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1 investigated the hypothesis tbat wood-boring b d e s  in the genus Monochanrus 

Megerle (Cerambycidae) utilize pheromones of sympafric bark beetles as host-nnding 

kahomones. AU nine bark beetle pheromones tested electrophysiologically were 

antenaiiy-active for bath sexes of M. satellatus (Say), M. clamator (Monte) and M. 

O&- Casq h m  southem British Columbia, but only six were antdy-active for 

male and fernale M. scutellaticr fiom northcrn British Columbia. Whcn field-tested with 

multiplafunnel traps (British Columbia) or cross-vane traps (Ontario), a blend composed 

of &ontalin, ipsdienol, ipsenol and MCH, in combination with a blend of host volatiIes 

atûwted si-cant numbers of M. clamator, M. obturirs, M. notatus @nay) and M. 

scutellartrr to baitcd traps. Traps baited with host volatiles in combination with a second 

blend composai of exo- and endo-brevicomin, cis- and trans-verbenol and verbenone 

caught no more beetles than unbaited traps or traps baited with the host blend alone. In 

British Columbia, ûaps baited with the î h t  blend alone or both bleds together captured 

significantly more M. scutellatw and M. clamator than unbaited traps, demonstrating a 

response to badc bede pheromones in the absence of hosî volatiles. When the 

components h m  the blend composed of fiontalin, ipsdiew1, ipsewl and MCH were 

tested individually in southeni British Columbia the data were inconsisteut, but traps 

baited with either or both ipsdienol or ipsenol aîüacted signifïcant nimibers of M 

clmator and M. snrrellaîus. In northem British Columbia none of the above 

components alme attracted sigdicant numbers of male M. scutelIatus, but traps baited 

with the host blend and ipsenol caught more fanale M. scuteUatus than ûaps baited with 

only the host blend. Neither endo-brwicomh, exo-brevicomin, cis-valmol, tram- 



iv 
verbenol nor verbenone athimcted sigdicaat numbers of MonocAomw spp. in either 

location. These rcsults suggest that MonochmmLF spp. minimize foraghg costs by using 

the pheromones of sympaûic bark beetles as kairomones. This would be adaptive 

because: 1) the pheromoncs wouid indicate suitable host trees or logs; and 2) the 

pheromones may indicate the potential presence of badc beetle lame which when preyed 

upon by Monuchumtcs lame may positively influence brood developrncnt. 
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INTRODUCTION 

Most woodboring insects reproduce in sttessed, dying or dead trees that are 

usually randomiy disîriiutcd in space and time (Schroeder, 1992). The larvae feed under 

the bark in the phioem tissue, in the sapwood, and sornetuncs deep into the heartwood 

(Linsley, 1961), often boring long tuunels which weakcn and degrade the wood and 

provide infection courts for wd-rotting fimgi. Woodboring beetles have caused 

economic losses as high as 30% in British Columbia (B.C.) log yards (Safianyik and 

WC, 1970). A southcm interior B.C. mill, which converts 700,000 m3 of conifmus 

timber into lumba annuaiiy, could expect annual degrade losses h m  ali woodborers to 

total betwmS1.8 and 4.8 million (US)'. ifthese values were exüapolated to encompass 

dl interior mills, muai losses wouid be $293 million (US), M3.6 million of which 

would be attriiutable to large woodboms. Woodborcrs in the genus Monochamus are 

large and are of particular economic significance, because in addition to c m i u g  

signitlcant physicai darnage (Pmelee, 1941; Gardiner, 1957, 1975) they are vectors of 

the pinewood nematode, Bursaphelenchus xylophilüs (Steiner and Buhrer, 1934) Niclrle 

(Vallentgoed, 1991). 

Coniff~ophagous woodbom use olfactory stimuli to locate hosts (Linsley, 1961) 

and many are attracted to host monoterpenes and ethanol (e.g. Chénier aud Philogène, 

1989). Consequently, commercial woodborcr baits consist of host monoterpenes (usually 

a-pinene) and ethanol, to simulate the odor of a stressed or dying tree. Current 

i Phen, Tech Inc. 7572 Progres Way, RR#5, Delta, BC. V4G 1E9, Canada. Damage 

Assessment of Woodborets in the interior of BC. Unpublished Report. 1997- 
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undCrstanding of the cues involveci in host selection by woodbor~~~ is bmplete. 

There is considerabe overlap in pheromone components among sympaûic 

scolytid beetles (Borden, 1982), facilitaihg kairomonal nspanses by entomophagous 

insects to tms or logs infisteci by bark beetles of numcrous species (e.g. Vité and 

Williamson, 1970; Dixon and Payne, 1979; Bcdard et al., 1980; Bakke and Kvamme, 

1981; M a  and Klepzig, 1989). Conifmphagous woodborers in the families 

Caambycidae and Buprestidae oficn attack the same hosts at the same time as conifer- 

inftstuig b d  bcetles (e.g. Dahlstcn and Stephen, 1974; Stephm and Dahisten, 1976; 

Dixon and Payne, 1979; Coulson et al., 1976, 1980). Semiochemical-based interaction 

between bark beetles and woodboring becties has long been hypothesized, but bas been 

formally tested only twice (Billings and Cameron, 1984; Billings, 1985). A kairomonal 

rcsponse to bark beetle pheromones would be adaptive to host seeking woodboring 

beetles because it could aid them in locating suitable host matmai. 

