c e n t r a t i o n  of  attacks i n  t h e  v i c i n i t y  of 

t h e  pheromone b a i t  i s  a t  variance v i t h  t h e  resblts of R c L e a n  anC 

B c t r d e n  ( 1 9 7 7 b )  f o r  g, g g & g r g g g ,  a n d  p r o b a b l y  reflects extremely 

h i g h  p o p u l h t i o n s  w h i c h   saturate^ a l l  available spaces on t h e  



most a t t r a c t i v e  l o g s *  

T h e  s i g n i f i c a n t  c o r r e l a t i o n  between a t t a c k  d e n s i t y  a n d  l o q  

&ias* o r  s a p w o o d  d e p t h  ( P i g .  1 0 )  i n d i c a t e  t h e  i m p o r t a n c e  of 

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

a c c e p t a o i l i t y  a p p e a r s  t o  b e  a aiam. of 20 c a  and a s a p w o o d  d e p t h  

of  ca. 2 cia. A l t h o u g h  some l o g s  w i t h  deeper s a p w o o d  (4  - 6 ctnr) 

h a d  low a t t a c k  d e n s i t i e s ,  l o g s  w i t h  s d i a r ~ .  of >JU cm, a n d  w i t h  

s a p w o o d  of >3  cm g e n e r a l l y  a p p e a r  t o  b e  s u s c e p t i b l e  t o  a t t a c k  by 

G n a t h o t r i c h u s  s p p . ,  a n d  by TI & & e a t u ~ i  p r o v i d e a  t h e  t rees a r e  ------------- 
f e l l e d  b e t v e e n  October a n 6  F e b r u a r y  the p r e v i o u s  w i n t e r  (ayer 

a n d  Chapman 1 9 6 5 ) .  L o u s  s e l e c t e d  oy these c r i t e r i a  woulO b e  

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

P r a c t i c a l  I m p l i c a t i o n s  

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

l i n e a t i n  w i t h  (2) - o r  S -  (+ )  sulcbtol ( b a r d e n  e t  ill . 1 9 8 1 a ) ,  

c o m b i n e 6  w i t h  e t h a n o l  a n d  a - p i n e n e  a t  low r e l e a s e  r a t e s  ( B o r d e n  

e t  a l e  1 9 8 T b )  a r e  f e a s i b l e  as v o l a t i l e  baits. 1 r e c o m m e n d  t h a t  

u n t r e a t e d  ( n o  i n s e c t i c i d e )  t r a p  b u n d l e s  or  logs b a i t e a  w i t h  s u c h  

v o l a t i l e  b a i t s  b e  p l a c e d  i n  s t r a t e g i c  ~ o s i t i o n s ,  ice. 

s p o t s q E ,  a r o u n d  d r y f a n d  s o r t s  1  m o n t h  tefore t h e  f i r s t  XI 

l i n e h t u m  f l i g h t  i s  e x p e c t e d .  T h i s  p r o c e d u r e  u i f f  take a d v a n t a g e  -------- 
of t h e  e a r l y  s u p e r i o r i t y  o f  f ogs  o v e r  p h e r o m o n e - b a i t e d  t r a p s  

( F i g .  8 ) .  B u n d l e s  s h o u l d  t e  r e m o v e d ,  a n d  l o g s  c h i p p e d  o r  



o t h e r w i s e  ciestroved 5 - 6 weeks a f t e r  i n i t i a l  a t t a c ~ ,  s i n c e  

brooa emergenca may b e g i n  a t  this time (borden a n d  F o c k l e r  

3 9 7 3 1 ,  a n d  t h e  e f f i c a c y  of t h e  t r a p  n u n o l e s  would have t h e n  

d e c l i n e d ,  Pheromone-ba i ted  t r a p s  s h o u l d  complement t h e  t r a p  

D u n d l e s  a t  a l l  tiffles a n d  also s h o u l d  b e  u s e d  i n  i n a c c e s s i b l e  

p o s i t i o n s .  A d d i t i o n a l  t r a ~ s  should r e p l a c e  t h e  tray b u n d l e s  a s  

these are removed to m a i n t a i n  a h i g h  p o t e n t i a l  o f  i n t e r c e p t i n g  

b e e t l e s  e m e r g i n g  fro@ t h e  forest duff a n d  t o  aaintain a stronq 

s o u r c e  o f  secondary a t t r a c t i o n  away from the t l ~ b e r  t o  be 

p r o t e c t e d ,  A n y  t i a b e r  a t t a c ~ e d  u x t h i n  t h e  s o f t  must be 

r e c o g n i z e d  a n d  r e m o v e d  w i t h o u t  d e l a y .  



6. A HULTIPLE FUNNEL TRAP FOR SCOLYTID BEETLES 

H a r d u a r e  c l o t h ,  insect s c r e e n i n g  a n d  various o t h e r  

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

r e s e a r c h  a n d  t r a p p i n g  p r o g r a m s  f u r  s c o f y t i d  b e e t l e s  ( B r o w n e  

1 9 7 8 ;  L a n i e r  1 9 7 8 ;  B c L e a n  a n d  E j o r d r n  1 9 7 9 ) .  T h e s e  t r d p s  a r e  

e f f e c t i v e ,  b u t  r e q u i r e  time c o n s u m i n g  and  l a k o r i o u s  m a i n t e n a n c e .  

T h u s ,  many a t t e m p t s  t o  d e s i g n  a l t e r n a t i v e  t r a p s  h a v e  b e e n  ~ a d e .  

P h e r o m o n e - b a i t e d  u i n d o u  f l i g h t  t r a p s  (Chapman a n d  K i n g h o r n  

1 9 5 5 )  a r e  r e l a t i v e l y  e f f i c i e n t  f o r  t h e  s p r u c t  beet le ,  

D e n d r o c t o n u s  r u f i g e n n i s  K i r b y ,  i f  place& against tree t r u n k s  ------------ ---- ----- 
( D y e r  a n d  Hal l  1 9 8 0 )  a n d  f o r  Qp rpgpqypgbss L. i f  placed i n  a 

forest rather t h a n  i n  t h e  open ( K k i s e t z e k  a n a  Vite 1 3 7 8 ) .  F o r  g' 

l i n e a t u r n  u i n d o w  t . r a p s  a r e  c o ~ p a r a b l e  t o  S c a n d i n a v i a n  d r a i n p i p e  -------- 
t r a p s  ( B o r d e n  et a l .  1 9 8 1 ) .  S e v e r a l  a d a p t a t i o n s  o f  t h e  u i n d o u  

f l i g h t  t r a p  h a v e  been made ( M i l k e n i n t r  e t  a l .  1981; F r s r n i s s  

1 9 8 1 )  

D r a i n p i p e  t r a p s  ( B a k k e  a n d  S a e t h e r  1 9 7 8 1  a n d  o t h e r  t r a p s  

based o n  t h e  h y p o t h e s i s  t h a t  a n  o p t i c a l  s t i m u l u s ,  i.e. a 

p r o m i n e n t ,  vertical s i l h o u e t t e ,  i s  i m p o r t a n t  f o r  t h e  o r i e n t a t i o n  

o f  s c o l y t i d  beetles t o  t h e i r  b r o o d  ma te r i a l  ( K e r c k  1 9 7 2 )  h a v e  

r e c e n t l y  g a i n e d  p r o m i n e n c t -  i n  ~ h e r a r n o n a  r e s e a r c h  ( K l i r n e t z e k  a n d  

Vite 1 9 7 8 ;  Mosec and B r o u n e  1 9 7 8 ;  Vite an6 B a k k e  1 9 7 9 ;  BGlunq  e t  

al. 1 9 7 9 ;  E iorden  et a l l  l g b l b ) .  C o m n i e r c i a l l y  a v a i l a b l e  d r a i n p i p e  



t r a p s  (Borreiqaard B / 5 ,  S a r p s b o r g ,  Horoay) h a v e  b e e n  u t i l i z e d  i n  

a m?ss t r a p p i n g  prosram f o r  LL ~ ~ g w r a ~ h g g  i n i t i a t e d  i n  1979 

( O ' S u l h i v a n  1 9 7 9 ;  L i e  and B a k ~ e  1 9 8 1 ) .  

T h e  m u l t i p f e  funnel trap d e s c r i b e d  h e r e i n  ( F i g s .  13-1  5) 

c o i i i b i n e s  the a d v a n t a g e s  af t h e  t z a p s  ~ e n t i o n e d  a b o v e  a n d  

e l i m i n a t e s  soae d i s a d v a n t a g e s .  T h e  1 4 8 1  p r o t o t y p e  t r a p  ( P i g .  15)  

c o n s i s t s  of a series o f  v e r t i c a l l y  afignei3 f u n n e l s  made fro% 0 . 2  

m m  v i n y l  s h e e t s  ( A m e r i c a n  Hoeckst C o r p . ,  S o m r m r v i l l e ,  W .9*) a n d  

stapied t o  3 tuill tapes, m a k i n g  t h e  t r a p  c o l l a p s i b l e  f o r  

storage a n d  t r a n s p o r t a t i o n .  An i n v e r t e d  n u r s e r y  f l o w e r  p o t  

c f r a i n a g e  t r a y  ( L i s t o  P r o a u c t s ,  V a n c o u v e r ,  b . C . )  p r o t e c t s  t h e  

p h e r o m o n e  b a i t ,  a n d  t o  a c e r t a i n  e x t e n t  t h e  t r a p ,   fro^ r a i n .  A 

c o l l e c t i n g  j a r  fltmpak, L t d , ,  V a n c o u v e r ,  B.C.) , u i t h  a lateral 

d r a i n  n o l e  i o r  e x c e s s  r a i n  water, i s  suspended a t  t h e  b o t t o m  of  

t h e  t r a p .  T h e  j a r  c o n t a i n s  w a t e r  w i t h  a s~sll a a o u n t  of 

d e t e r g e n t  a d d e d  t o  r e d o c e  s u r f a c e  t e n s i o n ,  and a n  a n t i b i o t i c  

a g e n t  ( s o C i u m  s z i d e  o-r t d b l e  s a l t )  t o  p r e v e n t  % a u l d  a n d  

bacterial g r o w t h .  For  t r a p p i n g  l i v e  i a s c c t s ,  t h e  c o l l e c t i n g  jar  

can b e  f i l l e d  w i t h  s h r e d d e d  p a p e r  or other g a t e r i a l  t o . k e e p  

i n s e c t s  a p a r t .  T h e  t r a p  i s  s u s p e n b e d  f r o m  a Rook on a 2.5 ca 

d i a m .  d o w e l .  T h e  e f f e c t i v e  t r a p p i n g  surface of t h i s  p r o t o t y p e  is 

0 . 3 3  m 2  w h i c h  c a n  b e  i n c r e a s e d  or aecreased by changing t h e  s i z e  

o r  numbers o f  f u n n e l s .  

.. Wind t u n n e l  s t u d i e s  ( N o F b f t e  f a n q e r i l f i s  and J , A .  

M e Z e a n ~ , u r ; p u b l i s h e d  3 a t a )  s u q g e s t e d  t h a t  t h e  p h e r o n r o n e  s h o u l d  b e  



F i g s .  13-15. P r o t o t y p e  m u l t i p l e  f u n n e l  traps used i n  1 9 7 9  
( F i g .  13)  , 1980 ( F i g *  14) , and 1981 (Fiq. 1 5 ) .  C o l l e c t i o n  of 
s a m p l e  a t  1979  inodel i s  s h o w n  i n  F i g .  1 3 ,  and t h e  1901 m o d e l  is 
shown i n  operational and collapsed p o s i t i o n  ( F i g .  15)  





release& s i m u l t a n e o u s l y  from 2 e o s l t i o n s  i n  t h e  t r a p  (Fia. 16D). 

T h e s e  release p o s i t i o n s  e n s u r e  t h a t  t h e  p h e r o m o n e  p l u m e  is 

d i s p e r s e d  t o  s i a u f a t e  t n a t  o f  an a t t a c k e d  l o g ,  a s  well a s  

p r o v i d i n g  o p t i m a l  odor d i s p e r s i o n  t e y a r a l e s s  o t  w i n d  d i r e c t i o n .  

T o  5 a t e ,  p h e r o @ o n e  p l a c e m e n t  has b e e n  s u b o p t i m a l  a s  i n  F i j .  

1 6 R - C ,  a n d  i n c r e a s e d  e f f i c i e n c y  o f  t h e  f u n n e l  t r a p  is e x p e c t e d  

when i t s  a e r o d y n a m i c  p r o p e r t i e s  a r e  u t i l i z e d  c o r r e c t l y .  I n  

preli~inary tes ts ,  EL &&pegtug r e s p o n d e d  be t te r  i n  a w i n d  t u n n e l  

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

(N.P.U. A n g e r i l l i s ,  pers* c o a m ~ f .  

Two e a r l i e r  d e s i q n s  h a d  v a r i o u s  l i m i t a t i o n s .  T h e  1979 

p r o t o t y p e  ( F i g .  13) was r i g i d  o n  a u a o d e n  frame, w i t h  a t r a p p i n g  

s u r f a c e  of 0.19 ~2 . T h i s  t r a p  was t o o  f r a g i l e  f o r  

transportation a n d  s t o r a g e .  T h e  I Y b U  p r o t o t y p e  ( F i g .  14)  h a d  a n  

aluminum f r a m e ,  w h i c h  h a d  t o  b e  d i s a s s e m b f e o  f o r  c o m p a c t  

t r a n s p o r t a t i o n  a n d  s t o r a g e .  T h e  t r a p p i n g  s u r f a c ~  Gas 0*41 .RZ . 
H a t e r i a l  c o s t s ,  weight a n a  d i f f i c u l t y  i n  a s s e m b f i n q  anQ 

disassembling ot this p r o t o t y p e  made i t  less desirable t h a n  t h e  

19131 t r a p .  

A 1 1  p r o t o t y p e  t r a p s  e f f e c t i v e l y  c a u g h t  a m b r o s i a  beetles. In 

V a n c o u v e r  I s l a n d  f i e l d  t e s t s  TI &&gaatg&, Er SELEErgs a n 6  Gz 

retusus were c a u ~ h t  i n  r e s p o n s e  t o  t h e i r  a g g r e g a t i o n  p h e r o m o n e s ,  ------.- 

u i t h  ~axirrtua c a t c h e s  t or  a 2 week p e r i o d  of 1 5 , 0 0 0 ,  3 , 5 0 0  a n d  

7 0 0 . i n  s i n g l e  t r a p s  f o r  the r e s p e c t i v e  s p e c i e s .  T h e  t r a p s  u e r e  

c o m p e t i t i v e  w i t h  S c a n 5 i n a v i a n  a r a i n p i ~ e  t r a p s  and 2 t y p e s  of 



Fig- .  l 6 .  S c h e m a t i c  r e p r e s e n t a t i o n s  of  1901 t r t t p  s h o w i n g  
o d o r  p lumes  ( t i t a n i u e n  t e t r a c h l o r i d e  smoke) p r o d u c e d  i n  a  w i n d  
t u n n e l  a t  1 . 2  m/s w i n d  s p s e d  w i t h  b a i t  i n  v a r i o u s  p o s i t i o n s .  A ) .  
M o v e a e n t  of b a i t  v e r t i c a l l y  ( d o u b l e - p o i n t e d  arrow) w i l l  vary 
r e l e a s e  rate. 8 ) .  Upwind ( u p p e r )  and downwind (lower) pltraes 
front b a i t  a t t a c h e d  t o  t w i l l  t a p e ,  C). Bait placement as in B )  
b u t  rotated 9CJ0 l e l a t i v e  t u  w i n d  d i ~ e c t i o n  a s  r n  t o p  v i e w .  D). 
D o u b l e - b a i t i n g ,  u t i l i z i n g  t r a p  aerodynamics for o p t i n a f  
p h e r o m n e  dispersion. 





s t i c k y  t f i t t p s  ( C h a p t e r  9 ) .  I n  a n o t h e r  e x p e r i m e n t ,  m o d i f i e d  1981 

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

f u n n e l s  (0.57 in2 t r a p p i n g  surface) c a u g h t  219  m o u n t a i n  pine 

beetles, g g ~ g ~ g c & ~ p g s  p o n d e r o s p e  H o p k i n s ,  whereas i d e n t i c a l l y  

b a i t e d  S c a n d i n a v i a n  d r a i n p i p e  traps o n l y  c a u g h t  5 (J.E. C o n n  a n d  

J.H. bordenn,  u n p u b l i s h e d  d a t a ) .  

I n c o m i n g  beetles h a v e  b e e n  o b s e r v e d  a t  t h e  t r a p s .  Host h i t  

t h e  f u n n e l s  a n d  f a l l  i n t o  t h e  c o f l e c t i n q  j a r  i m m e d i a t e l y ,  

b e c a u s e  t h e y  c a n n o t  l a n d  o n  t h e  s l a n t e d  f u n n e l s .  Some do l a n d  on  

t h e  outward s $ a n % i n g 1 • ’ a n n e l  below t h e  e n t r y  ~ o i n t .  However, t h e  

f u n n e l  a b o v e  impeaes t h e  r e s u m p t i o n  of f l i g h t  as  t h e  b e e t l e s 1  

t a k a  o t f  d i r e c t i o n  i s  v e r t i c a l .  lhese  b e e t l e s  are c d u q h t  after 

c o n t a c t i n g  t h e  overhsa3 f u n n e l  a n &  f a l d i n g  t h e i r  w i n g s *  Thus, 

r e s u m p t i o n  of f i i g h t ,  a p r o b l e m  w i t h  window a n a  d r a i n p i p e  t r a p s ,  

i s  l a r g e l y  a v o i d e d  w i t h  f u n n e l  traps* A s  w i t h  s t i c k y  traps, a n y  

b e e t l e  a t t e s p t i n q  t o  land s h o u l d  b e  c a u g h t ,  out w i t h o u t  h a v i n q  

t o  e n t e r  h o l e s  a s  i n  t h e  d r a i n p i p e  t r a p s .  Captured beetles c a n  

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

t o  r e m o v e  s t i c k y  ma te r i a l .  

As with some a t h s r  n o n s t i c k y  t r a p s  ( W i l k e n i n g  e t  a l e  l 9 8 1 ) ,  

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

If t h e  t r a p  is p l a c e d  i n  t h e  v i c i n i t y  of d e c i d u o u s  trees, l e a v e s  

nay p l u g  u p  i n d i v i d u a l  f u n n e l s  i n  the fafl. 

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

but C o l e o p t e r a  p r e d o m i n a t e .  T h e  i m p a c t  of t h e  funnel t r a p  o n  non 



target  species is small. Checkered b e e t l e s  (Co1eoptera:Cleridae) 

were o n l y  caught occasions-fly, and in low n u m b e r s  (1-10) s i m i l a r  

to catches i n  d r a i n p i p e  t r i i p s .  

A l t h o u q h  t h e  i n i t i a l  fnvestaent for this trap may b e  n i g h e r  

t h a n  for sticky traps, t h e  t r a p s  should be reusable for m a n y  

seasons. Moreover, considerable savings are maae i n  h a n d l i n g  

time, m a k i n q  possible a substantially qreater trapping effort. 



D *  F A C T O R S  INFLUEBCING THE EFFICIEMCP 

OF PREROBONE-BAITED T R A P S  FOR THREE SPECIES O f  A 8 B R O S I A  BEETLES 

& a n y  f a c t o r s  c a n  i n f l u e n c e  t h e  e f f i c i e n c y  o f  

p h e r o m o n e - b a i t e d  t r a p s  f o r  s c o l y t i d  beetles. I n c r e a s i n g  t h e  

refease fate of t h e ,  p h e r o m o n e  ( k ) - s u l c a t o l .  i n c r e a s e d  t h e  c a t c h  

of  g, p&cptgs o n  sticky c y l i n d e r  tfaFs e v e n  a t  1 0 0  mg/day  

(WcLean 1 4 7 6 ) .  O t h e r  e x p e r i m e n t s  have d i sc losed  s g n e r q i s ~  by  

e t h a n o l  a n d  & - p i n e n e  f o r  s u l c a t o f  ( E o r d e n  et  al. 1980b), 

a l l ~ l o c h e m i c  a c t i v i t y  b e t o e e n  t h e  a g q r e g a t i o n  p h e r o m o n e s  of & 

s u l c a t u s  a n d  5, g g t u 8 u s  ( B o r d e n  el a l e  1 9 8 B a ,  Ikns~iu~, El ,,,,,,,, 

l 9 8 1 a ) ,  a n d  t h e  i n t e r a c t i o n  o f  a g g r e s a t i o n  p h e r o m o n e s ,  e t h a n o l  

a n d  d - p i n e n e ,  i n  the presc;nce o r  absence of v i s u a i  s t i r n u l l  

( B o r d e n  e t  a l .  1981 b )  l E x p e r i m e n t s  o n  t r a p  ~ l a c e a e n t ,  release 

rates  a n d  b a i t  p l a c e ~ e n t  h a v e  been  c o n d u c t e d  f o r  s e v e r a l  

s c o f y t i d  s p e c i e s  ( e . 9 ,  T i l d e n  1 9 7 6 :  Tilden e t  a f t  1 9 7 9 ;  

K l i ~ e t z e k  a n d  Y f t e  1 9 7 8 ;  tie a n d  B a k k e  7 9 8 1 ) .  

