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Ethanol  and t h e  aggr$ation ph&omone, s u l c a t o l  (6-methyl-5- 
- 

, hepten-2-01), were deployed.for  t h e  l a s t  week o f  t h e  months A p r i l  t o  
f 7 ,  - a- 

October 1974, i n  t r a p s  a t  10  locat ior ig i n  a  commercial sawmill  a t  
l 

F Chemain~s,  B r i t i s h  Columbia. S u l c a t d l  was t h e  only  e f f e c t i v e  t rea tment  
i -t-- 

( ' - *  
f o r  c a p t u r i n g - t h e  ambrosia b e e t l e  G n a t h o t r i c h u s  s u l c a t u s  (LeConte). , 

* -  

Traps b a i t e d  wi th  it a lone  o r  i n  combination wi th  e thanb l  caught ove; 98% 

- o f  -&he 3,09€&G. s u l c a t  u s  captured, No-signi  F icant  -irit-eract ionnb-etwweFnT--- -- 

L - 

e thano l  and s u l c a t o l  was ev ident .  Seasonal t r e n d  i n  numbers of b e e t l e s  
1 1 - 

caugh t  was d i s t i n c t l y  bimodal. L o c a t i o a  wi th  t h e  g r e a t e s t  ca tches  o i '  

b 
b e e t l e s  were those  where unseasoned lqnbef was Stored ,  s u g g e s t i ~ g  t h a t  

b e e t l e s  e i t h e r  emerged from o r  were a t t r a c t e d  t o  such lumber: . 
4 

Eggs, l a r v a e ,  pupae and a  cal low a d d l t  of  G. s u l c a t u s  found i n  - 
- - - 

- -- - -- - - -- -- 

w e s t e r n  hemlock boards 2 months a f t e r  i n i t i a l  a t t a c k ,  indicat 'ed t h a t  G. 
P - .. . 

.' f s u l c a t u s  can su rv ive  and reproduce i n  sawn lumber 2nd- t h u s  p re se6 t s  a  

I = _  
t h r e a t  of  i n t r o d u c t i o n  t o  lumber-importing c o u n t r i e s .  I n  1975, t h e  f i r s t  

v e r i f i e d  a t t a c k s  on unseasoned lumber by f l r y p d e n d r o n ~ i n e a t u m  and G. 
\ 

C - 
- *  r e t u s y s  were recorded. 1 

r 

I n  1975; t r a p s  were b a i t e d  wi th  s b l c a t o l  f u l l - t i m e  i n  1 l o c a t i o n ,  , 
I 

e 
! .  f o r  a l t e r n h t e  biweekly pe r iods  i n  2 l o ~ a t i o n s ,  and l e f t  unbai ted i n  a  ' 
. . -  

c o n t r o l  l o c a t i o n .  Freshly-sawn t e s t .  l oads  o f  J u m b e r e ~ e L a u t  af- - 
i' 

weekly i r k e r v a l s  i n  each l o c a t i o n .  Suppression r a t i o s  [humber o f  - y 

- - - - - 
-- . --L 

- . - 
b e e t l e s  cadght on t raps / (number  df estimated. b e e t l e s  i n  lumber +.number " 

i 

caught o n  t raps)-]  were -h ighes t  i n  :he l o c a t i o n  where +raps  were cont inu-  

ous ly  b a i t e d  wi th  s u l c a t o l .  I n  t h i s  l o c a t i o n ,  suppress ion  r a t i o s  of  0.70 

1 

o iii 



< 

'. ,' 

and 0.87 were recorded for male and female beetles, respectively, indi- 

cating that sulcatol-baited traps have good potential for suppression of 
C d 

mill populations of G. s u l c a t y g :  Greatest attack was recorded on test 

loads 2 to 4 weeks after sawmilling, suggesting-development of -secondary - 
attraction in-the first week, and decline in host suitability due to 

f * 

dry+$ after 4 weeks, Significantly greater attack on lumber piles near 

sulbatol-baited traps Xndicated an area response by male. beetles. "uture 

control of G.. s u l c a t u s  in sawmills may Ltilize sulcatol*aited traps, 
- -- - - - - -- - - - - - -- - -- - -- - - - - - 

' .  
- - - - - - - -- - - - - -- - 

placed next to "tra> piles of attractive ,fresh slabbing which could sub- - 

sequently be disposed of. - 
r- - 

In the. un+;ersity of British Columbia Research forest, Maple 
I 

Ridge, B. C., 4' Douglas-fir trees- were felled at each of 3 locations, , 

afid 4 western hemlock trees were felxed a$ each of 3 other loc3tions on' . 
i 

, 
- 18 April 1974 .' Logs and- theirrespective stumpsereb-aftedPwTth- -- up-Pp' - 

I' -. * '  

I ethanol and/or'sulcatol on 26 ~~ri.1, 1 &baited log and stump served as ' 
-- -- 

controls in each location. G. s u 1 c a t . u ~  attacks increased. rapidly, reach- 
, 

ing a maiximum inJune, and,Jyly, followed by a steady decrease Wtil 
I 

gi 

October.' Over half the attacks were on stumljs, in which attack density 
" .+ . , 

2 
reached 683.5/m . The majori6y of attacks were on stumps and loqs baited 

\ 
with sulcatol'or sulcatol plus ethanol. A significant interaction be- 

t 

tween-sulcatol and ethanol occurred on Douglas-fir.' Significantly more . I 
! 

beetles attacked ethanol-baited western hemlock stumps and logs than - I  

\ ' 0 
- - ---- 

unbaited controls. Stumps baited with sulcdtol and then treated with . . 
I '  . 

ethanol& solutions of iystemic insecticide may beausea to trap and kill 1 



\ I n  f i e l d  exper iments ,* the  .optimum r e l e a s e  r a t e s  f o r  s u l c a t o l  andl 

e thanol  were 100 mg/day and lO'g/day, respect ive ly .  V e r t i c a l  c y l i n d r i c a l  
. . 

wiremesh s t i c k y  t r a p s  were' more e f f e c t i v e  than h o r i z o n t a l  wiremesh 
. . - 

cy l ibders ,  a  f l a t  wiremesh t r a p ,  o; a  b a s r i e r  krap. . I n  t h e  labora tory ,  

both sexes of G. sulcatus were a t t r a c t e d  t o  western hemlock sawdust and 
C 

ethanol .  The response o f  '&q$.es t o  each substance a lope  was g r e a t e r  * ' 

than  t h a t  of t h e  males, while- t h e  & l e  response was 
' ,  

g r e a t e r  . t o  - t h e  combi- 

na t ion .  I s o l a t i o n  and i d e n t i f i c a t i o n  of  host-prodbced a t t r a c t a n t s  i n  ' ' - 
a d d i t i o n . t o  e thanol  w i l l  prov&delnew 
7 - 

- - - - - -- -- - 

con t ro l  
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Frontispiece. A male Gnathcitrichus s u k a t u s  constr.ucting 
a 1.2-mm diameter g_alier$ in a board sawn from western 
hemlozk sapwood. The femal her eggs in 
niches made in ehe walls of 
by the baring male will larvae 
and adults with food. 
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Figure  -- 

1. .Map of MacMillan Bloedel Ltd. ,  Chemainus 
Sawmill, Vancouver I s l a n d ,  B.C., showing b 

t r a p  l o c a t i o n s  1 t o  10 and t r a p  s i t e s  a 
t o  d a t  each l o c a t i o y .  Dotted l i n e  de l ine -  
a t e s  pe r ime te r  'b f  work area'  o f  t h e  m i l l .  
C lear  arrow indicaFes  d i r e c t i o n  o f  log  move- i 
ment i n  water .  Log booms s t o r e d  t empora r i l y  
i n  Horseshoe Bay. Dark arrows i n d i c a t e  , 
pathways o f  movement of  freshly-sawn, un- 

. . . . .  . . . . . . . . .  seasoned l p d e r  : i 

I 

2 .  Va r i a t ion  i n  t o t a l  c a t c h  o f  G n a t h o t r i c h u s  
s u l c a t u s  i n  monthly sampling pe r iods  a t  t h e  

. . . . . .  Chemainus Sawmill, April-October 1974 

?. G n a t h o t r i c h u s  s u l c a t i s  g a l l e r i e s  i n  unseasoned 
western hemlock board 2 month5 a f t e r  a t t a c k  
i n  l a t e  August 1974. Note g a l l e r i e s  pene- 
t r a t i n g  a t  r i g h t  ang le s  from a freshly-sawn, 
f ace  and t h e  arrangement of  egg n iches  ( E ) ,  
empty n iches  (N) and l a r v a l  n iches  , ( L ) .  
Each g a l l e r y  contained both p a r e n t  a d u l t s .  ' 

The presence  of  wane ( W )  i n d i c a t e s  t h a t  t h e  
board was c u t  from t h e  sapwood of  t he  l o g  . . 

4-7. Numbers of G n a t h o t r i c h u s  s s u l c a t u s  captured  on 
s u l c a t o l - b a i t e d  t r a p s  and a t t a c k s  on lumber 
i n  4 l o c a t i o n s  i n  t h e  Chemainus Sawmill, 
MacMillan Bloedel  Ltd . ,  Vancouver I s l a n d ,  
B.C. ,  dur ing  1975. , F i g .  4: Location 1, t h e  
North P laner .Mi l1  Yard. F ig .  5 :  Location 2., 
t h e  South P l a n e r  ~ i l l ' y a r d .  Fig. 6: Location 
3, t h e  Assembly Yard. F ig .  7: Location 4 ,  the) 
west road t o  t h e  P i t  Lumber Yard. Horizontal  
b a r s  i n , F i g s .  6 and 7 i n d i c a t e  per iods  when 

. . . . . . . . .  t r a p s  were b a i t e d  wi th  s u l c a t o l  

8 , 9 .  Numbers o f  2 s p e c i e s  o f  ambrosia b e e t l e s  cap- 
t u red  on t r a p s  i n  t h e  m i l l  s i t e  and i n  t h e  
booming ground, ~hemaikus  Sawmill, MacMillan 
B loede l  Ltd. , Vancouver I s l a n d ,  B .C. , during- 
1975. Fig. 8 :  Trypodendron l i n e a t u m .  Fig .  9 :  
Gnathokr ichus  r e t u s u s  . . . . . . . . . . .  
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10. Dead Trypodendron l i n e a t u m  i n  an o f f c u t  taken 



I ' 

I 

Figure 

from t h e  chipper chai  le Chemainus Sawrni;l, 
- MacMillan Bloedel Ltd. , Vancouver ~ s i a n d ,  B. C. , 

on 1 May 1975. Note t h a t  a l l  bee t lds  i n  pupal 
niches a r e  head-in, +s opposed t o  the  nqrmal 
head-out' p o s i t i o n  o f  'pupae and callow a d u l t s  . . 

+ * 

Aspects of t h e  study of G n a t h o t r i c h u s  s u l c a t u s  
response t o  ba i t ed  stumps and f e l l e d  logs  i n  
t h e  U.B.C.  Research Fores t ,  Maple Ridge, B .C . ,  

$1974. Fig. 11: Vials  containing v o l a t i l e  sub- 
- - -  - 

s tances  i n  r e l e a s e  j a r  i n  wireholder on Douglas- 
f i r  log .  Fig. 12: Weekly f i e l d  search f o r  
f r e s h  s c o l y t i d  a t t acks .  Fig. 13: Heavily a t -  
tacked Douglas-fir stump i n  mid-summer. Note 
marking p i n s  and accumulation of f r a s s  around _ 
t he  base. Fig. 14: Pinned G .  s u l c a t u s  en t ry  , 
hole i n  Douglas-f og wi th  accumulation of 6 . . . . . . . . . . . . .  f r a s s  below 

Seasonal a t t a c k  o f  4 s c o l y t i d  species  on stumps 
and logs  of  sp r ing- fe l l ed  Douglas-fir and 
western hemlock i n  t h e  U.B.C.  Research Fores t ,  
Maple Ridge, B.C. ,  1974. Fig. 15: G n a t h o t r i c h u s  
s u l c a t u s .  Fig. 16: P ~ e u d o h y l e s i n u s  n e b u l o s u s .  
Fig. 17: Dendroctonus pseudotsugae.  Fig. 18: 
Pseudohy les inus  t s u g a e  . . . . . . . . .  

Biweekly a t t a c k ,  by treatments;  of  G n a t h o t r i c h u s  
s u l c a t u s  on stumps and logs  of 2 host  species  
i n  the  U.B.C. Research Fores t ,  Maple Ridge, 

' B.C., 1974. Fig. 19: Douglas-fir stumps. Fig. 
20: Douglas-fir logs .  Fig. 2 1 :  We%tern hemlock 
stumps. Fig. 22: Western hemlock' logs. Note 
the .d iTference  i n  s c a l e  between Figs.  19,20 and 

. 21,22 ,,. . . . . . . . . . - . .  
Y 

Trap designs t e s t e d  i n  a  s e l e c t i v e l y  logged f o r e s t ,  
Point  ~ o b e r t s ,  Washington, 14 Ju ly  t o  1 August 
1975. Fig. 23: The standard c y l i n d r i c a l  wire- 
mesh s t i c k y  t r a p .  ' Fig. 24: A hor izonta l  s tandard 
t r a p .  Fig. 25: The v e r t i c a l  s tandard t r a p  with 
a b l a c k g a u z e  insert, E i s  -26r-The,h~r-iz~ntal- 
s tandard t r a p  with black gauze i n s e r t .  Fig. 27: 
The f l a t  wire mesh s t i c k y  t r ap .  Fig. 28: The 
p lex ig lass  b a r r i e r  t r a p  . . . . . . . . .  
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INTRODUCTION 

The ambrosia b e e t l e ;  G n a t h o t r i c h u s  s u l c a t u s  (LeConte) , i s  one o f  

/ 

. t h e  most common wood-boring i n s e c t s  which a t t a c k s  r e c e n t l y - f e l l e d  t r e e s  % 

- i n  t h e  c o n i f e r  f o r e s t s  of  t h e  6 a c i f i c  Northwest (Mathers 1935, P rebb le  

., 4 - 
and ~ r a h h m  1957).  While never  a s  abundant a s  t h e  h o l a r c t i c  s p e c i e s  

- ~ r ~ ~ o d e n d r o n  l i n e a t w n  ( O l i v i e r )  ,- during-the e a r l y  s p r i n g  Rass a t t a c k  
--A 

, - 
+ .- . pe r iod ,  G. s u l c a t u s  cont inues  t o  i n i t i a t e  a t t a c k s  f r o m , ~ a ~ '  through 

1 % I 

November. Unlike T. l i n e a t u m ,  which r e q u i r e s  l o g s  t h a t  a r e  s e v e r a l  
L ,  > 

months "old" a f t e r  f e l l i n g -  (Prebble and Graham 1957, Dyer and chapmad ' 

week a f f e r  f e l l i n g  19$5) , G. s u l c a t u s  can a t t a c k  logs  w i t h i n  t h e  f i r s t  

, ( ~ a t h e ~ s *  1935, Cade e t  a l .  1970) . -ga 
I ' 

The a t t a c k i n g  b e e t l e s  bore  d i r e c t l y  through t h e  bark  i n t o  t h e  

sapwood, and c o n s t r u c t  g a l l e r y -  systems perpendicular  tfq t h e  g r a i n ,  by 
I 5 

,/ 

fol lowing mainly the -  s p r i n g .  wood growth-.rings ~ ( ~ r a h a m ,  ~ i n g h o r n ~  and Webb 
-$g - ,  

A s  t h e  b e e t l e s  t unne l ,  fungal  spores  a r e  r e l e a s e d  f f m . t h e i r  pre-  - *. 

. 
coxal  mycetangia ( F a r r i s  1963., Schneider  and Rudinsky 1969) .  Three .I - P .  

s p e c i e s  of  xylophagous fung i ,  ~ m b r o s i e l l a  s u l c a t i  Funk, ~ a f f a e l e a  s u l c a t i  

Funk, and Graghium s p  have been i s o l a t e d  from G .  s u l c a t u s  g a l l e r i e s  i n  

Douglas-f i r ,  PSeudotsuga m e n z i e s i i  (Mirb.) Franco (Funk 1970).  The 
- 

- 

3 f i 
mycelia and f r u i t i n g  bodies  a r e  considered t o  be  t h e  major food o f  'G. 

_ s u l c a t u s  l a r v a e  and a d u l t s  ( F a r r i s  1963).  - T 

g 
Eggs are -la* i n ~ i c h e s - c u t -  i n - t h e s l d e s  o f  the g a l l e r y ,  and t h e  Q - 

P - j 
l a r v a e  c o n s t r u c t  ".cradles': i n  which they feed o n  t h e  fungus g r o w i n ~ o n  - 

- - 

t h e  surrounding wood. Pupation t a k e s  p l ace  i n  t h e  c r a d l e s ,  and t h e  r e su l -  

t a n t  a d u l t s  emerge t o  r e a t t a c k  t h e  same o r  new h b s t  t r e e s .  Development 



. ?  - 
, f  om egg t o  a d u l t  may t a k e  about  2 months i f  cond i t i ons  a r e  favorable .  

$ 
There a r e  u s u a l l y  2 gene ra t ions  pe.r yea r ,  t h e  second o r  summer genera t ion  

t 

- overwinter ing  wi thout  didpause i n .  t h e  h o s t ,  p r i m a r i l y  a s  l a r v a e  o h  ca.110~ - . 1 

a d u l t s .  

Emergence from t h e  h o s t  and  l i g h t  begin i n  s p r i n g  when d a i l y  
/ . , -  - 

temperatures  exceed 15-DC- 4Da$erman,- ~ u d i n s k ~  and- Nagel 1965)T-LTh=tlXiiF-u- -- 
e 

of  maximal f l i g h t  a c t i v i t y  i s  r egu la t ed  by l i g h t  i n t e n s i t y  (Rudinsky and 
' .- 

. Schneider  1969).  i n  f l i g h t ,  t h e  b e e t l e s  a r e  guided t o  h o s t  m a t e r i a l  by 
t 

odor cues emanating from s u s c e p t i b l e  l ogs  (Graham and Werner 1956, 

4 Chapman 1963).  One suc4  odor  cue from a t t r a c t i v e  western hemlock, Tsuga 
+ * 

h e t e r o p h y l l a  (Raf.) Sarg . ,  has .been  i d e n t i f i e d  a s  e thano l  (Cade, 
' s I 

H r u t i f i o r d  and Gara 1970).  Ethanol  i s  t h e  most copcent ra ted  v o l a t i l e  

component i n  t h e  wood of  a t t r a c t i v e  Douglas-f i r  and amabilis f i r ,  A b i e s  

a m a b i l i s  (Dougl.) Forb. (Moeck 1970) .  It is  n o t  p r e s e n t  i n  f r e s h  wood 
f 

and is  thought t o  be produced by anaerobic  processes  when t r a n s l o c a t i v e  - 
- 

i n p u t  o f  oxygen i s  prevented (Graham 1968).  

Secondary a t t r a c t i o n  (Borden, VanderSa~ and Stokkink 1975) has  

bgen demonstrated under f i e l d  cond i t i ons  f o r  G. s u l c a t u s  (Cade 1970) and* - 
c 

i n  t h e  ~ a b o 2 a t o r y  ( ~ d r d e n  a i d  Stokkink 1973).  An aggrega t ion  pheromone, 

p re sqn t  i n  t h e  bor ing  d u s t  and hindgut  o f  male b e e t l e s ,  was i s o l a t e d ,  

i d e n t i f i e d  a s  

name s u l c a t o l -  
3 

6-methyl-5:hepten-2-01, synthes ized ,  and given t h e  t r i v i a l  

(-BByrn-e;e+-ar T9 7q------ . I n  f i e l d  ; r i a l s ,  t r a p s  b a i t e d  wi th  a 

- - -- 

racemic mixture of  s y n t h e t i c  s u l c a t o l  a t t r a c t e d  l a r g e  nmb%Ts o f  =h 
* 

sexes  of  G. s u l c a t u s  d e s p i t e  competi t ion from n a t u r a l  h o s t  and b e e t l e  

odors  (Byrne e t  a l .  1974).  



Together wi th  o t h e r  ambrosia b e e t l e s ,  espec,ial'ly T. l i n e a t u m  and ' 

G. r e t u s u s  (LeConte), G .  s u l c a t u s  causes cons ide rab le  economic l o s s  by 

* 
degrading wood products ,  e s p e c i a l l y  sawlogs and p e e l e r  l o g s  (McBride and . 

C - 
Kinghorn 1960, Richmond and R a d c l i f f e  1961).  The p re sence -o f  black- 

4 C 

s t a i n e d  ambrosia b e e t l e  g a l l e r i e s  (commonly r e f e r r e d  t o  a s  p inh6 le s )  !in ' 

- '  

t h e  sapwood edges of  l a r g e r  dimension lumtjer, r e q u i r e s  t h a t  i t  be  r e s a w n - _ -  *---- 
k 

t o  produce cl-ear  lumber r e s u l t i n g  i n  cons iderable  economic l o s s  (~i'chmond 

1968) .  The presence of  ambrosia b e e t l e s  i n  exported 1umber.from t h e  west 

c o a s t  of North America (Mi l l igan  1970) has  l e d  t o  qua ran t ine  problems i n  
j .  

import ing c o u n t r i e s  t h a t  have e x t e n f i v e  e x o t i c  f o r e s t s  (Graham and Boyes 

1950) . A r e c e n t  i n t e r c e p t i o n  i n  ~ e w '  Zealand of l i v e  G. s u l c a t u s  l a r v a e  
wl 

i n  sawn Eouglasif i r  t imber  from t h e  P a c i f i c  Northwest (Bain 1974) ehpha- 
. . * 

s i z e s  t h e  need f o r  p r o t e c t i o n  o f  freshly-sawn lumber. 
\ 

, , 
w 

My- o b j e c t i v e s  were : . \ G 

1) t o  eva lua te-e thanol  and s u l c a t o 1 , a l o n e  and t o g e t h e r ,  as poten- 

s f i a l  p e s t  management agen t s  i n  t h e  f o r e s t  and i n  a commercial 
, 

P 

sawmill ; 
* 

2 )  t o  a s s e s s  t h e  e f f e c t  o f  a t t r a c t a n t  r e l e a s e  r a t e s  and t r a p  desiqn 
t 

on t h e  response o f  b e e t l e s  i n  t h e  f i e l d ;  
a 

3 )  t o  e l u c i d a t e  t h e  r o l e  o f  e thanol  and o t h e r  h o s t  odors  i n  G. . h 

s u l c a t u s  . a t t r a c t i o n ;  and . 
, - -  - -- - - 4 )  t o  eva lua t e  t h e  capac i ty  o f  G. s u l c a t u s  t o  i n f e s t  and reproduce 

d - - * - -- 

i n  freshly-sawn, unseasoned lumber. 