T h e  i n f l u e n c e  of t r a p  d e s i g n  o n  t r a p p i n g  efkicacy.has b e e n  

i n v e s t i g a t e d  f o r  many i n s e c t s .  S t i c k y  t r a p s  h a v e  b e e n  c o ~ f f l a n l y  

used f o r  s c o l g t f d  b e e t l e s  ( B r o w n e  1 9 7 8 ;  B i r c h  1 9 7 9 ;  tYtcLean a n d  

B o r d e n  1 9 7 9 ) .  % a n y  o f  t h e s e  t r a p s  a re  e f f i c i e n t ,  b u t  the 

d i f f i c u l t i e s  i n  r e m o v i n g  c a p t u r e d  i n s e c t s  a s  well a s  i n  c l e a n i n g  

a n d . r e a p p l y i n g  sticky c o v e r i n g s  m a k e  t h e a t  p r o h i b i t i v e l y  l abo r  

i n t e n s i v e ,  p a r t i c u l a r l y  i n  l a r g e  scale operations. T h e r e f o r e ,  

58 



n o n s t i c k g  traps o f  v a r i o u s  ? @ s i g n s  h ~ v e  been tested (Chapman an6  

K i n g h o r u  1955;  & o s e r  a n d  Erarne 1 9 7 7 ;  b a k k e  anu S a e t h e r  1 9 7 8 ;  

Rl i ~ e t z e k  a n 4  Vite 1 9 2 8 ;  F u r n i s s  1 9 8 1 )  . 
T h e  i n f l u e n c e  o f  t r a p  co lor  h a s  also b e e n  i n v e s t i g a t a d  f o r  

P a n y  i n s e c t s .  B e h a v i o r a l  a n d  p h y s i o l o ~ k c a l  responses b y  s c o l y t i d  

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

( S c h o n h e r r  1 9 7 1 ;  B e n n e t t  1978; Grotfermzrn a n d  Borden 1 9 8 1 ) ,  a n d  

i n  the f i e l d  ( E n t w i s t l a  1 9 6 3 ;  Bakke a n d  Saether 1 9 7 8 )  . 
T h e  e x p e r i i r i e n t s  described h e r e i n ,  were c o n d u c t e d  a s  a n  

i n t e g r a l  p a r t  o f  o p t i s i z i n g  t h e  u s e  o f  a n t b r o s i a  b e e t l e  

a g g r e q a t i o n  gheromon2s for s u p p r e s s i o n  p r o g r a m s  i n  timber 

p r o c e s s i n g  a r e a s .  

S e v e n t e e n  f i e l d  e x p c i r i m e n t s  (ExF.) Here c o n d u c t e d  w i t h  

o b j e c t i v e s  a n d  m e t h o a o l o g y  a s  o u t l i n e d  below, U n l e s s  o t h e r w i s e  

noted, a l l  e x p e r i m e n t s  were conducted a t  t h e  M a c f i i l f a n - B l o a d e l  

Ltd,, R a n o c i s e  D i v i s i o n  d r y l a n d  s o r t  a t  R o r t h u e s t  Bay n e a r  

P a r k s v i l l e ,  V a n c o u v e r  f s l a u d ,  B . C .  T h e y  were set  u p  a s  

r a n d o ~ i z e i i  c o m p l e t e  b l ~ c k s ,  with a r n i n i ~ u ~  d i s t a n c e  between 

t r a p s  of 25 nr. Sticky t r a p s  ( v a n e s  o r  c y l i n d e r s )  were c o v e r e d  

w i t h  S t i k e s  S p e c i a l .  T h e y  were c l eanea  i n  S h e l l  H o u s e h o l d  

S o l v e n t .  C o l l e c t i n g  b o t t l e s  o n  n o n s t i c k y  t r a p s  c o n t a i n e d  water, 

d e t r r g e n t  t o  r e a u c e  s u r f a c e  t e n s i o n ,  and s o d i u m  a z i d e  (40  mg/ l  



water) to a r a v e n t  i a o u l d  a m 6  Lactbtial q r o v t h .  Insects sear,ovct.rf- 

f r o 3  sticky t r a p s  uere h e l d  i n  S h e l l  Solvent o r  70h e t h a n o l  

u n t i l  t h e y  were sepa~ated by species a n d  sex,  a n d  c o u n t e d .  

I n s e c t s  c a p t u r s a  i n  o t h e r  t r a p s  ucre Held i n  70% e t h a n o l .  

P h e r o m o n e  d i s p e n s e r s  f o r  c y l i n d e r  t r a p s  were p l a c e d  as i i e s c r i b e d  

i n  Chapter  13 (Exp. 1 ) ;  f a r  v a n e  t r a p s  o n  t h e  s u p p o r t  p o l o  ca, 30 

cm f r o 3  t h e  t o p ;  f o r  f u n n e l  t r a p s  a s  i n  F i g .  IbB ( C h a p t e r  C) ; 

and fo r  a r a i n p i p e  t r a ~ s  s u s p e n a e d  inside t h e  pipe ca, 20 cs 

u n d e r  t h e  l i d ,  k L 1  release r a t e s  f o r  pheromones a n d  h o s t  

v o l a t i l e s  were d ~ t e r m i n e d  i n  t h e  l a b o r a t o r y  a t  22  OC a n d  70% 

ReH *  A c t u a l  release r a t e s  i n  t h e  f i e l d  may h a v e  v a r i e d  

c o n s i d e r a b l y  due t o  e n v i r a n m e n t a l  c o n d i t i o n s .  A l l  t r a p s  u e r e  

placed so t h e i r  e f f e c t i v e  t r a p p i n g  o c c u r r e d  ca. 30 - 180 cnt 

above g r o u n i k .  

Exp. 1 ,  c o n d u c t e d  Bay 3 - 15, 1 9 7 9 ,  a t  t h e  U n i v e ~ s i t y  of 

British C o l u m b i a  R e s e a r c h  Forest ,  E a y l e  E i d q e ,  M . C . ,  d e t e r m i n e d  

t h e  o p t i ~ a f  release r a t e  for  P i n e a t i n ,  the a a g r e g a t i o n  p h e r o a o a e  

of 2, Itnea&;rm. C y l i n d r i c a l  h a r d w a r e  c l o t h  t r a p s  ( c y l i n d e r  

t r aps f  ( B y r n e  e t  af. 1974 ;  B r o w n e  1 9 7 8 ) ,  2 0  cni d i a n .  x 46 cat 

h i g h ,  a c t i v e  t r a g p i n q  s u r f a c e  = O.LY m2, i n  5 replicates, were 

b a i t e d  w i t h  l i n e a r i n  r e l e a s e d  from C o n f e l  f i b e r s ,  aperture diam. 

= 0.2 %m, as f o l l o ~ s :  b l a n k  c o n t r o l ,  I t i b e r  (10 pg/24k), 4 



fibers, 8 f i B € ? ~ s  an3 b 9  f i b e r s .  

E x p e r i m e n t  2 - 4 

E x p .  2 - 4 wera c o n d u c t e d  t o  determine t h e  r e l a t i v e  

efficacy of 4 trap t y p e s  f o r  2, k&qeatun~, r e t u s u g  and E ,  

s g f c a t u s .  T h e  t r a p s  conpared were a r m i i i f i e d  v a n e  trap (Browne 

1 8 7 8 ;  fYrcLean and Iioraen 1979) w i t h  2 vanes composed of 90 x 70 

cru, 6 - 4  r n @  mesh h a r d w a r e  c l o t h ,  active t r a p p i n g  s u r f a c e  = 2 . 5 2  

~ 2 ;  a c y l i n d e r  trap; a Scanainaulan arainpiye trap (drainpipe 

trap) 1 2 . 5  crn &fame x 1 3 5  cm h i g h ,  active l a n d i n g  s u r f a c e  = 6 . 5  

~ f 2 ;  a n d  a m u l t i p l e  funnel trap ( 1 9 7 9  funnel trap)  ( F i g .  1 3 ,  

C h a p t e r  I T ) ,  1 3  cm d ia r t .  x 44 crn h i g h ,  a c t i v e  t r a p p i n g  s u r f a c e  = 

0 . 1 8  m p .  E a c h  of 5 b l o c k s  c o n s i s t e d  of b t r a p s ,  1 baited and 1  

b l d n ~  c a n t r o l  trap s f  each t y p e .  

I n  E x p .  2 ,  Hag 4 - 1 8 ,  1 9 7 9 ,  t r a p s  uere b a i t e d  w i t h  

I i ~ e a t i n  r e l e a s e d  f r o %  4 Consel fibers a t  40 pg /24h .  I n  E x p .  3 ,  

May 1 8  - 29, 1 9 7 9 ,  traps were b a i t e d  w i t h  2- (+) - s u l c a t o f  a n d  

K - p i n e n e  re leases  froa open g l a s s  v i a l s ,  aperture d i a m ,  = 8 , m m ,  

at 4.9 a n d  50 mg/24h, r e s p e c t i v e l y ,  a n d  e t h a n o l  fro@ a glass 

vial w i t h  1 hole in the c a p ,  aperture dian. = 3 nm, a t  1 6 0  

mq/24h. I n  E x p o  4, B a y  29 - June 5 ana Aug. 16 - Sept, 5 ,  1 9 3 9 ,  

( 4 ) - s u l c a t o P  was relesed a t  t h e  saae rate as 2 - ( + ) - s u l c a t o l  i n  

E x p o  3 ,  an3 M-pinene a n d  e thano l  a s  i n  Exp,  3. 



E x p e r i m e n t  5 - 7 

E x p ,  5 - 7 were c o n d u c t e d  t o  c o n F a r e  t h e  e f f i c a c y  ot t h e  

v a n e  t r a p ,  the 1 4 7 4  f u n n e l  t r a p ,  b o t h  u s e d  i n  E x p .  2 - 4, and a 

l a r q e r ,  m o d i f i e d  f u n n e l .  traF ( 1 9 8 0  f u n n e l  t r a p )  (Fiq. 1 4 ,  

C h a p t e r  I f ) ,  20 cm d i a m .  x b b  em h i g h ,  a c t i v e  catching s u r f a c e  = 

0 . 4 1  m2, 

I n  E x p o  5, J u l y  1 - 8, 1 9 8 0 ,  all t r a p s  i n  7 replicates sere 

b a i t e d  w i t h  l i n e a t i n  a s  i n  E x p ,  2, I n  Exp, 6 ,  J u l y  8 - 16, 1980, 

H - p i n e n e  and  e t h a n o l ,  released f r o m  separate glass vials w i t h  1 

h o l e  i n  t h e  c a p ,  a p e r t u r e  diam. = 1.5 mm, a t  17.5 and I20 

aq/24h, r e s p e c t i v e l y ,  were a d d e d  t o  l i n e a t i o  released a s  i n  Exp, 

2 .  I n  Exp. 7 ,  Oct* 1 - 8 , 1 9 8 0 ,  a l l  t r a p s  i n  6 replicates were 

b a i t e d  w i t h  ( 2 ) - s u l c a t o l  released f r o i n  open  qlass v i a l s ,  

a p e r t u r e  d i a m .  = 4 m&, a t  2 - 5  wg/Z4h8 E t h a n a l  a n d  d - ~ i n e n e  were 

released as in Elxp. 6 .  

Experiment 8 

EHP. 8 assessed t h e  e f fec t  o t  d i a m e t e r  of t h e  o p t i c a l  

s t i s u l u s  on t h e  r e s p o n s e  of J!! h i n e a t u m  and Gz sg&cg&gp t o  

s u l t i p l e  f u n n e l  t r a p s ,  w i t h  vans tracs as  contmls. It uas 

c o n d u c t e d  f roa J u n e  3 - J u l y  5 ,  1981, a t  t h e  P a c f f  ic F o r e s t  

P r o d u c t s ,  E t d , ,  S o o k e  D i v i s i o n  aryland s o r t i n g  a r e a  near  S o o k e ,  

V a n c o u v e r  Island, B.C. T h r e e  nested m n l t i p l e  funnel t r a p s  ( F i a t  



17), each 20 cni dia tn .  x 53 cm h i q h  (1987 fu n n e l  t r a p s ) ,  total 

a c t i v e  t r a p p i n g  su r faco  = 1 . 0  m2, u e r u  c o m p a r e d  i n  6 r e p l i c a t e s  

w i t h  v a n e  t r a p s  w i t h  2 f i b e r y l a s s  u i n d o v  s c r e e n i n g  v a n e s  

( P e r m a s c r e e n  , B a y  Y i l f s ,  R i a l a n a ,  O n t . ) ,  8 6  x 1 2 0  cm, a c t i v e  

c a t c h i n g  s u r f  a c e  = 4.1 mz. P h e r o m o n e  d i s p e n s e r s  were s u s p e n 8 e d  

fro% t h e  lid s o  t h a t  t h e y  were n e a r  t h e  bottom i n s i d e  a 

d ~ a i n p i p e  a t t a c h e d  t o  the !  s u p p o r t  p o l e .  E a c h  t r a p  (a nested set 

of f u n n e l  trztps i s  c o r i s i d e r e d  a s  o n e  t r a p )  uas p l a c e d  i n  a 3 - 4 

m w i d e  n c h a n n e l w  cut t h r o u q h  dense sapling red a l d e r ,  

r u b r a  Bong ,  a t  t h e  edas o f  t h e  west s i d e  o f  t h e  s o r t .  T h e  t r a y s  ---- 
were baited w i t h  l i n e a t k n  a s  i n  E x p .  2 ,  (i) - s u l c a t o l  a s  i n  Exp. 

7 ,  a n d  H-pinene ana e t h a n o l  a s  i n  Exp. 6. For  v a n e  t r a p s ,  t h e  

total number sf beotl~s on 5 s y s t e m a t i c a l l y  c h o s e n  3 cm w i d e  

s t r ~ p s  ( x )  was c o u n t e d ,  ztnd the t o t a l  n o t  c o u n t e d  f y )  was 

estimated a s  ( y  = 34.40 + 6.32~) ( r=0 .99 ,  p < O . O f ) ,  a s  d e t e r m i n e d  

by l i n e a r  r e g r e s s i o n  f r o m  total c o u n t s  o n  2 2  v a n e s .  T h e  t o t a l  

f u r  eacb v a n e  was t h e n  ( x  + y )  . Species a n d  s e x  ratios were 

e e t e r m i n e d  based on a randaa s u b s a m p l e  t a k e n  f r o %  1 v a n e  o n  ~ a c h  

trap. 

T h r e e  e x p e f i f f l s n t s  were r u n  t o  d e t e r ~ i n e  v h e t h e r  ambrosia 

b e e t l e s  e x h i b i t  a color p r e f e r e n c s  i n  o r i e n t i n g  t o  traps. B l a c b ,  

b l u e ,  clear,  g r e e n ,  a n d  r e d  1980 k u n n ~ f  t r a p s  were used. 



Pig. 17. Nested 1981 funnel traps used in Experiment 7. 





S p e c t r a l  r a f l e c t a n c e  f o r  each color v i n y l  ano of the bark of 

Douglas-fir , Bst?1~ho&gggg rp+%ig.gg~y (Mirb.) I'raneo, was measured 

w i t h  a G a r y  1 7  s p e c t r o p h o t o m e t e r ,  u s i n q  m s g n e s i u ~  oxide a s  a 

s t a n d a r d .  P e r c e n t  r e f l e c t a n c e  was c a l c u l a t e d  f o r  w a v e l e n g t h  

i n t e r v a l s  3 U 0  - 360 n m  ( n e a r  U V ) ,  420 - 480  nraf ( b l u e ) ,  a n 3  510 - 
530 n m  ( g r e e n ) ,  a l o n e  a n d  i n  c o r n k i n a t i o n ,  s i n c e  optimal 

b e h a v i o r a l  ( G r o l t E e r m a ~  and Eaorden 1 9 8 1 )  ant& e l e c t r o p h y s i o l o g i c a f  

( 8 e n n e t t  1978) r e s p o n s e s  o c c u r  a t  t h e s e  u a v e l e n g t h s .  

I n  Exp. 9 ,  May I 3  - J u n e  3, 1 9 8 0 ,  b l o c k s  c o n t a i n i n g  1 

b a i t e d  a n d  1 blcnk control for  e a c h  color were set up,  and 

r e r a n d o m i z e d  twice f o r  a t o t a l  of 12 ~ e p l i c a t e s .  Traps were 

b a i t e d  a s  i n  Exp. 2. I n  E x p .  1 0 ,  J u n e  3 - J u l y  2 ,  4 blocks a s  i n  

Ex?. 9 were set u p ,  a n d  r e r a n d o ~ i z e d  once for a t o t a l  of 8 

reyiicates. Trays were baited w i t h  2-f+)-sufeatol in the sase 

manner a s  ( + ) - s u l c a t o l  i n  Exp.  7 ,  a n d  @!-pinene a n d  e t h a n o l  a s  i n  

E x p .  6. I n  Exp. 11, c o n d u c t e d  a t  B a c k t i l l a n - b l o e d e l ,  Lt&.'s 

S h a v n i y a n  Woodlands Division d r y l a n d  s o r t i n q  a r ea  n e a r  Duncan, 

V a n c o u v e r  I s l a n d ,  B.C., S c p t .  5 - 24 ,  1980, 4 b l o c k s  a s  i n  Exp. 

9 i n  a split p l o t  d a s i q n  werk r e r a n d o r ~ i z e d  once for 8 . 

replicates. T r a p s  were b a i t e d  a s  i n  Exp. 7. 

Exp. 1 2  a s s e s s e d  t h e  i n f l u e n c e  of c o l o r s  o n  c a t c h  i n  t r a p s  

d o u b l e  baited ( E o r c i e n  st al. 1 9 8 1 )  for 2' &i&ggggg and G, 



Sulcptgg, B l a c k ,  o f u s ,  a n d  red 1481  f u n n e l  t r a p s  were set up i n  

8 r s p l i c a t e s  a t  t h e  P a c i f i c  F o r e s t  P r o d u c t s ,  L t a . ,  Suoke 

D i v i s i o n  d r y l a n d  sort o n  Earch 1 1 ,  1 9 8 1 ,  ~ f i  t r a p s  were baited 

a s  i n  E x p .  8 .  C o f l e c t i o n s  of i n s e c t s  were & o n e  biweekly u n t i l  

J u n e  3. 

Expc  13, c o n a u c t e d  J u n e  2 9  - J u l y  10 a t  R a c M i L l a n - B l s c d e l ,  

L t d e 0 s  S h a w n i g a n  k o o d l a n d s  D i v i s i o n  d r y l a n d  sort, D n n c a n ,  B . C . ,  

assessed t h e  influence of p h e r o m o n e  concentration a t  1981 f u n n e l  

t r a p s  ( 6  r e p l i c a t e s )  a n d  d r a i n p i p e  t r a p s  (4 r e p l i c a t e s )  on t h e  

c a t c h  o f  x, &igehyum. T r a p s  were b a i t e d  w i t h  f i n e a t i n  r e f e a s e d  

from C o n r e l  f i b e r s  a s  folfous: 1 f i b e r  (10 pccg/24h) ; 1 f i b e r  i n  

t r a p ,  a n d  a n  a d a i t i o n a f  3 f i b e r s  p l a c e d  1 . 5  - 2 n away from t h e  

t r a p  c a .  30 crn from the top on a 2.5 ca  d i a m .  a n d  I20 cm h i g h  

dowel f o r  a t o t a l  of 40 p g J 2 4 h ) .  All t r a p s  were b a i t e d  w i t h  

ethanol and N - p i n e n e  as i n  Exp. b e  

Experiment 14 - 1 6  

Expc 1 4  - 1 6 ,  e v a l u a t e d  t h e  i m p o r t a n c e  of trap p o s i t i o n  o n  

c a t c h  of x, l i n e ~ t u ~ .  In Exp. 1 4 ,  c o n 6 u c t e d  A p r i l  2 5  - May 2 ,  

1 9 7 9 ,  arid Exp, 1 5 ,  June 1  - 7 ,  1 4 7 9 ,  '10 c y f i r r d e r  traps were 

p l a c e d  i n  p a i r s ,  t t r a p  a t  t h e  f o r e s t  m a r g i n ,  a n d  the o t h e r  1 5  - 
2 5  rn i n s i d e  t h e  m a r g i n .  A l l  t r ~ p s  Mere b a i t e d  w i t h  X i n e a t i u  a s  



i n  Exp. 2. I n  E x p ,  1 6 ,  contiucteu A p r i l  22 - 29, 1 9 8 0 ,  1 2  

d r a i n p r p e  traps were p f a c e e  i n  p a i r s  a s  i n  Exp. 14 - 15. a l l  

t r a p s  Mere b a i t e d  u i t h  l i n e a t i n  a s  i n  Exp. 2 ,  M - p i n e n e  a s  i n  

E x p .  3 ,  and e t h a n o l  from an o p e n  n a l q e n e  a o t t l e ,  a p e r t u r e  d i a a .  

= 1 4  mm, a t  1  g / 2 4 h .  

E x p e r i m e n t  1 7  

Exp. 1 7 ,  Hay 27 - J u n e  1 0 ,  1 9 8 1 ,  assessed the i m p o r t a n c e  of 

pheromone d i s p e n s e r  p l a c e m e n t  i n  d r a i n p i p e  t r a p s .  T w e n t y - t o u r  

t raps  uere baited a s  i n  E x p .  8 ,  w i t h  baits p l a c e d  a t  the b o t t o m ,  

m i d d l e  or top  i n s i d e  t h e  t r a p  f o r  8 replicates, 

All d a t a  were t r a n s f o r m e d  a s  [ x D  = log10 ( x  + 1) lj b e f o r e  

a n a l r s i s  oi v a r i a n c e  and  the & e m a n - k e u f s  Test (p<O.OS). The 

a n a l y s e s  o f  v a r i a n c e  u s e d  Mere: 2-way a n a l y s i s  cf v a r i a n c e  f o r  

E x p -  1 .  5 - 8 ,  a n d  tZ-17; f a c t o r i a l  a n a l y s i s  of v a r i a n c e  a s  i n  

Chapter 5 (Fxp. 1 )  f o r  E x p ,  2 - 4 ,  a n d  9 -13;  an& a s p l i t  p l o t  

analysis of v a r i a n c e  f o r  E x p .  1 1 .  

E x p e r i w e n t  1  

. An o p t i r n a l  r e l e a s e  r a t e  f o r  l i n e a t i r r  i n  c y l i n d e r  t r a p s  was 

reached a t  4 0  p g / 2 4 h  ( T a b l  e VI) . T h i s  r e l e a s e  ra te  was 



TABLE VI, Mean numbers of 2. l i n e a t u n  caught  and mean s e x  r a t i o s  i n  evalu- 

a t i o n  of r e l e a s e  r a t e s  i n  c y l i n d r i c a l  s t i c k y  t r a p s .  U n i v e r s i t y  

of B r i t i s h  Columbia Research F o r e s t ,  Maple Ridge,  B . C . ,  1979. 

a 
Release  Rate Mean Catch 

( ~ 6 / 2 4 h )  --- - Mean R a t i o  
Male Female T o t a l  MaleIFemale 

a 
Means w i t h i n  columns fol lowed by same l e t t e r  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 ,  
a n a l y s i s  of v a r i a n c e  and Newman-Keuls T e s t ,  (g<0.05) .  Means w i t h i n  columns 
n o t  fo l lowed by l e t t e r s ,  n o t  s i g n i f i c a n t l y  d i f f e r e n t ,  a n a l y s i s  of v a r i a n c e ,  
(g<O. 0 5 ) .  



subsequently u s e d  for a l l  f u r t h e r  e x p e r i m e n t s .  It is much  lower 

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

s u c h  a s  2 x 2 - b r e v i e o % i n  a n o  f r o n t a l i n  for @ g ~ & u c t o n u s  &rgg&pgfp 

L e C o n t c i  a t  2 a q / 2 4 h  f 8 c d a r d  a n d  k o o d  1 9 8 1 ) .  T h e  r e s p o n s e  of GL 

s u l c a t u s  i n c r e a s e d  even when t h e  release r a t e  of s u l c a t o l  -------- 
r e a c h e d  100 mg/24h ( Y c L e a n  1 9 7 6 ) .  h ~ c a r e n t l y ,  l i n e a t i n  i s  s o  

p o t e n t  t h a t  o p t i m a l  levels are r e a c h e d  much  sooner* 

E x p e r i m e n t  2 - 4 

F o r  $?? 3&mzmg~, v a n e  traps were more e f f i c i e n t  than 

n o n s t i c k y  traps (Tables V I f ,  VIPI). There was no  d i f f e r e n c e  i n  

c a t c h  by v a n e  and c y l i n d e r  t r a p s ,  ar b e t w e e n  c y l i n d e r  traps a n d  

f u n n e l  t r a p s .  F u n n e l  t r a p s  caught more f e m a l e  T, l i n e a t u ~  t h a n  

d r a i n p i p e  t r a p s .  Ea1e:fewalr ratios were Power o n  v a n e  traps 

t h a n  i n  d r a i n p i p e  t r a ~ s ,  w h e r e a s  ratios o f  c a t c h e s  from c y l i n d e r  

o r  1 4 7 9  f u n n e l  t r a p s  usre not d i t f e r e n t  from o t h e r  t r a p s .  

F o r  GI g u l c a t u s ,  1974 f u n n e l  traps were Rore e f f i c i c a t  t h a n  

cylinder t r a p s ,  w h e r e a s  n e i t h e r  of t h e s e  was different f r o f n . v a n e  

or d r a i n p i p e  t r a p s  ( T a b l e  VfI ) .  Pane t r a p s  were better t h a n  

other t r a p s  f o r  male EI retg~",  b u t  were no better t h a n  1 9 7 4  

f u n n e l  and d r a i n p i p e  t r a p s  ton  fetaales. 
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Vane t r a p s  b a i t e d  u i t h  l i n s a t i n  a l o n e  c a u g h t  Bore 2, 

l i n e a t u r n  than 1979  o r  1 9 8 0  f u n n e l  t r a ~ s ,  but i n  t h e  presence o t  -------- 
e t h a n o l  a n 3  r % - p i n e n e ,  t h e  d i f f e r e n c e  i n  c a t c h  between v a n e  t r a p s  

and 1980 f u n n e l  t r a p s  was n o t  s i g n i f i c a n t  f o r  ~zl les  ( T a b l e  

VIII). T h i s  r e s u l t  i n d i c a t e s  t h a t  t h e r e  is a n  i n t e r a c t i o n  

b e t w e e n  s ~ ~ i o c h e i ~ i c a l s  a n d  t r a p  f o r m  f o r  male &&ggqggg. S u c h  

a p h e n o m e n o n  c o u l d  n o t  uc d e m o n s t r a t e d  i n  o t h e r  N o r t h  B a e r i c a n  

experiments ( B o r d e n  e t  a l e  l 9 8 l ) ,  a s  oppos@& t o  several 

e x p e r i m e n t s  i n  E u r o p e  (Vite a n d  I j a k k e  1979; S o r d e n  et al, 1 9 8 1 )  

F e m a f e : m a l e  r a t i o s  f o r  6, sg&gatgs a n d  m a f e : f e @ a l e  r a t i o s  f o r  g, 

l i n e a t u r n  ( r a t i o s  c a l c u f a t e d  as r e s p o n d i n g  s o x : f i r s t  attacking ------- 
sex) were louer  on v a n e  t r a ~ s  t h a n  i n  f u n n e l  t r n p s  i n  t h e  

abssnce  of e t h a n o l  and a - p i n e n e .  

E x p e r i m e n t  8 

I n  E x p .  8 v a n e  t r a p s  were s u p e r i o r  t o  n e s t e O  1981 t u n n e l  

t r a p s  f o r  $" &&ggi.Lqm (Table fX). T h e r e  were n o  d i f f e r e n c e s  f o r  

G -  s u l c a t u s  o r  f o r  sax r a t i o s  o f  e i t h e r  s p e c i e s .  -- -------- 
% h e  h e s u l t s  of E x p ,  2 - 8 i n d c a t e  a difference i n  r e s p o n s e  

t o  t r a p  tors by 5: gg&cprus c o m p a r e d  t o  g1 Jiqgatum a n d  gI 

r e t u s u s .  T h e s e  r e s u l t s  s u p p o r t  t h o s e  i n  C h a p t e r  R (Exp. I ) ,  ------- 
u h e r e  I found a s i g n i f i c a n t ,  p o s i t i v e  ~ ~ ~ r e l a t i o n  D e t u e e n  h o s t  



TABLE IX. Mean number of b e e t l e s  caught and mean sex  r a t i o s  i n  eva lua t ion  of 

nes ted  m u l t i p l e  funne l  t r a p s  and vane t r a p s  f o r  2 s p e c i e s  of 

ambrosia b e e t l e s .  P a c i f i c  F o r e s t  Products ,  Ltd. ,  Sooke Div is ion  

dryland s o r t ,  Sooke, B . C , ,  1981. (N=6) 

a a 
Trap Trypodendron l ineatum Gnathotr ichus s u l c a t u s  

Male Female To ta l  M/F Male Female T o t a l  M/F 

Vane 1,743.8a 1,445.9a 3,189.7a l .46a  484. la  516.6a 1,000.7a 1.07a 

Nested 428.9b 299.1b 728.0b 1.59a 381.9a 398.0a . 779.9a 1.14a 
Funnel 

U 
Numbers w i t h i n  columns followed by same letter no t  s i g n i f i c a n t l y  d i f f e r e n t ,  
a n a l y s i s  of v a r i a n c e  (PcO.05). 



aiameter m d  a t t a c k  d e . n s i t y  f o r  t h e  latter 2 s p e c i e s ,  b u t  

b e t w e e n  sapuood a e p t h  ~ n d  a t t a c k  a e n s i t y  f o r  EL gg&cq$ggc When 

o r i e n t i n g  t o  t h e  h o s t ,  o l f a c t o r y  a n d  v i s a a l  cues may b e  c o u p l e d  

( H o r d e n  1977)  t o  a l a r g e r  e x t e n t  r o r  E, sqlcgsgg t h a n  f o r  T! 

l i n e a t u m  a n d  &, r g g g s g s .  g, m&egtgs can a t t a c k  trees  fro^ 2 -------- 
weeks t o  2 y e a r s  after felling ( E a t h e r s  5 8 3 5 ;  Cad& I g T O ) ,  

i n d i c a t i n g  v i d a  t o l e r a n c e  t o  h o s t  c o n d i t i o n s .  The p o s i t i v e  

o r i e n t a t i o n  of  & sglcgtqg t o  small diameter facsimile h o s t s ,  

e . $ .  d r a i n p r p e  and f u n n e l  t r a y s ,  may b e  explained by t h i s  

t o l e r a n c e ,  s i n c e  smlll d i a m e t e r  logs w i l l  d r y  o u t  r e l a t i v e l y  

f a s t .  F o r  2, Ljnea tgg ,  w h i c h  n o r m a l l y  a t t a c k s  f a l i - f e l l e d  l o g s  

( D y e r  a n d  C h a p a a n  l 9 6 5 ) ,  s e l e c t i o n  w o u l d  o c c u r  a g a i n s t  a habit 

of a t t a e ~ i n g  small 6 i a m e t e r  h o s t s ,  d u e  t o  t h e  n a r r o w e r  r a n g e  of 

host conditions a c c e p t a a i e  t o  t h r s  specxes f a r  s u c c e s s f u l  brood 

e s t a b l i s h r r ~ e n t .  However, Exp.  8 d i d  n o t  r e v e a l  a n y  s u p e r i o r i t y  of 

a l a r q e r  d i a m e t e r  visual image f o r  t h e  o r i e n t a t i o n  of x1 
l i n e a t u m .  -------- 

P h e r o m o n e  p l u m s  c h a r a c t e r i s t i c s  may b e  of i s p o r t a n c e  to g, 

l i n e a t u r n .  Vane t r a y s  release t h e  p h e r o ~ t a n e  f r o m  t h e  e n t i r e  -------- 
s u r f a c e  of e a c h  v a n e  (J.A. M c L e a n 5 ,  u n p u b l i s h e c  d a t a ) ,  which may 

create  a c l o s e  a p p r o x i m a t i o n  o f  t h e  ~Reromohe p l u m e  from 

a t t a c k e d  f o q s .  S i m k f a r l y ,  f u n n e l  t r a p s  w i l l  release a d i s p e r s e d  

p h e r o x i o n e  p l u m e  when t h e  b a i t  i s  suspended a s  i n  F i g .  5 6 E  

(Chapter C )  . 



In E x p c  9 - 1 2 ,  t h e r e  were n o  significant d i f f e r e n c e s  i n  

n u m b e r s  of b e e t l e s  c a u ~ h t  k y  t r a p s  of t h e  5 c o l o r s  t e s t e d  f o r  

a n y  o f  t h e  3 s p e c i e s *  % o w e v e r ,  i n  Exp.  9 f o r  g, r&ngpggg the 

m e a n  f e n a f e : n l a l e  r a t i o  was significantfy l o v e r  in clear 1980 

f u n n e l  traps ( 5  = 1 .57 )  t h a n  i n  red or  b l a c k  ( b o t h  2 = Z D 0 5 ) ,  

uhersas there was n o  d i f f e rence  i n  sex r a t i o s  b e t w e e n  b l u e  (E = 

I D 7 3 )  a n i t  green ( 2  = 1.78)  t r a p s  compared w i t h  a n y  o t h e r  co lo r .  

S e t w e e n  Flay 20 a n d  June 3 in Exu. 1 2 ,  r e d  1 9 5 0  f u n n e l  t r a p s  

c a u g h t  mare male g, sulcaggg (E = 667.3) t h a n  b l a c k  t r a p s  (4 = 

453,4), w h e r e a s  blue t r a p s  (E = 485,3) were not  d i f f e r e n t  from 

t h e  o t h e r  2 c o l c r z .  D u r i n g  t h e  szne p e r i o d ,  female:male r a t i o s  

f a r  t h i s  s p e c i e s  were lower In rea t r a p s  ( f  = 1.67) than in blue 

(5 = 1 .go) o r  b lack (Z  = 1 . 9 4 )  t r a p s .  H o g e v e r ,  t h e s e  d i f f e r e n c e s  

were n o t  e v i d e n t  f o r  t h e  experiment a s  a whole. 

C a l c u l a t i o n s  a f  p e r c e n t  r e f l e c t a n c e  showed t h a t  clear, 

grean aud b l u e  v i n y l ,  a l l  of w h i c h  caught TI &&eaturn i n  

r e l a t i v e l y  law ~ a f e : f e m a l c  r a t i o s  i n  Exp. 9 ,  r e f l e c t e d  more 

l i g h t  t h a n  v i n y l  of  o f h e r  C O ~ O L S  of D a u g l a s - f i r  bark* H o u e v e r ,  

t h e  s p e c t r a l  r e f l e c t a n c e  c u r v e s  s h o w e d  t h d t  t h e  co lors  use& 

r e f l e c t e d  r e l a t i v e l y  l i t t l e  light o v e r  a w i d e  r a n g e .  C r o s s  e t  

a l .  (1976)  f o u n d  t h a t  t h e  r e s p o n s e  o f  t h e  b ~ l l  weevil, 

k n t R o n a m u s  q r a n d i s  B o h e m a n ,  t o  t r a p s  increased a s  t h e  i n t e n s i t y  ---------- ------ 
of re f l ec ted  l i q h t  was i n c r e a s e d ,  and also when t h e  p i g m e n t  more 



c l o s e l y  a ~ ~ r o a c h e d  t h e  5 0 0  - 525 n m  r e a r o n  oL the s p e c t r u m .  Use 

o f  c l e a n e r  c o l o r s  i n  m y  e x p e r i m e n t s  m i q h t  h a v e  yieided p o s i t i v e  

r e s u l t s ,  Lark, w h i c h  a p p e a r s  br-own-qrey to t h e  h u m a n  eye, 

d e p e n 3 i n g  o n  t h e  amount of l i c h e n  g r o w i n g  o n  i t ,  does n o t  appear 

t o  h a v e  any r e f l e c t a n c e  c h a r a c t e r i s t i c  w h i c h  w o u l d  facil~tate 

v i s u a l  o r i e n t a t i o n .  

T n e  r z s u l t s  o f  Exp, 1 3  (Table X) i n d i c a t e  t h a t  f o r  E2 

P & g e & t u n ,  i t  d o e s  n o t  ma t t e r  w h e t h e r  a l l  of t h e  p h e r o m o n e  is 

r e f e a s e d  d i r e c t l y  from the t r a p ,  a s  long a s  t h e  p h e r o n o n e  

release f r o m  t h e  imraeaiate v i c i n i t y  o f  t h e  t r a p  is s u f f i c i e n t .  

T h e r e f o r e ,  l i n e a t i n  is i m y o ~ t a n t  f o r  b o t h  short a n d  long 

d i s t a n c e  o r i e n t a t i o n ,  b u t  o t h e r  cues, e . 3 .  a v i s u a l  silhouette 

and h o s t  v o l a t i l e s ,  a r e  p r  o h a b l y  more i m p o r t a n t  f o r  initiating 

l a n d i n q  o n  t h e  h o s t .  l i l d e l t  (1976) t o u n d  t h a t  . c h a n g e s  i n  t h e  

refease r a t e  af 3 c h e m i c a l s  a t t r a c t i v e  t o  the u e s t e r n  p i n e  

b e e t l e ,  QI m w & c p ~ ~ g ,  a s  well as r e l a t i v e  change a m o n g  t h e . 3  

c o ~ u o u n d s ,  affected t h e  catch af beetles o n  s i l h o u e t t e  t r a p s  a t  

v a r i o u s  d i s t a n c e s  from t h e  p h e r o m o n e  s o u r c e .  f l a c e m e n t  of traps 

i n  r e l a t i o n  t o  the p h e r o m o n e  source a f t e c t e o  c a t c h  and sex ratio 

o f  2- &ggw&co~ig ( T i l d e n  et al. 1 9 7 9 ) .  



TABLE X. Mean c a t c h  and mean s e x  r a t i o s  of -- T. l ineaturn i n  m u l t i p l e  f u n n e l  

t r a p s  and Scandinavian d r a i n p i p e  t r a p s  b a i t e d  t o  e v a l u a t e  t h e  

e f f e c t  of pheromone c o n c e n t r a t i o n  a t  and n e a r  t h e  t r a p .  MacMillan- 

Bloede l ,  Ltd . , Shawnigan Woodlands D i v i s i o n  d ry land  s o r t  , 

Duncan, B .C . ,  1981. (N-LO) 

a 
Pheromone R e l e a s e  Rate124h Mean Catch ----- --..------ 

b Mean R a t i o  
I n  Trap 1.5-2m from Trap Male Female Total  M a l e / F m a l e  

a 
Means w i t h i p  columns fol lowed by same L e t t e r  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 ,  
a n a l y s i s  of v a r i a n c e  and Newman-Keuls T e s t ,  (P-<O.O5). Means w i t h i n  columris 
n o t  fo l lowed by le t ters ,  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 ,  a n a l y s i s  of v a r i a n c e ,  
@<O. 05). 

b 
Ethanol. and a-pinene r e l e a s e d  from all. t r a p s  a t  1 2 0  and 17 .5  mg/24h, 
r e s p e c t i v e l y .  