-- - - 

4 

I N  A COMMERCIAL 
1 

SAWMILL WITH THE PHEROMONE, SULCAML 

I n f e s t a t i o n  of freshly-sawn, unseasoned lumber by t h e  ambrosia 

b e e t l e  G n a t h o t r i c h u s  s u l c a t u s  (LeConte) is  of  continuing concern t o  t h e  
\ 

f o r e s t  i n d u s t r i e s  of  B r i t i s h  Columbia (Richmond 1968). 'Such i n f e s t a t i o n s  
- - - - - - - - - - - - 

have caused quarant ine  problems' i n  export  markets, e .g. ,  i n  Aus t ra l i a  
I .L 

T'C 
8 

(Graham and Boyes 1950) and New Zealand, (Milligan 1970, Bain 1974). I n  

t h i s  study a t  MacMillan Bloedel Ltd . ,  Chemainus Division Sawmill, 

Vancouver I s l and ,  B.'c. , i n  1974, the ob jec t ives  were: t o  t e s t  su lca to l -  

ba i t ed  t r a p s  a s  a  de tec t ion ,  survey and p o t e n t i a l  populat ion con t ro l  
d 

B 
t o o l ;  t o  t e s t  e thanol  a6 an a t t r a c t a n t  alone,  and a s  a  poss ib le  synerg i s t  A. 

-r 

f o r  s u l c a t o l ;  t o  establish seasonal  t rends  i n  b e e t l e  occurrence; and t o  

determine t h e  d i s t r i b u t i o n  of G. su l ca tus  throughout t h e  , m i l l  a rea .  

Methods 1 

Groups of  4 t r a p s  were s e t  o u t  i n  10 loca t ions  throughout the  

m i l l  a rea  and p o s i t i o  d s o ' a s  not  t o  i n t e r f e r e  with m i l l  opera t ions  J F i g .  1 The s h o r t  t d i s t ance  between any 2 t r a p s  was 25 m. The 
@ ,  

t r a p s ,  described by Byrne e t '  a l .  (1974) , were 0.3 m2 cy l inders  of wire 

mesh coated with Stickem Specia l  supported on poles  approximately 1 .5  m r' 
above t h e  ground ( see  Fig. 23) . Each group of  4  t r a p s  cons is ted  o f :  an 

- - - -- - - - - - - 

unbaited con t ro l  with an empty v i a l ,  a  t r a p  ba i t ed  with 2  m l  of  95% ' 'Y 
-- - - - - - - - / 

ethanol ,  1 with approximately 60 mg undiluted s u l c a t o l ,  and 1 with 2 m l  

of 95% ethanol  and 60 mg s u l c a t o l  i n  separa te  v i a l s .  The s u l c a t o l  was 
- 

synthesized a s  described by Byrne e t  a l .  (1974). 

e 



b 
Fig.  1. Map of MacMillan Bloedel Ltd. , Chemainus sawmill ,  
Vancouver I s l and ,  B.C. ,  showing t r a p  l o c a t i o n s  1 t o  10  and 
t r a p  s i t e s  a t o  d a t  each loca t ion .  Dotted l i n e  d e l i n e a t e s  . 
per imeter  of  work a r e a  of t h e  m i l l .  C lear  arrow i n d i c a t e s  . 

V i r e c t i o n  of l og  movement i n  water.  Log booms s t o r e d  
l y  i n  Horseshoe Bay. Dark arrows i n d i d a t e  path- 

of freshly-sawn, unseasoned' lumber 





t -  a a 
. - C  

F - L 

5 -- - - -- 

A l l  v o l a t i l e ~  were f e l eased  from 4 m l  v s l s  w i < i  screw:caps I . 
pierced by a 4 mm diameter hhle'. Via ls  were enclosed i n  a~ inver ted  -64 m l  . 

,- - 

g l a s s  j a r  with a . p l a s t i c  snap-on cap p ierced byC12 ho les  4 m i n  &a@t~;-  
' A  - .  

The g l a s s  j a r  Hssemblj, yas t o  t h e - t o p  of . the  t r a p ' s  s' oqt-ing pol'e . 
d. \ 

+ From such a system, under & s t a n t  laboratory.--conditions of 20•‹C a n ' d k %  
I 

1 . d I .  

4 
, R.H. , t h e  24-fhr evapora;ion r a t e s  of  95Kethanol  and' s u l c a t o l '  were 180 mg 

'. 
L '  . 

- - -- - - -- - - and 2 5 mg , r e  s p e d v e  llr; -'- . - - - A - 
'"I ' , 2 

t ;apThites remained f ixed ,  the  a l l o c a t i o n  of t h e  t rea tments  ' * 
-- S - . 

- *  
a t  each .Io.cation was by use of  random numbers. The t r a p s  ;ereabperated - w 

i 
F - - - *-- 

f o r  'the l a s t  wee f i n  each &nth,  from t h e  f i r s t  f l i g h t  month, Apri l  * 
n --- 

* - . v 
I /  

(Datekman e t  a l .  1965),  through 0ctobek~1974,  the  l a s t  k n g h  i n  which a 
, 

- 1 . -  .- 
- major f l i g h t  =was expecte* (Byr*e e t  a l .  1974) . A l l  ambrosi'a b e e t l e s  , 

were removed from t h e  t r a p s  a t  t h e  end of t h e  week and s t o r e d  temporarily - 

# , 
i n  S h e l l  household c leaning so lven t .  When not  i n  use, t h e  e a p s  were . , - - unbaited 'and covered with a p l a s t i c  bag. I n  t h e  labora tory  the  b e e t l e s '  . \, 
were a i r  d r i ed ,  i d e n t i f i e d  t o  spec'i&, sexed, d s to red  i n  70% ethanol .  

" 7 
were transformed t o  x V = l o g  (x+13 before  a n a l y s i s  of  

10 

variance following the  r a t i o n a l e  of  Williams (19.51) and Moore ' a ~ d .  Tukey 

Results  and DiscussTon 

S p e c i e s  Captured 

17 were G. retusus fLeConte) and 43 were Trypodendron- l ineat-m (OriviPer)-. - 

-1 

Ther no ind ica t ion  t h a t  G. r e t u s u s  o r  T .  l i n e a t &  responded t o  any 
9 



of t h e  t rea tments .  Very few o t h e r  s c o l y t i d g  were-captured, with no 

apparent response t o  any treatment.  No e f f o r t  was made t o  c o l l e c t ,  count 

o r  i d e n t i f y  %hese b e e t l e s .  a 

E f f e c t i v e n e s s  of ~ r e a  t m e n t s  

The r e p l i c a t e d  f a c t o r i a l  design of t h i s  experiment allowed an 
k 

evaluat ion t o  be miae o f  t h e  e f fec t iveness  of  ethanol  and SuIcato l  whFn- -' -- 
* 

used alone and of t h e i r  i n t e r a c t i o n  when used toggther  (Table I ) .  Sul- 
I 

cat01 was the  only s i g n i f i c a n t  main e f f e c t  (P<0.01). The mean 1-week 
I 

catches i n  each month by treatment and sex a r e  shown i n  Table 11. 

The ma1e:female r a t i o  of b e e t l e s  trapped a t  s u l c a t o l  t reatments 

was 1:1.69 (n=1,630).  A t  no time d id  it approach t h e  1:2.65 l e v e l  re-  
/ 

ported by Byrne e t  a l .  (1974) who trapped t h e i r  b e e t l e s  i n  a selectiv$y ' 

logged f o r e s t  a rea  and caught 24,9 b$etles/trap-day compared with the  

3 . l / t r ~ d & y  ig t h i s  study. The r a t i o  of  b e e t l e s  t rapped a t  t h e  ethanol  
0 .  

C) p lus  s u l c a t o l  t reatment was 1:1.41 (n=1,420). .Of t h e  38 b e e t l e s  captured ' 

by t h e  e thanol  t rea tments ,  25 were males, a poss ib le  i n d i c a t i o n  of  t h e  - 
reported r o l e  of ethanol  a s  a primary a t t r a c t a A t  f o r  G. s u l c a t u s  (Cade 

e t  a l .  1970). The weekly evapora'tion r a t e  i g  t h i s  experiment was low,. 

, . 
seldom approaching the  2 m l  deployed i n  the  v i a l s .  The l a r g e  response 

. , 
e 

by G. s u l c a t u s  males reported b y ' ~ o e c k  (1971) was t o  t r a p s  r e l eas ing  ap- 

1- 
proximately 10 &n ethanol)trap/day (H. A .  Moeck, personal  communication) 

. . 

P a c i f i c  ~ d r i s t  ~ e s & r c h  ~ e n t r e , :  506 West Burnside Road; 
Vic tor ia ,  B .C .  



Table  I. A n a l y s i s  o f  Var iance t a b l e  f o r  Gnathotrichus 
7' s u l c a t u s  c a u g h t  i n  the -  Che tp inus  Sawmill ,  B.C., A p r i l -  

Oc tober  1974 

* 
d f M S  

' * a  . * Sources  o f  Var . ia t ion F 

Treatment?  

Main ~ f ' f p c t  

Main E f f e c t  

I n t e r a c t i o n  

Between : 
s 

E t h a n o l  n - 
S u l c a t o l  

E thano l  p l u s '  S u l c a t o l  

Sexes  o f  Beetles 1 0.161 3.29 

Months 

Loca t ions  _ 9 2.994 61.10**; - . * - , - 
4' 

F i r s t  Order I n t e r a c t i o n s  , 
"r 

Sex x Treatment  

Treatment  x  Month 

Treatment  x  Loca t ion  
a .  

Sex x  Loca t ion  

Sex x Month , 

L o c a t i o n  x  'konth 

E r r o r  423 0.049 ? 

- - - -- - -- 
\ .  

a 
S i g n i f i c a n c e  l e v e l s  i n d i c a t e d :  *, P<0.05; **, P<0.'01. 

These r e p o r t e d  p r o b a b i l i t i e s  may vary  s l i g h t l y  due to'*non- -: 
a d d i t i v i t y  e f f e c t s  as i n d i c a t e d  by Tukey 's  t e s t .  



. T  able 11. MeaP c a t c h e s  p e r  1-week sampling p e r i o d  o f  . . 
Gnatho tr ichus  s u h a t u s ,  b y  t r e a t m e n t s ,  i n  t h e  Chemainus 
Sawmill ,  Apr i l -Oc tober  1974 (n=7) P. 

x Ca~tch (fl S.E.)  
Treatment  

Males ~ e k a l e s  

C o n t r o l  

1 
E t h a n o l  

E thano l  p l u s  s u l d a t o l  



, - f * - Seasonal Occurrence 

4 d i s t i n c t  seasonal  v a r i a t i o n  occurred i n  t h e  numbers o f  male 
a 

apd female G; s u l c a t u s  c a p t u r e d  ( ~ i ~ .  2) . A smal l  s p r i n g  peak was f o l -  

lowed by k much l a r g e r  peak i n  l a t e  summer. These r e s u l t s  a r e  c o n s i s t e n t  

4 
4 with  r e p o r f s  o f  "heavy f l i g h t s "  o f  b e e t l e s  i n  t h e  mil lsarea dur ing  May 

\ 

and September, ovkr a 4-year per iod .  1967 t o  1970 (L. cobbr2  pe r sona l  
;t - 

4 \ cormnunicationJ. P o s s i b l e  c o r r e l a t i o n  between f l i g h t  peaks and changes i n  .. . 
. , 

l o g  o r  f r e s h  lumber inventory  was no t  i n v e s t i g a t e d .  However, t h e  d a t a  

co r robora t e  i i e l d  s t u d i e s  which record  moderate f l i g h t  o f  G. s u l c a t u s  i n  

,May (Cade 1970) and in'Max t o  June (Daterman e t  a l .  1965) ,  and peak 

f l i g h t s  i n  l a t e  summer (&'1970, Byrne e t  a l .  1914) .  The ma1e:female 
T 

r a t i o  o f  t h e  3,098 b e e t l e s  caught was 1:1.52. I t  v a r i e d  from 1:1.08 i n  

June (n=77) . t o  1:l. 85 i n  August (n=1,098).  

C 
J 

V a r i a b i l i t y  Between Locat ions  and Trap S i t e s  * -- - 

1 

The -number o f  G. s u l c a t u s  caught a t  each' o f  t h e  loca t ion ;  through- 

! 
o u t  t h e  m i l l  a r e  recorded i n  Table 111. Fif ty-seven percent '  (n=1,766) 

L 
o f  a l l  b e e t l e s  caught were t rapped  a t '  l o c a t i o n  4.  hidl location was used 

t o  s t o r e  freshly-sawn 50 mm x 100 nun western hemlock p r i o r  t o  i t s  being 

processed. thfough t h e  p l a n e r  m i l l .  The next  h i g h e s t  numbers o f  b e e t l e s  

were captured  a t  l o c a t i o n s  7 ,  1, and 3 .  A l l  4 l o c a t i o n s  have 1 f e a t u r e  

i n  common; t h e y - a r e  t h e  f i r s t  s t o r a g e  a r e a s  o f  newly-sawn lumber. . - 
.?, - 

P - - - -- - - - - - - - - - -- 

. There i s  no conclus ive  evidence a s  t o  t h e  o r i g i n  of  t h e  captured  
t 

- - 

b e d t l e s .  Low ca t ches  a t  l o c a t i o n s  2 and 5 ,  n e a r  t h e  in l and  pe r ime te r -  

Qua l i t y  Cont ro l  O f f i c e r ,  Chemainus Divis ion Sawmill. Machli&lan7 
Bloedel Ltd. ,  Vancouver I s l a n d ,  B.C.  

\+. * ?  



/ . Q  

Fig. 2. Variation in total catch of Gnatho tr ichus  s u l c a t u s  
in monthly samplintyperiods at the Chemainus Sawmill, April- f l  

October 1974 
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-- 

f e k e s  of the m i l l ~ i ( F i & ' + i ) ,  indicate tha t  the beetle; or iginate  from 
. ' 

within the m i l l  area or  from.logs i n  the booming ground. Low numbers of 

beetles on traps a t  shoreline locations 8,  9, and 10 suggest that  few 

are flying from the log booms 1 o the m i l l  and support the hypothesis \ 
tha t  G. sulcatus emerges, from dryiGg lumber i n  the m i l l  yards and re- 

attacks n e a r b ,  "a t t rac t ive"  stored lumber. However, i f  beetles were t o  

* 
gain suf f i ~ i e n t  al&hde on leaving boomed logs, as h a s  beeri prop07~d -iTi - * -  

the i n i t i a l  dispersal f l i gh t s  of other 'scolyt ids ,  e.g., Conophthorous 
I 

coniperda (Schwarz) (Henson 1962), they might f ly  over locations 8,  9, 

and 10, and then o r i en t  preferent ial ly  towards locations 4, 7, 1, and 3 

from which odors of both pheromones and freshly-sawn lumber emanate. 

Within some locations,  it appeared tha t  more,beetles were caught 

a t  cer tain t raps i tes .  A comparison of mean catches t o  sulcatol-baited 

t raps a t  each s i t e  i n  the 3 most active locations is  recorded i n  Table 

I V .  The number caught on a t rap  has been expressed as a percentage of - 

2 

the catch per sampling period a t  the location. While t r ap  s i t e  4a 

accounted for  35.5% (n=1,.105) of a l l  beetles caught in ' the  m i l l ,  it was 
' .. 

also baited 6 times with sulcatol .  Therefore on a mean proportional 

.b P-\ 

catch basis it was bettered by t rap  s i t e s  I d  and 7b. Other t rap  s i t e s ,  

i 

such as l a ,  4b, and 7a appeared t o  be clearly infer ior .  No indications 

of what const i tutes  a superior t rap  s i t e  appear from the analysis  of the i 
data or  observation of the environment surrounding individual t rap  s i t e s .  d a 

4 -  
For exampre ; - in- lo iaf ; i~ ; -  a = - t ~ E G s  were equidistant (2- 3 m) from .+ ;r 

p i l e s  of fresh lumber. 

can be discounted as  a 
--%. 

h 4 
cause of 'var iab i l i ty  a t  t h i s  location. Until + 

1 
I 



- Table I V .  Mean pe rcen t  ~ n a t i i t r i ~ h u s  s u l c a t u s  caught 'per 
s u l c a t o l  t rea tment  a t  each t r a p  s i t e  i n  3 a c t i v e  loca t ions ,  
April-October 1974a 

+ i 

Mean Percent  Beet les  , 

No. Times Baited 
Trap 

With ~ u l c a t o l b  
Caught When Trap 

b 
Range 

Baited With Su lca to l  

40.0 92.8 

n i l  

22.0 - 71.5 

a 
Data from June and October samples a t  loca t ion  1 not  included 

a s  fewer than 15 b e e t l e s  were caught. 

Includes a l l  t rea tments  with s u l c a t b l  alone o r  with s u l c a t o l  
p lus  ethanol. Locations and t r a p  p o s i t i o n s  a r e  given i n  Fig. 1. 



definitive criteria can be established, selection of optimal trap sites 

in applied pheromone control programs must be by trial 'and error. -. 

F i r s t  Order I n t e r a c t i o n s  

The n~nsi~nificance-of Sex x Location and Sex'x Month interac- 
J 

tions (Table I) indicate that the overall sex ratio of beetleg in the 

'Q 
mill site throughout - the ssason was relatively constant, T h e  significant - - *  ,+-_- 

Sex x ~reatment interaction (Table I) is a reflection of the differing 

responses of male and female beetles to the treatments. More male than 
* 

female-G. s u l c a t u s  were caught at ethanol-baited traps while more female 

than male G. s u l c a t u s  were caught at traps containing sulcatol, alone or 

1 
& 

in combination with ethanol (Table 11). 

Treatment x Month and Treatmeqt x Location interactions arersig- 

nificant (Table I), indicating that the response to the treatments used 

varied throughout the season and within the mill site itself. With 

regard to the seasonal response, there was in particular a low June 

catch to ethanol plus sulcatol treatments (n=16) compared with sulcatol 

alone treatments (n=59) and an increase in ethanol catches in August and 
'4 

September (n=10 and 22 respectively) . There was a greater. response to 
x 

sulcatol-baited traps at 1oWions 1, 5, and 7. whereas at other locations 

the total response to ethanol plus sulcatol traps was greater. There are 

no obvious causes for these varying responses. to treatments. 

The-signif ica t,iorr-x- ~ ~ ~ e r - ~ t e & i e ~ ~ & I ~ E ~ h o w s  P T I 1 

that the relative proportion of beetles captured at locations varied- 

throughout the season. The overall ranking of locations is shown in 

Table 111. While the catches at location 4 were the highest of all 
9 

< 



t 
- - 

18 
I 

-- - - 
locations in all months, the catches at location 7 were bettered'by 

locations 3 and 6 in July and location 1 in August. The interaction'is a 
\ 

measure of such vgriation. 

t s  , and P o s s i b l e  
of Sulca  to1 

Q '  

As no# reliable alternative methods of sampling G. s u l c a t u s  popu- 
- -  - 

lations exist, it is not possible to determine what percentage of the 

tot.al.population was caught. However, several factors suggest that the 

sulcatol-baited traps may prove to be' an effective method of gaining 1 - -- 

* 

semiquantitative population estimates. 

\ ,  

Populations of G. s u l c a t q s  were visually assessed as being light 

to moderate in 1974 when compared with populations in previous years 

(H; pagg, personal communication) . The, data reflect this trend, partic- 

ularly when the relatively few beetles caught'in the mill area are com- 

pared with the far greater numbers captured at the same ,times in a 

selectively logged forest containing much larger populations. The sea- 

sonal trend in beetles captured appears to be real, since it corresponds 

with the known bimodal seasonal flight patterns of G. s u l c a t u s .  Further- 

.-more, greatest numbers of beetles were trapped at locations previously 
- 

considered by visual assessment to be problem areas. Thus, the effi~iency - 

of the sulcatol-baited traps appears <o be high. 
L 

These results indicate that sulcatol could be used as an i-xpen- 

-- - -- -- - + 
sive, reliable detection and survey tool that is considerably more accu- 

-- - -  - - -/ 

rate than currently-used visual methods. In operations processing export 

Quality Control Officer, Chemainus Sawmill Division, MacMillan F, 

Bloedel Ltd., Vancouver Island, B.C. 
, I 



lumber, 

- - 

s u l c a ~ o l - b a i t e q  t r a p s  could be used t o  i n d i c a t e  t h o n s e t  o f  

sp r ing  f l i g h t s ,  seasonal  f l u c t u a t i o n s ,  and the  beginning of "safe;  winter  I 

per iods ,  a s  well  a s  t o  de4inexte major p r  blem loca t ions .  In  import ing P 
Q 

coun t r i e s ,  s u l c a t o l  (and o t h e r  s c o l y t i d  pheromones) might be used a s  a  

s e n s i t i v e  de tec t ion  t o o l  a t  unloading and processing a reas .  



GNATHOTRICHUS SULCA TUS ATTACK AND BREEDING 

The a t t a c k  by ambrosia b e e t l e s  op freshly-sawn lumber i n  m i l l  

yards is  of  continuing concern t o  the  f o r e s t  i n d u s t r i e s  i n  B r i t i s h  

~ o l u m b i a  (Richmond 1968).  The o b j e c t i v e  of t h i s  1974 study was t o  a s s e s s  

t h e  ex ten t  of a t t a c k  by and breeding of  G n a t h o t r i ~ h u s  su lca tus  (LeConte) 

i n  f reshly-sawn lumber a t  t d e  MacMillan Bloedel Ltd. Sawmill, Chemainus, 

B.C. 

Methods and Mater ia ls  

A load of 50 mm x 100 mm, western hemlock (ca 2,500 board feetY - 

await ing processing through t h e  p laner  m i l l  was observed t o  be under - 
a t t a c k  by G. s u l c a t u s  on 22 May. I t  was allowed t o  remain undisturbed 

- 
u n t i l  29 Ju ly  when ha l f  the  load ;as turned and boards showing f r e s h  

. . 

boring dus t  were removed t o  the  labora tory  f o r  d i s sec t ion .  On 21 August, 

during the  l a t e  August peak fligh; o f  G. s u l c a t u s  (Fig. 2 ) ,  a load o f  

50 nun x 150 mm, western hemlock (ca  2,500 board f e e t )  near  t h e  p lane r  

m i l l  was observed t o  be under a t t ack .  This load was l e f t  undisturbed 

u n t i l  broken down 22 October. Boards containing i n i t i a l  a t t a c k s  wh'ch * . 8 - 

had been marked i n  August, and a l l  those under cu r ren t  attack' ,  a s  evi-  

denced bfi f r e s h  boring dus t ,  were removed t o  t h e  labora tory .  
- - - - - - - - -- -- -- 

Ear ly  Summer I n f e s t a t i o n  

The entrance tunnels  of 14. g a l l e r i e s  d i s sec ted ,  penet ra ted  a t  



r i g h t  angles  t o  t h e  freshly-sawn s u r f a c e c ( i n d i c a t i n g  t h a t  a t t a c k  was - 
0' 

i n i t i a t e d  a f t e r  t h e  sawmil l ing p r o c e s s ) ,  and then  extended perpendicular  

t o  t h e  g r a i n  o f  t h e  board as i n  f i e ld -a t t acked  logs  (Prebble  i n d  Graham 
' *C 

1957).  Each g a l l e r y  had only  1 en t r ance / ex i t  and d i d  n o t  i n t e r s e c t  - 
h t h e r  gal ler ' ies .  

& 

Eigh t  g a l l e r i e s ,  a l l s h o w i f i g  very  l i t t l e  fungus growth,-contained 

s i n g l e ,  a q i v e l y  bo r ing  males. One female was found a lone  i n  a g a l l e r y ,  

and i n  ano the i  i n s t a n c e ,  a long g a l l e r y  contained 2 egg n j ches  b u t  no 
1. 

a d u l t s .  Four g a l l e r i e s ' w e r e  d i s s e c t e d  i n  which a n  a d u l t  o f  each s e x  was 

p re sen t .  

The main tunne l s  extending,  from t h e  r a d i a l  en t r ance  tunnel  

followed t h e  annual r i n g s ,  mainly i n  t h e  s p r i n g  wood. The b e s t  developed 

g a l l e r y  system, i n  a board c u t  from t h e  o u t e r  sapwood, had 4 such tunne l s .  

8 
Both pa ren t  b e e t l e s ,  as w e l l  a s  5 egg n iches ,  2 l a r v a e ,  3 pupal  chambem, 

1 pupa and 1 cal low a d u l t  were fbund. Tkere was a good growth of 

ambrosia fungus. Although G. s u l c a t u s  l a r v a e  have been recorded i n  

imported lumber from t h e  p a c i f i c  Northwest (Bain 1974) ,  t h i s  i s . t h e  f i r s t  

t ime t h a t  a cal low b e e t l e ,  i n d i c a t i n g  completion o f  t h e  l i f e  c y c l e ,  has 
' 

been recorded i n  lumber-at tacked a f t e r  sawmilling. 

There ';as one Xyleborus  s a x e s e n i  (Ratzeburg) g a l l e r y  b u t  rio ' 

4' 

bee t l e* ,  brooa chamber, o; firogeny were found i n  it. 

'Late Summer I n f e s t a t i o n  . 
B 

k F 

. Seventeen &rked e n t r i e s ,  showing no evidence of  bor ing  d u s t ,  

va r i ed  'in l eng th  betweeri 18  and 133 rnm ( G 5 6  m) and were no longer  occu- 

\ 
pied .  G a l l e r i e s  occupied by males a lone  (n=7) ranged i n  l eng th  from q 



% 
i . - 0, 

. 25 ' to  80 m (x=51. 4 mm) . I n  both case-s, . t he re  was Leiy l i t t l e  fungus - 
I L 

r - I 
' - ,  development. One female was found a lone  i'n a 22 mm g a l l e r y .  Twelve ' 

g a l l e r i e s  containing both a mcle and a female b e e t l e ,  va r i ed  i n  length  

. - 
from 64 t o  167 mm (-105.1 mtn) , s i g n i f i c a n t l y  longer (t-test,  ~ < 0 . 6 1 ) ,  

. 
_I 

tfian empty g a l l e r i e s  o r  thos6 occupied by only 1 bee t l e . .  In a l l  caGes, 

A - t h e r e  was good , - W r o s i a  fungus development. The 2 m o s t  extensively- _-_I.-.L . .  b." 

developed g a l l e r i e s ,  r,especbively, ~ o n t a i n e d  5 and 10 egg n iches ,  5 and 

- 6  7 
8 eggs, and 4 and 6 -occupied i a r v a l  n i c h k  (Fig. 3 )  , a t o t a l  brood pro2 

5 I 

duct ion ,  qf 9 and 14.. .No progeny had developed t o  the  flupal s t a g e  a t  the  

I 

time df  d i s sec t ion .  

x4 c, - ~ e v e n t $ e n  T r y p d e n d r o n  lin-eatum (Ol iv ie r )  g a l l e r i e s ,  most prgb-, 
1 .  

, ably  o r i g i n a t i n g  from a t t a c k s  on logs ,  var ied  in~ ' l&gth  between 1 and 

4 - .  4 - *  , 3 2  ,nun (x=12.9 mmj , bu t  a s  expected i n  October, coqtained no b e e t l e s .  
<, 5 

d . - 
Although T .  l ineatum has been in te rcep ted  i n  lumber a t  fore ign p o r t s  

(Mil l igan 1970, Bain 1974) , ' t h e r e  i s  no eviden t h a t  -it :attacks unsea- "& , >.> 

soned-lumber. A 21 nun g a l l e r y  of  X. saxesen i  contain@d a s i n g l e  female' 

whidh had not y e t  formed a brood'chamber o r  lai'd eggs. 
a 

Discussion 
-n 

* - The f o r e s t  i n ' d u s t r i i s  ' doncern t h a t '  G.:sulcatus  may a t t a c k  green - . 
9 

lumber i s  well  founded. P a r e n t  a d u l t s  can survive  in'such lumber f o r  a t  

reach overseas importing coun t r i e s  tha t  o f t e n  'ha.ve developing e x o t i c  - 

-=.+ 

con i fe r  i n d u s t r i e s .  The production of  vigorous broods, inc luding many 

l a rvae  and pupae and 1 callow a d u l t ,  wi th in  2 months suggests  t h a t  f a i r l y  
pl 

-T B 1 



I -  - 4. 

Fig. 3: Gnathotrichus s u l c a t u s  g a l l e r i e s  i n  unseasoned western 
hemlock board 2 months a f t e r  a t t a c k  i n  l a t e  August, 1974. ~ o t e  
ga lLer ies  pene t ra t ing  a t  r i g h t  angles from a f r e sh ly  sawn face 
and the  arrangement of egg niches ( E )  , empty niches (Id) and 
l a r v a l  niches TL). Each g a l l e r y  contained both pa ren t  adu l t s .  
Th& presence of  wane (W) i h d i c a t e s  t h a t  the  board was c u t  f r o g ,  
the sapwood of  t h e  iog  

-' 





l a r g e  numbers of progeny p o t e n t i a l l y  could emerge from imported lumber. 
.I 

Only 1 l i v e  X. s a x e s e n i  was found. yowever, i t s  in t roduct ion  

&to  and establishment i n  New Zealand (Milligan 1969) i n d i c a t e s  t h a t  it 

too should be o f  concern. T .  l i n e a t u m  i s  apparently no t h r e a t  t~ lumber 

.even though it causes- the  major damage t o  logs 4n the  f i e l d  i n  B.C. 

Although none was found i n  t h e  i n f e s t e d  lumber examined, T. l i n e a t u m  
.r - 

might survive and be t ranspor ted  i n  lumber sawn i n  l a t e  sp r ing  o r  ea r ly  

summer from ip fes ted  logs .  

I n s e c t i c i d a l  con t ro l  of ambrosia b e e t l e s  t o  p r o t e c t  export-bound 

lumber w i l l  continue t o  be . jus t i , f i ab le  i n  the  absence o f  ~ e t t e r  c o n t r o l .  
t 

methods. -./ 



SUPPRESSION OF GNATHOTRICHUS SULCATUS (LECONTE) USING 
I 

SULCATOL-BAITED TRAPS IN A COMMERCIAL 'SAWMILL 
. - ,  l,, 

The results of a 1974 survey (Chapter 11) sugge'sted that sulcatol 
\ 

* 
should be tested as a means of intercepting G n a t h o t r i c h u s  s u l c a t u s  

%A 

(LeConte) before they are able to infest vulnerable lumber. Unlike pro- 
8 - - 

grams directed at bark beetles in large tracts of forest (COX 1972, - 
i 

Bedard and Wood 1974), a sawmill-based program would challenge a more 

limited and potentially manageable population. This situation is par- 

ticularly true 'for the Chemainus Sawmill in which the only significant J 
source of beetles appears to be infested logs transported to the mill 

site from distant logging operations. The objective of this subsequent 

' study was to test! whether suldatol-baited traps, could be used to trap - 
I 

out G. s u l c a t u s  in the sawmill area and thus reduce .attack on lumber. 

# 

Methods - 
i 

, 
The 4 locations for study were those where -the highest numbers 

' - 

.of-beetles were captured in a 1974 survey (Tablk 111). The locations 
1 

were (1) the North Planer Mill Yard, (2) the southeplaner Mill Yard, (3) 

the Assembly Yard, and (4) the West Road to the Pit Yard (correspdnding 

to locations 3, 4, 1, and 7 respectively in Fig. 1). Four trap sites 

( A ,  B, C and D) were set up b t 2 5  interualsaromhtheperimetuf-- 

each location. Sulcatol was released from an open 4 ml-vial within an 

inverted 64 ml glass jar with a perforated plastic lid. The jar was 

taped near the top of a pole supporting a 0.3 m2 cylindrical wiremesh 

stick9 trap (Byrne et dl. 1974) (see Fig. 23). ,Traps uere'set out on 
- 'i ,. 
5 FJ 



- - - - 

24 Apri l ;  those i n - l o c a t i o n  1 were l e f t  & b a i t e d ,  those  i n  loca t ion  2 

were b a i t e d  con t inuous lywi th  0.5 r n l  s u l c a t o i  and those i n  loca t ions  3 
! ', 

and 4 were' a l t e r n a t e l y  ba i t ed  and unbaited f o r  opposi te  2-week per iods .  

On 1 May,. 2dbaited t r a p s  were a l s o  s e t  o u t  on p i l e s ,  100 m of fshore  i n  

t h e  booming ground. A l l  t r a p s  were c leared  weekly. The b e e t l e s  were 

s t o r e d  temporarily i n  c leaning so lven t ,  and i d e n t i f i e d  and sexed on re- 

t u r n  t o  t h e  labora tory .  

Test  loads of freshly-sawn 50 mm-thick Douglas-fir,  Pseudo t suga  

m e n z i e s i i  (Mirb.) Franco, o r  western hemlock, Tsuga h e t e r o p h y l l a  (Raf.) 

3 
Sarg. (est imated minimum volume of 3 m /load) were s e t  o u t  a t  weekly in- 

t e r v a l s  i n  each l o c a t i o n  from 1 May t o  3 July  when labor  problems pre- . 
eluded the  a v a i l a b i l i t y  of freshly-sawn lumber. Theypwere removed a t  the  

end of  the  four th  week u n t i l  3 Ju ly ,  a f t e r  which a l l  loads were l e f t  i n  

p lace .  Every week the  t e s t  loads were checked f o r  f r e s h  a t t a c k s  which 

7 
were marked and counted t o  a s s e s s  t h e  a t t a c k  on lumber of  known age. 

A weekly survey was a l s o  made of 25 loads wi th in  each locat ion .  

Those on the  shaded periphery were checked f i r s t  a s  they were usual ly  

4 
t h e  mos t  f requent ly  a t tacked i n  previous years  (H .  Hagg, personal  com- 

municat ion).  Checks made wi th in  t h e  s torage  a r e a s  confirmed t h e  

s u s c e p t i b i l i t y  of pe r iphera l  loads .  Only access ib le  s i d e s  of  yard loads 

were monitored whereas both s i d e s  of  t e s t  loads were always checked. Very 

few a t t a c k s  were observed i n  t h e  end surface  of  boards. No a t t a c k s  were 
- -- --- 

found i n  i n t e r i o r  boards wi th in  4 a t tacked broken down during 

t h e  course of t h i s  inves t iga t ion .  
k 

- I 

Quali ty Control Of f i ce r ,  Chernainus sawmill Division, ~ancouver-  =- A 

I s l and ,  B.C. 



Attack by, G n a t h o t r i c h u s  spp. was d is t inguished from t h a t  of  T. 

boards d i r e c t l y  above and below. The cores were t ranspor ted  i n  sea led  
P 

4 

4.ml v i a l s  t o  the  l abora to ry ,  where percentage moisture was determined 

l i nea turn  by use of  a  tapered  probe ( ~ i n g h o r n  1957). It was n o t  poss ib le  

t o  d i s t i n g u i s h  between G. s u l c a t u s  and- G .  r e t u s u s  a t t a c k  by t h i s  tech- 
6 

nique. Measurement of g a l l e r y  diameters with an ocu la r  s c a l e  a t  a  mag- 

n i f i c a t i o n  of 50x disc losed t h a t  the re  i s  an overlap i n  t h e  diameter of 

g a l l e r i e s  constructed by these  b e e t l e s ,  although those  of G. r e t u s u s '  
- 

(;=I. 33 rnm, SD=+O. 04, n=92) were s i g n i f i c a n t l y  l a r g e r  ( t - t e s t ,  P<0.001) 

,than those of G. s u l c a t u s  (;=I. 27 nun, SD=?O. 04, n=100) . Heavily, a t tacked 

boards were taken from t e s t  loads before  t h e i r  removal from t h e  y h d s  and 

d i s sec ted  i n  t h e  l a b r a t o r y  t o  confirm t h e  i d e n t i t y  o f  a t t ack ing  bee t l e s .  

Offcuts ,  showing ambrosia b e e t l e  g a l l e r i e s ,  were c o l l e c t e d  from the  

chipper chain each week and d i s sec ted  t o  a s c e r t a i n  which spec ies -o f  
0 

b e e t l e s  were being t ranspor ted  i n t o  the  m i l l .  

Core samples, approximately 2 cm long and 4 mm i n  diameter were 

taken from 29 fresh,ly a t tacked boards i n  lumber p i l e s ,  a s  wel l  a s  from 

by weight l o s s  following oven drying a t  70•‹C f o r  48 h r s .  On 11 September,' 

core samples were taken from 12 boards i n  yard loads which had been 

a t t acked ,  but  i n  which the  g a l l e r i e s  w e r e  no longer showing accumulations 

of  boring dus t .  

Data were transformed t o  x '= log (x+l)  before  analyses of var- - 1 0  -- 1 2  - 



Results  

4% 

Of the  6,428 ambrosia b e e t l e s  captured on the  s t i c k y  t r a p s ,  80.5% 

were from locaf ion  2 (Table V) which w a s  ba i t ed  continuously. This loca- 
* 

t i o n ,  south of the  Planer  M i l l ,  was . the s i t e  of  g r e a t e s t  G. s u l c a t u s  

captures  i n  1974. The s i g n i f i c a n t ,  bu t  a s  ye t  unexplained, su e r i o r i t y  i$. 
- - -  - - - - - - pL 

'of c e r t a i n  t r a p s i t e s  (Table V) a l s o  corroborates r e s u l t s  obtained i n  1974 
lJ * 

(Table IV). There were l a r g e  numbers of T. l i n e a t u m  caught i n  ' loca t ions  

1 and 2 a s  well a s  some on t h e  boom t r a p s .  Although most o f  the  G. 

? -  
r e t u s u s  were captured i n  loca t ion  2, 23.1% of t h e  t o t a l  captured were on 

4 '3 e 

t h e  2 boom t r a p s .  

There was a s teady inc rease  o f  a t t a c k s  by G . ' s u l c a t u s  on lumber 
s 

a 

i n  loca t ion  1, the  unbaited con t ro l ,  during May, reaching a peak i n  t h e  

f i r s t  week of June (Fig. 4 ) .  Small numbers of a t t a c k s  were recorded i n  

Ju ly .  In  loca t ion  2, a  s i m i l a r  p a t t e r n  of  lumber a t t a c k  was seen even 

P 

though l a rge  numbers of  b e e t l e s  were being captured on ba i t ed  t r a p s  (Fig. 

5 ) .  Both these  yards were c l ea red  of lumber i n  mid-June and gradual ly  

4 

r e f i l l e d  with freshly-sawn lumber during l a t e  June and e a r l y  Ju ly .  

Bai t ing  t r a p s  f o r  a l t e r n a t i n g  bi-weekly per iods  i n  loca t ions  3 
9 L 

and 4 (Figs.  6 ,  7 ) ,  produced s i m i l a r  r e s u l t s  a s  i n  loca t ion  2, bu t  with 

fewer b e e t l e s  being caught when t h e  t r a p s  were unbaited. The a t t a c k  on-  

lumber i n  loca t ion  4 was high during l a t e  May t o  e a r l y   be, pr imar i ly  
- - - - - -- 

on l a r g e  dimension timbers (30 cm square  and l a r g e r )  with much vulnerable 
1 .* 

sapwood- This loca t ion  was c leared  of lumber around 18 June and subse- 

quently very l i t t l e  a t t a c k  on lumber was reqorded while t r a p s  caught - ' 

numerous b e e t l e s  when ba i t ed  (Fig. 7 ) .  

I 



Table V. ANumbers of ambrosia beetles daptured on wire- 
screen sticky traps in the Cheqainus Sawmillr MacMillan 
Bloedel Ltd., Vancouver Island, B.C., during 1975 a 

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  Trypodendron Total 
Location Trapsite s u l c a t u s  r e t u s u s  l i n e a t u m  Catch 

1. '~orth 
Planer Mill 
Yard 

2 : 'south 
planer Mill- 
Yard . , 

3. Assembly 
Yard 

.4. West Road 
to Pit Yard 

Booms (2 traps) 

Totals 
$ 

Sex ktio (M:F) 

a 
Catch at trapsite A significantly greater than at trapsites B, 

c3 
C and D (Newman-Keuls Test, WO.05) . 

i 

Catches at trapsites C and D 
sites A and B (Newman-Keuls Test, Pc0.05). 

- - - 7 - -- - 



Figs.  4-7. Numbers of  G n a t h o t r i c h u s  s u l c a t u s  captured on 
su lca tb l -ba i t ed  t r a p s  and a t t a c k s  on lumber i n  4 loca t ions  i n  
t h e  Chemainus ~ a w m i ~ l ,  MacMillan Bloedel Ltd. , Vancouver , 
I s l and ,  B.C. ,  during 1975. Fig. 4 :  Location 1, t h e  North 
Planer M i l l  Yard. Fig. 5 :  Location 2 ,  t h e  South Planer  M i l l  
Yard. Fig.  6: Location 3 ,  t h e  Assembly Yard. Fig. 7: 
Location 4 ,  t h e  west road t o  t h e  P i t  Lumber Yard. Horizontal  
ba r s  i n  Figs.  6 p d  7 i n d i c a t e  per iods  when t r a p s  were ba i t ed  
with s u l c a t o l  
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No es t imat ion  could be made of t h e  numbers of r ea t t ack ing  G. 

s u l c a t u s  on lumber, and it was not  poss ib le  t o  determine i f  a b e e t l e  had 

a t tacked and l e f t  lumber before it was caught on a t r a p .  The expected 

inc rease  i n  numbers of G. s u l c a t u s  i n  l a t e  August/early September (-Fig. ' 

2) d i d  not  occ 7 i n  previous years .  The m i l l  was c losed down from 17 
C 

, 
Ju ly  u n t i l  16 Octob r,  and no f i e ld - in fes ted  logs  were t ranspor ted  t o  * 

- -- -- - -----A 

t h e  m i l l s i t e  during t h i s  per iod ,  suggest ing t h a t  t h e  number of b e e t l e s  

i n  t h e  m i l l  is  d i r e c t l y  r e l a t e d  t o  amount of wood processed. 

A t t a c k  on T e s t  Loads 

AS new t e s t  loads werg s e t  o u t  each week it was poss ib le  t o  moni- 
A 

t o r  a t t a c k s  on lumber aged f o r  known periods of time (Table V I ) .  The 

g r e a t e s t  numbers o f  a t t a c k s  were recorded on. loads  aged f o r  2 ,  3 o r  4 '  

weeks. Test loads l e f t  ou t  more than t h e  planned 4 weeks were s i g n i f i -  

can t ly  l e s s  a t tacked i n  weeks 6,  7 and 8 (Table VI). There was a s i g n i f i -  
1 

can t  v a r i a t i o n  (ANOVA, P<0.01) i n  the  d a t e s  of  g r e a t e s t  a t t a c k  frequencies 

between locat ions .  