E x p e r i m e n t  1 4  - 10 

T n  E x p .  1 4  - I 6  (Table X I )  Elore 2, &&eaturn were c a u l f i t  

e a r l y  i n  the season on trips p l a c e d  1 5  - 25 w into t h e  f o re s t ,  

uhere a m a j o r i t y  o f  t h e  p o p u l a t i o n  o v e r u i n t e r s  ( K i n q h o r n  and  

Chapman 1969), t h a n  o n  t r a p s  a t  the m a r g i n .  L a t e r  in t h e  seasan, 

after t h e  wain f l i g h t ,  t h e r e  was na d i f g e r e n c e  i n  c a t c h  o n  

c y l i n d e r  t r a p s  b e t w e ~ n  t h e  2 p o s i t i o n s .  T h e s e  r e s u l t s  i n d i c a t e  

t h a t  a l a r g e  p o r t i o n  o f  t h e  z1 &igghtg& p o p u l a t i o n  w i l l  r e s p o n d  

t o  l i n e a t i n  s o g n  a f t e r  t h e y  emerge froa their o v e r w i n t e r i n g  

si te .  Thus, the flight e x e r c i s e  r e q u i r e d  b y  2, &&nghggg a n 4  

o t h e r  s c o l y t i d  beetles before t h e y  become h o s t  a n d  

p h e r o ~ o n e - p o s i t i v e  (Grshan 1959 ; b e n n ~  tt  and P o r d e n  1977 ; 

C h o u d h u r y  a n d  Kennedy 1 9 8 0 )  c a n  b e  f u l t i f i e a  I n  t h e  ImmeQratb 

v i c i n i t y  of t h e  o v e r w i n t e r i n $  s i t e ,  

K l i r n e t z e k  and  Vite ( 1 9 7 8 )  r e p u r t ~ d  t h a t ,  v h c n  placed i n s i d e  

a forest, r i a d o n  f f i g h t  t r a p s  ware Bore e f f i c i e n t  t h a n  

s i l h o u e t t e  p i p e  t r a p s  for  t r a p p i n g  leg txjpqyaEBus L., w h e r e a s  

t h e  p i p e  t r a p s  were more e f f i c i e n t  i n  t h e  o p e n .  L i e  and B a k k e  

( 1 9 6 1 )  recommend t h a t  d r a i n p i p e  t r a p s  f o r  gZ t~p9~rxt~ts b e  

p l a c e d  a t  g r o u n d  level i n  q r o u p s  i n  t h e  open* P l a c i n g  t r a p s  i n  

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

d e s c r i b e d  i n  Exp, 8 ,  a p p e a r  t o  i ~ p r o v e  t h e i r  e f f i c i e n c y .  T h e s e  

o b s e r v a t i o n s  c o u p l e d  u i t h  t h e  r e s u l t s  o t  Exp. 1 4  - 16 s u g q e s t  

t h a t  more a t t e n t i c n  should b e  given to p l a c e m e n t  of i n d i v i d u a l  
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t r a p s  i n  o rde r  t o  o p t i m i z &  t h e i x  e f f i c i ~ n c y .  

E x p e r i m e n t  1 7  

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

c a t c h  of b o t h  g! &iggh&gg a n d  (;, srtlcgrus ( T a b l e  XIX). These 

r e s u l t s  suqqest t h a t  t n e  e f f i c i e n c y  of d r a i n p i p e  t r a p s  i n  Exp. 2 

- 4 ( T a b l e  VII) was o n d e r e s t i m a t e d  s i n c e  t h e  t r a i t s  were placed 

i n  t h e  t o p  of t h e  t r a p s .  Comparative s t u d i e s  o n  o d o r  p l u m e s  w i t h  

v a r i o u s  b a i t  p l a c e m e n t s  i n  f u n n e l  t r a p s  ( C h a p t e r  C) i n Q i c a t e  

t h a t  b a i t  p l a c e ~ e n t  i n  t h e s e  t r a p s  was n o t  o p t i m a l  i n  Exp.  2 - 
4. T h e r e f o r e ,  the e f f i c i e n c y  o f  T u n n e l  t r a p s  may have b e e n  

u n d e r e s t i m a  tea as well. 

L i e  a n d  Bakke ( 1 4 8 1 )  recornwend t h a t  p h e r o m o n e  dispensers b e  

p l a c e d  low i n  i i r a i n p i p e  t r a p s  f o r  6,  t~p$~r~hgg. C o n v e c t r o n  

c u r r e n t s  r i s i n g  w i t h i n  t h e  t r a p s ,  t h e  t e m p e r a t u r e  of w h i c h  may 

e x c e e d  a ~ k i e n t  t e m p e r a t u r e s  by 10 OC cn a s u n n y  day ( L i e  and 

Bakke f Y B I ) ,  p r o h a b l y  rnske a l o w  b a i t  p l a c e m e n t  p r e f e r a b l e .  The 

d i f f e r e n c e  i n  r e s p o n s e  b e t w e e n  2: 1 i n c . a t u ~  a n d  gL s u l c a t u s  may 

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

l i n e a t i n  a n d  s u l c a t o l ,  the f a t t e r  b e i n q  less v o l a t i l e ,  o r  t o  

b e h a v i o r a l  d i f f e r e n c e s  b e t w e e n  t h e  2 species i n  r e s p o n s e  t o  

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

V e r y  f e w  a m b r o s i a  beetles were c a u g h t  o n  a n y  b l a n k  c o n t r o l  

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



TABLE X I L .  Mean number of b e e t l e s  caught  and mean s e x  r a t i o s  i n  e v a l u a t i o n  

of b a i t  placement i n  Scandinavian d r a i n p i p e  t r a p s .  MacMillan- 

Bloede l ,  L td . ,  Nanoose D i v i s i o n  d ry land  s o r t ,  nea r  P a r k s v i l l e ,  

B .C . ,  1981. (N=8) 

a a 
Bait Trypodendron l ineaturn Gna tho t r i chus  s u l c a t u s  

Placement 
Male Female T o t a l  M/F Male Female T o t a l  F/M 

TOP 1 4 5 . h  98.3a 243.4a 1 . 9 1  108.5a 114.8a 223.3a 1 .14 

Middle 336.1b 187.4b 523.5b 2.05 212.5b 236.1b 448.6b 1.09 

Bottom 6 9 6 . 8 ~  4 2 1 . 3 ~  1 , 1 1 8 . 0 ~  1 .73  204. lb  214.5b 418.6b 1.11 

a 
Means w i t h i n  columns fol lowed by same l e t t e r  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 ,  
a n a l y s i s  of varlLance and Newrnan-Keuls T e s t ,  (P<0.05).  ' Means w i t h i n  columns 
n o t  fo l lowed  by l e t t e r s ,  n o t  s i g n i f i c a n t l y  d i f f e r e n t ,  a n a l y s i s  of v a r i a n c e ,  
@<O. 05) .  



o r i ~ n t a t i o n  t o  t h e  t r a o s .  

P r a c t i c a l  I m p f i c a t i o n s  

T h e  v a n e  t r a p  i s  t h e  aost e f f i c i e n t  t r a p  t y p e  a v a i l a b l e  for  

T. L i n e a t u &  and g, g@$gsgs (Tablcs vII-IX). This t r d p  i s  usea  -- -------- 
f o r  s u p p r e s s i o n  af  G, gglcazg~ i n  a commercial sawinill  ( K c L e a n  

a n &  B o r d e n  1 9 7 9 ) .  H o w e v e r ,  d r a i n p i p e  traps anQ funnel t r a p s  are 

c o m p e t i t i v e  w i t h  v a n e  traps f o r  GI ~ g & c a t u s .  S t u d i e s  w i t h  

d r a i n p i p e  t r a 2 s  i n  t h e  f i e l a  (Table x l f )  a n d  u x t h  f u n n e l  traps 

i n  a w i n d  t u n n e l  (Chapter C )  i n d i c a t e  t h a t  j u d i c i o u s  b a i t  

p l a c e m e n t  may g r e a t l y  imprave the ~ f f i c i e n c y  of t b e s e  2 t r a p  

t y p e s  r e l a t i v e  t o  v a n e  traps. 

Optimal u t i l i z a t i o n  o f  p h e r o m o n e - b a s e d  mass t r a p p i n g  o f  

a a b r o s i a  beet les  i n  d r y l a n d  s o r t  should i n c f u G e  a l a r s e  n u ~ b e r  

of  t r a p s  t h a t  are easy  t o  s e t  u p  and m a i n t a i n ,  s . q .  1 f u n n e l  or  

d r a i n p i p e  t r a p / f 0  m of s o r t  p e r i m e t e r  where beet l e  "hot s p o t s "  

o c c u r ,  a n d  1 t r a p P 2 S  or  & o r &  m uhcre catches are s m a l l .  T h e s e  

t r a p s  s h o u l d  b e  d o u b l e  b a i t e d  w i t h  l i n e a t i n  altd ( 2 ) - s u f c a t o l  

( B u r d e n  et a l e  1981)  t o  c a t c b  L ~ n e a t u r n  an& (;, ~ u l c a t g ;  

t h r o u g h o u t  t h e  s eason .  I n  l a r g e  n u ~ i b e r s  these t r a p s  c a n  

i n t e r c e p t  beetles f l y i n g  i n t o ,  of draw b e e t l e s  out o f ,  t h s  

s o r t i n g  area. Such  a b a r r i e r  strategy has been e m p l o y e d  w i t h  

some success i n  el@ graves a y a i n s t  t h e  s m a l l e r  k u r o u e a n  elm b a r k  



E a r l y  i n  t h e  season, pheromone- b a i t e d  t r a p  b u n d l e s  can 

e f f e c t i v e l y  c o m p l e m e n t  traps f o r  i n t e r c e p t i n 5  gZ Lfggpggg 

(Chrfpter  I f  . D u r i n q  the main f l i g h t  of TI L i n ~ a t u m  and 4: 

retusus 10 - 20 v a n e  traFs a o u b l e  b a i t e d  w i t h  l i n e a t i n  a n 3  ------- 
5 - ( + ) - s u l c a t o l  s h o u l a  b e  s t r a t e g i c a l l y  place5 a r o u n d  t h e  sort i n  - 
a r e a s  of the h i g h e s t  a b u n d a n c e  of these speclest  The h i a k  

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

without i n c u r r i n q  excessive  l a b o r  costs. 



Em SURVEY AWD MASS TBRPPIHG OP 

A M B R O S I A  BEETLES IN T I H B E B  PROCESSING AREAS 

ON VANCOUVER ISLAND 

A g g r e g a t i o n  p h e r o m o n e s  of s c o l y t i d  b e e t l e s  h a v e  been 

u t i l i z e d  f a r  s u r v e y s  (EcLean a n d  e o r d e n  1 9 7 5 ;  E c L e a n  1 9 6 0 a ) ,  and 

f o r  mass t r a p p i r t q  (BcLedn a n d  B a r d e n  1 9 7 9 ;  Bedard  a n d  Kood 1 9 7 4 ,  

1 9 0 1 ;  L a n i e r  f9t j i l ;  L i e  a n d  Bakire f 9 6 l ) .  In t i f n b e r  processina 

areas  survey t r a p s  h a v e  teen used t o  d e t e r m i n e  the spatial and  

seasonal o c c u r r e n c e  of a m b r o s i a  b e e t l c s ,  f o r  s u b s e q u e n t  

i m p l e a e n t a t i o n  of a m a s s  t r a p p i n g  s t r a t e g y  a i m i n g  a t  p o p u l a t i o n  

s u p p r e s s i o n  (IrcLean 1 9 8 0 )  . 
O v e r w i n t e r i n g  populations of g, Ljggi.&g~ i n  the f o r e s t  

f l o o r  can e a s i l y  b e  surveyed (Chapman  1974) . C o m p a r i s o n s  of 

p o p u l a t i o n  estimates o v e r  s e v e r a l  y e a r s  may r e v e a l  t r e n i i s  a n d  be 

helpful i n  a s s e s s i n g  the i m p a c t  of mass t r a p p i n g .  However,  w a n y  

zz &iagh&gg are  b r o u g h t  i n t o  d r y l a n d  s o r t s  and s a w m i l l s  w i t h  

i n f e s t e d  t i m b e r  (Gray l 9 8 O ) ,  a n d  c o n t r i b u t e  t-o t h e  o v e r w i n t e r i n g  

p o p u l a t i o n  each year. E o r e o v e r ,  G~athg&richgs syp. o v e r w i n t e r  i n  

l o g s  a n d  c a n n o t  b e  e n u m e r a t e d  e a s i l y .  Therefore, diimaqe 

a s s e s s m e n t  u i l l  prov ia@ t h e  tttost m e a n i n g f u l  measure o i  aass 

t r a p p i n g  e t f i c a c y .  YcLean a n d  E o r d e n  (1975)  used tes t  loads of 

g r e e n  l u m b e r  t o  assess t h e  efficacy of mass t r a p p i n g  of 5% 

sulcatus i n  a c o m m e r c i a l  sawmill. S i ~ i l a r  methoas h a v e  been ------- 



attempted i n  d r p l s n d  cgrts  ( n e t ,  n.crerfrulcer6, a n p u b l i s h e a  c i a t a f ,  

b u t  a r e  l e s s  r e l i a b l e  t h e r e  d u e  t o  t h e  presence of l o g  decks i n  

the immediate v i c i n i t y  of t r a p s .  

Fly o b j e c t i v e s  i n  t h i s  stu&y were: I )  to & e v e l o p  a method f a r  

s a m p l i n g  a n d  e s t i m t i n g  the t o t a l  a v e r u i n t e r i n q  p o p u l a t i o n  of  z, 
&&gg&gm a t  4 d r y l a n d  s o r t s  f o r  C o M p a r i s s n s  w i t h  annual ca tches  

i n  p h e r o m o n e  t r a p s ,  2 )  t o  determine the s p a t i a l  d i s t r i ~ u t i o n  of 

o v e r u k n t e r i n g  T' &.fqhp&g~ i n  4 d r y l a n d  s o r t s  a n d  t o  c o m p a r e  

yeafly samples to d e t e r m i n e  p a p u i a t i o n  t r e n C s ,  3 )  t o  deter~ine 

t h e  s p a t i a l  and t e a p o r a l  d i s t r i b u t i o n  of 3 s2ecies of ambrosia 

b e e t l e s  i n  3 d r y l a n d  s o r t s  b y  u t i l i z i n g  pheromone-baiteii t r a p s  

t h r o u g h o u t  a season, 4 )  to a t t e m p t  a mass t r a p p i n q  p r o y r a E  

a i m i n g  a t  p o p u l a t i o n  suppression i n  one d r y l a n &  s o f t ,  3) t o  

sample i n c o m i n g  logs to es t imz te  t h e  r e l a t i v e  ~ m p o r t a n c e  of 

i m p o r t e d  a n d  r e s i d e n t  beetles a t  one d r y l a n d  sor t .  

O v e r w i n t e r i n g  Samples 

I n  o r d e r  to e s t a b l i s n  s p a t i a l  d i s t r i a u t i o n  of o v e r w i n t % r i n g  

xL & & g g a t u % ,  d u f  t samples 20 x 20 cm s q u a r e  a n d  2 - 4 cm deep, 

a o o v e  v h i c h  approximately 90 X o f  a l l  & f i r t e a t u g  o v e r w i n t e r  

( D y e r  a n d  K i n g h o r n  1561), were t a k e n  a t  1 0  points 15 - 20 B 



i n s i d e  t h e  f o r e s t  m a r 3 i n  a l o u n d  bach s o r t ,  e x c s u t  a t  C h i n a  C r e e k  

#her€?  8 s a a p l e  p o i n t s  were e s t a b l i s h e d ,  k t  e a c h  s a m p l e  p o i n t  4 

such s a m p l e s  were t a k e n  a t  t h e  base  of a d e s i g n a t e d  tree, E a c h  

o f  t h e  4 s u b s a m p l e s  was t a k e n  w i t h i n  a q u a i i r a n t  ( A p p e n d i x  I ) ,  s o  

t h a t  q u a d r a n t  1 was a l v a g s  t o u a r 6  the s o r t .  I n  1979  s a m p l e s  were 

b t o u g h t  t o  t h e  l a b o r a t o r y  and p l a c e d  i n  black g a r b a q e  baqs, a s  

d e s c r i b e d  by  N i  j h o l t  ( 1 9 ? 6 ) ,  b u t  f ronl 1 9 8 0  on sambles u e r e  

p l a c e d  i n  2 1 s i l k  c a r t o n s  w i t b  a n  emerqence j a r  a t t a c n e d .  

E m e r g e n t  b e e t l e s  uere c o f l e e t e d ,  c o u n t e d  a n d  t h e i r  sex 

d e t e r ~ t l n e i !  e v c r y  d a y  t o r  1 week, a n d  e v e r y  o t h e r  d d y  f o r  a n o t h e r  

week, I n  o r d e r  to c o m p a r e  t h e  2 s y s t e i ~ s  w i t h  e a c h  o t h e r ,  5 

p a l r e d  2 1 samples were t a k e n  f r o m  p o o l e d  d u f P  samples i n  1 9 8 t r  

a n d  7 p a i r e d  1 1 s a a p l e s  i n  7 9 8 2 ,  each p a i r  c o n s i s t i n q  o f  1 

s a m p l e  rn a milk carton a n d  1 In a h l a c k  p l a s t i c  b a y .  Data o n  

e m e r g e n c e  was a n a l y z e d  by  P a i r e d  t - tes t  w i t h o u t  t r a n s f o r m a t i o n .  

I n  o r d e r  t a  f o l l o w  t h e  t r e n G s  of t h e  o v e r v i n t e r i n q  

p o p u l a t i o n s  a t  the & d r y l a n d  s o r t s ,  d a t a  b e t w e e n  gears o n  

e a e r g e n c e  Lrom s p a t i a l  d k s t r i o u t i o n  samples v e r e  analyzed by 

2-way analysis of v a r i a n c e  a n d  t h e  Newman K e u P s  T e s t ( y < O c 0 5 )  

a f t e r  t r a n s f o r m a t i o n  of  d a t a  a s  [ x '  = l o q ? O ( x  + 7 )  

Basea o n  i n f o r m a t i o n  i n  D y e r  a n d  K i n g h o r n  ( I Y b I ) ,  a r o u g h  

8iethot.l f o r  estimating t h e  t o t a l  o v o r u i n t e r i n $  y o p u l a t i o n  sf TI 

l i n e a t u n r  was devised { k p p e n d i x  I). T h e  estimates b a s &  o n  t h i s  -------- 
m e t h o d  uere  used t o  estimate % s u p p r e s s i o n  by c o n p a r i s o n  w i t h  

a n n u a l  catches of ?', l i n e a t u n !  on p h e r o m o n e - b a i t e d  traps. 



I n  1 9 5 0  a t  Shawnigdn a n d  i n  19bZ a t  S u o k c ,  20 x 20 c a  d u f f  

sarnples were t a k e n  a l o n g  1 4  a n d  10 t r a n s e c t s ,  r e s p e c t i v e l y ,  a t  

0 ,  30, 6 0 ,  a n d  Y O  a i n t o  t h e  f o r s s t  from t h e  m a r g i n ,  t o  

e s t a b l i s h  a n  estimate of t h e  t o t a l  overuinterinu area, Based  on 

these d a t a ,  l o u  a n d  h i q h  e s t i m a t e s  of  p o p u l a t i o n  size were a a d e  

(Append ix  1). E s t i m a t e s  a t  P o r t  Benf rew a n d  C h i n a  C~esic were 

made by a s s u m i n g  t h a t  t h e  t r a n s e c t  d a t a  from S o o k e  a n a  S h a u n i q a n  

would b e  g e n e r a l l y  a p p l i c a b l e .  

S u r v e y  f o r  T e m p o r a l  a n d  S p a t i a l  D r s t r l b u t i o n  

S u r v e y s  were c o n d u c t e d  a t  3 a r y l a n d  s o r t s  i n  1979 t o  

establish t e m p o r a l  an& s p a t i a l  d i s t r i b u t i o n  of 3 species of 

a m b r o s i a  h'eet les .  Twelve cylindrical s t i c k y  t r a p s  were set  up 

around t h e  margin of tne dryfand s o r t s  a t  Sooke a n o  P o r t  Henfrew 

on  A p r t  28, 1 9 7 9 .  A t  each of 4 l o c a t i o n s  one t r a p  was baited 

w i t h  f i n e a t i n  o n l y ,  o n e  u i t h  ( 2 ) - s u f c a t o l ,  a n d  o n e  w i t h  

S - ( + I - s u l c a t o l ;  t h e  l a t t e r  2 were also baited w i t h  e t h a n o l  and - 
M-pinene. A l l  c h e m i c a l s  were r e l e a s e d  a s  i i e s c r i b e a  i n  E x y .  f 

( C h a p t e r  E a ) *  T h e  t r a p s  were r e p l a c e d  w e e k l y  ar  b i w e e k l y ,  a n d  t h e  

baits checked a n d  r e p l a c e 6  ar r e f i l l e d  i f  necessary* 

I n  o r d e r  t o  a e t e r a i n e  i f  a l l  3 s p e c i e s  of a m b r o s i a  b e e t l e s  

were p r e s e n t  at the Eac&illan-Bloedel L t o t  d s y l a n a  s a r i  a t  China 

Creek, near P o r t  A l b e r n i ,  B.C., 1 2  traps baited as  d e s c r i b e d  

a b o v e  were s a t  up on Apr.  28 a n d  re~oved  a f t e r  o n e  week* 



kt the t e r m i n a t i o n  w f  Exp. 1 a t  S h a u n i q a n  ( C h a p t e r  M) , 1 2  

t r a p s ,  b a i t e d  a s  described a b o v e ,  were l e f t  f o r  survey p u r p o s e s .  