~ t t ' a c k s  on Yard Lumber 

A t o t a l  of 596 a t t a c k s  was recorded on yard lumber i n  t h e  4 

I 
l oca t ions .  There was s i g n i f i c a n t l y  more a t t a c k  on loads i n  loca t ion  4 

1 

1 
than i n  a l l  o the r  loca t ions  and more a t t a c k  i n  loca t ion  2 than i n  loca- 

t i o n s  3 and l (Newman-Keuls t e s t ,  P<0.05). Maximum a t t a c k  occbrred i n  
- - - - - - - - -- -- 

t 

t h e  Leeks ending 22, 29 May and 5 June; 80% ';285/319) (;6$ t hese  a t tack* 
F 

- w - i - - -- - 
-- --- - 

-- -- - -- - 
- - 

were i n  loca t ion  4 (Fig.  7 ) .  A second major g rou ib• ’ -h igh  a t t a c k  l e v e l s  

- 
was i n  weeks ending 17, 24 and 31 Ju ly ;  88% (136/155) o f - t h e s e  atbacks 

were i n  loca t ion  2 (Fig.  5 ) .  
.4 



Table V I .  T o t a l  a t t a c k  by Gnathotrichus sulcatus 03 t e g t  
l o a d s ' s e t  o u t  i n  4 l o c a t i o n s  i n  t h e  Chernainus Sawmill, 
~ a c ~ i l l a n  Bloedel Ltd. , Vancouver I s l a n d ,  B .C. , dur ing  1975 

1 

Age of load  Number Attack by h c a t i o n a  TOW. Mean a t t a c k  

( i n  weeks) Monitored 1 ~ 2 3 4 Attack /load/week 
b 

a 
Attacks i n  l o c a t i o n  2> loca t ion  3 ,  l ~ l o c a t i o n  4 ( N e ~ n - K e u l s  

Tes t ,  P<0.05) . 1 

. . 
Analysis  o f  va r i ance  o f  a t t a c k  d a t a  from f i r s t  4  weeks showed . . 

a t t a c k  i n  weeks 2, 3 ,  and 4 s i g n i f i c a n t l y  g r e a t e r  than i n  week 1 (Newman- 
Keuls Tes t ,  P<0.05). Attack o f  6-, 7-, and 8-week-old loads  s i g n i f i c a n t l y  . 
l e s s  than  on 4-week-old t e s t  l oads  ( t - t e s t ,  P<0.05). ' 

> 



- A survey bf a t t a c k s  on perimeter  loads adjacent  t o  ba i t ed  t r g p s  
.L. , ' i - 

*owed s i g n i f i c a n t l y  g r e a t e r  G. s u l c a t u s  a t t a c k  on loads near  t o  s u l c a t o l  

b a i t e d  t r a p s  (Table V I I ) .  F i f ty - f ive  percent  of  the  590'G. s u l c a t u s  

a t t a c k s  i n  loca t ions  2, 3, and 4 were on loads bes ide  b a i t e d  trips o r  on 

- t h e  f i rs t  3 loads i n  e i t h e r  d i r e c t i o n .  On 3 occasions,  . t h i s  ixend was 

maintained when t h e  t-raps i n  l o c a t i o m ' 3 - a n d  4 w&e unbait-ed,'apparent-fy-- 
I - 

secondary a t t r a c t i o n  emanating from previously 
\ .  

predominance o f - a t t a c k  i n  p i l e s  nor th  of  t h e  t r ap -  

due t o  the  e f f e c t  o f  

a t tacked p i l e s .  The 

s i t e  (Table V I I )  may r e f l e c t  the  occurrence of p r e v a i l i n g  souther ly  winds 

db during f a i r  weather when the  b e e t l e s  were f l y i n  

M o i s t u r e  of A t t a c k e d  Lumber - -  . 

. I  ' 
Mean percentage moisture of  29 f re sh ly  a t tacked boa,rds was 62.3% 

(SE=k3.1), s i g n i f i c a n t l y  higher than i n  boards immediately above (&46.6%, 

SE=k5.2) ( t - t e s t ;  P<0.02), o r  below (;=46.6%, SE=rt5.0) (k- tes t , '  P<0.01). , 

Fourteen of  t h e -  58 adjacent  boards had a higher moisture content .   heir 
' ? 

2 t 

mean percentage moisture 'Gas, 85.7%. s i g n i f i c a n t l y  higher than t h e  at tacked 
* 

boards ( t - t e s t ,  P<0.01). I t  appears t h a t  G .  s u l c a t u s  a t t a c k s  n e i t h e r  very 
I 

mist nor very dry boards. Samples taken on 11 September from 12 boards 

a t t acked-ea r ly  i n  the  season,<and no longer produaing f r a s s ,  showed a mean 

percentage moisture of 26.0% (SE=?3.9), s i g n i f i c a n t l y  l e sg  than a l l  pre- 

- .  
vious measurements (t-test, P<O.O3) . No l i y i n g  b e e t l e s  were found when 
- - -- - - -- 7 -- 

* 
one of these  boards was d i s sec ted .  These observat ions  support  an hypo- 

- - 

t h e s i s  developed f o r  T. l i nea turn  t h a t  b e e t l e s  emerge from lumber which 
\ 

has d r i ed  t o  t h e  po in t  a t  which it i s  no lbnger s u i t a b l e  f o r  galkery fofrna- 

t i o n  and brood production (Kinghorn 1956).  
, 

& 

- 
< 



- - - - , i b  

d 

~Qble VII. Attacks by G n a t h q t r i d h u s ,  s u l c u t u s  on loads of i 

yard lumber adjacent to traps baited with sulcatol in the 
Chemainus Sawmill, MacMillan ~loedel ~td*,, Vancouver , 

Island, B.C., during 1975 . 

Number of ,Position of Lumber Pilesa 
Location 

N3 N 1 S 1 
' .  

p Observations N 2 TS S 2 S 3 

Totals 
rb 

a 
N = North, TS = Trap site, S = South. . 
Total; followed by sape letter not significantly .dif@rent. 

Newman-Keuls Test, P<0.05. . 



3 
Capture  of and A t t a c k  b y  O t h e r  
S p e c i e s  of Ambrosia Beetles i- - 

i 

Grea te s t  ca t ches  of  T. l i n e a t u m  were on F) and 1 5  hay ( ~ i ' g .  8 ) .  
5 ' -I 

A s  t h e  trap% were n o t  b a i t e d  wi th  any known a t t r a c t a n t  fog T. l i n e a i m ,  

t h e s e  records  a r e  of rpndom. i n t e r c e p t i o n s  d f  b e e t l e s  f l y i n g  i n  t h e  m i l l -  
* - 

s i t e .  ~ o s t  b e e t l e s  o f  this spec i e s  Bere caught  on t r a p s  ad jgcen t  t o  
- - -- - - - 

5 .  

. fr*e$hly-sawfi liunber i n  l o c a t i o n s  1 and 2 (Table V ) .  Ninety-two G. 
Bi 

r 

. . 
r e t u s u s  were  captured i n  l o c a t i o n  2, and t h e  s p e c i e s  was a l s o  t h e  one' & 
most frequ'ently captured  >on t h e  2 boom t r a p s  (Table V) . Peak, numbers o f  

G :  r e t u s u s  were caught  i n  t h e . m i l l s i t e  on 1 5  May and on t h e  b ~ o m ~ t r a p s  

on 5 June (F ig .  9 ) .  During t h e  1975 season,  on ly  1 major f l i g h t . p e r i o d  

was observed,  f o r  each of  t h e s e  s p e c i v  , probabiyf r e f  l ec tkng  t h e  l e c k  o f  
a u - 

' i n f e s t e d  logs  from which brood b e e t l e s  could emerge t o  f l y , t o  overwinter-  

i n g  sit 'es (T. l i n e a t u m )  o r  t o  e s t a b l i s h  a  second summer genera t ion  ( G . ,  

r e t u s u s )  . I 

* Severa l  (123) 'I?. l i n e a t u m  a t t a c k s  on freshly-sawn 1umber.were 

noted; t h e  f i r s t  record  of  t h i s  s p e c i e s  a t t a c k i n g  lumber. I Half-a-board - ' 

d i s s e c t e d  on 5' May showed 5 p a i r k  of a c t i v e  a d u l t s  i n  g a l l e r i e s  wi th  a 

mean i eng th  of  40.3 mm. When t h e  oTher ha l f  o f  t h e  board 'was d i s s e c t e d  

on 17 June, only 1 p a i r  o f  b e e t l e s  was found and t h e  4 g a l l e ~ i e s  d i s -  

s e c t e d  had a mean l eng th  of  69.8 nun. Although 1 5  egg n i ches  had been 

formed, no eggs were found. On 3 J u l y ,  an a t t acked  s e c t i o n  o f  a  50 mm 
- - -- - -- -- -- -- 

by 200 mm western hemlock boaid showing 1 f u l l  s u r f a c e  of  wane, w a s  col-  

l e c t e d  from l o c a t i o n  3. On d i s s e c t i o n ,  4  a d u l t  males, 3  females, 5  

cal low a d u l t s  and 3 T. l i n e a t u m  pupae w k e  'fo&d. This  a t t a c k  could have . 

- I 

been i n i t i a t e d  on a  l og  whi le  it was i n  t h e  booming ground o r  i f i  t h e  



'- 
Figs. 8,9. Numbers of two species ~•’,ambrosia beetles captured 
on traps in the mill site and in the booming ground, Chemainus 
Sawmill, MacMillan Bloedel Ltd., Vancouver Island, B.C., during 
1975. Fig. 8: Trypodendron l i n e a t w n .  Fig. 9: G n a t h o t r i c h u s  
r e t u s u s  



MAY JUNE JULY AUGUST SEPT 

I MILL SITE TRAPS 



forest and exemplifies the possibility that T. l i nea tum could be intro- . 

duced to other countries in imported.lTer. 

TWO Xyleborous saxesen i  ( R a t z . )  attacks were found in a test 

load in location 2 at the end of July. No X. saxesen i  were caught on 

the traps. 

Dissec t i on  of Lumber and O f f c u t s  

Dissections of chipper chain material on 1 and 8 May produced 8 

live prepupae and 8 live female 2'. I h e a t u m  respectively. Numbers of - 

. . dead T. linheatum found in this material were 421' adults, 50 prepupae, 17 

larvae, and 9 eggs.. Many of the.dead adults were found in pupal niches ' 

and in some cases pupal niches had been extended. Large groups kound at 

the ends of galleries (Fig. 10) suggest that after retreating as far as 
-. 

possible, the beetles may have been drowned by waters seeping into the 

boomed logs or died from asphixiation after their gallery entrances were 
- 

. blocked by water. 

The densities of T. l i nea tum pupal niches in offcuts (Fig. 10) 

suggests that attack and development was initiated in the forest. Pre- 

vious stdies have shown that while T. l i nea tum will attack boomed logs 

at densities comparable to those in the forest, there will be little or 

I no brood production (Dyer and Chapman 1962). These studies indicate that 

B less than 2% (8/429) of field-produced-beetles -- survive Morning and saw- 
- - fl 

b. 

milling. Nine dead, adults and 1 live larva of G. r e t u s u s  were found in 

the chipper chain samples. Only r dead G. s u l c a t u s  adult was found. 

Heavily attacked boards colledted from test loads throughout the 

season were dissected in the laboratory, yielding totals of 160 male and 



Fig. 10. Dead Trypodendron  l i n e a t u m  i n  an o f f c u t  taken from 
t h e  ch ipper  cha in  a t  t h e  Chemainus Sawmill, MacMillan Bloedel 
Ltd . ,  Vancouver I s l a n d ,  B.C. ,  on 1 May 1975. Note t h a t  a l l  
b e e t l e s  i n  pupal  n i ches  a r e  head-in,  a s  opposed t o  t h e  normal 
head-out p o s i t i o n  of  pupae and cal low a d u l t s  - 





121  female G. s u l c a t u s .  When a p a i r  o f  b e e t l e s  was p r e s e n t  i n  an un- 

branched g a l l e r y ,  t h e  male w a s  a t  t h e  head i n  22 o u t  o f  23 cases .  This  . 
4 

p a t t e r n  was c o n s i s t e n t  throughout  t h e  season,  t h e r e  be ing  no evidence o f  

changeover from male t o  female predominance i n  g a l l e r y  cons t ruc t ion  as* 
d 

was suggested by P rebb le  and Graham (1957).  TWO p a i r s  o f  G.  r e t u s u s  

wgre found i n  t h e s e  b-oards as we l l .  The boards a t t a c k e d b y  T .  1iXtm 

conta ined  no o t h e r  ambrosiaLbeet le  spec i e s .  

An i n spec t ion  o f  boomed'logs i n  Horseshoe Bay, a d j a c e n t  t o  t h e  

m i l l s i t e ,  on 24 Ju ly  showed a c t i v e  a t t a c k  by ambrosia b e e t l e s  on less than  

5%.of t h e  logs .  Most o f  t h e  a t t a c k  was by T. l ineaturn. Samples taken 
i 

from ~ng i tho t r i chus - in fe s t ed  boom logs  revea led  4 male and 6 female G. 

r e t u s u s  and 1 female G.  s u l c a t u s .  

Discussion 

The most important  modifying e f f e c t ,  i n  t h i s  assessment  of t h e  sup- 

p r e s s i o n  of  G. s u l c a t u s  wi th  s u l c a t o l - b a i t e d  t r a p s ,  was t h e  n a t u r a l  secon- 
1) 

dary a t t r a c t i o n  (Borden e t  a l .  1975) s e t  up by male b e e t l e s  t h a t  a t t a c k e d  

t 

lumber p i l e s .  This a t t r a c t i o n  is s i g n i f i c a n t  w i t h i n  12 h r s  f o r  females 

and 24 h r s  f o r  males i n  t h e  l abo ra to ry  (Borden and Stokkink 1973) .  ,This 

n a t u r a l  secondary a t t r a c t i o n  i n  a t t acked  lumber apparent ly  competed favor- 

ab ly  with t h e  b a i t e d  t r a p s  [ s ee  5 June ca t ch  records  i n  l o c a t i o n s  2 and 
-- -- -- 

3 (Figs .  5 ,  6 ) J .  It was probably t h e  most importcnt  f a c t o r  l ead ing  t o  

t h e  cont inued b u i l d  up of a t t a c k s  i n  l o c a t i o n s  3 and 4 when they  were un- 

b a i t e d  [ s e e , P 5  May l o c a t i o n  3 (Fig.  6) and 29 May and 5 June i n  l o c a t i o n  

4 (F ig .  7 ) ] .  I d e n t i f i c a t i o n  of a d d i t i o n a l  n a t u r a l  p r i q a r y  a t t r a c t a n t s  



f o r  G. s u l c a t u s  may l e a d  t o  t h e i r  use a s  b a i t s  i n  t r a p s  wi th  ethanol  7 
B 

(Cade e t  a l .  1970) and s u l c a t o l .  With such an a t t r a c t i v e  bouquet, t h e  

t r a p s  might outcompete lumber t h a t  has low t o  moderate l e v e l s  of secondary 

a t t r a p o n ,  thus  r e s u l t i n g  i n  a g r e a t e r  reduction i n  a t t a c k s  on lumber. 

Lumber i s  most r e a d i l y  a t tacked whe t has been s e t  ou t  f o r  21 3,1 
' - *  

--- A- 

or  4 weeks, suggest ing development of  and s equent d e ~ r e a s e  in primary 

+ ' l  
a t t r a c t i o n .  'The buildup i n  a t t a c k  l e v e l s  Q i n  loca t ions  1, 2 ,  and 4 during 

2 
l a t e  May and e a r l y  June (Figs. 4, 5 ,  7) corresponds t o  per iods  when lumber J 

I 

f 
of t h i s  age was p resen t  i n  the -ya rds  i n  l a r g e  q u a n t i t i e s .  A smaller  peak 

of a c t i v i t y  was noted i n  loca t ions  1 and 2 . in  Ju ly  (Figs.  4, 5 )  when ' h e  

yards were restocked with freshly-sawn l h e r  a f t e r  previously s to red  * - v 

loads had been processed through t h e  p laner  m i l l .  The majori ty of  a t t a c k s  

from t h e  ou te r  sapwood o f  logs .  

t e s t  loads and yard lumber g ives  a mea- 

were judged t o  be-on lumber sawn 

e 
The number of  a t t a c k s  on 

only. Tn samples taken from 3 f r e sh ly  s u r e  of  male G. s u l c a t u s  a c t i v i t y  

a t tacked boards, 70% of t h e  males a t o t a l  of 35/50) 
3. 

(23/33, 7/10, 5/7 f o r  

were pai red .  Thus, t h e  number of females i n  lumber can be est imated a s  

t h e  number of males x 0.7, and an es t imate  of the  t o t a l  * - 
G .  s u l c a t u s  i n  

6f d i f f e r e n t  t rap-  observed lumber a t t a c k s  can be made. The e f fec t iveness  

ping regimes can be assessed by c a l c u l a t i n g  a suppression r a t i o ,  i . e . ,  t h e  
, 

number caught on traps/(number of est imated b e e t l e s  i n  lumber+number 
- - - 

caught on t r a p s ) .  A sununary o f  these  da ta ,  by loca t ions ,  is given i n  * 
Table V I I I .  

From ca lcu la t ions  of t h e  suppression r a t i o  by sex and loca t ion  i n  
, , 

each weekly period;  comparFsons between loca t ions  were made. A 
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significantly higher suppression of the females occurred 2n location 2 

(baited fulltime) than in locations 3 and 4 (baited 1/2 time) where in 

turn, significantly higher suppression was recorded than in location 1 

(no baiting). There was a significantly higher suppression of male G. - 
s u l c a t u s  in location 2 than in locations 3, 4, and 1, which did not 

- - - 

differ among themselves (Table VIII). Significantly higher proportions 

of male and female G. s u l c a t u s  were suppressed when locations 3 and 4 

were baited as compared with when they were unbaited (t-test, P<0.05). 

uppression ratio are cdnservative for 2 main reasons. 

Firstly, there is no measure of the number of beetles which attack a 
I 

board, subsequently emerge and attack the same or another board in the 

same,or subsequent-week. Such activities could result in the same beetle 

h 
being counted more than once. Secondly, if,a re-emerged'beetle is subse- 

quent y cauGht 09 a trap, it is counted again. It is clear that the most 3 
effective suppression of G. s u l c a t u s  (0.87 of females, 0.70 of males) 

occurred in locat,ion 2 where traps were baited continuously (Table VIII). 

Although the number of G. s u l c a t u s  attacks .on lumber decreased 

from July to September, a large number of beetles'continued to be caught 

on baited traps in locations 2, 3, and 4 (Figs. 5-7). The termination of 

operations on 3 July, and the closure of the mill of 17 July, was un- - 
doubtedly a major reason for the subsequent low attack rate on lumber 

- - -  - -  - - - -  - -- 

that would have become unattractive within 4 weeks (Table VI). Many - 
- 

beetles probably emerged from drying lynber and were attracted by the 

sulcatol in the traps rather than to other lumber.   he relatively warm 

temperatures at this time would cause lumber to dry out faster, and more 
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s u l c a t p l  would evaporate from t h e  t r a p s .  Thus, decreasing lumber a t t r a c -  
d 

t i veness  and optimal pheromone r e l e k e  condi t ions  during %.his per iod  would , 

have made ba i t ed  t r a p s  t h e  most a t t r a c t i v e  source i n  t h e  m i l l  f o r  f l y i n g  

b e e t l e s .  7 

This study has shown t h a t  su lca to l -bai ted  t r a p s  can capture  t h e  

major i ty  o f  a  G. s u l c a t u s  populat ion (Table V I I I ) ,  t h a t  lumber sawn from 

sapwood, and aged f o r  2 t o  4 weeks, i s  t h e  most a t t r a c t i v e  t o  fwifiq--p- 

b e e t l e s  i n  sawmills (Table V I ) ,  and t h a t  h ighes t  a t t a c k  d e n s i t i e s  can be 

expected on loads adjacent  t o  su lca to l -ba i t ed  t r a p s  (Table V I I )  . These 

da ta  suggest  t h a t  G.  s u l c a t u s  could be e f f e c t i v e l y  suppressed i n  sawmills 

through a modificat ion of t h e  t r a p  t r e e  method ( see  p. 7 2 ) .  I suggest  ' - 

plac ing p i l e s  of freshly-sa& sapwood s l a b s  (des t ined f o r  t h e  chipper 

chain)  i n  s t r a t e g i c  p o s i t i o n s  around t h e  m i l l  s i te .  E a a n o l ,  which i s  

hypothesized t o  be a boring s t imulant  f o r  G. s u l c a t u s  ( see  p. 71) ,  might 
? ,  - 

be inc?xporate& a s  a  s l a b  p i l e  t reatment.  ~ & c a t o l - b a i t e d  t r a p  (s) placed 

next  t o  each s l a b  p i l e  would a t t r a c t  and c a p t u ~ e  t h e  majori ty of b e e t l e s ,  
. * .  

caught could a t t a c k  t h e  slabbing. A t  t h e  e n a o f  the  a t t r a c -  

\ .  * . e . , 4 weeks) the  ' ;la& could be *removed, and chipped t o  

k i l l  any res idua l  b e e t l e s .  Fresh s l a b  p i l e s  should be s e t  o u t  a t , e a c h  

loca t ion  during t h e  t h i r d  week s o  t h a t  they w i l l  have reached optimal 

a t t r a c t i v e n e s s  by the  time t h e  o ld  p i l e s  -are removed. This technique 

1/ would havp s p e c i a l  app i c a t i o n  i n  yards where f r e s h  lumber i s  ;tored. It 

could be modified f o r  use around t h e  perimeter of dryland so-rting a r e a s  
- - 

where su lca to l -ba i t ed  t r a p s  could be s e t  out  next  40 p i l e s  of  c j l l  logs  
a 

t h a t  could be removed and chipped a t  the  end of 2 &%ths t o  des t roy t h e  . 



b e e t l e s  i n  them. This procedure would supplement p ro tec t ion  .of logs  

wi th in  t h e  dryland s o r t i n g  a rea  by wate.r-misting (Richmond and Ni jho l t  

1972). Control measures a g a i n s t  G. sulcatus would need t o  be maintained 

over t h e  e n t i r e  summer a s  some G. sulcatus a r e  always f l y i n g  during 

warmer weather (Byrne e t  a l .  19741 (Fig. 5 . Operation of  su lca to f -  

ba i t ed  t r a p s  i n  t h i s  way would prevent build-up of  l a r g e  populat ions o f  
I 

- - -  - - - A 

G. sulcatus around commercial opera t ions .  



ATTACK BY GNATHOTRICHUS SULCATUS ON STUMPS AND 

FELLED TREES BAITED WITH SULCATOL AND ETHANOL - ' 

. . 
Gnathotr ichuq s u l c a t u s  ( LeCon t e) attacks trees soon af ter fel- 

ling in the conifer forests of the Pacific Northwest (Mathers 1995, 

*Prebble and Graham 1957). Hopkins suggested, as early as 1907, that 
A- - - - - - - - - - - - - - 

trees of poor form may be used as trap logs (Fisher et al. 1953, 1954). 