On hug .  1 an additional 1 2  t r a p s ,  baited w i t h  ( 2 ) - s u f c a t o l ,  

e t h a n o l .  a n d  o c - p i n ~ n e  a s  in Exp. 1 ( C h a a t e r  b ) ,  were sa t  u p  a s  

p a r t  o f  a p i l o t  s t u d y  of l i n d a n c - t r e a t e d  t r a p  l o g s .  Data f r o m  

this t r a p  l o g  study a n d  Exp. 1 ( C h a p t e r  E )  were i n c l u c f e d  i n  

s u r v e y  data f o r  S h a w n i q a n .  

Alf t r a p s  were r e m o v e d  on how. I .  P r o c e s s i n g  of samples was 

d o n e  a s  d e s c r i b e d  f o r  Exp. 1 [ C h a p t e r  8) . 
C o n t i n u e d  S u r v e y  a n d  P r e f i m i n a r r  Mass Trapping 

S u r v e y s  were c a n d u c t e 0  a t  i d r y l a n d  s o r t s  t o  d e t e f m i n e  

p o p u l a t i o n  t r e n d s  from t h e  p r e v i o u s  y e a r ,  W t  S h a w n i g a n  d a t a  from 

E x p .  2 ( C h a p t e r  5)  were used f o r  survey. T r a p p i n g  was 

discontinued a t  t h e  t e r m i n a t i o n  of t h i s  e r p e r i n e n t  o n  J u n e  4 ,  

v i t h  t h e  e x c e p t i o n  of t r a p p i n q  of c;: s u l c a t g g  . i n  Exp. 11 

( C h a p t e r  D), Ssp. 9-24.  T h e s e  d a t a  were a l s o  i n c l u d e d  i n  t h e  

s u r v e y .  

On  Mar. 1 ,  3980, 4 c y l i n d e r  t r a p s  were s e t  u p  a t  P o r t  

W e n f r e w  and b a i t e 3  w i t h  I l n e a t i n  a s  described a k o v e .  A n o t h e r  8 

traps, 4 D a i t e 3  w i t h  ( 2 ) - s u l c a t o l  a n d  4 w i t h  2 - ( + ) - s u f c a t o l ,  a 1 1  

with e t h a n o l  a n &  N - p i n e n e ,  were s e t  up  on Mar. 15. A11 c h e m i c a l s  

were r e l e a s e d  a s  i n  E x p .  5-7 ( C h a p t e r  D). 

A t  Saoke a p r e l i m i n a r y  Rass t r a p p i n g  was a t t e t u p t e d .  Forty 



c p l i n d e r  t r a p s  b a i t e d  n i t h  l i n e a t i n  were set u~ 1 5 - 3 0  m inside 

the f o r e s t  m a r q l n  o n  Ear. 1 ,  a n 2  Y O  d r a i n p i p e  traps, 25 baited 

w i t h  ( 2 ) - s u l c a t o l  a n d  1 5  w i t h  2 - ( + ) - s u l c a t o l ,  were set u p  a t  t h e  

m a r g i n  a r o v n d  t h e  s o r t  o n  Mar. 15. Ua t o  ?lay 26 c y l i n d e r  t r a p s  

were p r o g r e s s i v e l y  moved o u t  t o  t h e  m a r g i n  i n  d n  a t t emp t  t o  

o b t a i n  o p t i m a l  e f f i c i e n c y .  F i f t e e n  c y l i n d e r  traps were removed 

o n  J u l y  23 a n d  3 - ( + ) - s u i c a t o l  i n  d r a i n p i p e  t r a p s  was r e p f a c e d  b y  

l i n e a t i n .  The r e m a i n i n q  25  c y l i n d e r  t r a p s  were removed Auq. 2 1 .  

C o l l e c t i o n s  were made biweekly, a n d  samples were proces se3  a s  

d e s c r i b e d  t o r  Exp,  2-4 ( C h a p t e r  f)) . A f  1 d r a i n p i p e  t r a p s ,  snd 

c y l i n d e r  t r a p s  a t  Port R e n f r e u ,  were removed o n  O c t .  18. 

Rass T r a p p i n g  1 9 8 1  

A mass t r a p r i n g  p r o q r a K  u t i l i z i n q  the ~ o s t  e f t i c i e n t  t r a p s ,  

a s  a e t e r m i n e d  i n  Chapter U, w a s  c o n d u c t e d  a t  Sooke i n  1 9 8 1 .  T r a p  

p l a c e m e n t  was o p t i m i z e d  oaseb  o n  t h e  e x p e r i e n c e   fro^ t h e  

p r e l i m i n a r y  mass t r a p p i n g  i n  1980.  O n  Ear. 11 - 1 2 ,  1 9 8 1 ,  30 

1 9 8 1  f u n n e l  t r a p s  an3 15 d r a i n p i p e  t r a p s  a t t a c h e d  t o  vane t r a p  

s t a n d s  were set u p .  On Mar. 25 ,  v a n e s  Mere attached t o  t h s  

s t a n d s  t u  s a k e  c o m b i n e d  d r a i n p i p e / v a n e  t r a p s .  $&its f o r  

d r a i n p i p e / v a n e  t r a p s  sere suspenaed low i n  t h e  d r a i n p i p e ,  a n d  i n  

f u n n e l  t r a p s  a s  i n  F i a .  4 k  (Chapter C). 811 t r a p s  were b a i t e d  

w i t h  l i n e a t i n  r e l e a s e d  a s  i n  Exp. 2 ( C h a p t e r  D) a n d  e t h a n o l  and  

K-pinene as  i n  ExPo 6 (Chapter  5 )  . Allso u n  B a r .  1 3  - 1 2 ,  2 4  of 



t h e  funnel t r a p s  a n d  1 %  o f  t h e  vane t r i i p ~ :  were r t a i t e d  w i t h  

( f ) - s u l c a t o l  a s  i n  E x p o  7 ( C h a p t e r  D), ana un hay 6 the 

r e t ~ a i n i n g  6 fu n n e i  t r a p s  a n d  3 v a n e  t r a p s  were ~ a i t e a  w i t h  

S-  (+) - s u l c a t o l  r e l e a s e d  i r ~  t h e  same t h a n n e r  a s  ( 2 )  - s u l c a t o l .  - 
F u n n e l  t r a p s  uere p l a c e d  i n i t i a l l y  15 - 30 m inside t h e  forest 

m a r g i n ,  and u p  t o  J u n e  3 ,  p r o q r e s s i v e l y  moved o u t  to the q a r a i n .  

V a n e  t r a p s  were set u p  i n  a r s d s  w i t h  h i a h  p o p u l a t i o n s  of x, 
l i n e a t u r n  a n d  p l a c e d  i n  " c h a n n e l s w  c u t  t h r o u g h  s a p l i n ~  stands o f  -------- 
r e d  a l d e r  o r  o t h e r  v e q e t a t i o n  a s  d e s c r i b e d  i n  Zxp. B ( C h a p t e r  

D). As f u n n e l  t r a p s  were moved o u t ,  t h e s e  u e r e  also placed in 

c h a n n e l s  w h a r s v e r  p o s s i b l e .  811 v a n e  traps w e r e  r e m o v e d  o n  A u q .  

1 2 ,  a n d  3 - ( + ) - s u f c a t o l  i n  6 f u n n e l  t r a p s  was r e p l a c e d ,  w i t h  

( k ) - s u l c a t o l .  A 1 1  f u n n e l  t r a y s  Mere reinoved on O c t .  21. 

C o l l e c t i o n s  were wade b i w e e k l y ,  a n d  ~ r o c e s s e d  a s  i n  Exp.  2 - 4 

( C h a p t e r  D). V a n e s  gsere b r o u q h t  t o  the faboratory, a n d  total 

catch estii~ated as described i n  E x p .  8 (Chapter D). Linear 

correlations b e t w e e n  catches o n  varie traps and i n  d r a i n p i p e  

traas were determined for each  species to e s t a b l i s h  w h e t h e r  

c a t c h e s  i n  d r a i n p i p e  t r a y s  c o u l c i  be used t o  ~ s t i m a t e  vane trap 

c a t c h e s .  Une c o r r e l a t i o n  was betsr~kined f o r  e a c h  tray a n d  

species, u s i n g  t h e  7 sample d a t e s  a s  r e p l i c a t e s  (N) , with t h e  

o b j e c t i v e  sf d e t e c t i n g  d i l i e r e n t  r e s p o n s e s  ax d i f f e r e n t  sites. 

O n e  c o r r e l a t i o n  was a l s o  S e t e r s ~ i n e d  f u r  each &ate for 2' 

l i n e a t u r n  a n d  gz guPca&gg, u s i n g  t h e  number of t r a p s  m i t e 3  w i t h  -------- 
t h e i r  r e s p e c t i v e  p h e r o m o n e s  a s  r e p l i c a t e s ,  t o   stabf fish w h e t h e r  



t h e  p r o p o r t i o n a l  r e s p o n s e  t o  the t r a o  c o m o i n a t l o n  was d u e  t o  

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

o r i e n t a t i o n  r e l a t i v e  t o  the s o r t ,  

In e a r l y  ta mid-%arc, 5 t r a p  b u n d l e s  were placed o n  t h e  W 

edge  o f  t h e  s o r t  by company p e r s o n n e l .  They were b a i t e d  w i t h  

l i n a a t i n ,  e t h a n o l  a n d  X - p i n e n e ,  a s  d e s c r i b e d  f o r  t h e  t r a p s ,  on 

Bar. If  a n d  2 5 .  T h r s e  of t h e s e  bundles were r emoved  by mistake 

o n  Flay 6 ,  a n d  i n  s p i t e  of r e p e a t e d  r e q u e s t s ,  t h e  r e m a i n i n g  2 

were n e v e r  r e m o v e d .  I n t e n t i o n s  t o  p l a c e  m o r e  t r a p  b u n a l e s  around 

t h e  e ~ g e  of t h e  s o r t  d i d  n o t  ma te r i a l i ze .  O n l y  s u a j e c t i v e  

o b s e r v a t i o n s  of a t t a c k s  on t h e  tray h u n d l e s  were made, 

30 t r a p p i n g  was &one a t  S h a w n i a a n  o r  Po r t  h e n f r e u ,  

Log Sampling 

I n  1961  a smaf 1 n u u i b e r  of incuminy logs were s a s p l e d  o n  7 

o c c a s i o n s  a s  t h e y  uere p l a c e d  i n  l o g  d e c k s .  From e a c h  of 2 

l o g s / b u n d f e  sampled, a 20 x 20 cn area  of bhrk o n  a n  accessible 

end of t h e  l o g  w a s  cut o u t  w i t h  a c h a i n s a w ,  r e m o v e d  v i t h  a , 

c h i s e l ,  a n d  t h e  n u m b s r  of a t t a c k s  c o u n t e d  a n d  r e c o r d e d .  The sa%e 

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

accessibility, were resampled weekly or  b i w e e k l y  & a y  7 t o  J u l y  

2 ,  a n d  f i n a l l y  o n  Sap .  23, Kew b u n d l e s  uere s a m p l e d  o n  each 

o c c a s i o n  u n t i l  J u l y  2. f n  t h i s  m a n n e r  t h e  bundles were s a e p l e d  a 

minimum of 1 a n d  a maxi mu^ of 7 times, t i e p e n d i n g  on when t h e y  



a r r i v e d  i n  and were b ~ o u a h t  o u t  of t h e  s o r t .  

RESULTS A M B  DISCUSSIO& ------- --- ---------- 

A s s e s s m e n t  of S a m p l i n g  Technique f o r  O v e r u i n t e r i n a  g1 C ~ g p t g g  

Comparison of 2 a e t h o c i s  for a s s e s s i n q  1, &&gsp&gg i n  d u f i  

s a m p l e s  r e v e a l e d  t h a t  t h e r e  was no difference i n  emergence of 2, 

&&neaturn fro#  2 1 samples, a r t h o u q h  more beetles emerqed f r o @  

t h e  qarbdge bag t h a n  f ro& t h e  m i l k  ca r ton  i n  4 o u t  of the 5 

p a i r s  ( P a i r e d  t - t e s t ,  p<O.OS). However,  w h e n  1 L samples sere 

compared. over 2 weeks, t h e  milk c a r t o n s  were s u p e r i o r  (Pa i red  

t-test,  p<0.05). Very few b r e t l e s  emerged front the ciarbagd bags, 

p o s s i b l y  because  they c o u l a  not  reach t h e  emergence j a r  d u e  t o  

f o l d s  i n  the p l a s t i c .  

Larqe nurnrjers of %ilk c a r t o n s  can e a s i l y . b e  stacked on 

s h e l v e s ,  p r o v i 3 i n g  constant l i g h t  f o r  n f f  samples* G a r b a y e  bags 

are  e x c e l l e n t  f o r  b u l k y  s a m p l e s ,  b u t  require t o o  much space. i n  

e x t e n s i v e  p r o g r a m s .  

Ey e x p e r i f f t e n t s  s h o w  t h a t  s m a l l  saaples t a k e n  a t  t h e  b a s e  of 

trees, are a s  ekfkcient f o r  a e t e c t i n g  a m b r o s i a  beetles a s  t h e  

stethod d e s c r i b e d  by Chapman ( 1 9 7 4 ) .  Xhere p o p u l i s t i o n s  0 2  21 

&&gepggm are Tou it i s  easy t o  i n c r e a s e  t h e  n u a b e r  of sawples t o  

i m p r o v e  p r e c i s i o n .  



T h e  m a j o r i t y  o f  t h e  2, &&&g.&gm p o ~ u l a t i o n  w i l l  o v e r w i n t e r  

w h e r e  f i g h t  i n t e n s i t y  arcps a p p r o x i m a t e l y  5U% over 50 RI ( D y e r  

a n d  k i n g h o r n  I g b l ) ,  a n 5  p r e f k r a b l y  i n  dark p l d c e s  ( C h a p m a n  

1 9 6 0 ~ ) .  C o m p a r i s o n  of  t h e  4 s a m p l e  q u a 3 r a n t s  a r c u n d  trees s h o w e d  

t h a t  s i g n i f i c a n t l y  Eeuer beetles o v e r w i n t e r  i n  q u a d r a n t  l f l 4 X ) ,  

w h i c h  faces t h e  s o r t ,  t h a n  i n  a n y  o t h e r  q u a d r a n t  ( 2 9 ,  34, and 

32% f o r  q u a d r a n t s  2 ,  3 ,  a n d  4 ,  r e s p e c t i v e l y )  f & z  t e s t ,  P<O.Of, N 

= 5 4 5 ) .  Samples c o u l d  t h e r e f o r e  b e  t a k e n  o n  t h e  f a r  side s f  the 

t ree  r e l a t i v e  t o  t h e  s o r t  ( q u a d r a n t  3 ) ,  and more s a m p l e  p l o t s  

c o u l d  be e s t a b l i s h e d  t o r  higher ~ r e c i s k o n .  

Spatial D i s t r i b u t i o n  a n d  B o p u f a t i o n  T r e n d s  of 

O v e r u i n t e r i n q  x' &&qggggg 

The  s p a t i a l  a i s t r i a u t i o n  o f  o v e r w i n t e r i n g  ~ e s t k e s  (Piqs. 

1 8 - 2 1 )  was f a i r l y  e v e n  a t  S h a w n i y a n  a n d  C h i n a  C r e e k  ( F i g s .  1 9 ,  

2 1 1 ,  b u t  l u c a l i z ~ d  i n  "hot s p c t t s t 9 a t  Coolce ( F i s t  1 8 )  a n d  to some 

e x t e n t  a t  P o r t  Rsnfrew ( F i g .  2 0 ) .  k t  S o o k e ,  where t h i s  c l u n t p i n g  

was most e v i d e n t ,  h o t  spots i n  I 9 8 1  coincided u i t h  areas whore 

h e a v y  a t t a c k s  were noted t h e  p r e v i o u s  year .  Thus, t h e  notable 

i n c r e a s e  o t  o v e r w i n t e r i n g  freetles a t  site 2 ( F i u .  1 8 )  was 

probably due t o  h e a v i l y  i n f e s t e d  "boom s t i c k s M ,  u h i c h  were l e f t  

i n  the Su c o r n e r  of t h e  s o r t i n g  a r ea  u n t i l  l a t e  f a l l .  

E t r i s r q e n c e  of o v e r u i n t e r i n y  2' LLqgggug from s a m p l e s  

co l fec ted  i n  1 9 7 9  was h i g h  a t  Sooke, moderate s t  S h a w n i g a n ,  a n d  



Figs. 1 8 - 1 9 .  Spatial d i s t r i b u t i o n  of o v e r w i n t e r i n g  TI 
l i n e a t u n  c o l f e c t e d  a t  t h e  d r y l a n d  s o r t s  a t  S m k e  ( f i g .  I & ) ,  a n d  ------ 
Shawniyan (Fig. 1 4 )  on V a n c o u v e r  I s l a n d ,  B . C .  Rumbered d i a m o n d  
symbols i n d i c a t e  a p p r o x i m a t e  p o s i t i o n  of s a m p l i n q  s i t o  for 
oueruintering beetles shown i n  c a r r e s p o n a i n q l y  numbered 
h l s t a q r a n s .  Scale f o r  each histogram ana yeair shown t o  the s i g h t  
of  e a c h  f i g u r e .  
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Figs. 20-21, S p a t i a l  d i s t r i b u t i o n  af o v c r u k n t e r i n g  TI 
i n e a t u r n  c o l l e c t e d  ~t t h e  drylariff sorts a t  P o r t  Aenfrew (fig. ------- 
O), a n d  C h i n a  C r e e k  ( F i g .  21) an V a ~ c o u v e r  I s l a n d ,  S.C, 

Numbered diamond symbols i n d i c a t e  a p p r o x i m a t e  p o s i t i o n  of 
sampling sits for o v e r ~ i n t e r i n g  oeetles s h o w n  r n  c w r r e s p o n d i n g l y  
numbered histograms, Scale  for each h i s t o g r a m  and year shoun t o  
t h e  riqht of  e a c h  tigure. 
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l u g  a t  P o r t  Henfreu d n d  C h i n a  C r s e k  ( T a b l e  XIXI). T h e  E o l l o w i n q  

y e a r  t h e  e m e r g e n c e  of  s a l e s  f r o m  o v e r w i n t e r i n g  samples w a s  

r e d u c e a  a t  S h a w n i q a n  a n d  Fort Rcinfrew,  a n d  t o t a l  e m e r g e n c e  was 

r e d u c e d  a t  S h a u n i g a n  ( T a b l e  XIIP). I n  1 9 8 1  e m e r g e n c e  f r o m  

samples taken at these 2 sorts were s imi la r  t o  t h a t  o f  1 9 7 9 .  B t  

t h e  n e w l y  o p e n e d  d r y l a n d  s o r t  a t  China C r e e k  ( A p r .  1 9 3 9 1  t h e  

t o t a l  e m e r g e n c e  i n  1 9 8 1  h a d  i n c r e a s e d  o v e r  t h a t  of p r e v i o u s  

years, i n d i c a t i n a  t h a t  t h e  p o p u l a t i o n  was i n c r e d s i n q ,  p o s s i b l y  

because o f  t h e  s o r t  a p e r a t i o n .  H o w e v e r ,  t h e r e  may h a v e  been 

o t h e r  r e a s o n s  f a r  t h e  i n c r e a s e ,  s i n c e  v e r y  l i t t l e  log s t o r a g e  

o c c u r s  a t  C h i n a  C r e ~ k .  T h e r e  was n o  change i n  mergence  fro^ 

s a m p l e s  taken st Svoke b e t w e e n  1 9 8 1  and  1 9 8 2  (Table X I X l f  i n  

spite o f  a n  e s t i m a t e d  2.2 willion j?' i&ggptgm c a u g h t  an 

p h e r o ~ o n e - b a i t e a  t r a p s  i n  1981 .  T h e s e  data show that, wlth the 

e x c e p t i o n  o f  1 9 8 0 ,  t h e  numbers o f  lineqtgg e m e r g i n q  from 

infested l o q s  w i t h i n  t h e  t o r t s  were r e l a t i v e l y  s t a b l e .  I n  s o r t s  

such a s  S h a w n i g a n ,  u i t h  a relatively low l o g  i n v e n t o r y  a n d  h i g h  

t u r n o v e r ,  most e m e r g i n g  b e e t l e s  are   rob ably b r o u q h t  i n t o  t h e  

a r e a  w i t h  i n f e s t e d  t i m b e r .  A t  S o o k e ,  w i t h  a h i g h  l o g  i n v e n t o r y  

a t  most times, a n d  w i t h  h o q s  c o n m o n l y  r e x i a i n i n g  i n  the s o r t  f o r  

6 m o n t h s  o r  more, i t  i s  ~ o s s i b l e  t h a t  a s u b s t a n t i a l  p r o p o r t i o n  

o f  t h e  b r o o d  i s  made u p  of  o f f s p r i n q  f r o &  p r e v i o u s  y e a r ' s  

o v e r w i n t e r i n s  p o p u l a t i o n .  