Later it was proposed that attractants be used to lure ambrosia beetles 

to trap billets (Browne 1952). The objective of thiS.study was to deter- 

mine if ethanol and sulcatol, alone or in combination,.could attract 

field populations of G. s u l c a t u s  to baited stumps and lags of freshly 

cut western hemlock and Douglas-fir. 

Methods 

The experiment was c0nducted.h 1974 at the University of British 

Columbia Research Forest, Maple Ridge, B.C. In each of 6 locations, 4 

trees were felled, topped and limbed on 18 April. Western hemlocks were 

felled in 3 locations, and Douglas-firs in the remainder. The mean ('SD) 

diameter at breast heightaand l;ngth of the western hemlock logs were . 
29.2(f3.2) cm and 18.4(43.4) m while those of the Douglas-fir logs were, 

29.8(>2.5) cm and 21.3 (23.4) m. Trees were no closer than 25 m and loca- 

tions were at least 1 Km apart. - 
- . 

The research forest is located in the coastal western hemlock bio- 

geoclimatic zone (Anonymus 1975). Lcdtions 1 and 2, at altitudes of 

200 m and 312 m, respectively, were situated in a second growth subhygric 
a 

moss/swordfern/western red cedar/western hemlock ecosystem on northwest 



f a c i n g  s l o p e s ,  The remaining l o c a t i o n s  were i n  t h e  moss/oregon grape/ 

Douglaskf ir/western, hemlock ecosystem. Locat ions 3  t o  6 ,  on south  f a c i n g  

s l o p e s ,  w e ; e s  a l t i t u d e s  o f  122 m,  305 m ,  122 m ,  and 122 m r e s p e c t i v e l y .  
* 

Location 3  was i n  second growth f o r e s t  surrounding a  10-year-old c l e a r  

c u t .  Locat ions 4 and- 6 were a l s o  i n  second grdwth f o r e s t ,  whi le  ldca-  

-- - - L  

t i o n  5  had been s e l e c t i v e l y  logged i n  1970. 

-c 

Four t r ea tmen t s  were randomly ass igned  f o  each of  t h e  stump/log 

4 

combinations i n  each l o c a t i o n .  The t r ea tmen t s  were an  unba i ted  c o n t r o l ,  

e thano l ,  s u l c a t o l ,  and e thano l  p l u s  s u l c a t o l .  The v o l a t i l e s  werb . 

r e l e a s e d  i n d i v i d u a l l y  from 4 m l  v i a l s  wi th  a  4 mm diameter ,  h o l e  i n  t h e  
I 

cap. V ia l s  were conta ined  i n  i n v e r t e d  65 m l  g l a s s  j a r s  w i th  p l a s t i d  caps 

e - 
- p i e r c e d  wi th  12,  4 mm diameter  ho l e s .  Each j 9 r  was suppor-d i n  a  wi re  - 

(B 
holder  d r iven  i n t o  t h e  t o p  of  a  s t p p  o r  . i n to  t h e  t o p  o f  t h e  t e n t h e t e r  

of  a  l o g  (F ig .  11). Under l abo ra to ry  cond i t i ons  of  20•‹C and 68% R.H., 

P t h e  evapora t ion  r a t e s  of t h e  95% e thano l  and und i lu t ed  s u l c a t o l  from t h i s  

i 

type  of  rebease  system, we're 180 mg and 2.5 mg/day, r e s p e c t i v e l y .  

Stumps 'and, logs were f i r s t  b a i t e d  on 26 A p r i l  and v o l a t i l e ~  w e  

r ep l en i shed  du r ing  t h e  weekly checks f o r  new a t t a c k s  (F ig .  1 2 ) .  A l l  

f r e s h  s c o l y t i d  a t t a c k s  were marked wi th  p i n s  (F igs .  13 ,  1 4 ) .  A s  a t t a c k  
v 

d e n s i t i e s  i nc reased ,  espe-cial ly  on stumps (F ig .  131, f r a s s  was blown 

away t o  expose a l l  new e n t r y  ho l e s .  The number-of a t t a c k s  f o r  t h e  stumps 
- - -ppppp-p 

and each meter  of  a  l o g  were recorded s e p a r a t e l y .  Sample b e e t l e s  w e r e  

exc ised  t o  confirm t h e i r  i d e n t i f i c a t i o n  u n t i l  a t t a c k  c h a r a c t e r i s t i c s  yere 

r e l i a b l y  determined. , 



Fi4.s. 11-14. Aspects o f  t h e  s tudy  o f  ~nathotI??chus s u l c a t u s  
response t o  b a i t e d  stumps and f e l l e d  l o g s  i n  t h e  U.B.C. Research 
F o r e s t ,  Maple Ridge, B .C . ,  1974. Fig.  11: V i a l s  con ta in ing  - 
v o l a t i l e  subs tances  i n  r e l e a s e  j a r  i n  wi reholder  o n  Douglas-f i r  
log .  Fig.  12:  Weekly f i e l d  s ea rch  f o r  f r e s h  s c o l y t i d  a t t a c k s .  
Fig.  13: Heavily a t t a c k e d  Douglas-f i r  stump i n  mid-sumfner. Note 
marking p i n s  and accumulatibn of  f r a s k  around t h e  base .  Fig.  1 4 :  
Pinned G- s u l c a t u s  e n t r y  ho l e  i n  Douglas-f i r  l o g  w i th  accumula- 
t i o n  of  P r a s s  below 





stump and the second meter of each log during the 1974/75 winter. The 

number of pinned attacks was compared with the number seen after peeling 

off the bark. The disks were dissected to determine the length of gal- 

1ery.produced per attack and the number of egg, larval, and pupal niches 

'\ - produced. The second meter of every log,, or the first completely free 

of the ground, was stripped of its bark, the number of attacks in the top, 

bottom, and lateral quadrants recorded, and its surface area measured. 
~ /J 

Data on ?he response of G. sulcatus to the v a s k s  .treatments 

were analyeel separately for each host category, i. e. , ;or ~ou~las-&?r f 

t 
stumps,,Douglas-fir logs, western hemlock stumps, and western hemlock 

logs. Bark beetle attacks we2e analyzed for response to treatments. 

For ina&es, attdcks over engire logs were summed biweekly. All; data 

were tran&ormed to x'=loglO(x+l) before analyses of variance. 
4 

b , 

Results 

Seasonal Attack Patterns . = 

Four scolytid species, each with a distinct seasonal attack pat- 

tern, attacked the test logs and stumps (Figs. 15-18). There was con- 

siderable variation by location in the npmber of attacks by each species . 
(Table IX), possibly in relation to temperature regimes, aspects of site 

and proximity of beetle source. Dendroctonus pseudotsugae Hopkins and. 

Pseudohylesinus nebulosus (LeConte) were restricted to Douglas-fir, and 
- - pp - 

P. tsugae Swaine to western hemlock (Table IX). 

Although total G. sulcatus attacks reached a maximum in June and 

\ remained high in July (Fig. 15), the attack pattern on stumps and logs 



Figs .  15-18. Seasonal  a t t a c k  of  4 s c o l y t l d  s p e c i e s  on 
stumps and l o g s  o f  s p r i n g - f e l l e d  Dbuglas-f i r  and wes te rn  
hemlock i n  t h e  U.B.C. Research F o r e s t ,  Maple Ridge, B . C . ,  
1974. F ig .  15 :  G n a t h o t r i c h u s  s ' u l c d t u s .  ~ i g .  1 6 :  
P s e u d o h y l e s i n u s  n e b u l o s u s .  Fig: 17 :  Dendrbctonus  pseudo- 
t s u q a e .  Fig .  18: P s e u d o h y I e s i n u s  t s u g a e  





, 4  d 
a , .  a) 

. 'd' , . 
rl 

. . 
0 .  
U U 
L O .  

m w .  
0 3 



o f  t h e  2  h o s t  t r e e  s p e c i e s  d i f f e r g d .  The peak a t t a c k  on stumps o f  b o t h  
# - 

I 

h o s t  s p e c i e s  was i n  l a t e  June  t o  e a r l y  J u l y  ( F i g s .  19 ,  21) w i t h  a  ~ a l l e r  

peak i n  a t t a c k  f requency  i n  ~ u g u s t ,  o n l y  on D o u g l a s - f i r  stumps (F ig .  1 9 ) .  

On a l l  l o g s ,  t h e  G . - s u l c a t u s  a t t a c k  i n c r e a s e d  i n  l a t e  May t o  e a r l y  J u n e  

' (Figs .  20, 22L, and reached  a maximum o a w e s t e r n  hemlock i n  J u n e  ( F i g .  
J 

2 2 ) .  The e a r l y  a t t a c k  on  D o u g l a s - f i r  l o g s  c o l l a p s e d ,  b u t  i n c r e a s e d  

ag;in i n  . e a r l y >  J u l y  t o  r e a c h  a  maximum i n  l a t e  ~ u l y  t o  e a r l y  August ( F i g .  

2 0 ) .  A minor i n c r e a s e  i n  a t t a c k  on w e s t e r n  hemlock o c c u r r e d  a t 3 t h i s  > ,  

t i m e  a l s o  (F ig .  2 2 ) .  A s t e a d y  r a t e  o f  d e c r e a s e  i n  a t t a c k  o c c u r r e d  on  
C 

. a l l  h o s t  m a t e r i a l  d u r i n g  ( F i g s .  1 5 ,  i 9 ~ 2 2 ) .  

- 1 -  . 
The 1974 d i s p e r s a l  f l i g h t   of^. n e b u l o s u s  was a p p a r e n t l y  under- . C 

way by t h e  t ime  a t t a c k s  were f i r s t . m o n i t o r e d  on 3  ~ a y ,  and  numbers o f  

a t t a c k s  g r a d u a l l y  d e c r e a s e d  th rough  May and June  ( F i g .  1 6 ) .  Attack was 
t \ '  

c o n f l k d  t o  t h e  smooth-barked t o p s  o f  trees, w i t h  a t t a c k  d e n s i t i e s  

r;aching 200/m2 i n  l o g  s e c t i o n s  1 5  t o  16 'cm i n  d i a m e t e r .  D .  p s e u d o t s u g a e  

a t t a c k ' i n c r e a s e d  th rough  May t o  pfak i n  June ,  and c o n t i n u e d  a t  lower  

. ; l e v e l s  through J u l y  and August. L a t e  season  a t t a c k s  p e r s i s t e d  a t  low 
. - 

l e v e l s  through October  ( F i g .  1 7 ) .  A l l  D. pseudo tkugae  a c t i v i t y  wa$cdn- 
. 

f i n e d  t o  t h e  l a r g e r  d i a e t e r  s e c t i o n s  o f  l o g s  w i t h  f i s s u r e d  b a r k .  Mean . . - 
2 

a t t a c k  d e n s i t y  w a s  19(SE+0.9) jm i n  r e g i o n s  o f  t h e  l o g s  gre,ater  t h a n  1 4  

cm i n  d iamete r .  A t t a c k  o f  w e s t e r n  hemlock l o g s  by P .  t sz igae  c o m e n c e d  

i n  l a t e  J u n e ,  and g r a d u a l l y  d e c l i n e d  th rough  Septembek and October  (F ig .  

- - - - -- -- - 

18).  P, t s u g a e  di6 n o t  show a  p r e f e r e n c e  f o r  any p a r t i c u l a r  $09 d i a m e t e r ;  

a t t a c k s  were i n i t i a t e d  b e n e a t h  b a r k  s c a l e s ,  were found o v e r  t h e  e n t i r e  

2 
l o g  s u r f a c e ,  and reached  a  &ximum d e n s i t y  o f  37/m . 

2 



Figs. 19-22. Biweekly attack, by treatments, of G n a t h o t r i c h u s  
s u l c a t u s  on stumps and logs of 2 host species in the U.B.C. 
Research Forest, Maple Ridge, B.C., 1974. Fig. 19: Doug1,as- 
fir stumps. Fig. 20: Douglas-fir logs. Fig. 21: Western 
hemlock stumps. Fig. 22: Western hemlock logs. Note the 
difference in scale between Figs. 19,,20 and 21, 22 

f i ,  
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Response t o  Trea tments  

G .  s u l c a t u s  a t t a c k  on Stumps .and logs  of each h o s t  spec i e s  va r i ed  

between t rea tments .  I n  t h e  f i r s t  6 weeks of t h e  experiment (F igs ,  19-22),  

97.3% (869/893) of  t h e  a t t a c k s  were on stumps and logs  b a i t e d  wi th  
? 

s u l c a t o l  o r  s u l c a t o l  p l u s  e t h a n o l . .  The mean numbers o f  weekly a t t a c k s  

and a t t a c k  d e n s i t i e s  were g r e a t e s t  on stumps and gs  b a i t e d  w i t h e t h a n o l  --- - A 

2 

p l u s  s u l c a t o l ,  and were f a r  g r e a t e r  on stumps than  on l o g s  (Table X ) .  
r 

p. 

Analysis  f o r  t h e  e f f e c t  of  t h e  i n d i v i d u a l  t rea tments  d i s c l o s e d  t h a t  su l -  

1 c a t 0 1  'was a  s i g n i f i c a n t  t rea tment  f o r  each h o s t  ca tegory ,  and t h a t  e thanol  

,was a  r s ign i f i can t  t rea tment  on a l l  b u t  Douglas-f i r  logs '  (Table X I )  . 
,There  was a  s t r i k i n g l y  high a t t a c k  r a t e  on Douglas-f i r  stumps b a i t e d  wi th  

e thano l  p l u s  s u l c a t o l ,  e s p e c i a l l y  i n  l a t e  June t o  e a r l y  J u l y  and l a t e  

August (F ig ,  1 9 ) .  -While t h e  i n t e r a c t i o n  between e thano l  and s u l c a t o l  on 

+ 
F u g l a s - f i r  l o g s  was no t  s i g n i f i c a n t  over  t h e  whole experiment,  a s  it was 

on Douglas-fir  stumps (Table X I ) ,  s e p a r a t e  ana lyses  o f  d a t a  f o r  each 

?nth showed it t o  be s o  dur ing  August ( ~ < 0 . 0 1 ) ,  when a t t a c k  on logs  . 
b a i t e d  wi th  e thano l  p l u s  s u l c a t o l  was much g r e a t e r  t han  t h a t  on any 

o t h e r  (Fig.  20 ) . 
The v a r i a t i o n  i n  numbers of  G. s u l c a t u s  a t t a c k s  between l o c a t i o n s  

f o r  each h o s t  (Table I X )  was s i g n i f i c a n t  except  f o r  Douglas-f i r  stumps 

f- (Table X I )  , ind i ,ca t ing  t h a t  on ly  t h e  t o t a l  a t t a c k  on Douglas-f i r  stumps 

./ - was s i m i l a r  from l o s a t i o n  to  l o c a t i o n .  There was cmrskdembl -eaa r i r a t~on  - ---- - 
in  t h e  p ropor t ion  of a t t a c k s  a s  r e l a t e d  t o  t rea tments  w i th in  each loca-  + 

~i t i o n  causing s i g n i f i c a n t  t rea tment  by l o c a t i o n  i n t e r a c t i o n  ti able X I ) .  

I n  l o c a t i o n  4 ,  f o r  example, t h e  numbers of a t t a c k s  on stumps b a i t e d  with 
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e thanol  p l u s  s u l c a t o l ,  o r  s u l c a t o l  a lone ,  were nea r  equal  b u t  i n  loca-  
* 

-- - 
t i o n s  5 and 6, t h e  number of  a t t a c k s  on s u l c a t o l - b a i t e d  stumps was l e s s  

than  h a l f  t h a t  on stumps b a i t e d  wi th  e thano l  p l u s  s u G 1 .  There were 
t 

a l s o  s i g n i f i c a n t  t ime by l o c a t i o n  i n t e r a c t i o n s  f o r  bo th  Douqlas-f i r  and 

./'- 
western hemlock stumps . (Table X I ~ .  Thie a t t a c k  l e v e l s  i n  l o c a t i o n  5, f o r  

inszance ,  were r e l a t i v e l y  h igh  throughout  t h e  yea r ,  whereas t h e r e  was a  
- - 

build-up a t  l o c a t i o n  6 t o  peak a t t a c k  i n  June,  and t h e  h i g h e s t  a t t a c k  

l e v e l s  i n  l o c a t i o n  4 were not  reached u n t i l  August. / 
There was no s i g n i f i c a n t  response o f  any o f  t h e  3 bark  b e e t l e s  -+ 

monitored t o  t h e  e thanol ,  s u l c a t o l  o r  e thano l ' p lus  s u l c a t o l  b a i t e d  

Douglas-fir  and western hemlock. 

i 

D i s t r i b u t i o n  o f  ~ t t a c k  o n  Logs 

The numbers of  a t t a c k s  recorded on t h e  b a s a i  5 meters  of  t h e  logs  i 
t 

and on t h e  3 meters  t o  each s i d e  of  t h e  b a i t  (on meter l o ) ,  show t h e  e f f e c t  
t 

of t h e  t rea tments  on f i n a l  G. s u l c a t u s  d i s t r i b u t i o n  (Table X I I ) .  The 

g r e a t e s t  a t t a c k  was on t h e  b a i t e d  t e n t h  meter wi th  numbers decreas ing  on 

e  ' t h e r  s i d e .    he' number o f  a t t a c k s  on ' t h j  f i r s t  3  meters  .of t h e  logs ,  4 .  
next  t o  t h e  bai'ted stumps, was s i g & f i c a n t l y  g r e a t e r  than  those  on meters  

4 and 5. S i g n i f i c a n t l y  more a t t a k s  occurred  on Douglas-f i r  than  on 

-western hemlock (P<0.01) . 
, The 12 debarked, sec@nd meter Douglas-fir  l o g  s e c t i o n s  had sus-  

t 
t a i n e d  a t o t a l  o f  413 v e r i f i e d  6, su l ca t t t s  at-tacks. - S i g ~ i - f i e a & l y l % w e r - - - ~  

9 
h t t a c k s  occurred i n  t h e  t o p  quddrant than  t h e  o t h e r  3,  which were n o t  

d i f f e r e n t  from each o t h e r  ( t - t e s t ,  P<0.05) (Table X I I I ) .  Analys is  of 
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T a b l e  XIII. D i s t r i b u t i o n  o f  Gnatho tr ichus  s u l c a t u s  a t t a c k  
on t $ e  second mete r  of  12 D o u g l a s - f i r  l o g s  i n  t h e  U.B.C. 
Research F o r e s t ,  Maple Ridge,  B.C., Apr i l -Oc tober  1974 

I (n=413) 
a .  

Quadrant  

il 

A t t a c k s / 0 . 1 r n 2  
a 

mean range  
a 

.% a t t a c k  

L e f t  

R igh t  

*. .. 

Bottom 29.8b 5.4b 0-12.6' 

a Values w i t h i n  a co lunn  fo l lowed  by $he same l e t t e r  n o t  s i q n i f i -  
c a n t l y  d i f f e r e n t  ( t - t e s t ,  P<0.01 f o r  .x a t t acks /m2)  . . 



basal, 16  m of  t h e  debarked Douglas-f i r  l o g  b a i t e d  wi th  987 a t t a c k s  on t h e  

e thanol  p l u s  s u l c a t o l  i n  l o c a t i o n  5 showed a s i m i l a r  d i s t r i b u t i o n  and 
_ I (  

s i g q i f i c a n c e  p a t t e r n .  L? 

Gal 1 e r y  a p d  ~ i c h g  ~ e v e l o ~ m & t  C t  

In  both h o s t  s p e c i e s ,  g a l l e r i e s  formed i n  stumps were longer  than  
\ - -  - -  

\ 
those  i n  l ogs ,  and produc&ivity,  a s  measured by t h e  t o t a l  number o,f egg, 

l a r v a l  afid pupal  n i ches ,  p e r  g a l l e r y  was a l s o  g r e a t e r  i n  stumps than  logs .  