TABLE X I I I .  Mean emergence and sex  r a t i o s  of 2. l ineatum from overwinter ing 

samples c o l l e c t e d  a t  4  dryland s o r t s  on Vancouver I s l and ,  

1979-1982~. 

Sor t  Year Mean Emergence/Sample 
Ma le/Female 

Male Female To ta l  R a t i o  

Sooke 19 79 7 .3  4.7 1 2  .O 1.. 39 

Shawnigan 19 79 3.8b 2.8 6.6b 1 .63  

19 80 0.8a 0.8 1.6a 1 .25  

1981 2.6b 2.8 5.4b 1.35 

Por t  Renfrew 1979 0.8b 0.4 1 .2a  1.40 

1980 O.1a 0.3 0 .4a  0.98 

1981 0.9b 0.5 1.4a 1.32 

China Creek 19 79 0.6 0.9 1.5a . 0.96 

19 80 0.8 0.5 1.3a 1.31 

19 81 1. .6 1.1 2.8b 1.50 

a 
For each a r e a ,  means w i t h i n  columns followed by same l e t t e r  not  s i g n i f i c a n t l y  
d i f f e r e n t ,  a n a l y s i s  of var iance  and Newman-Keuls T e s t ,  (P<0.05). Means 
w i t h i n  columns no t  fol1owed by l e t t e r s ,  no t  s i g n i f i c a n t l y  d i f f e r e n t ,  
a n a l y s i s  o f  va r i ance ,  (P<0.05). - 



S d m p l z  t r a n s e c t s  from S h a w n i q a n  zind S u o k e  in 1YuU a n d  1 9 8 2 ,  

respectively, shove3 t h a t  TI l - i r i ea rgg  w i l l  f l y  u p  t o  90 E) i n t o  

t h e  f o r e s t  t o  o v e r u i n t e r  ( F i g .  2 2 ) .  S i n c e  the r e q u l a r  

o v e r w i n t e r i n g  s a m p l e s  wpre b i d s e a  for b i g n  p o p u l a t i o n  areas, 60  

a was ehozen t o  c a l c u l a t e  t o t a l  o v e r v i n t e r i n g  ared. ( A p p e n d i x  

I). T R l s  d i s t a n c e  was slso used f o r  P o r t  tienfrow and  China Creek 

a l t h o u g h  r e w a r a t e  s t u d i e s  s h c u l o  b e  done for these a r ~ a s  if 

o v e r w i n t e r i n g  s a c p l e s  Jre t o  @e u s e d  f o r  p o p u l a t i o n  e s t i ~ t a t e s  i n  

t h e  future. 

P o p u l a t i o n  e s t i ~ a t e s  of o v e r u ~ n t e r i n g  gz &&qe&tum i n d i c a t e &  

a n  extremely h i g h  popufatisn a t  S o o k e  a n d  l o u  t o  s o d e r a t e  

p o p u i a t i o r r s  at t h e  o t h e r  f s o r t s  ( T a h l e  X / \ f ) .  Visual i n s p & c t i o n  

for a t t a c k  o n  f o q  d e c k s  i n d i c a t e d  t h a t  the p o p u l a t i o n  a t  Fort 

Renfrew gas u n d e r t s t i n t a t e a ,  s i n c e  t h e  a t t a c k s  a t  t h i s  s o r t  were 

a s  heavy or h e a v i e r  t h a n  those a t  S h a w n i q a n .  The forest m a r g i n  

at P o r t  h e n f r e w  i s  n o t  v e r y  a i s t i n c t ,  e x c e p t  t o  t h e  #, where 

b e e t l e s  were never found ( F f y .  20), and it is likely that brood 

beetles l e a v i n g  this s o r t  t o  avcruinter disperse more than t h e y  

d o  a t  S o o k e  o r  S h a w n i g a n .  

O v e r u i n t e r i n y  samples a re  l e s s  r e l i a ~ l e  i n  a reas  w i t h  ST1 

d e f i n e d  f o r e s t  m a r g i n s  s i n c ~  the beetles a re  n o t  a s  

c o n c e n t r a t e d ,  a n d  u h e r e  l a g g i n g  o p e r a t i ~ n s  w i t h i n  a few miles of 

t h e  s o r t  p r a v l d e  a source ok i m f n i g r a t i n g  metles.  2: &Qgpigg 



Fig. 22. Bean distributions of o v e r w i n t e r i n g  gz f&hgptg@ 
along t ransects  s a ~ p l e d  at 0, 3 0 ,  6 0 ,  and 90  n I n t o  the forest 
frog1 the mdrgin  around the d r y l a n d  sorts at Soake a n d  Shawnigan .  
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a 
TABLE XIV.  L o w  and h i g h  e s t i m a t e s  of overwin te r ing  p o p u l a t i o n s  , c a t c h e s  

on t r a p s ,  and e s t i m a t e d  p o p u l a t i o n  s u p p r e s s i o n  of 2. l ineaturn 

a t  4 d r y l a n d  s o r t s  on Vancouver I s l a n d ,  1979-82. 

S o r t  Year P o p u l a t i o n  Es t imate  
b b 

Catch Suppress ion  

( 2 1  
High Low 

Sooke 1979 4,725,000 2,680,000 67,000 1- 3 

Shawnigan 1979 1,256,000 804,000 128,000 10- 16 

1980 304,000 195,000 94,000 31- 48 

1981 1,029,000 659,000 --- --- 

P o r t  Renfrew 1979 199,000 131,000 47,000 24- 36 

1981 --- 235,000 155,000 --- 

China Creek 1979 372,000 196,000 --- --- 

a 
See Appendix I f o r  method. 

b 
Rounded t o  n e a r e s t  1,000. 

'1 04 



h a s  b e e n  ~ h o w n  t o  fly u p  to 4 ~,;n ( D y e r  IYSl), arsd a l i ! a i t e d  

i m m i g r a t i o n  t o  the s o r t i n g  dxea f r o m  t h e  adjacent f o r e s t  i s  

l i k e l y  

O v e r w i n t e r i n y  s a i r k p l e s  c o u l d  b e  u s e &  t o  assess t h e  efficacy 

of t r a p p i n g  i f  i n f e s t e d  t i n i b e r  was n o t  b r o u g h t  i n t o  t h e  s o r t  o r  

r e m i n e d  there only f o r  b r i e f  p e r i o d s ,  i .e .  1 t o  2 weeks, a n d  i f  

timber a t t a c k e d  i n  t h e  s o r t  w o u l a  b e  r e m o v e d  Before 6 weeks 

a f t e r  f i r s t  attack. M o u e v e r ,  l o g  m a n a g e m e n t  is d e p e n d e n t  on 

s a r k e t  c o n d i t i o n s  a n d  a l a r g e  i n v e n t o r y ,  ns a t  S o o k e ,  

f a c i l i t a t e s  t h e  build-up of  a Large  p o p u l a t i o n  of  TI L & g a t a ~ t  

T h i s  b u i l d  u p  was p r o b a b l y  p r o m o t e d  by c l o s u r e  of t h e  s o r t  i n  

a i d - s u ~ m e r ,  I981 d u e  t o  p o o r  m a r k e r  c o n d i t i o n s ,  leaving a large 

i n v e n t o r y  o f  i n f e s t e d  fogs. Theretore, overwintering samples 

s h o u l a  o n l y  b e  used t o  es t imate  t h e  minimum p o t e n t i a l  t o r  damage 

the f o f f o u i n q  s e a s o n .  W s i m p l e  h a z a r d  i ~ d e x  f o r  t h a t  p u r p o s e  was 

devised by Chapman (1974), a l t h o t t q h  this did n o t  p r o v i d e  a n  

e s t ima te  of t h e  t o t a l  population. 

T h e  estimates o f  o v e r w i n t e r i n g  p o p u l a t i o n s  m a y  a t  p r e s e n t  

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

o v e r w i n t e r i n g  e s t ima tes  o v e r  s e v e ~ a l  y e a r s ,  i t  s h o u l d  be  

possible t3 adjust t h e s e  estimates to p r o v i d e  a r e l i a b l e  i n d e x  

of a c t u a l  p o p u l a t i o n  size. 



S u r v e y  f o r  T e ~ p o r a l  an6  S p a t i a l  D i s t r i b u t i o n  

C a t c h e s  of a l l  3 species at P o r t  h e n f r e w  a n d  S h a u n i g a n ,  

where t r a p p i n g  e f f o r t s  i n  1 9 7 9  s n d  1960 were r e l a t i v e l y  

c o n s t a n t ,  snowed s i r n i l a r  t r e n d s  b e t w e e n  t h e  L y e a r s  (Fiqs. 2 3  - 
2 5 ) .  T h e  s ~ m e w h a t  l o w e r  c a t c h e s  a t  P o r t  Renfrew c a n  l a r g e l y  b e  

e x p l a i n e d  b y  trap p l a c s ~ e n t .  I n  1 9 7 9  t r a p s  a t  t h i s  s o r t  were 

placed i n  t h e  o p e n ,  w h e r e  some were repeatect ly  d e s t r o y e d  by 

black bears, g g g g g  g ! ~ e r i c z n u s  P a l l a s ,  r e s i d i n g  o n  a nearby 

garbage  duap .  I n  I980 all t r a p s  Mere pfacaci near 0 r  i n s i d e  

sapling r & d  a l d e r ,  & & n g ~  p x p  ( B o n g . ) ,  s t a n e s ,  where t h e  b e a r s  

uere u n l i k e l y  t o  e n c o u n t e r  t h e m .  However, t h i s  p l a c e ~ e n t  a l s o  

d e c r e a s e d  the t r a p p i n g  e f i i c i e n c y  a s  l i n e a g g m  p r e f e r  t o  fly 

o v e r  a n y  o b s t a c l e ,  s u c h  a s  dense brush, regardless ot  h e i g n t  

(T.L. S h o r e s ,  u n ~ u b l f s h e a  d a t a ) .  

B t  S h a w n i g a n ,  h i g h  * t c i l t c h s s r  i n t  l a t e  &as.  1 9 7 9  ( F i g s .  2 3  - 
25)  c o n s i s t  m a i n l y  of a t t a c k s  on  t r a p  lags, i n c l u d i n g  a n  

a s s u ~ i p t i o n  t h a t  each a t t a c k i n g  b e e t l e  uas j o l n e d  by a a e e t l e  of 

t h e  o p p o s i t e  sex, i . ~ .  t h e  histoqrams f o r  1979  a t  Shawnicran s h o w  

c a t c h  o n  traps * twice the e s t i m a t e d  number  of a t t a c k s  on trap 

loqs. For g, Llpedtur~ t h i s  a s s u m p t i o n  may n o t  b e  v a l i d  since 

Shore et a l .  (1381)  f a u n &  t h a t  i n  15 u f  3 5  g a l l e r i e s  f a i l i n g  t o  

p r o d u c e  brood one or b o t h  sexes uere  m i s s i n g .  

. For both g, &fqggtgg and 6% petus= 95% o f  t h e  t o t a l  catch 

i n  1 4 7 3 ,  when t r a p p i n a  of a 1 1  spec ie s  was c o n t i n u e d  t h r o u q h  



P i g .  2 3 .  Teaparal  d i s t r i b u t x o n  of 3% &i&gpsgg caught a t  3 
d r y l a n d  s o r t s  on Vancouver I s l a n d ,  1979-80. 
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Fig. 24. Temporal d i s t r i b u t i o n  of 6,  p ~ & c a t u s  c a u g h t  at 3 
dryland s o r t s  on Vancouver Island, 1979-80. 
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Fig. 2 5 .  Temporal d i s t r i b u t i o n  of g,  gp&gggs c a u g h t  a t  3 
d r y l a n d  s o r t s  on Vancouver Island, 1 9 7 9 - 8 0 .  
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O c t o b e r ,  h a a  b e e n  c a u g h t  fry nrio k u g .  a t  SooKe, l a t e  Aug. a t  P o r t  

R e n k r e u ,  a n d  e a r l y  Auq .  a t  Shawnrgan .  f o r  El =p&cqruS t h e  95% 

level  was n o t  r e a c h e d  u n t i l  m i d  O c t e  a t  a l l  s o r t s .  T h e s e  3 a t a  

a s a n  t h a t  t r a p p i n g  f o r  GI rgtagug a n d  x, &&xgatur f l  c a n  b e  

t e r m i n a t e d  b y  e a r l y  Auq. T h i s  u o u f ~  ~ i n i ~ i z e  t h e  u s e  of 

5 - ( + ) - s u l c a t o l  a n d  l i n e a t i n ,  b o t h  o f  w h i c h  a re  e x p e n s i v e .  - 
P o p u l a t i o n s  of 6 ,  ~gtqgus  were r e l a t i v e l y  low a t  all areas 

s u r v e y s d .  I n  I979 t h e  c a t c h  of t h i s  s p e c i e s  a t  S h z w n i q a n  was 0% 

of t h e  t o t a l  c a t c h  o f  a l l  3 species, w h e r e a s  it was 5 %  at Part 

Renfrew ana Sooke. 

T h e  s p a t i a l  d i s t r i b u t i o n  o f  gF UqgiLgg c a u q h t  o n  t r s y s  a t  

S o o k e ,  P o r t  R e n f r u w  an3 S h a w n i g a n  corresponded f a i r l y  v e l l  to 

t h e  o v e r w i n t e r i n q  samples, a l t h o u g h  ?@hot s p o t s w  were less 

o b v i o u s  a t  S o o K e  anb S h a - w n i g a n .  14t S o o k e  ( F i g .  18 )  a o s t  g, 

l i n e a t u m  were c a u g h t  i n  t h e  m a r g i n  t o  t h e  ki, u h e r e  most of t h e  
--we---- 

t i n b e r  is s t o r e d ,  a n d  i n  t h e  SE c o r n e r ,  vhere b o o a  sticks a r e  

s t o r e d .  V a n e  t r a p s  were c o n c e n t r a t e d  i n  t h e s e  p o s i t i o n s  i n  1981. 

S i ~ ~ i l a r l y ,  G. ~g&cp&gk were p r e v a l e n t  a t  t h e  sane sites, a n d  

a l o n q  t h e  H E  m a r g i n .  6 ,  g - g g g s g ~  were c a u g h t  i n  3 " h o t  spotsw i n  

t h e  HW c o r n e r ,  along t h e  ME m a r q i n  n e a x  t h e  t4 e x i t  road ,  a n d  

afanq t h e  5 m a r g i n ,  E of t h e  S e x i t  road. f i g t b e r  is n o t  n o r m a l l y  

s t o r e d  close t o  the l a t t e r  2 a r eas .  A t  S h a v n i g a n  ( F i g .  1 9 1 ,  11": 

l i n e a t u m  wss f a i r l y  evenly d i s t r i b u t e d  a r o u n t  t h e  e n t i r e  m a r g i n .  -------- 
Sz gq&cp@~ was ~ ~ s t  p r e v a l e n t  a l o n g  t h e  S margin w i t h o u t  a n y  

markea c o n c e n t r a t i o n  a t  t h e  k e x i t  road  as reported by 3 c L e a n  



(1980). G ,  r e t t ~ s u ~  was most common axon9  the 5 s n i i  E m d r g i n s .  A t  

Port k e n f r r v  ( F i q .  20) crll species were c c . n c e n t r a t e a  afonq the 

NW r r t a r q i n .  

Mass T r a p y i n a  1 9 6 0  a n d  19&1 

At Sooke t h e  i n c r 2 a s e d  n u ~ b e r  of traps i n  1386 i w p r o v e d  t h e  

t r a p p i n q  r e s u l t s  s u b s t a a t i i i f l y  ( F i g s .  2 3  - 25 ,  2'a~I.e X I V )  

A y p r o x i & a t s l y  458,000 T, rrnggtgm, 2 1 9 , 0 0 0  El sulcqruq, and  

1 1 , 5 0 0  E, ggtgspg were cauqht. hEavy a t t a c k s  o n  fog d e c k s  near 

t h o  U iftargin a n d  o n  boom sticks i n  t h e  SE carnsr of the s o r t  

were o b s e r v e d  a f t e r  t h e  s p r i n g  f l i g h t ,  s h o w i n g  t h a t  a n y  i ~ p a c t  

on damage as a r e s u l t  sf r e m o v i n g  t h e s e  beetles was n o t  e v i d e n t .  

T h e  increase i n  c a t c h  of TI Ljnhqtgg was n o t  &ue t o  a h i g h e r  

o v e r u i u t e r i n g  population, wh i c h  remained c o n z t a n t  between  5979 

a n d  1930  ( T a b l e  X I V ) .  arood beet les  of t h i s  s p e c i e s  do n o t  

respond to l i n e a t i n  ( W  . k .  h i j h o l t l , u n ~ u b l k s h e i $  d a t a )  * itence, 

o n l y  o v e r w i n t e r e d  beetles, a n d  saae r e - e m e r q e n t  a d u l t s  

abanaoninq  t h e i r  f i r s t  g a l l e r y  (Chapntan snd K i n g h o r n  1 9 5 8 )  , , a r e  

c a u q h t  i n  pheromone-baitea t r a p s ,  whereas brous beetles eserging 

frow i n f e s t e d  timber c o n t r i b u t e  o n l y  to t h e  c a t c h  of the 

f o l l o w i n g  y e a r .  

U t i l i z a t i o n  of t h s  mare e f f i c i e n t  wane traps for TI 

l i n e a t u r n  and G ,  ggtqsus, and i n c r e a s i n q  t h e  overall t r a p p i n g  ------ 
e f f o r t  a t  Sooke i n  1 9 6 1 ,  l e a  t o  i n c r e a s e d  c a t c h e s  of aI.1 3 



S ~ ~ C ~ F ? S  ( P h g s r  2 h  - 2 7 ) .  T h e  e x t r e a e l y  e d v y  f l i q b t  of 

l i n e a t u r n  i n  Nay s n d  early J u n e  made u p  7 9 %  of t h e  t o t a l  c d t c h  o f  -------- 
t h i s  s u e c i e s .  O n  R a y  1 3  a mass ive  f f i q h t  s i m p l y  o v a r u f r e l m e d  t h e  

t r a p s ,  a n d  l o j s  i n  t h e  s o r t  were l i t e r a l l y  covered by t h e  

beetles. In spite of  t h i s  v B k a i l u r e m  a t o t a l  si more t h a n  2 . 2  

m i l l i o n  T+ &inggrzig, 0.5 s i l l i o n  G, s g l c a t u s  a n d  15,000 5, 

r e t u s u s  were c a u g h t .  Eare t h a n  81% of a l l  TI Lineatt-5, 3 6 4  of  5: ------- 
~ u f c a t u s ,  a n d  6 3 %  of  El gg&gsgg, were c a u g h t  on v a n e  t r a p s  

( i n c l u d i n g  t h e  a t t a c h e d  d r a i n p i p e  t r a p s ) .  

One t r a p  b u n d l e  had sustained h e a v y  a t t a c k s  o n  B p r .  38 By 

I p r .  22 all t r a p  bundles were a t t a c k e e ,  a n d  aany log d e c k s  i n  

the sort were also danagod. 

E s t i m a t e s  o f  S u p p r e s s i o n  

C u m p a r i s a n  of t r a p  c a t c h e s  with h i g h  a n d  low estimates of 

overrainterinq p o p u l a t i o n s  of T, &&&,eg&glf! ( T a b l e  X I V )  i n d i c a t e d  

t h a t  a v e r y  low p r o ~ o r t i o n  was  c a u g h t  a t  Sooke i n  1 9 7 9 ,  b u t  t h a t  

the efficacy of the t r a p p i n g  i n c r e a s e d  u i t h  t h e  h i g h e r  t r a p p i n c l  

efforts i n  1 9 8 0  a n d  1 9 9 1 .  T h e  h i g h  p r o ~ o r t i o n  of t h e  

o v e r w i n t e r i n g  beet lss  c a u g h t  a t  S h a u n i q a n  a n d  P o r t  Wenfreu in 

1 9 8 0  was p r o b a b l y  a r e s u l t  of low population estimates due t o  

poor esergence from t h e  o v e r w i n t e r i n g  samples, which were wet 

s i n c e  t h e y  uere collecteu G u r i n g  a r a i n y  period. The h l q h  

percentage of t h e  o v e r w i n t e r i n g  p o p u l a t i o n  c a u g h t  a t  Sooke i n  



Fig. 26 .  Temporal R i s t r i b u t l o n  of &rgghig& caught in a 
mass trappinq program a t  the d r y l a n d  s o r t  at S ~ o k e ,  1981 .  
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Fig. 2 7 .  Temporal d i s t r i b u t i o n  of 2 Gqpthotr~-g&g~ spp. 
cauqht i n  a mass trapping program a t  the d r y l a n d  sort a t  Sooke, 
1981,  
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1985 ,  u s i n j  t h e  low population e s t i m a t e  i n  t h e  c a l c u l a t i o n ,  

sugges ts  t h a t  t h e  h i g h  p o p u l a t i o n  e s t i m a t e  s h o u l d  be  used, s ince  

o b s e r v a t i o n s  of a h e a v y  f l i g h t  i n  Kay i n d i c a t e d  t h a t  a 

s u b s t a n t i a l  n u m b e r  of ~ e e t l e s  f leu p a s t  t h e  traps. Weavy attacks 

i n  t h e  s o r t  c o n f i r a e d  t h i s .  

D r a i n p i p e  T r a p s  f o r  E s t i m a t e s  of C a t c h  o n  Vane Traps 

The c o e f f i c i e n t  of  c o r r e l a t i o n  ( r )  f o r  the c o r r e l a t i a n  

between c a t c h e s  o n  v a n e  traps a n n  r n  d r a i n p i p e  t r a p s  was low f o r  

T. l i n m t n m  ( r a n q e  0 .44  - O,G8, r=Et.514 f o r  ~ = 0 . 0 5 ,  & = 1 5 )  on  5 -- -------- 
o f  7  d a t e s ,  whereas  they were h i g h  f o r  12  uf  1 5  t r a p s  (range 

0.89 - 0.98, r = 0 , 7 5 4  for p=0.05, h = 7 ) ,  i n d i c a t i n g  that trap 

placement  a f f e c t e d  t h e  r e l a t i v e  c a t c h  o f  t h e  2 c o m p o n e n t s  of t h e  

t r a p .  T h e  c o r r e L a t i o n  c o e i f i c i e n t  f o r  gI s u f c a t g g  was yenerally 

low ( r a n g e  0.35 - 0 , 9 0  f o r  1 2  t r a p s ,  r=0.754 f o r  p = 0 , 0 5 ,  N = 7 ;  

rancxe 0.20 - 0.65 o n  7 d a t e s ,  r = 0 . 7 5 0  f o r  p=Cf,OS, rY = 1 2 ) .  F o r  

G. r e t u s n s  r was h i g h  for  a f i  3 traps ( r a n g e  0.96 - 0.99, -- ------- 
r = 0 . 7 5 6  f o r  p = 0 , 0 5 ,  rJ = 7 ) .  T h u s ,  t h i s  method f o r  e s t i m a t i n g  

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

equation u e r e  c a l c u l a t e d  for each i n d i v i a u a l  t r a p ,  i t  t h e  t r a p  

p o s i t i o n  w a s  p e r m a n e n t  and t h e  e n v i r o n m e n t  i n  t h i s  p o s i t i o n  n o t  

a l t e r e d  f r o m  a n e  year t o  t h e  n e x t .  



Log S a m p l i n u  

v e r y  tew attacks c o u l d  B e  d e t e c t e d  on incornin9 l o q s .  O f  4 2  

l o g s  sampled ,  o n l y  2 were attdcked, and had sustained 2.5 and 

7.5 attacks/CI.l  mz, r e s p e c t i v e l y .  Gray (1980) r e p o r t e d  a t t a c k s  

on 14  a n d  2 1 %  o f  the volume of Dowylas- f i r  a n d  w e s t e r n  hemlock, 

r e s p e c t i v e l y ,  a r r i v i n g  by train a t  t h e  C a n a d i a n  F o r e s t  P r o d u c t s ,  

L t d * ,  d r y l a n d  s o r t  a t  Beaver  Cove on n o r t h e r n  Vancouver island. 

I t  i s  p o s s i b l e  t h a t  t h e  s a ~ i p l e  size usea i n  t16y s t u d y  was t o o  

s m a l l  t o  Oetect low levels of a t t a c k .  

Gray ( 1 9 8 0 )  a l s o  r e p o r t e d  s u b s t a n t i a l  i n c r e a s e s  i n  a t t a c k s  

o n  l o g s  assembled i n  hooms a t  t h e  s o r t .  S i t t i i l a rPy ,  on l o g s  

r e m a i n i n g  a t  Sooke for a week o r  more, attacks/O.f wz i n c r e a s e d  

f rom a mean o t  18.3 ( r a n g e  2 . 5  - 35.0) on 6 of 1 0  Logs s a l n p l e d  

on .Yay 2 8 ,  t o  24.6 ( r ange  2 . 5  - 35.0) on 7 of 14 l o g s  sanxpled on 

J u n e  14 ,  and 40.0 ( r a n q e  7.5 - 85.0) o n  6 o f  1 4  loas sample8 sn 

July 2. T h s s e  data i n d i c a t e  t h a t  t h e  hulk of t h e  damage c a u s e d  

by a ~ b r o s i a  b e e t l e s  a t  Sooke i n  1 9 e l  gas due to the v e r y  l a r g e  

resident p o p u l a t i o n  of XI Jhghtgg. It is d i f f i c u l t  t o  dssess t o  

uhat extent G, sglcqtus c o n t r i b u t e d  t o  the damage w h i l e  i t  is 

p robab ly  s a f e  t o  assuffie  t h a t  G, ~ g t g s u ~  i s  of v e r y  l i t t l e  

i a p o r t a n c e  a t  Saoke. 

o n l y  t h e  e n d s  of l o g s  s t i c k i n g  out of  bun~les a t  ground 

1eve. l  could  be  s a t o p l e d ,  blttlsough t h e  a t t a c k  d e n s i t i e s  o b s o r v e d  

w h i l e  s a m p l i n g  may n o t  b e  r e p r e s e n t a t i v e ,  i t  is clear that heavy 



a t t s c k s  o c c u r r e d  on fcgs i n  t h e  Scske 5 r g l a n d  s o r t  i n  1951, 

A t t a c k s  o n  l o q s  b r o u g h t  i n t o  t h e  s o r t  were t o o  few t o  b e  

detected by t h a  s m a l l  s a a p l ~  size use&. B o w e v e r ,  e v e n  1 

a t t n c K / f o g  could c o n s t i t u t e  a substantial i m p o r t  of beetles into 

the s o r t ,  since m o r e  t h a n  1,000 l o g s  may be b r o u q h t  i n  each day.  

Bang of these l o q s  w o u l d  r e m a i n  i n  t h e  s o r t  konq  s n a u g h  f o r  

b r o o d  b e e t 1  es t o  e m e r q e .  

I n  o r d e r  t a  assess the l e v e l  o f  a t t a c k  on i n c o m i n g  l oqs  i t  

w o u l d  b e  of i n t e r e s t  t o  have l o g s  s a m p l e d  r e g u l a r l y  a s  t h s y  are 

g r a d e d .  S a ~ p l e d  l o g s  c o u l d  b e  m a r k e d  a n d  resariipled a t  the 

sawmilP. I n  this way, p r o b l e ~ s  a r e a s  i n  the f o r e s t  c o u l d  b e  

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

Uhere a w b r o s i a  bee t l e  m a n a g e m e n t  is  i n  o p e r a t i o n ,  t h e  e f f i c a c y  

o f  t h e  m a n a q e m e n t  measures c o u l d  b e  r e l i a b l y  assessed. 

E o r t a f i t y  ~f a m b r o s i a  beetles by large s c a l e  

p h e r o m o n e - b a s e &  t r a p p i n g  i s  u n d o u b t e d l y  a n  e x t r e m e l y  i m p o r t a n t  

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

O v e r w i n t e r i n g  m o r t a l i t y  of  g, kr~eatum has been estiixiated 

e t  5 - 10 "r ( C h a p m a n  a n d  N e i t s c h  1959; Chapman l 9 6 O b ) .  Vesy 

l i t t l e  is  known about t h e  impact of p r e d a t o r s  a n d  p a r a s i t e s  o f  

aabrosia b e e t l e s ,  o r  even t h ~ i r  presence i n  Horth America 

( M i j h a l t  1 9 7 9 ) .  A f t h o u s h  t r a p s  b a i t e d  w i t h  c e r t a i n  b a r k  beetle 



pheromones y i e l d  v e r y  n i q h  c a t c h e s  or c j e r i a  a n d  trogasitid 

beetles ( D y e r  1973; Bedard a n d  ~ o o d  1974; k a k k e  and Kvamnte 

1 9 7 8 ) ,  v e r y  few p r e d a t o r s  were c a u g h t  t h r o u g h o u t  my s t u d y .  

F u r t h e r % a r a ,  p r e d a c e o u s  b e e t l e s  were r a r e l y  s e e n  on attacked 

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

a m b r o s i a  beetle p o p u l a t i o n  r r g u l a t i o n .  

O t h e r  n a t u r a l  e n e a i e s ,  s u c h  a s  n e m a t o d e s ,  a r e  r a r e .  Unlike 

o t h e r  s c o l y t i d s ,  w h i c h  may b e  t h e  v i c t i m s  of  many n e m a t o d e s  

( S a s s e y  197Y), EL &&m=rmg& c o l l e c t e d  i n  B.C. were o n l y  

o c c a s i o n a l l y  parasitized by 1 s p e c i e s  o f  nematode  ( T h o n g  1 9 7 3 )  . 
B a r k  beetles u t i l i z e  a n  e s s e n t i a l l y  2 - d i m e n s i o n a l  r e s o u r c e  

f o r  t h e i r  r e p r o d u c t i o n ,  a n d  o p t i m i z e  t h e  u t i l i z a t i o n  of t h a t  

r e s o u r c e  b y  o l f a c t o r y  a n d / o r  a c o u s t i c  spacing m e c h a n i s ~ s  (Borden 

1 9 8 2 ) .  A a b r o s l a  beetles i n h a b i t  t h e  3 - d i m e n s i o n a l  s a p w o o d ,  a n d  

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

p a r t i c u l a r i p  a s  t h e  l a r v a e  a r e  s t a t i o n a r y  i n  n i c h e s  (cradles), 

m i n i m i z i n g  t h e  c h a n c e  of l a r v a e  e n c o u n t e r i n g  a n d  p r e y i n q  a n  e a c h  

o t h e r .  A t t a c k - l i m i t i n q  m e c h a n i s m s  would b e  of  a d a p t i v e  a d v a n t a g e  

f o r  kh~i.&yg u n d e r  n a t u r a l  c o n a i t i o n s .  Suitable l o g s  a re  

scarce since t h i s  species is l i m i t e d  t o  r e c e n t l y  d e a d  t r ees  f o r  

s u c c e s s f u l  e s t a b l i s h n i e n t  of i ts a m t r o s i a P  fungus, w h i c h  i s  t u r n  

d e t e r m i n e s  r e p r o d u c t i v e  success ( D y e r  a n d  C h a p m a n  1965;  

C h r i s t i a n s e n  an& S a e t h a r  1 9 6 8 ) .  A c c o r d i n g l y ,  2: A i n e a t u m  @ a l e s  

h a v e  b e e n  s h o w n  t o  p r o d u c e  an a n t i a g q r e g a t i o n  p k e x o m s n e  ( M i j h o f t  

1970 ,  1373h; Borden 1974 ;  k f i n r e t z e k  e t  a l e  1 9 8 1 ) .  & o  such 



mechanism h a s  bCsPTh d e t e c t e d  in g n a t h o t h i c h u s  s p p ,  ( J * H .  Prrrdsnz,  

p e r s .  coma.), w h i c h  i n f e s t s  l o g s  u p  t o  2 y e a r s  a f t e r  f e l l i n g  

( M a t h e r s  1 9 3 5 ) .  E o w e v e r ,  e n v i r o n m e n t a l  c o n a i t i u n s  w h i c h  a f f e c t  

host s u i t a b i l i t y ,  e.q.  d r y i n g  t o  s u b o p t i m a l  m a i s t u r e  l e v e l s  

( R c L e a n  a n 9  B o r ~ e n  t 9 7 7 a f  d u e  t o  e x p o s u r e  t o  t h e  s u n ,  w o u l d  be 

i m p o r t a n t  t o  beetles i n  b o t h  genera. 

I n  a S r y l a n d  s o r t ,  s u i t a b l e  logs are r e a d i l y  a v a i l a b l e  i n  

l a r g e  n u ~ b e r s ,  a n &  o n l y  e x t r a o r d i n a r i l y  h i q h  p o p u l a t i o n s  i n  

e i t h e r  S e n u s  of b e e t l e  would be  a f f ec ted  b y  a e n s i t y  d e p e n c k e n t  

m o r t a l i t y *  T h e  beetles n o r ~ a l f y  a q y r e g a t e  i n  k l g h  a t t a c k  

d e n s i t i e s  e v e n  when s n i t a b l e  l o g s  art=! a b u n d d n t .  T h e r e f o r e ,  i t  is 

u n l i k e l y  t b a t  t h e  i ~ p a c t  o f  p h e r o m o n e - b a s e d  trapping c a u l 3  b e  

o f f s e t  b y  a f a v o r a b l e  e f f e c t  on t h e  r e ~ r o d u c t i v e  success of 

t h o s e  beetles t h a t  escaped c a p t u r e t  

A l t h o u g h  G, r e t u z g s  i s  p r e s e n t l y  of little i r i t p o r t a n e e  i n  

a n y  of t h e  d r y l a n d  s o r t s  I s t u d i e d ,  i t  is p o s s i b l e  t h a t  Ly 

e x e r t i n g  h e a v y  t r a p p i n q  p r e s s u r e  o n  sg&cgtgs, p o p u l a t i o n  

r e g u l a t i o n  af Gz retusgs b y  c o m p e t i t i o n ,  e . g .  i n h i b i t i o n  o f  

r e s p o n s e  t o  g - ( - ) - s n l c a t o l  produced by 6% p&cgrgg ( d o r d e n  e t  

a l .  1 9 8 O a ,  19111 a ) ,  may be r e a o v e d *  T h i s  c o u l d  l e a d  t o  i n c r e a s e d  

El gegp~gs p o p u l a t i o n s *  T h e r e f o r e ,  i t  is i m p o r t a n t  t h a t  t h i s  

species n o t  b e  iqnored a l t o g e t h e r .  

w R e s i s t a n c e w  t o  a g g r e g a t i o n  pneranones h a s  n o t  b e e n  

discussed p r e v i o u s l y .  I n  a l a r g e  scale  p h e r o m o n e - b a s e 4  t r a p p i n g  

p r o g r a m  t h a t  c o n t i n u e s  o v e r  many g e n e r a t i o n s  0% t h e  t a r g e t  



insect, it v o u l n  be conesivak2e t h a t  s 2 l o c t i o n  c o u l d  occur L o r  

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

m a j o r i t y  or t h e  p o p u l a t i o n .  F o r  example, a p o p u l a t i o n  s i g h t  

c o n t a i n  i n d i v i s u a l s  u h i c h  only r e s p o n d  t o  o n e  e n a n t i o m e r  c ~ f  a 

p h e r o m a n e  a n d  a r e  r e p e l f e d  by t h e  a n t i p o d e .  

I t  is n o t  k n s v n  i f  s u c h  v a r i a b i l i t y  e x i s t s  i n  li~fepzig~ 

o r  E g g i h o t r i c h u g  s p p .  A g e o g r a p h i c  v a r i a b i l i t y  i n  p h e r o a o n e  

p r o d u c t i o n  a n d  r e s p o n s e  e x i s t s  i n  p o p u l a t i o n s  o f  t h e  bark 

b e e t l e ,  fez E&&L ( S a y ) .  C a l i f o r n i a  p s g o l i f t i o n s  p r o d u c e  a n 3  

r e s p o n d  t o  g-  (-) - i p s d i e n o l  a n d  a r e  i n h i b i t e d  f r o m  r e s p o ~ d i n g  by 

i t s  a n t i p o d e  ( B i r c h  e t  af, 1980) .  & e u  York populations p r o d u c e  

B- (-) - a n d  2- (+)  - i p s d i e n o l  a n d  r e q u i r e  b o t h  to rsspc lnd ( L a n i e r  - 
et al. 1 9 8 0 ) .  These d a t a  suguest  t h a t  continues a r t i f i c i a l  

s e l e c t i o n  pressure could a f t e r  t h e  n a t u r e  o f  p h e r o m o n e  

p r o d u c t i o n  a n d  r e s p o n s e  ~ e c h a n i s m s  ot n a t u r a l  p o p u i a t i o n s  of 

other s c s f y t i d s ,  i n c l u a 3 i n g  a m b r o s i a  beetles, H o w e v e r ,  the mass 

t r a p p i n g  of a m b r o s i a  b e e t l e s  i n  dryland so r t s  a e a l s  largely with 

immigrant p o p u l a t i o n s  f r o m  l u g g i n g  areas. T h e  p a r e n t s  o f  

o v e r w i n t e r i n g  b e e t l e s  s h o u l d  n o t  h a v e  been exposed to the 

p h e r o m o n e s  used i n  m a s s  t r a p p i n g ,  p r o v i d e d  t h a t  t h e y  stew from 

l o g s  b r o u g h t  i n t o  t h e  sort and n o t  f r o m  f o g s  a t t a c k e d  t h e r e .  

T h u s ,  t h e  c h a n c e  f o r  p h s r o ~ o n e  induced s e l e c t i o n  is r e m o t e  a t  

p r e s e n t .  S h o u l d  m a s s i v e  t r a p p i n g  p r o a r a m s  e v e r  b e  i i a g l e a t e n t e d  a t  

f o g q i n g  sites, a s  well as a t  d r y l a n d  sorts, i t  may be o f  

i n t e r e s t  t 5  col lect  o v e r w i n t e r i n g  beetles f r o m  a r e a s  w i t h  and 



v i t h a u t  sn a c t i v e  pheromone-based t r a r p i n g  p r o g r a m ,  a n d  t a  d o  

c o w ~ a r a t i v e  s t u a i e s  on t h e  n a t u r e  of t h e  p h e r a a o n e  p r o d u c s d  and  

t h e  r e s p o n s e  o f  t he se  b e e t l e s  t o  s y n t h e t i c  p h e r o m o n e s .  

The lack of r o u t i n e  s a m p l i n g  p r o c e d u r e s  f o r  a m b r o s i a  b e e t l e  

a t t a c k  i n  d r y l a n d  s o r t s  makes i t  v e r y  d i f f i c u l t  t o  d i r e c t l y  

assess t h e  i a p a c t  of p h s n o m o n e - b a s e d  t r a p p i n g  o n  a a m q e .  

A l t h o u a h  the d i s t r i b u t i o n  o f  a t t a c k s  o n  i n d i v i d u a l  loqs is known 

( D y e r  1963;  C h a p t e r  B), t h e r e  is n o  d o c u m e n t a t i o n  o n  t h e  

d i s t r i b u t i o n  of a t t a c k s  w i t h i n  a d r y l a n d  s o r t .  V i s u a l  

i n s p e c t i o n s  of t h e  s o r t  a t  Sooke i n  1980 a n d  1981 i n d i c a t e 4  that 

h e a v y  attacks o c c u r  n e a r  o v e r w i n t e r i n g  h o t s p o t s ,  p a r t i c u l a r l y  o n  

l o g  ends facing t h e  m a r g i n ,  w h e r e a s  a t t a c k s  o n  t o p  o f  and 

b e t w e e n  f o g  d e c ~ s  were f e w  o r  % o d e r a t e *  I t  was riot p o s s i b l e  t o  

e s t i a a t e  a t t a c k  d e n s i t i e s  w i t h i n  t h e  d e c k s *  

T h e  results of  o v e f w i n t e r i n y  samples i n  f Y & l  a n d  7982 s h o w  

t h a t  t h e r e  is n o  difference i n  o v e r w i n t e r i n g  p o p u l a t i o n .  before 

a n d  a f t e r  t h e  mass t r a p p i n g  p r o g r a m  (Table XIff), o u t  these d a t a  

a r e  a e a s u r e s  o f  & Ijggq&gg b r o o a  emerqence from a t t a c k e d  loas 

i n  t h e  s o r t ,  It i s  p o s s i b l e  t h a t  t h e  i m p a c t  a•’ t h e  2.2 million 

TI f i n e a t u r n  c a u g h t  a t  S o o k e  i n  1481  ( T a b l e  X I V )  p r e v e n t e d  an -- ------- 
i n c ~ e a s e  i n  t h e  o v e r w i n t e r i n g  p o p u l a t i o n ,  s i n c e  a  shutdown of 

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



a r e a  t h b o u q h o u t  t h e  m a i n  p e r i o d  o t  r ;rnod emergence. 

There are no refidble m e t h a d s  f o r  dareage asses saen t  

a v a i l a b l e .  U.L. G v e r h a l s e r b  ( u n p u b l i s h e d  d a t a )  used 

l i n 2 a t i n - b a i t e d  D o u g l a s - f i r  billets p l a c e d  i n s i d e  and o u t s i d e  

t h e  t r a p  b a r r i e r  a round  2 dhyland  s o r t s  i n  Kashington  S t a t e .  