Gal le ry  l eng th  and number o f  n iches  p e r  a t t a c k  were s i g n i f i c a n t l y  g r e a t e r  

i n  western. hemlock than  i n  Douglas-f i r  stumps (Table XIV). Produc t iv i ty ,  

on a niche/cm of* g a l l e r y  b a s i s ,  was approximately equal  .between d i f f e r e n t  

* ,  

t r e e  spec i e s ,  and t,he p r o d u c t i v i t y  i n  stumps was 6 . t o  11 times t h a t  i n  
- 

l ogs .  . . 

v e r i f i c a t i o n  o f  A t t a c k s  

Compqrisons o f  pinned a t t a c k s  wi th  numbers of  v e r i f i e d  a t t a c k s  

showed t h a t  64.9% (333/513) o f  a t t a c k s  on t h e  debarked second meters  of  

1- * .  
l ogs  and 44.4% (271/610) of  a t t a c k s  on debarked stump d i s c s  had been 

pinned. The major i ty  of unpinned log  a t t a c k s  were i n  t h e  lower quadrant  

where t h e  t e l l - t a l e  p i l e s  of  f r a s s  (Fig.  14) d i d  n o t  accumulate b u t  f e l l  

t o  t h e  ground. On stumps, ex t ens ive  accumulation of f r a s s  i n  t h e  bark 

f i s s u r e s  apparent ly  prevented observa t ion  of every f r e s h  a t t a c k .  

Discussion 

A t t a c k  D i s t r i b u t i o n  and S u c c e s s  

The a t t a c k  frequency of G .  s u l c a t u s  g ives  an i n d i c a t i o n  of  male 
I .  



U 
L n '  
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4 
b e e t l e  act i$i ty,  a s  males a r e  the  f i r s t  sex t o  a t tack .  (Prebble 'and Graham 

- c 1957).  ' ~ n  est imated t o t a l  a t t a c k  on t e s t  ma te r i a l  of  approximately 

<1,800; 6,800 o n  stuhps ana $,000 on logs  was derived by ext rapola t ing  
? 

-- ' f r o m c o m ~ a ~ i s o n s ~  of  pinned with v e r i f i e d  a t t a c k s  a f t e r  debarking sec t iohs  , 

of stumps and J6gs. 
.' 

--. The 9- t o  45;fold preference  of G. sul#tus f o r  stumps over kegs 

(see  d e n s i t i e s  of a t t a c k  i n    able X) c o n t r a s t s  w i t p X t h e  preference  of T. 
+ * 

l i n e a t k n  fo: logs over chunks, tops  o r  stumps (Dyer 1963a). A l e s s  

.. favorable environment.in logs ,  as-evidenced by s h o r t e r  g a l l e r i e s  and re-  

, duced br&d production  able XIV) , may have caused males t o  re-emerge and 
' -  

* 
a 
8 

g o  elsewhere. I have no measure o f  sb& a c t i v i t y ,  oreof r e a t t a c k  on the  

3 . same "favorable:' h o s t ,  e, gd. , stumps.  fie longer g a l l e r i e s  i n  western 

.hgilock may r e f l e c t  t h e  l a r g e r  ~ r o p o r t i o n  of avail.able sapwood (Prebble . . 
, . 

and  pah ham 1957, McBside and Kinghorn 1960).  Although the re  were twice ' 
a s  many a t t a c k s  on Douglas-fir a s  on western hemlock, i n  m i l l  s i t u a t i o n s  

'J 

y G. s u l c a t u s  a t t a c k s  and breeds more read i ly  i n  boards sawn from western 

hemlock because of the  g r e a t e r  sapwood volume (Fig.  3 ) .  y', 

The g r e a t e r  a t t a c k  frequency by G. s u l c a t u s  i n  t h e  l a t e r a l  ?nd4 % 

lower quadrants of logs  (Table X I I I ) ,  may ind ica te  r e j e c t i o n  of t h e  upper 

quadrant bekause of  dryness,  higher t q e r a t u r e s  and/or higher l i g h t  in&n- 
, , 

s i t i e s .  Shaded Douglas-kir logs  a r e  a t tacked evenly by T. l i n e a t u m ,  while 
i C 

k p p p - -  - - 

- logs  i n  exposed s i t e s ,  such a s  s l a s h  f i e l d s ,  Are a t tacked more on lower 
=. 

1 

and shaded quadrants (Dyer 1963b) . Development o f  g a l l e r i e s  and brood by ' 

T .  l i n e a t u m  i n  logs showed a s i m i l a r  p a t t e r n  (Gibson e t  a l .  1958). Both 

t r ends  a r e  corroborated by .subject ive observations on G. s u l c a t u s  a t t a c k s .  
L - - 



Seasonal  Attack bu G. s u l c a t u s  
and ~ s $ o c i a  t e d  ~ c o l  tlds 

/', . -  
~ l t h o u g h  t h e  freshnesg of t h e  stumps and logs  may have deleyed 

7 - i 

f &ss a,ttack; some a t t a c k s  "erg observed from t h e  f i r s t  week a f t e r  b i i t i n g ,  

- 5 .  

c o n f i r m i n g ' e a r l i e r  r e p o r t s  (Mathers 1935, cade e t  a l .  1970) ,  t h a t  G. 
\ 

i - 
+ s u l c a t u s  can a t t a c k  wzthin t h e  f i r s t  .week a f t e r  f e l l i q g .  The overa;ll  G .  

* , . 
rrc 

\ s u l c a & s  atta\ck sequence (F ig .  15) sugges ts  a s i n g l e  gene ra t ion ,  with 

I )  

a t t a c k  by p'ioneer and responding beekles  (Borden 1974) b u i l d i n g  t o  a maxi- 
I \>\ a 

mum i n  June and ~ ; 1 ~ .  However, more d e t a i l e d . a n a l y s e s  i n d i c a t s  some 
t' 5 

I t  i s  hypothesized t h a t  by t h e  t ime a summer 'generation of  b e e t l e s  emerged 
B 

s .  

i n  August t o  September, t h e  heav i ly~a tDacked ,  spking-fe l led  h q ~ t s s r e  

g r e a t l y  lessened  i n  a t t r ac t io lpnd /o r  s u i t a b i l i t y .   heref fore ; a bimodal 

- 
genera t ion  development and f l i g h t  p a t t e r n  which iS noted i n  t r app ing  * ' 
exljerirnents (Byrne e t  a1. '1974) (F ig .  2 )  , would nb t  be noted i n  a t t ick  on 

I 

t h e  same h o s t s .  
. . 

The peak a t t a c k  on Douglas-f i r  l ogs  occurred  4 weeks a f t e r  peak 

a t t a c k  on stumps (F igs .  19 ,  207 .. Subsequent stump a t t a c k  i n  l a t e  August 

was mostly a t  t h e  base and on l a t e r a l - P o o t s .  This  p a t t e r n  f u r t h e r  sup- 

p o r t s  t h e  hypothes is  t h a t  G. s u l c a t u s ~ a v o i d s  h o s t  m a t e r i a l  which i s  a l -  

ready a t t acked  ( ~ r e b b l e  ahd Graham 1957) .  I n  l abo ra to ry  s t u d i e s  on G. ' - -  

s u l c a t u s ,  a switch o f f  or masking raeckai.llsm was-suggest-e&t-xplairtt-he--- 

c reased  a t t r a c t i o n  - to  f r a s s  produced by b e e t l e s  a f t e r  p a i r i n g  <Borden 

1 
and Stokkink 1973). ,  On western hemlock, a r eve r se  sequence occurred.  

. m g  a t t a c k  reached  a peak befo;e t n e  a t t a c k  on stumps (F igs .  21, 2 2 ) ,  pos- 

\ - ?  
= q i b l y  because t h e  f r e s h  stumps were too  moist t o  s u s t a i n  a succes s fu l  at-. 

, , t a ck .  -. 
P. 

8 



NO c o r r e l a t i o n  couid be e s t a b l i s h e d  'between t h e  a t t aCks  o f  G. I . -  
s u l c a t u s  and P: t s u g a e  on western hemlock, 'nok between G. s u l c a t - u s  and 

P .  n e b u l d s u s  or D. p seudoksugae  on Douglas'-f i r  . When t h e  Douglas-f i r  
- ,  - - 

l ogs  were checked 3 May, they  w e r e  a l r eady-unde r  heavy a t t a c k  by P. 
I - _  . . 

' ,  1 

n e b u l o s u s  ( ~ i g r  117) , c h a r a c t e r i s t i c  of  khe e a r l y  s p r i n g  a t t a c k  h a b i t  i n  . - 
- * 

. . 
t h i s  spec i& (Walters  a<d .-bjc~!illen 1956) .  The midsummer a i t a c k  by.P. . . . 
t s u g a e  r g f l e c t e d  i t s  h a b i t s  of oberwinter ing  i n  any. l a r v a l  s ' tage, pupat- 

i n g  i n  Zbpril 'and emerging i n  j u l y  ( ~ r i ~ h t *  and S t a r k  1973) . D .  pseudo7-  
' / 

t s u g a e  o v e r w i n t t ~ s  p r i m a r i l y  i d  t h e  a d u l t  y t age  and emerges i n  s p r i n g , t o  

. . -, 
a t t a c k  n e w  host'8.  be a t t a c k s  were, nbtably -evenly - d'&tr ibuted,  poss ib ly ,  a 

. - 
f . . . . 

, a consequence of- the- p a i r e d  b e e t l e s  producing 3-methyl-2-cyclohexen-1-one 
8 .  

_,  . , , 
3 2  - 

which prevents  a t t a c k  i n  t h e  v i c i n i t y  of a n  . e s t a b l i s h e d  g a l l e r y  . ( ~ u d i n s k y  
. 1  . , 

, . < .  3 - 
, . 

e t  a l .  1972) . The sustained- .  a t t a k k  throughout t h e  s u e r  and. i n t o  
' I  . . 

d 
- 

, October was -probably by b e e t l e s  which hgd . o ~ e ~ i n t e r e d .  a s  l a r v a e   alters - 
19561, developed near  o r  below ground l e v e l  i n  stumps o r  i n  o t h e r  cool  . 

a 
h a b i t a t s ;  o r  had reemerged a f t e r  e s t a b l i s h i n g  t h e i r  f i r s t  brood. 

A * 
F .  

~ e s b n s e  t o  T r e a t q e n t s  

The r e s u l t s  sugges t  t h a t  t h e  r o l e  of e thano l  i s  no t  t h a t  of  a  ' .  
0 * 

major a t t r a c t a n t .  While h o s t s  b a i t e d  wi th  s u l c a t o l  were ? o n s i s t e n t l y  
I 

a t t a c k e d  a t  high l e v e l s  (F igs .  19-22),  those  b a i t e d  wi th  e'thanol were 
, 

no t .  Moreover, t h e  combination of e thano l  p l u s  s & c a t o & - p r e c e d  m*-a- - - -- 

t r a n s i t o r y  inc rease  i n  a t t a c k  on Douglas-f i r .  Few G. s u l c a t u s  a r e  

a t t r a c t e d  t o  e thano l  a lone  (,Cade e t  a l .  1970, ~ o e c k  1971) ( s e e  a l s o  Table 

XX). When e thanol  and s u l c a t o l  were deployed a lone  o r  i n  combination i n  

a  sawmill ,  s u l c a t o l  was t h e  only  s igni fAcant  a t t r , ac t an t  (Table I ) .  



I S i g n i f i c a n t  i n t e r a c t i o n  Gy occur  wi th  o t h e r  h o s t  odo s. G .  s u l c a t u s  

have been captured 'on  t r a p s  b a i t e d  wi th  e t h a n o l i c  s o l u t i o n s  o f  a-pinene 
r' 

(1%) , B-pinene (1%) ,*carnphene (1%) , . o r  Douglas-fir  r e s i n  ( 2 . 5 % ) ,  b u t  n o t  

on c o n t r o l  t r a p s  b a i t e d  wi th  e thano l  a lone  (Rudinsky 1966).  

&The c i r c u m s t a n t ' a l  evidence imp l i ca t ing  e thanol  i n  pQmary a t -  t - 
4 _ / 

tFac f ion  of s c o l y t i d s  was reviewed by Moeck (1970) . n a d d i t i o n ,  window \ *- 
I \ 

f l igk i t  traps, deployed i n  an  o a k - ~ i c k o r ~  f o r e s t ,  were i n e f f e c t i v e  i n  . 

cafching sco ly t i& u n t i l  e thano l  was added t o  t h e  collecting v e s s e l s  
?\ 

y o l i n g  and Kearby 1975) .  I t  i s  hypothesized t h a t - t h e  ma jo r . ro l e  of  a 

u ' .  

eth=nol  i s  t h a t  6 f  an a r r e s t a n t / s t i m u l a n t .  I t  a c t s  a s  a tunne l ing  stimu- 
* a .  - - 

l a n t  f o r  X y l e b o r u s  f e r r u g i n e u g  F. (Norr i s  and Baker 1969) . s&aying 
, .- 

I 
/' 

e thanol  on t h e  bark o f  hea l thy  beech t r e e s  s t imu la t ed  landing ,  copula t ion  
. . *- , 

. .  and bor ing  by X y l o t e r u s  (=Trypodendron)  d o m e s t i c u s  L.  ( ~ e r c k 1 1 9 7 2 ) .  Pre- 
- 

B 
I , . soaking 1.09s i n  10% e thanol  increased  f r a s s  product ion  by female T. . . 

l i n e a t u m  5-fold (J. H .  Borden, unpubl i shed) .  E thanol  was found t o  be  
1 

t h e  most concent ra ted  v o l a t i l e  p r e s e n t  i n  l ogs  a t t r a c t i v e  t o  T. l i n e a t u m  
6 

. , ,  and was absent  i n  u n a t t r a c t i v e  logs  (Moeck 1970) .  
/ ,-. 

The s i g n i f i c a n t  - s u l c a t o l  p l u s  e thanol  i n t e r a c t i o n  o f  douglas-fi;  

\ 

{Table X I )  may have been due t o  e thanol  s t i m u l a t i n g  bor ing ,  which i n  

t u r n  would have l e d  t o  t h e  product ion  of  more secondary a t t r a c t i o n .  A 

s i m i l a r  phenomenon could 'have  occurred  i n  t h e  t e n t h  meter o f  e thanol -  
# t 

. b a i t e d  western hemlock fogs which s u s t a f  n e d  m r r a t t a c k s t k a n + a d j ~ a z e ~ t t  -- 

/ .  s e c t i o n s  which were t o  e i t h e r  s i d e  o f  t h e  e thanol  b a i t  (Table X I I ) .  % -  I 
/ 

C 
,have no explana t ion  f o r  t h e  la.ck of i n t e r a c t i o n  between e t h a n o 1 , ' s u l c a t o l  

' and t h e  odor of  hemlock (F igs .  21, 2 2 ) ,  o r ' o f  t h e  a t f a c k  r a t e  on 



9 

ethanol-bai ted Douglas-fir no t  d i f f e r i n g  from t h a t  on con t ro l s  

' 7  
tie 

. P r a c t i c a l  I m p l i c a t i o n s  of R e s u l t s  

(Table X I )  . 

unlike T. l i nea turn  which requi res  logs  aged f o r  seve ra l  months 

(Dyer and Chapman 1965, Chapman and Dyer 19691, G. s u l c a t u s  can a t t a c k  

logs within 5 days (Cade 1970) t o  a month (Mathers 1935) a f t e r  f e l l i n g .  - + 

Thus, it can e a s i l y  i n f e s t  f e l l e d  timber be fo re  it i s  . t ranspor ted  ou t  of  

'̂t 
t h e  f o r e s t ,  and cannot be con t ro l l ed  by "hot" logging, i . e . , ' r a p i d  

removal of c u t  logs  from the  f o r e s t  (Richmond 1968).  I n  add i t ion ,  adop- 

t i o n  of proposed a l t e r n a t i v e s  t o  s l a s h  burning (Dell  and Green 1968) 

could r e s u l t  i n  the  build-up of  l a r g e  G. s u l c a t u s  popula t ions ,  pa r t i cu -  

l a r l y  i n  unburned stumps. A p r a c t i c e  of b a i t i n g  s e l e c t e d  stumps with 

s u l c a t o l ,  a t  l e a s t  50 m d i s t a n t  from decked logs ,  and then t r e a t i n g  them 

basa l ly  with e thano l i c  so lu t ions  of  systemic i n s e c t i c i d e  could be used 

t o  t r a p  and k i l l  f i e l d  populat ions,  thus  reducing the  numbers of  G. 

s q l c a t u s  t ranspor ted  t o  log  booming grounds, dryland s o r t i n g  a reas  and 

sawmills. In  log  processing o r  mi l l ing  a reas ,  ba i t ed  t r a p  logs  o r  p i l e s  

of i n f e r i o r  grade lumber might be used t o  d i v e r t  b e e t l e s  from high value 

7 mate r i a l ,  p a r t i c u l a r l y  plywood pee le r  logs o r  export-bound, unseasoned I 

lumber. 



> 
RESPONSE OF GNATHOTRICHUS SULCATUS TO SULCATOL- 

BAITED TRAPS OF VARIOUS DESIGNS 
/ 

I n  e a r l i e r  s t u d i e s  o f  f i e l d  popula t ions  o f  ambrosia b e e t l e s ,  in-. 

cLuding Gnathotrichus sulcatus (LeConte) , samples of t h e  f l 2 i n g  popula- 
I r T  r 

t i o n  have been made wi th  window f l i g h t  t r a p s  (Chapman and ~ i n ~ h o r n  1958, 
- - -  

Cade e t  a l .  1970, Moeck 1971-1, r o t a r y  i n s e c t  n e t s  (Daterman e t  a l .  1965)? 

polye thylene  o r  w i r e  gauze covered wi th  Stickem s p e c i a l R  (Moeck 1971, 
, . 

Furn i s s  and Schmitz 1971, Byrne e t  a l .  1974) .    he o b j e c t i v e  of  t h i s  ex- C +. - 
S 

periment  was t o  compare t h e  e f f ec t ivenes ;  of v a r i o u s i y  modified c y l i n d r i -  

c a l  wiremesh t r a p s ,  a f l a t  wiremesh t r a p ,  and a  p l e x i g l a s s  B a r r i e r  t r a h  

- 
Methods 

The s tandard  t r a p  used i n  t h i s  s tudy  was a  21 cm diameter  ayl&der 

of 6 mrn wiremesh c losed  a t  1 end by a  plywood d i s c .  The t r a p  was sup- 

por ted  vertica1,ly.  by a  1 . 5  m i e n g t h  of  2 .5 c m h a m e t e r  dowling (Fig.  23) . 
9 

The 6 des igns  t e s t e d  were a  v e r t i c a l  and ho r i zon tq l  s tandard  t r a p  (F igs .  

23, 2 4 ) ,  a  v e r t i c a l  and h y r i z o n t a l  s tandard  t r a p  wi th  an i n n e r  c y l i n d e r  

of 1 .6 mm mesh b lack  gauze t o  i nc rease  t h e  v i s i b i l i t y  of t h e  t r a p  s i l -  

houet te  (F igs .  2 5 ,  261, a  f l a t  wiremesh t r a p  of t h e  same mesh and s u r f a c e  

a r e a  a s  a s t a n d a r d ' t r a p  (Fig. 271, and a p l e x i g l a s s  cross-vaned b a r r i e r  

R 
t r a p  (F ig .  28 ) .  A l l  wiremesh t r a p s  were t o a t e d  wi th  Stickem S p e c i a l  . 

--- -- - - -- 

A l l  t r a p s  were b a i t e d  wi th  an open v i a l  con ta in ing  0.5 r n l  o f  un- 

d i l u t e d  s u l c a t o l .  The v i a l  wa5 taped near  t h e  top  of  t h e  suppor t ing  po le  

of t h e  v e r t i c a l  wiremesh t r a p s ,  suspended i n s i d e  t h e  h o r i z o n t a l  wiremesh 

t r a p s ,  and secured i n  t h e  c e n t e r  of  t h e  cross-vaned t r a p .  



Figs. 23-28. Trap designs tested in a selectively logged 
forest, Point Roberts, Washington, 14 July to 1 August 1975. 
Fig. 23: The standard cylindrical wiremesh sticky trap. 
Fig. 24: A horizontal standard trap. ~ig.' 25: The vertical . 
standard trap with a black gauze insert. Fig. 26: The 
horizontal standard trap with~black gauze insert. Fig. 27: 
The flat wire mesh stzicky trap. Fig. 28: The plexiglass 
barrier trap 





A set of traps were deployed at each of 2 locations (A and B) in 

a selectively logged forest at Point Roberts, Washington, on 14 July 1975. 

Latin square designs were used to ensure that each design of trap was 

1 exposed once at each trapsite within a location. Traps were cleared of 

I beetles every third day, the sulcatol baits replenished, and the traps 

I moved to their next trapsite. Beetles were identified and sexed in the 

laboratory. Data were transformed to x'=loglO(x+l) before analysis of 

variance. 

Results and Discussion 

Vertical cylindrical traps captured significantly more G. sulcatus 

than other wiremesh traps which in turn captured significantly more than 

the barrier traps (Table XV). The preference for vertical cylinder traps 

is somewhat surprising, as G. sulcatus is a pest of felled logs and piled 

lumber. However, the preference for stumps over logs (Table X) and the 

greater brood production in stumps than logs (Table XIV) indicates that 

in nature a response to vertical traps would predominate. The 9- to 14- 

fold superiority of wiremesh over barrier traps corroborates earlier 

results (Moeck 1971). Greatest catch in Location A was on trap design No. 

2 while in Location B it was trap design No. 1. This variation contri- 

buted to the significant Location by Trap Design interaction in the ANOVA. 

These results indicate that use of the unmodified standard trap in experi- 

mental and applied detection, survey and control programs is justified. 