Fewer a t t a c k s  were r e c o r d e d  i n s i d e  t h e  b a r r i e r  t h a n  o u t s i $ e ,  b u t  

t h o s e  r e s u l t s  c o u l d  b e  e x p l a i n e d  a s  a l o c a t i o n  e f f e c t  (Dyer 

f 9 6 3 ) ,  s ince  t h e  billets i n s i d e  t h e  s a r t  uere exposed  t o  t h e  s u n  

whereas those o u t s i a e  the s o r t  uere s h a d e d  by trees. Boreove r ,  

t h e r e  were f a r  %are p o t e n t i a l  h o s t s  t o  compete  w i t h  t h e  b a i t e d  

l o g s  i n s i C e  t h a n  outside the s o r t .  

W s i m p f i s t i c  e x t r a p o l a t i o n  may p a r t i a l l y  e r e m p l l i y  t h e  

i m p a c t  o f  remsvincj 2.8 m i l l i o n  a w b r o s i a  b e e t l e s ,  3 . 2 5  m i l l i o n  af 

u h i c h  uere at t h e  f i r s t  a t  t a c k i n g  sex, t r am t h e  p o p u l a t i o n  a t  

Sooke. k t  a t t a c k  d e n s i t i e s  of I  ( e s t i m a t e d ) ,  2nd 13.5 

a t t a c k s / 0 . 1  m2, which a p p r o x i m a t e l y  correspond t o  pinholes 

a l l o u e d  on Bo. 2 a n d  3 Coarmon Douglas-fir b o a r d s  (McLean 1980b;  

H a t i o n a l  Lumber Gra3es A u t h o r i t y  1 9 7 0 ) ,  with u n i f o r m l y  

d i s t r i b u t e d  a t t a c k s  on 0.75 a diam. by 10 m lonq  l o q s ,  a total 

o f  5 ,360 and 396 l o g s ,  r e s p e c t i v e l y ,  voufd s u s t a i n  a t t a c k .  I f  

t h e  a t t a c k  uere l i m i t e d  t o  1 / 3  of  t h e  l o g ,  r e p r e s e n t i n g  t h e  e n d s  

i n  a l o g  d e c k ,  t h e  n u m b e r  of a t t a c k e a  l o g s  a t  each d e n s i t y  would 

b e  16,080 and  1 ,190. 

I n d i r e c t  economic a s s e s s m e u t  of t h e  impact  o f  

pheromone-based mass t r a p p i n q  a t  Sooke c o u l d  b e  a t t e m p t e d ,  b u t  



m i g h t  0s   is leading sirice m a D y  a s s u m p t i o n s  w o u l d  n a v e  t o  ~e 

made. Without extensive d a t a  o n  t h e  species a n d  grade o f  fog  

attacked, it would  b e  i m p o s s i b i e  t o  a t t a c h  a d o l l a r  v a l u e  t o  

such an a s s e s s a e n t ,  since t h e  a n o u n t  of deqrade  a e p e n d s  a n  t h e  

q u a l i t y  o f  the wood an4 t h e  attack d e n s i t y  ( D o b i e  1 9 7 8 ) .  In s t u d y  

d e s i g n e d  to a d d r e s s  these p r o b l e m s  i s  u n d e r  way (T.L. Shores, 

u n p u b l i s h e d  d a t a ) .  E v e n  t h i s  s t u d y  w i l l  n o t  o i s c l o s e  the 

e c o n o ~ i c  i a p a c t  of r e p r o c e s s i n g  o r  r e m a n u f a c t u r i n g  uf lumber, or 

r e j e c t i o n  of o theru i se  a c c e p t a b l e  p r o d u c t s  from the e x p o r t  

market, due t o  a m b r o s i a  beetle  a t t a c k .  The problem uith l o s s  of 

c l e a r  f a c e s t o c k  i n  t h e  y f y u o o d  i n d u s t r y  i s  being a d d r e s s e d  in 

another s t u d y  ( J . A .  McLeans,  p e r s .  c o m a . ) .  



F. CONCLUSIONS A N D  RECOHEE#DBTIONS 

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

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

t r a o p i n g  t e c h n i q u e s  before t h e y  a re  o p e r a t i o n a l l y  e m p l o y e a  i n  

p h e r o m o n e - b a s e d  managewen  t o f  s c o f  y t i d  b e e t l e s .  

L o g s  b a i t e d  u i t h  p h e r o m o n e  a n d  t r e a t e d  w i t h  l i n d a n e  Mere 

n o t  b e t t c r  t h a n  p h e r o m o n e - b a i t e d  t r a p s .  L i n d a n e - t r e a t e d  l o g s  a r e  

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

were e f f i c i e n t  e a r l y  i n  t h e  s e a s a n ,  b u t  g r a d u a l l y  L o s t  t h e i r  

a t t r a c t i v e n e s s ,  b e c o m i n g  less e f k i c i e n t  t h a n  s t i c k y  traps a f t e r  

4 w e e k s .  S e l e c t i o n  o f  fall or  w i n t e r  f e f l e a  l o g s  o f  >JO em d i a m .  

a n d  > 3 . 0  cn s a p w a o a  d e p t h  assures t h e  s u i t a t i f l t y  f o r  a m b r o s i a  

beetle t r a p  l o q s .  T h u s ,  p l a c e m e n t  of  u n t r e a t e d  t r a p  l a g  b u n d l e s  

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

be  r e m o v e d  n o  l a t e r  t h a n  6 weeks a f t e r  i n i t i a l  a t t a c k ,  i.e. 

before  b r u o d  eBergence. 

P r e v i o u s l y  u n t r i e d  t r a p s ,  i n c l u d i n q  t h e  multiple f u n n e l  

t r a p ,  a new d e s i a n ,  wzre t e s t e d  a g a i n s t  s t i c k y  t r a p s .  u i n d  

t u n n e l  s t u d i e s  (#.D. P. A n g e r i l l i s  a n d  J . A .  E c L e i l n s ,  unpobf i s n e d  

d a t a )  s u g g e s t e d  t h e  i m p o r t a n c e  o f  t r a ~  a e r o d y n a m i c s  and b a i t  

p l a c e r r t e n t  in a c h i e v i n g  o p t i m a 1  t r a y  e f t i c i e n c y .  A l t h o u g h  a 

s t i c k y  vane t r a p  was s u p e r i o r  t o  a l l  o t h e r  t r a p  t y p e s  f o r  3% 

k i n e a t u r n  a n d  s, rge?qggu, o p t i m i z a t i o n  o f  n o n - s t i c k y  t r a p s  -------- 



t h r o u g h  t h e  s t u a g  o f  b e e t l e  b e h a v i o r  a s  it r e t a t e s  t o  h a i t  

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

b e  a c c o m p P i s h e 5 .  T h e  multiple f u n n e l  t r a p  is easily w a i n t a i n e d  

a n d  t r a n s p o r t e d ,  m a k i n q  it m o r e  a e s i r a b l e  t h a n  s t i c k y  t r a p s  f o r  

mass t r a p p i n g  o p e r a t i o n s ,  T h i s  t r a p  t y p e  is  now being p r o d u c e d  

c o m m e r c i a l l y  ( P W G - S t r a t f o r d  L t d . ,  V a n c o u v e r ,  B.C.  V5Z 1 C 6 ) ,  and 

w i l l  be  used f o r  mass t r a y p i n q  o f  a m b r o s i a  b e e t l e s  i n  s e v e r a l  

d r y l a n d  s o r t s  i n  s o u t h e r n  b t i t i s h  C o l u m b i a  a n &  t r i e d  o n  a 

l i m i t e d  scale i n  w a s h i n g t o n  S t a t e  i n  1982  (E.GD R a n f i e l d ? ,  S ,  

B u r k e ' ,  a n d  P. Bumby'; B.H. H e a t h s ,  pers. comm.] 

S p a t i a l  and t e m p o r a l  d i s t r i b u t i o n  uere e s t a b l i s h e d  by 

o v e r w i n t e r i n g  samples f o r  TF hkneatu~ and p h e r o m o n e - b a s e d  

t r a p p i n g  f o r  a l l  3 species. T r a y  placemeat f o r  mass t r a p p i n g  a t  

Sooke was base3 o n  this i n f o r m a t i o n .  It l i ~ k t e d  damage assessment 

a t  S ~ o k e  i n  1981 s u q g e s t e d  t h a t  t h e  b u l k  of a t t a c k s  o c c u r r e d  b y  

r e s i d e n t  beetles i n  t h e  s o r t  d u r i n g  t h i s  t i ~ e .  

R o u t i n e  s a ~ p l i n g  of damage o n  r a n d o ~ l y  c h o s e n  i n c o m i n g  

l o g s ,  a n d  p r e f e r a b l y  marking t h e s e  l o g s  s o  t h a t  t h e y  can b a  

r e s a ~ p f e d  a t  t h e  sawmil l ,  would g r e a t l y  a i d  i n  i d e n t i f y i n g  

p r o b l e i s  a reas  quickly and t h u s  a l l o w  f o r  a p p r o p r i a t e  a c t i o n  t o  

b e  taken, 3.g. a l t e r e d  l o g  raovernent t o  p r e v e n t  b r o o a  from 

i n f e s t e d  l o g s  e a e r g i n q  i n  t h e  sort, and t r a p p i n g  f o r  c o n t a i n m n t  

the f o l l o w i n g  spring t o  p r e v e n t  i n f e s t a t i o n  o f  new l o y g i n ~  

sit .as.  



P ~ e r m i o n e - b ~ s e a  t r a t f i n g  i s  n o t  a p d n a c ~ a  f a r  t h e  a ~ ~ r r o s i a  

b e e t l e  prabiem, I n f e s t e d  l o g s  a r e  c s n t i n u o u s l y  b r o u y h t  i n t o  s 

s o r t  a n a  o L t e n  l e f t  long e n o u g h  f o r  b r o o d  beetles t o  emerge,  El 

sQlkug trooci can be  c a u g h t  a s  t h e y  € s e r g e  whereas TI fj-neatum 

u i f l  n o t  E e s p o n a  t o  l i n e a t i n  u n t i l  t h e  f o l l o u i n a  s p r i n g .  

I m p r o v e d  l o g g i n g  h y g i e n e ,  r a ~ i d  t u r n o v e r  o f  f o g s  i n  t h e  sorts, 

a n d  p r o t e c t i v e  r r t e a s u r e s  s u c h  a s  water % i s t i n y  ( R i c h m o n d  a n d  

N i j h o f t  1972)  o r  use of r e p e l l e n t s  ( N i j h o l t  19140) tnay a l l  h a v e  

t o  be used a l o n g  w i t h  p n e r o m o n e - b a i t e d  t r a p s  t o  a l l e v i a t e  the 

t b r e a t  p o s e d  b y  ambrosia b e e t l e s .  

Ay s t u d i e s  s h o w  t h a t  e m p l o y m e n t  of  l a r g e  R u m a e r s  of 

p h e r o r u o n e - b a i t e d  traps strateqicalfy ~ l a c e c l  a s  a b a r r i e r  a r o u n d  

a s o r t  p r o v i d e s  a n  e f f e c t i v e  means of. t r a p p i n g  l a r q s  n u m b e r s  of 

a m b r o s i a  b e e t l e s ,  and s h o u l d  b e  a v a l u a b l e  p a r t  of a m b r o s i a  

beetle manaqement. Where h i q h  p o p u l a t i o n s  a r e  p r e s e n t ,  a s  at 

Sooke, i t  i s  u n l i k e l y  t h a t  d a ~ a q e  can be p r e v e n t e d  o r  e v e n  

r e c l u c e d  s i q n i f i c a n t l y  by t r a p p i n g  alone, I t  is e x t r e s e l y  

i a p o r t a n t  t h a t  i n f e s t e d  timber b e  remove& Eras% t h e  sort w i t h i n  6 

seeks of i n i t i a l  a t t a c k  i f  t h e  p o p u l a t i o n  i s  t o  b e  r e d u c e d .  

f u r t h e r  o p e r a t i o n a l  mass t r a p p i n g  is n e c e s s a r y  t o  d e v e l o p ,  an6 

t h e r e b y  f u l l y  r e a l i z e ,  t h e  p o t e n t i a l  of p h € ? r O a o n e - b a S e Q  

- m a n a q e s e n t  of a m b r o s i a  b e e t l e s  i n  a r y l a n d  s o r t s .  



I O N S  ---- 

T h e  f s c t o r s  influencing t h e  distribution of  o v e r w i n t s r i n g  

T. l i n e a t u a  have been t h o r o u s h l y  i n v e s t i g a t e d  ( D y e r  ann K i n y b a r n  -- -------- 
1 3 6 1 ) .  Based  on d a t a  from t h a t  study, an equat ian  f o r  e s t i a a t i n g  

t h e  t o t a l  p o p u l a t , i o n  (N) o f  o v e r w i n t e r i n g  beetles d r o u n u  a 

dryland sort was derived, F i g .  28 i l l u s t r a t e s  the i n f o r m a t i o n  

used i n  d e r i v i n g  t h i s  equat ion .  

D e p e n d i n g  on l i g h t  i n t e n s i t y ,  2, L&ggatum may o v e r w i n t e r  u p  

t o  750 RI i n t o  t h e  f o r e s t  f r o s  t h e  stand marqin  (Dyer a n d  

Kinqhorn 1 9 6 1 ) .  A t  Sooke and S h a u n i g a n  beetles may o v e r w i n t e r  at 

l e a s t  90 m into t h e  f o r e s t  (F ig .  2 2 ) .  I n  o r d e r  t o  estimate t h e  

t o t a l  o v t r u i n t e r i n g  sr%a (TC;tk) f o r  these 2 s o r t s ,  3 b e e t l e  

a e n s i t f e s  from t r a n s e c t  samples  (DT) Mere calcrrlated b y  d k v i c l i n q  

t o t a l  number of b e e t l e s  from t r a n s e c t  sampf es by s a m p l e ' a r e a ,  

where s i l tnple  area  was t h e  t o t a l  from 0 ,  a n d  30 m (0.08 rrtz) ; 0, 

3 0 ,  a n d  6 0  (0.12 mz); or  0, 3 0 ,  6 0 ,  and 90 m (0.16 nZ) 

samples. C T o s  were t h e n  compared w i t h  t h e  mean density of 

overwinter ing  beetles   fro^ p e r a a n e n t  a v e r w i n t e r i n g  s a m p l e s  (DP) 

f r o m  that s s r t  and year ,  a n d  t h e  e q u a t i o n  which yielded a v a l u e  

of DT closest t o  DP, b u t  st i l l  s m a l l e r ,  was chosen .  The distance 



Fig. 2 8 ,  Diaqraa i f l u s t r a t i n y  areas  u s e d  Lor e s t i m a t k n y  
o v e r w i n t e r i n g  p o p u l a t i o n s  of & i n e p & g ~  a t  4 e r y l a n d  sorts an 
Vancouver  f slanh. 
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Toward forest margin 



used  (60 m) to c~lculate F O B  u i l s  the maximum i n c l u d e d  i n  t h e  

t o t a l  sample a rea  f o r  t h a t  e q u a t i o n o  w i t h  t h e  aiO of maps, a TUB 

was t h e n  e s t i ~ a t e a  f o r  e a c h  a rea ,  assuming t h a t  t h i s  d i s t a n c e  

was applicable t o  a l l  sorts.  

O v e r w i n t e r i n g  l i n e a t u r n  uere f o u n d  a t  t h e  h i q h e s t  

l t e n s i t i e s  i n  l i t t e r  ( d u f f )  w i t h i n  0.9 st of  trees (Dyer and 

K i n g h o r n  1961). T h e r e f o r e ,  a l l  d u f f  s a m p l e s  were t a k e n  a s  c lose  

t o  t r e e s  a s  p o s s i b l e ,  a n d  t h e  m e a n  numaer of b e e t l e s / m z  fro& the 

samples at e a c h  s o r t  were c o n s i d e r e d  t h e  m a x i a u ~  d e n s i t y  o f  

b e e t l e s  ( 9 1 )  at t h a t  s o r t .  A h i g h  (Hh) a n d  a low (HI) estimate o f  

the p o p u l a t i o n  uas made b y  v a r y i n g  t h e  azea  ( A )  w i t h i n  w h i c h  t h e  

p o p u l a t i o n  d e n s i t y  was X. For N h  i t  was a s s u m e d  t h a t  t h e  d e n s i t y  

X e x t e n d e d  t o  0 .9  BY from each t r e e  w i t h i n  TOW, a n a  f o r  #f  t o  

0*45 nr. T o  c a l c u l a t e  t h e  a c t u a l  A ,  t h e  m e a n  b a s z l  a r e a  (BB)  

mu1tiplie";tiy the t o t a l  number o t  stems ( 5 )  w i t h i n  TOA was 

deducted from t h e  a r a a  of S c i r c l e s  w i t h  t h e  r a d i u s  1 m + %@an 

r a d i u s  of  trees f o r  Ah a n d  0.5 w + m e a n  r a d i u s  af trees f o r  B l ,  

The t o t a l  n u m b e r  of beetles w i t h i n  A was then (AS. x X) f o r  # f ,  

a n d  ( A h  x X )  for Nh. 

R e g a r d l e s s  of t r e e  s p e c i e s ,  t h e  d e n s i t y  of T. &&qggtg& 

o v e r w i n t e r i n g  i n  the? bark on trees was f o u n d  t o  b e  c a t  60 % o f  

t h e  d e n s i t y  i n  t h e  a d j a c e n t  d u f f  ( b y e r  m a  K i n g h o r n  l 9 6 f ) .  The 

d e n s i t y  fell s h a r p l y  a t  0.9 IR a n d  a b o v e .  T h u s ,  i t  was a s s u m e d  

t h a t  t h e  d e n s i t y  of a v e r w i n t e r i n q  beetles i n  t h e  bark of trees 

was ( Y  = 0.6X).  The Bean area of 1 RI of stem was c a l c u f a t e d  arid 



multiplied by S f-or t h s  total stem a r e a  ( S B )  w i t h  beet le  3 e n s i t y  

Y e  T h e  t o t a l  number of bee t lks  o v e r w l n t e f i n y  i n  . b a r k  was t h e n  

calcuf ateif  as ( S A  x Y )  . 
ho direct i n f o r m a t i o n  is available on the r e l a t i v e  density 

of g, &&ngpggg i n  d u f t  mare t h a n  0 . 9  m from trees.  based o n  P i g .  

3 in Dyer a n d  K i n g h o r n  ( T 9 6 ? ) ,  i t  was a s s u t n e d  t h a t  t h e  d e n s i t y  

o f  o v e r w i n t e r i n g  beetles i n  t h e  a r e a  OBI or Ohh, o u t s i d e  the 

p e r i m e t e r  of  A 1  and Ah, r e s p e c t i v e l y ,  was ( 2  = U . 1 5 X ) .  Oh1 a n d  

O A h  were c a l c u l a t e d  o y  d e d u c t i n @  t h e  area of S circles w i t h  t h e  

r a d i u s  0 . 5  m + mean r a d i u s  of trees and 1 RI + mean r a d i u s  of 

trees, r e s p e c t i v e l y ,  from TOA. The t o t a l  n u ~ $ b e ~  of beetles 

w i t h i n  081 uas c a f c u l a t e Z  a s  (OBI x 21, and within OAh a s  (8Ah  x 

Z) 

T h e  f i n a l  2 e q u s t i o n s  u s e d  were t h e n :  

I1 = ( A f  x X )  + (SA x Y )  + (Oh1 x Z) 

and 

H h  = [ R h  x X )  + (SA  x Y )  + (OAh x 2). 



TABLE XV. Data used f o r  c a l c u l a t i n g  e s t i m a t e d  o v e r w i n t e r i n g  p o p u l a t i o n s  

of - T.  l ineaturn i n  4 d ry land  s o r t s  on Vancouver I s l a n d .  

Ssoke Shawnigan F o r t  Renfrew China Creek 

- "P --- 

a 
Stand d e n s i t y  ( s t ems /ha)  1 , 3 3 0  744 61 0 1 ,550  

a Basal  a r e a  (m2/ha) 161. 82.6 49.1  34.6 

Mean t r e e  d iamete r  (m) .35 0.38 0.39 0.18 

Length of margin (m) 2,000 1 ,000  2,200 1 ,100 

Overwintering area (ha)  3.0 7 7.5 6 . 6  

U 
I a m  indeb ted  t o  company personnel. ,  who prov%ded s t a n d  d e n s i t y  and basa l  
a r e a  d a t a .  
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