For the six, 3-day sampling periods from 17 July to 1 August, 

there was an increase in the number of beetles caught during the second 





smpf i n g  pe r iod  and a s t eady  deckine t h e r e a f t e r  a s  fol lows:  1 ,399,  1 ,699,  

1 ,189,  1 ,037,  954 and 771. The 20 J u l y  ca t ch  was s i g n i f i c a n t l y  g r e a t e r  , 

than on a l l  o t h e r  days except  17 J u l y  (Newman-Keuls Tes t ,  Pc0.05).  The 
E 

$+- seasona l  response of  G .  s u l c a t u s  a t  t h i s  h e r i o d  i n  1973 (Byrne e t  a l .  

1974) sugges ts  t h a t  i q c r e a s i n g  numbers of b e e t l e s  shofild have been caught: 
- - -- - - - - - - - - 

The d e c l i n e  i n  numbers caught  could r e f l e c t  many phenomena, such a s  a 

2 
gradual  decrease  i n  t h e  number of  b e e t l e s  a v a i l a b l e  f o r  cap tu re ,  d i s r u p t e d  - 

7 
. -"'orientation due t o  -s6ry adap ta t i on ,  i n a b i l i t y  t o  o r i e n t  i n  a s u l c a t o l -  

'sr 

s a t u r a t e d  atmosphere,  01; changes i n  t h e  weather.  Although r e s u l t s  i n  t h e  

> Chemainus sawmill (I'able V I I I ) ,  sugges t  t h a t  G .  s u l c a t u s  can be  t rkpped 
t 

o u t  u s ing  s u l c a t o l - b a i t e d  t r a p s ,  fur ' ther i n v e s t i g a t i o n  i s  necessary beforp,  - 
such a conclusion can be drawn i n  t h e  f b r e s t .  

*. 

The r e l a t i v e  magnitude' of ca t ches  a t  t ; ap i i tes  was n o t  c o n s i s t e n t  - 

between Locat ions,  l e ad ing  t o  a s i g n i f i c a n t  T r a p s i t e  by Locat ion i n t e r -  

a c t i o n  in, t h e  ANOVA. This  v a r i a b i l i t y  may have been due t o  pfoximity of 
f 

, , 

, s o u r c d f  b e e t l e s ,  or to*  microc l imat ic  d i f f e r e n c e s  caused by k a r i i n g  

l i g h t  and temperature  regimes, important  r e g u l a t o r s  of  G .  s u l c a t u s  f l i g h t  

behavior  (Dateman e t  a l .  1965, pudinsky and Schneider  1969) .  

- There w e r e  s i g n i f i c a n t l y  mofe G . c s u l c a t u s  captured  a t  T r a p s i t e s  - 
1 ( l , 6 3 4 ) ,  5 -  (1,617) , arid 6 (1 ,306)  a t  t h e  ends of  t h e  t r a p l i n e s ,  t h a i  a t  

t r a p s i t e s  2 ( 876 ) ,  3 (745) , and 4 (886) (~ewman-Keuls Tes t ,  P<0.05) .  The 

opening i n  t h e  f o r e s t  made by t h e  logging spur  road ,  a long which t h e  - . .  4 8 -  
- - -- - - - - -- 

t r a h s i t e s  weze l a i d  o q t ,  may have ac t ed  a s  a p a r t i a l  wind tunne l .  Th i s  * ,  

would c r e a t e  downwind hlumes which may have drawn G. s u l c a t u s  t q  te rmina l  - 
* 

t r a p s  p r e f e r e n t i a l l y .  ~ f t e r n a t i v e l ~  an end e f f e c t  may simply r e f l e c t  t he -  
.' 

7 



l a rger  area t h a t  a  terminal t r ap  may draw bee t les  from and suggests t ha t  

because of overlapping e f fec t ive  r a d i i ,  the t r a p b t  a 30 m spacing a r e  
r 

too c lose  together. For a l l  t r aps  t o  be equal; t h e i r  e f fec t ive  radius 

should not exceed hal f  the distance between adjacent t r aps .  My calcula- 
* 

t ion ,  based on the  2 : l  r a t i o  of the catches a t  the  terminal t r a p  and the 

next one indicAtes t h a t  the e f fec t ive  radius of each tyap i s  approxi- -- 
- - - -- - - - - - . 

mately 57 m. A m i n i m u m  between-trap distance of 100.m i s  recommended ' 

f o r  fu tu re  experiments. 
v 



VARIQUS CONCENTRATIONS I N  THE LABORATORY AND FOREST 

E f f i c i e n t  use o f  pheromones i n  p e s t  manageme~t r e q u i r e s  t h a t  t h e  

' 2- 

i n s e c t  response t o  t h e  s y n t h e t i c  pheromone be f u l l y  cha ' racter ized.  The 

o b j e c t i v e s  of  t h e s e  experiments were t o  determine t h e  most e f f e c t i v e  s u l -  

-- -- 
- -  - - - -  - 

c a t o l * r e l e a s e  r a t e s  by t e s t i n g  t h e  responses o f  G. s u l c a t u s  t o  pheromone 

a t  va r ious  concen t r a t i ons  i n  t h e  l abo ra to ry  and i n  t h e  f o r e s t .  

-- 

Methods 

\ 

~ a b b r a t &  Bioassay  

An opep-staqe o l fac tometer  (Borden and Stokkink 1973) was u2ed 60 

7 measure G. s u l c a t u s  response t o  a i rbo rne  s t i m u l i .  A i r  was passed a t  a  I 

2- 
r a t e  of  4 l / k n . ' t h r o u g h  a  1 nun a p e r t u r e ,  'and then through a  7 .5  cm 

l eng th  o f  10 mm d iameter  g l a s s  tub ing  l i n e d  wi th  e r  paper .  Bee t l e s  

were p r e t e s t e d  t o  ensure  t h a t  they could walk and were 

- \ . ' kept  i n  groups o f  about  20, i n  6 cm diameter p e t r i  d i s h e s  wi th  moist 

paper  towel l ing  a t  4OC u n t i l  r equ i r ed  f o r  b ioassays .  They were warmed a t  

I 

room temperature (20-23OC) f o r  5 min before  use.  A t  t h e  beginning of  

each t r i a l  0.05 m l  o f  s t imulus  was p laced  on t h e  f i l t e r  paper; the tube 
. - 

placed  i n  t h e  f r o n t  of t h e  a i r  a p e r t u r e  and 20 b e e t l e s  r e l e a s e d  10  t o  20 

- cm downwind. Bee t l e s  which approached wi th in  1 c m  o f  t h e  g l a s s  tub ing  
&- 

-- - -- -- 

o u t l e t  were scored a s  p o s i t i v e  responders .  A l l  o t h e r s ,  i nc lud ing  
. * 

- 

ones throughout t h e  2.5 t o  3 min t es t ,  w e r e T l a X e d T s ~ r & p o n d e r s .  
F 

Fresh f i l t e r  paper ,  g l a s s  t ubes ,  and b e e t l e s  were used f o r  each t r i a l  

w i th in  a  s t imulus  t e s t  s e r i e s ,  and t h e  brownpaper runway was changed 



between s t i m u l i .  Accumulation of  pheromone i n  t h e  a i r  i n  t h e  o l fac tometer  
I 

room was avoided 'by t h e  cont inuous ope ra t i on  o f san  open fume hood. Con- 
, 

c e n t r a t i o n s  ranging.  from 0 (benzen6 c o n t r o l )  t o  5 mg of  s y n t h e t i c  s u l c a t o l /  

t r ia l  were t e s t e d .  

F i e l d  T e s t  

- - -  - A  series- 05- re lease-sys temsrv ia l~  and - g k s s - - j a r s  with--lidsper- 

• ’orated by vary ing  numbers o f  4 mm diameter  ho l e s ,  were t e s t e d  under 

l abo ra to ry  cond i t i ons ,  o f  22OC and 70% R.H. , t o  a s s e s s  d a i l y  evaporat ion 

r a t e s  of undi lu ted  s u l c a t o l .  S i x  o f  t h e  r e l e a s e  systems w e r e  deployed on 

10 June 1975, i n  each o f  2 l o c a t i o n s  (A and B) i n  a randomized block 

des ign  experiment i n  a p o i n t  Roberts ,  Washington f o r e s t ,  which had been 

s e l e c t i v e l y  logged f o r  t h e  l a s t  4 yea r s .  Linear  a r r a y s  o f  s tandard  ver-  

iIC 
t i c a l  s t i c k y  t r a p s  ( F i g .  2 3 )  w e r e  s e t  o u t  a t  30 m i n t e r v a l s  i n  each 

loca t ion .  I n s e c t s  were c l e a r e d  from t r a p s ,  s u l c a t o l  b a i t s  rep len ished ,  

and r e l e a s e  systems reass igned  t o  t r a p  p o s i t i o n s  by use o f  random numbers, 

every 3 days u n t i l  completion o f  ?he experiment on 25 June. Beet les 'were 

i d e n t i f i e d  t o  s p e c i e s  and sexed on r e t u r n  t o  t h e  l abo ra to ry .  Data were 

transformed t o  x '= log  ( x + l )  be fo re  a n a l y s i s  of  var iance .  
10  

Resu l t s  and Discussion 

Laboratory ~ i o a s s a ~ s  . 

Highe s&f emaLeG-s u-1 ca &us-r espon se s-wereobkSrredtrrstirnufi-con- ' 

r; 

t a i n i n g  50 ng t o  50 uq o f  s u l c a t o l .  N o  significant_maleresponse-was- * 

recorded (Table X V I ) ,  similar t o  r e s u l t s  i n  o t h e r  comparative tests be- 1 

tween t h e  sexes  .(Byrne e t  a l .  1974) .  S t imu l i  a t  concen t r a t i ons  below 50 ng 
, , 





apparent ly  d i d  n o t  con ta in  enough pheromone t o  e l i c i t  a  d i r e c t i o n a l  re-  

sponse by female b e e t l e s  and s t i m u l i  a t  500 ug and 5 mg apparent ly  con- 

ta inLd s o  much s u l c a t o l  t h a t  d i r e c t i o n a l  response was d i s r u p t e d  i n  t h e  

t e s t  a r ea .  

P 

Field Test  

Grea tes t  numbers o f  G. s u l . a t u s  were c a p t x e d  on t r a p s  baited- 
- - - - - - - - 

w i t h a r e l e a s e  systems 4  and 5 which had mean s u l c a t o l  evaporat ion r a t e s  of  

54.7 and 128.7 mg/24 h r  r e s p e c t i v e l y  (TabLe X V I I ) .  These d a t a  i n d i c a t e  

t h a t  r e l e a s e  systems used- to  d a t e  (Byrne e t  a l .  1974, Borden e t  a l .  1976) 
d 

(Tables I V ,  V) may have y i e lded  l e s s  than  t h e  optimumpheromone concentra- 

t i o n  of approximately 100 mg/day. . 

The r e l a t i v e  ca tches  t o  t h e  r e l e a s e  systems were no t  c o n s i s t e n t  - 
between l o c a t i o n s .  Release system No. 2 a t t r a c t e d  t h e  l e a s t  b e e t l e s  i n  

Y 

l oca t ion  A b u t  khe most i n  l o c a t i o n  B, con t r ibu t ing  t o  a  s i g n i f i c a n t  
d 

r e l e a s e  system by l o c a t i o n  i n t e r a c t i o n  i n  t h e  ANOVA. There was a l s o  a  

s i g n i f i c a n t  r e l e a s e  system by time i n t e r a i t i o n .  

, A s i g n i f i c a n t  decrease occurred in-numbers of  b e e t l e s  captured 

over  t ime, with ca tches  i n  week 1 (1,342) > weeks 2 (7181, 3  .(681) '>' weeks 

4  (398) and 5  (323) (Newman-Keuls t e s t ,  P<0.05).  T h i s - r e s u l t  sugges ts  

L 
t h a t ,  a s  i n , t h e , t r a p  design experiment ( s ee  p. 78) ,  t h e  popula t ion  was re-  

duced by t rapping ,  o r  t h a t  high s u l c a t o l  concent ra t ions  may have caused 

d i s rup t ion  o Y , d i r e c t i o n a l  response by G. s u l c a t u s .  Also a s  i n  t h e  t r a p  
- - - -- - 

design experiment ( s e e  p. 78) t h e r e  was evidence of  an end e f f e c t  i n  loca- 
- -- - 

t i o n  A where about  twice a s  many b e e t l e s  were captured a t  t r a p s i t e s  1 and 
-. 

6 a s  a t  i nne r  t r a p s i t e s .  
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The s i g n i f i c a n t  d e c r e a s e  i n  numb&~ of  b e e t l e s  c a p t u r e d  o v e r  t ime ,  
L 

t h e  r e l e a s e  sys tem by t h e  i n t e r a c t i o n ,  and t h e  v a r i a t i o n  between t r a p -  

s i t e s  i n d i c a t e  t h a t  randomizat ion o f  r e l e a s e  sys tems among t r a ~ s i t e s ,  as 

was done i n  t h i s  exper iment ,  d i d  n o t  o b t a i n  t h e  random sampling in tended .  

T o  overcome t h i s  a L a t i n  Square  d e s i g n  is recommended f o r  subsequen t  ex- 

pe r iments .  



RESPONSE O F  GNATHOTRICHUS SULCATUS' TO HOST ODORS 
II 

The rpsponse o f  G n a t h o t r i c h u s  s u l c a t u s  t o  h o s t  odors  (Cade e t  

al.. 1970, Borden and Stokkink 1973) ,  and s p e c i f i c a l l y  t o  e'thanol (Cade 

e t  a l .  1970, Moeck 1971) ,  c l e a r l y  demonstrates primary a t t r a c t i d n  i n  

t h i s  spec ies .  Moreover, t h e  response t o  freshly-sawn lumber. i n  t h e  
' 

C 
- - CbeminusSamill_CT&les V I *  V I I )  i s  concluded t o  be due t o  a t t r a c t i v e  -- -- 

* ) 

odors and/or boring s t imu lan t s .  

The o b j e c t i v e s  of the?e experiments were t o  i n v e s t i g a t e  i n  t h e  
' 

~ 

. * 

l a b o r i t o r y .  G. s u l c a t u s  responses t o  %e thano l .  h o s t  sawdust q ~ c r e a s i n g  
'9 

* '  ag& a f t e r  exposure of  wood t o  ambient a i r ,  and t o  e thanol  and hos t  odor 
"z 

./ 

combined, and i n . t h e  f i e l d ,  t o  e thanol  r e l ea sed  a t  va r ious  rates:  h 

Methods 

1 ,  1 - 1 .  G; s u l c a t u s  response  t o  aqueous solut,ions of  e thanol  were t e s t e d  I '  

. . J - - p\. 
i n  t h e  open-stage l abo ra to ry  05factometer.  S t imu l i  were f i r s t  de l ive red  

\ by p l ac ing  0.05 m l  of t e s t  solufiion o n  a  f i l t e r  paper i n  a  g l a s s  tube  i n  
-- 

f r o n t  of an a i r  a p e r t u r e  d e l i y e r i n g  4 l/min. The same concent ra t ions  df  . - - - 
e thanol 'were  a l s o  t e s t e d  by p l ac ing  50 m l  of s o l u t i o n  i n  a  100 m l  Erlenz 

- \- mdyer f l a s k  and passing' a i r  over  it a t  2 l/min. The vapor was l e d  
* 

7 - through a  g l a s s  d e l i v e r y  tube which opened d i r e c t l y  over t h e  a i r  ape r tu re  
- 

which suppl ied a i r  a t  2 l/min. 1 .  
- t  

- 
--- The e f f e c t  of a i r f l ow r a t e  on evhanol releas2'was inves t iga t ed  

B r  

by pass ing  a i r  over  an e thanol  s o l u t i o n  i n  a  100 m l  Erlenmeyer f l a s k ,  
- r - - - - - -- - - --- -- - -- - - L! 1 

and t rapping  vapors i n  a  dry i c e  condensation t r a p .  a h 6  experiment was ' 3 
i 

1* 

repea ted  f o r  1-hour per iods  a t  a i r f l ow r a t i s  of 500, 1,000, 1,500, and 
f 

., L 

r 
a 



Ethanol concentrations in the flask and condensate were 

measured with an Abbey Ref ractometer . Refractive indexes wpre cbnverted 
0 ' 

- to percentage ethanol by weight using standard tables (Weast 1974). 

An mattacked 1 m-long western hemlock log, f ~ o m  a tree fellea 
1 

ok 18 April 1974, and c6llected from the U.B.C. Research forest, in April 
. .  . 

1975, was %awn in half,longitudinally on 10 June 1975. The cut surfaces 

were marked into 14 transverse bands each 7 cm wide.) Every 2 to 4 days, 
8 

sample•‹s of sapwood and heartwood sawdust were prepared from 1 randomly - 

selected band, with an electric drill. Male and female G. sulcatus re- 

-3 # Z 

sponses to the fresh sawdust were- determined & passing air, at 4 l/min, + 

1 - a L 
over 25G mg of sawdust in a .5 cm diameter petri dish insert in the olfac- 

- .  - 
tometer runway 'direcily in front of the air-aperture. Beetles were 

released 12 cm downwind and those reaching the edge of the petri dish 
b 

were judged as positive responders. 

Ethanol 'and sawdust stimuli were tested together by delivering 

ethanol vapor at 2 l/mirl from a flask co-ning 50 mls of 59% ethanol . 

directly. into the airstream passing at 2 ljmin over attractive western 
0 

hemlock sawdust. 
- 

For field bioassays, a series of release systems, 4 ml vials 

and 120 ml glass jars w+h caps perforated by varying numbers of 4 mm 4' 

diameter holes, were tested under laboratory conditions at 62OC and 70% - 
/ e R.H.,to assess daily evaporation rates of undiluted ethanol. Four of 

the release systems and an unbaited control, were deployed on 7 August 
-- ---- a, t- 't - - - 

. > usin; Latin Square designs, 1; each-= 2 locations (A and 8)  i Yaa 
selectively logged forest in Point Roberts, Washington. Linear arrays 



o f  5  v e r t i c a l  s t i c k y  t raps4 (Fig.  2 3 )  were ;e t  o u t  a t  30 m i n t e r v a l 3  i n  

each l o c a t i o n .  I n s e c t s  were c l e a r e d  from t h e  t r a p s ,  e thano l  b a i t s  rep len-  

i shed ,  and t h e  trea' tments r ea s s igned  t o  new t r a p s i t e s  every 3 days u n t i l  - 
v . , 

'22 August. B e e t l e s  were i d e n t i f i e d  and sexed on r e t u r n  t o  t h e  l abo ra to ry .  

Data were transformed t o  x l = l o g r  (x+l )  be fo re  ana lys i s ' o f  var iance .  
TC' . 10 

Laboratory Response  t o  Ethanol 
t '\ 

3 

The only  s i g n i f i c a n t  responses  t o  0.05 m l  of  e thano l  s o l u t i o n s  i n  - 

g l a s s  tubes  were by female G. s u l c a t u s  t o  1% and 95% e thano l , ,  t h e  response 
'~ 
'1 

of  t h e  l a t t e r  be ing  , t h e  on ly  response , s i g n i f i c a n t l y  g r e a t e r  than  t h e  male 

7 n s e  (Table XVIII) . However, when a i r  w a s s e d  over  t h e  t e s t  solu-  

t i o n s  i n  a f l a s k ,  a l l  responses ,  except  t h e  female response t o  10% 

e thano l ,  were s i g n i f i c a n t l y  g r e a t e r  than t b  water  c o n t r o l s .  The male 

gesponse was g r e a t e r  t h a g t h e  female response t o  0.1% 

and t h e  female respgnse w& g r e a t e r  t o  t h e  0.05% 
, \  

f When a i r  was passed, a t  var ious  flow r a t e s  over  a  t e s t  s o l u t i o n ,  + 

7 
the+amo&t of  -etfianol i n  t h e  s o l u t i o n  decreased over  t ime i n d i c a t i n g  

p ropor t i ona l ly  more e thano l  than  water  was evapora t ing  (Table  X I X ) .  The 

concent ra t ion  of  e thano l  i n  t h e  cqndensed vapor was much h igher  than - 
t h a t  i n  t h e  test  s o l u t i o n .  I t  remained almost cons t an t ,  even though t h e  

concen t r a t i on  i n  t h e  test  s o l u t i o n  decreased (Table X I X ) .  The 3  h igher  

a e f l o w  r a t e s  y i e lded  e thano l  a t  24, 2 2 ,  and.26 mg/min, r e s p e c t i v e l y ,  sug- 
- -- - - - - - - -- - -- - - - - - -- - 

g e s t i n g  t h a t  t h e  mean r a t e  o f  24 mg/min might approximate t h e  upper l i m i t  , f 
i 

i 

of  supply from t h i s  type o f  d e l i v e r y  system a t  21•‹C. 





Table XIX. 
of e thanol  
flow r a t e s  

Laboratory determinat ion of t h e  concent ra t ions  
i n  a t e s t  f l a s k  and condensed vapors a t  4 a i r -  
i n  consecut ive 1 h r  per iods,  a t  21•‹c~ 

Percent  e thanol  + 

-. 
(by weight la  Percent  e thanol  

A i r  Flow ' 
i n  f l a s k  a t  (by weigh%) mg ethanol/min - 

' ml/,min 
s t a r t  o f  each i n  condensate 

1 h r  per iod  

. - 
Determined from? r e f r a c t i v e  index measured a t  t h e  beginning of  

each t r i a l .  ~ 

\ - 
h .  Ethanol 20 c e n t r a t i o n  a t  end of experiment was 39.5%. 



When these  r e s u l t s  a r e  r e l a t e d  t o  t h e  response by G. s u l c a t u s  

, ( T a b l e r W ~ I I )  it appears  t h a t  t h e  amount of e thano l  i n  a  0.05ml 'stimulus 
' i  ' 

i s  s o  s m a l l  t h a t  t o t a l  evaporat ion would occur i n  20 t o  30 seconds. 

Minimal response l e v a s  would be expected f n  t h i s  type  of  bioassay.  
.9 . '  

~ l ' t e r n a t i v e l y ,  t h e  c o n s i s t e n t  r e s u l t s  t o  a l l  s o l u t i o n s  t e s t e d  by t h e  
6 ,  7 

f l a s k  d e l i v e r y  sxstem were obvious ly  -due t o - t h e x & i f i v r ~ ~  - c o n s t a n t s a p o r  

concent ra t ions  i n  t h e  &stream, ;egardless 'of t h e  concent ra t ion  o f  t h e  

I 
so lu t ions .  C l e a r l y ,  t ' s  type  of de l ive ry  system is d e s i r a b l k  f o r  t e s t -  ?- . 

ing ethanol  and o t h e r  h ighly  vo~at i le ' compounds  i n  l abo ra to ry  bioassays.  - 

F i e l d  ~ e s ~ o n s e  & Ethanol  

Therawas  *a significant response by G. s u l c a t u s  t o  e thanol  a t  . . 
- b. - 

a l l  r e l e a s e  r 2 t e s ,  and s ign i fycan t fy  g r e a t e r  catches, t o  t h e  2 higher  \ 

f 

concent ra t ions  of e thanol  (Table X X ) .  S i g q i f i c a n t l y  more males were 
f 

f 

t rapped  t h a n ~ f e m a l e s  a t  a l l  r e l e a s e  r a t e s  (P<0.01) .  Even t h e  h ighes t  

ca t ch  r a t e  (4:86 bee t l e s / t r apday)  however, was much l e s k  than  t o  s u l c a t o l -  
.) 

b a i t e d  t r a p s  ,(Tab e s  XV, XVII) . 4 
Treatment 4  c a u g h t - t h e  most b e e t l e s  i n  l o c a t i o n  B whereas t r e a t -  

ment 5 c a p t u r d  t h e  most i n  l o c a t i o n  A ,  con t r ibu t ing  t o  a  s i g n i f i c a n t  . 
9 ' 

t rea tment  by l o c a t i o n  i n t e r a c t i o n .  Grea tes t  numbers of females were 

captured t o  t rea tment  4 while  g r e a t e s t  numbers of  males were caught t o  + 

t rea tment  5 (Table XX)  causing a  s i g n i f i c a n t  treatmen$ by sex  i n t e r a c t i o n .  

a 
There i s  no oBvious reason f o r  . the comparatively low 'catch o f  males t o  

* 
- - - - - - -- - -- -- -- - -- 

t rea tment  4 T A s  i n  t h e  t r ap ,des ign  and s u l c a t o l  r e l e a s e  r a t e  e x p e r i m e n t ~  . . 
. (pp. 7 8  and 8 3 ) ,  t h e r e  were marked end e f f e c t s  wi th  s i g n i f i c a n t l y  more G.  

s u l c a t u s  being caught on te rmina l  t r a p s  (170) than on inner  t r a p s  ( 4 3 ) .  
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~ o t h  t h e  l abo ra to ry  r e s u l t s  (Table XVIII) and f i e l d  r e s u l t s  
0 

(Table XX).  confirm o t h e r  s t u d i e s '  (Cade e t  a l .  1970, Mokk 1971) which 
. * -  

i nh i ca t ed  t h a t  e thano l  is  an a t t r a c t a n t  f o r  G. s u l c a t u s .  However, when 

compared t o  s u l c a t o l ,  e thanol  i s  a r e l a t i v e l y  weak a t t r a c t a n t .  

\ 

Laboratory  Responses t o  Sawdust , 

Q 

A measure of  a t t r a c t i v e n e s s  of a f r e s h l y  sawn log ,  over  t ime,  

was obtained by b ioassays  of  f r e s h l y  prepared sawdust a t  2- t o  4-day in-  

t e r v a l s  f o r  & days (Table X X I ) .  I n  nea r ly  a l l  cas$s,  both male and 

female G. s u l c a t u s  response t o  sawdust from sapwood and heartwood was 

s i g n i f i c a n t l y  g r e a t e r  than  t o  a i r  con t ro l s .  The h ighes t  responses were 
n 

by females t o  heartwood and sapwood (66.3% and 61.3% r e s p e c t i v e l y )  on 

. day 24 .  The h ighes t  male response t o  sapwood (51.3%) w a s  a l s o  recorded 

on t h i s  day. Female response to-sapwood was s i g n i f i c a n t l y  g r e a t e r  than 
- 

male response on days 0, 4 ,  8, 13,  and 31 while  male response was greater 

, on days 17,  20, and 27. Female response t o  heartwood was s i g n i f i c a n t l y  

g r e a t e r  than male response on days 0, 10, 24, and 31 (Table X X I ) .  
- t /  

Clea r ly ,  sawdust odor is  a t t r a c t i v e  t o  both sexes ,  and t h e  more f requent ly  

h igher  female response sugges ts  t h a t  females may be t h e  more responsive 

sex. This a e s u l t  was not  a s  expected, a s  t h  male is t h e  p ioneer  sex  i n  dP t h i s  spec i e s  (Prebble and Graham 1957).  e s i g n i f i c a n t  responses t o 6  

heartwood -- - - were n o t  expected, because few i f  any q a l l e r i e s  a r e  ever  
% 

i n i t i a t e d  i n  o r  extended i n t o  heartwood (Prebble and Graham 1957, McBride ' 
- -  - - . - - 

and Kinghorn 1960).  ~ & e v e r ,  when t h e  response t o  sapwood and heartwood 

by each sex  a r e  compared, t h e  s i g n i f i c a n t l y  d i f f e r e n t  responses a l l  favor  
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sapwood, except for females on day 17 (Table XXI). Thus, the attractive 
, 

component(s) are to be found in greater concentration in the sapwood. 

Persistently high attraction of host material does not .compare 

with results obtained in the Cheminus Sawmill where loads of fresh 

lumber were most heavily attacked in weeks 2, 3, and 4 after sawmilling 

(Table VI). This difference could be expla ned by the hypothesis that 

- - -- -- - -- 4 
in the mill site, secondary attraction would-have XdethFlmFr-more----,-pi- 

attractive after male beetles had attacked the boards in the first week. 
, 

'As freshly-sawn lumber is attractive to both sexes of G. sulcatus, pro- 

cessing units (such as the Planer Mill in the Chemainus Sawmill) which 

release odor in milling and have large quantities of fresh lumber stored 

around them, would be expected to attract large numbers of beetles. 

When ethanol and sawdust were tested together, there was a sig- 

nificantly greater response by both sexes than to either stimulus alone 

(Table XXII). The greater male than female response to the combined 

ethanol and sawdust stimulus supports the results of the field tests 
C 

(Table XX) in which more males than.females were captured to ethanol- 

baited traps. The ability of males to respond more readily to the com- 

bined ethanol plus sawdust odor is of adaptive significance in that it 

would enable them to pioneer attack on the most suitable hosts in nature. 

Isolation and identification of the active host-produced components in 

addition to ethanol is recommended. The total complex of naturally- 

- -- -- 

occurring attractants (sulcatol, etk_lanol, and. the yet u n h i n i h u - 7  

compounas coulf tken be- used in -appkked-conho> oSGi s u k a  tus . 



- - - - -- - 

Table X X I I  . Gnathotrichus su lca tus  responses t o  ethanol  
and western hemlock sapwood sawdust, t e s t e d  alone o r  
together  i n  labora tory  bioassays,  on 10 October 1975 

M a l e s  , F  e m  a 1 e - s  
Stimulus Number percenta ' Number percenta 

x 
males vs 

Tes t,ed response Tested resporise femalesc 

A i r  con t ro l  . 8 7 4.6a 8 2 9.8.a - NS 

Sawdust 

Ethanol 
b 

Sawdust plus 
ethanol  

i 
a 

Percents  within a column followed by the  same l e t t e r  not  s ig-  $ 
n i f  i c a n t l y  d i f f e r e n t  , x2 t e s t ,  Pc0.01. .+j 

G s f  
Flask del ivery  system with 50% solut ion  of  ethanol .  

c 2 -  
i T 

x probab i l i ty  l e v e l s :  *, P<0.05; NS, no t  s i g n i f i c a n t .  d 
- - - - -- - ?' 

C 

--- - - - - -  -- - -  pp - -- -L 
'I 
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- CONCLUSIONS 

Various phenomena related to host selection, host suitability 

and pheromone response have been elucidated by these studies. Stumps are 

? 
concluded to be a more favorable habitat for G. s u l c a t u s  than logs, be- . 

cause of superidr attack rates (Table X) and brood p~oductivity (Table 

XIV). The preference for vertical cylinder traps over other designs - - --  ---p------ --- --- - ---- A 

(Table XV) may reflect this preference for stumps over logs. A prefer- 

ence for unseasoned lumber in weeks 2, 3, and 4 after sawmilling (Table 
I 

VI) is related to favorabie moisture content, an increase inSecondary 

attraction in the first week, and finally to decreasing moisture content. 

,The demonstration that G. s u l c a t u s  can develop and reproduce in unseasoned 

lumber (Fig. 3) emphasizes the threat of G. s u l c a t u s  introduction into 

4 
u 

lumber-importing countries. . 

1; all experiments, sulcatol was always &&ior to ethanol as an. . L - 
attractant. While ethanol was margina axone in the field 

- *  - 

(Table XX) it appears to modulate attraction tp host 'material in the field. ' 

Thus, its major role may be more that of an arrestant/boring stimulant 

? 
than an attractant. High responses by both male and female G s u l c a t u s  

i': 
to sawdust and ethanol when tested together in the laboratory (Table X X I I 3  

suggest that there are other as yet unidentified, attractive components ? 

in host volatiles. The increased vulnerability to attack of lumber adja- 

cent to sulcatol-baited traps (Table VII) is concluded to reflect an area 
- 

response by males to sulcatol and their diversion to a host-positive re- 
p - - - - - -- - - -- - - -- 

- - 

sponse before being intercepted by a trap. This res@nse could be ex- 

ploited by combining attractive slab lumber with sulcatol-baited traps in 



- 
- - - - -- - - -- 

trap out programs in commercial sawmills.. 

My studies have-shown that sulcatol is ideally suited for species- 

specific insect pest management (Glass 1975). It is a markedly species- 
\ 

specific aggregation pheromone that is active at very low concentrations 
1 

,in the laboratory (Table XVI) and in the field (Table XVII), and attradts 

G. sulcatus-in a ratio of approximately 2$$:16 (Tables 11, XV, XVII). 

Sufcatol-barted traps da@ayec%fw* commerc+al-sawmiLl demonst-rated-&heir- 

abi-lity in pest detection and survey. They indicated areas of high pest 

populations (Table III), and disclosed seasonal patterns of G. sulcatus ' 

flight activity' i ~ i ~ s  ._ 2, 4-7) . In lumber-importing countries, sulcatol- 

baited traps could be used in surveillance surveys. 

Sulcatol is also concluded to be a promising tool for G. sulcatus 

control. In a sawmill site, continuously-baited traps suppressed an 

estimated 0.70 of males and 0.87 of females in the'most heavily infested 

problem area (Table VIII). In the forest, sulcatol--or sulcatol plus 
- - A  

.ethanol-baited stumps and logs sustained much higher densities of attack , 

than did ethanol-baited or unbaited host material in the same areas (Figs. 

19-22). Therefore, the trap tree (or stump) method-of beetle control 
? 

could be employed in the forest by utilizing sulcatol and ethanol baits. 

1 

1 
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a )  Development < f c o u r s e s  i n  I n t r o d u c t o r y  Biology f o r  s t u d e n t s  - 

o f  v a r y i n g  backgrounds i n  p r e p a r a t j o n  f o r  advanced d e g r e e  
I 

s t u d i e s  i n  S c i e n c e ,  Medicine and A g r i c u l t u r e .  

b )  Development o f  a two-year program'of  B a s i c  ~ ~ i e n d e  f o r  Qome 
Economics, a s  p a r e  o f  t h e  Diploma i n  Educa t ion  c u r r i c u l u m . .  

Biology Master ,  L y t t o n  High School ,  Gisborna,  New Zealand,  1968-69. 
Act ing Head o f  Biology i n  1969. D u t i e s  inc luded :  I 

a )  Coord ina t ion  o f , B i o l o g y  s y l l a b i  a t  a l l  l e v e l s  w i t h  s p e c i a l  
r e s p o n s i b i l i t i e s  f o r  a p i l o t d r + r a m  i n  Form 6 (Grade - 1 2 )  - - - - 

Biology.  

b )  ~ e t t i n g ' a n d  approv ing  o f  Biology examina t ions  a t  a l l  l e v e l s .  
B ,  

C )  O r g a n i s a t i o n  o f  t h e  ~ i o i o ~ ~  Labora to ry .  

Demonstrator. i n  f i r s t  y e a r  Zoology L a b o r a t o r i e s ,  u n i v e r s i t y  o f  . -7 
Auckland, New Zealand, 1964-66. 

OTHER PROFESSIONAL EXPERIENCE 

C o n s u l t a n t  t o  Concord Engineer ing  Ltd. ,  Vancouver, on  c o n t r o l  of f l y  
problem i n  a f i s h  f a c t o q y ,  1974. x k .  

Research C o l l a b o r a t o r  on a Coconut Rhinoceros B e e t l e  Research P r o j e c t ,  
U n i v e r s i t y  o f  t h e  South P a c i f i c ,  F i j i ,  1972-73. E s t a b l i s h e d  a - 

- - 

mass-rear ing f a c i l i t y  t o  p r o v i d e  b e e t l e s  o f  known h i s t o r y  f o r  
h o s w e c t i o n  and b a s i ~ b i o l o g i c a l  r e s e a r c h .  

* - -- -- - - -- - - - - - - -- - - - 

C o n s u l t a n t  B i o l o g i s t  t o  t h e  B a s i c  Sc ience  Group, UNDP/UNESCO Regional  

4 - Curr iculum Development Workshop, Suva, F i j i ,  January  1973. 

E d i t o r  a n d C o - a u t h o r  o f  a series o f  3 ,  6 t h  & r m  Ecology F i e l d  Guides 
on "Streams and Ponds," U n i v e r s i t y  o f  t h e  South P a c i f i c ,  1972-73. 

1 



Housing Committee Member, Univers i ty  of t h e  South-Pac i f ic ,  1972-73. 

Member 02 Advisory Committee f o r  6 t h  Form Ecology F i e l d  Guide S e r i e s  
on I s l a n d s  Grasslands and School Compounds, Mangrove Swamps, and 
I n t e r t i d a l  Mudflats,-1971. 4 

Entomological Soc ie ty  of Canada. 
B 

3 
- Entomological Soc ie ty  of America 

Fellaw-of-thefloyal-En~omolog~a1- Socie ty  o r  London- (FRES )---- -- 

Entomological Soc ie ty  of B r i t i s h  Columbia 

---. Entomological Soc ie ty  of New Zealand 

New Zealand Limnological Soc ie ty  

PAPERS PUBLISHED 

McLean, J. A. and J. H.  Borden. Survey f o r  Gnathotr ichus s u l c a t u s  
(Coleoptera:  Sco ly t idae )  i n  <commercial sawmill wi th  t h e  phero- 
mone, s u l c a t o l .  J. Can. For.  Res. 5:586-591. 1975. - 

McLean, J .  A .  :and J. H. Borden: Gnathotrichus s u l c a t u s  a t tack ,  and 
h 

breeding I n  f r e s h l y  sawn lumber. J. Econ. Entomol. 68~605-606. f 

1975. 

Vander Meer, R. K.  and J. A. McLean. I n d i r e c t  methods o f  determin- 
i ng  t h e  emergent weight o f  Oryctes rh inoceros .  Ann. Entomol. i 

Soc. Amer. 68~867-868. 1975. 
\ 

L 

McLean, J : A .  The f reshwater  macrofauna of  F i j i .  I n  Reference Book- 
l e t  o f ' t h e  Form 6 Ecology F i e l d  Guide S e r i e s  Streams and'Ponds. 
Produced by UNDP (UNESCO) Curriculum Development Unit ,  Universi ty  
of t h e  South P a c i f i c .  63-87. 1974. - 

McLean, J. A.  S tud ie s  on t h e  l a r v a  of On i sc iqas t e r  wakef ie ld i  
(Ephemeroptera: Siphlonuridae)  i n  ~ a i - t a k e r e  Stream, Auckland. 

N.Z.  J1 mar. Freshwat. Res. 4~36-45.  1970. 
, 

McLean, J. A. S tud ie s  of Ephemeroptera i n  t h e  Auckland Area - I: 
Light- t rapping i n  C a s c d e  Kauri Park, $1: Observations on. f l i g h t  
a c t i v i t y  i n  t h e  Waitakere Stream. Tane. 13-99-105. 1967. 

McLean, J. A. Comparative s tudy of  t h r e e  s t ream fauna i n  Auckland 
Area. Tane. l2:97-102. 1966'. 

- 

PAPERS PRESENTED A T  SCIENTIFIC MEETINGS - - 

" P r a c t i c a l i t y  and l i m i t a t i o n s  of  t h e  use of  bark and ambrosia b e e t l e  
pheromones a s  a c o n t r o l  t a c t i c ,  with s p e c i a l  r e f e rence  t o  s t u d i e s  
i n  B r i t i s h  Columbia." Annual Western Fores t  I n s e c t  work Confer- 
ence. Mount Hood, Oregon. 1976. v 

-_ . I , 



"Survey of  a sawmil?population of  G n a t h o t r i c h u s  s u l c a t u s  with  t h e  
s y n t h e t i c  pheromone, s u l c a t o l . "  Annual meeting o f  t h e  Entomo- 
l o g i c a l  Soc ie ty  o f  B r i t i s h  Columbia. 1975. 4 

"Survey o f  a sawmill p p u l % t i o n  o f  G n a t h o t r i c h u s  s u l c a t u s  Coleoptera:  ' 
I Sco ly t idae)  us ing  t h e  pheromone s u l c a t o l . "  Ahnual meeting o f  

t h e  Entomological Soc i e ty  of  America. Po r t l and ,  Oregon. 1975. 

"Entomology i n  F i j i  wl th  s p e c i a l  r e f e r ence  t o  B io log ica l  Cont ro l . "  
Annual meeting o f  t h e  Entomological Soc ie ty  of Briti-Columbia. 

1 

1974. 
- - - - - - - - - -- - - - - - - - - - - - - - -- -- - - 

"Studies -on  t h e  Ecology o f  O n i s c i g a s t e r  w a k e f i e l d i  (Ephemeroptera: 
S iphlonur idae) . "  Annual meeting o f  t h e  P&w Zealand z in no logical 
Soc ie ty .  Auckland, New Zealand. 1968. 

" I n  p u r s u i t  of  pheromones and t h e  i n s e c t s  t h a t  produce them." Wit'h 
J. H. Borden, B io lqg ica l  Sciences Seminar, Simon F r a s e r  ~ n i v e r -  * 
s i t y ,  1975. . 

"S tq tus  o f  Freshwater Biology Research i n  F i j i  and the-St reams and 
f 

Ponds F i e l d  Guides." School of  Natura l  Resources Seminar, Univer- 
s i t y  o f  t h e  South P a c i f i c ,  1973. - 

EXTRACURRICULAE~ ACTIVITIES 
L 

-. .; - .  
Curren t  i n t e r e s t s  i n  Ballroom Dancing, Ski ing  and Photography. A 

. . 
Boat Club Committee Member,' Univers i ty  of t h e  South ~ B c i f i c ,  F i j i ,  

197l-73. d 

Coached Soccer Teams a t  Lyt ton High School, 1968-69, a n d ' a t  t h e  Uni- 
v e r s i t y  of  t h e  south  P a c i f i c ,  1971-72. 

Judo Champion, Ayckland Un ive r s i t y ,  1966. Club Pressdent  1964, 1965, 
represen ted  ~ u c k l a n d  Univers i ty  a t  t h e  New Zealand U n i v e r s i t i e s  
Tournament, 1963, '64, '66,  and '67. Se l ec t ed  f o r  New Zealand 
U n i v e r s i t i e s '  Team on th ree ,occas ions .  

Act ive member o f  t h e  Auckland Univers i ty  F i e l d  Club, 1963-66. + 
$ 

P a r t i c i p a n t  i n  F i d d , C l u b  S c i e n t i f i c  Camps, r e p o r t s  of  which pub- d 

l i s h e d  i n  F i e l d  C l u b ' s  Jou rna l ,  Tane.  

T e r r i t o r i a l  Army Se rv i ce  i n  theARoyal  New Zealand Engineers ,  1963-67. 
-- -- 

D r .  B. P. Beirne,  D i r ec to r ,  k s t o l o g y  Ceqtre ,  Department o f  Biolog- 
A 

i c a l  Sc iences ,  Simon F ra se r  Univers i ty ,  Burnaby, B.C., Canada . 

D r .  J. H. Borden, P ro fe s so r ,  Wpartment of  B io log ica l  Sc iences ,  Simon 
F ra se r  Univers i ty ,  Burnaby, B.C., Canada V5A 1S6 



' Professor  T. C. R. White, Head of t h e  School of  Natura l  ~ e s d u r c e s ,  
Universi ty  of  t h e  S w t h  P a c i f i c ,  P.O.  Box 1168, Suva, F i j i .  

Other work r e fe rences  may be obta ined  from: 

D r .  G.  D. Bishop, P r o j e c t  Manager and Chief Technical Advisor,  
UNDP/UNESCO Curriculum Development Unit,  P. 0. Box 336, Suva, 
F i j i .  

M i s s  M. E.  Roberts,  S p e c i a l i s t  i n  Home Economics, UNESCO-UNDP P r o j e c t ,  
I n s t i t u t e  o f  Education, Rose H i l l ,  Mauri t ius .  

M r .  J. Megenis, Head of Science,  Lytton High School, Gisborne, New 