Sub-cortical interactions between bark beetles and woodboring beetles have been 

classified as competitive (e.g. Coulson et al., 1976, 1980; Schroeder and Weslein, 

1994a,b) or commensal (Flamm et al., 1989). A decline in lamal denSi@ or unergence of 

duit bark batles was attn'buted primady to competition between cerambycid and bark 

beetle lawae. A kairomonal response to bark beetle pheromones would be even more 

adaptive to host seeking woodborers if badc beetle larvae represent a food resource for 

wwdborcr larvae. Dodds et al. (2001) found that 74% of the sixspinecl ips, Ip 

culligruphtcs (Ge-), larvae encomtered by Monochumus cmolhensis (Olivier) larvae 

in phloem sandwiches wen attacked; 85% were killed, suggesiing that cerambycid h a e  

may be Wtat ive  predators of bark beetle larvae. This rcsult supports the eatlicr 
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observation by Schenk and Benjamin (1969) that in Wisconsin "up to 50% of a b r d  

(of the pine engraver, Ips pini (Say)) in the egg and 1" instar was desimyeci by 

caambycid larvae; a singie cerambycid larvae could reduce the available food supply by 

3%.". However, Flamm et al. (1989) found that foraging by Monochamur titiilator 

(Fabncius) remlts in low mortality of the southern pine beetle Dendrocronus fiontalis 

Zimmermarm, because the larvae migrate to the outer bark before M. titiilator foraging 

becornes significant. One possible explmation for the observeci behaviour is co- 

evolution between M. titillator and D. fiontai&, with iarval D. fiontalis migration to the 

outer bark being an adaptive response that would reduce mortaiity due to M. titillator 

predation. 

Billings and Cameron (1984) and Billings (1985) reportai a kairomonal response 

by the southem pine sawyer, M. titillator, to a blend of Ips spp. pheromones (ipsenol, 

ipôdienol and ch-verbenol). In one study, there was a synergistic interaction between this 

stimulus and blends of endo-brevicomin and verbenone, or endo- plus =O-brevicomin 

with verbenone, al1 of which are pheromones of D. flontaik (Billings and Cameron, 

1984). In another study, this stimulus was synergized by lobloliy pine, Pinur taeda L., 

turpentine (Billings, 1985). Raffa (1991) repoaed an undisclosed number of M. 

caroliiieilsis captured in ipsdienol-baited traps. Miller and Borden (1990) captured 

Monochamus clmator (LeConte) in increasing numbers as the combined release rates of 

ipsdienol and (-)-B-pheliandrene increased. 

The objectives of this study were to test the following hypotheses: 1) male and 

female Monochmm spp. cm perceive sympatric bark beetle pheromones antennaliy; 2) 

multiplefimuel traps baited with host volatiles and bark beeùe pheromones are 
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significantiy more atûactive than traps baited with host volatiles done; and 3) multiple- 

fimnel traps baited with bark bede pheromones aione are significautly more attractive 

than unbaiteci traps. 

METHOIN AND MATERIALS 

Aàuit Monochumus obtrcstcs Casgr, Monochamur scuteZZaw (Say) and M. 

clrunafor were collected on eniergcnce ftom cagcd bolts of lodgepole pine, Ptiiur 

contorta hugl.  ex Lsud var. ~ah~okz Engeh, and ponderosa pine, P. ponderosa P. 

Laws. ex C. Laws. fiom the Liiiooct Forest District aucl Okanagan Valley in the summer 

of 1999. Adult d e  and f d e  M. scuteZiarus wcre coiitcted in the Slocan Forest 

Products Ltd., Tackama Division mill yard in Ft. Nehion, B.C. in July 2000. The @es 

M. notatu is rare in British Columbia and consequcntiy were aot included in the GC- 

EAD analyses. Coupled gas chromatographie-electromtennographic detection (GC- 

EAD) analyses2 were pafomcd on the ante~ae of both maie and female M ckrn~tor, 

M. scuteIlatw, and M. obrirstcs emerging in the summer of 1999 and male and female M. 

scirtellatt~s coliected in July 2000 with an HP 5890 gas chromatograph equipped with a 

fiised silica column PB-5, 30 m x 0.32 mm ID, J&W Scientific, Folsom, California, 

95630-4714) (Gries, 1995). Authentic sampIes of nine (1999) or eleven (2000) candidate 

bark beetie pheromones (ipsenoi, ipsdienol, MCH, fiontalin, cis-verbenoi, tra~cs-verbal, 

embrevicomin, en&-bbrevicomin, and verbenone; MCOL and lineatin were included in 

the 2000 analyses) (e.g. Borden, 1985) were mixed in hexane soLutions at concenlrations 
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of both IO ng/pl and 100 ng/pl. These werc anaiysed in 1 pl amounts by GC-EAD 

under splitless conditions with a temperature program of 60°C (1 min), 10°C/min to 

220°C (1999) or 50°C (lmin), 10°Clmin to 80°C for five min then 4OC/min to 240°C 

(2000). The 1999 analyses w m  tepeated with a temperature program of 50°C (1 min), 

10°Çhnin to 90°C then 4OCImi.n to 240°C to separate ipsdienol and tram-vcrbenol. 

Synthetic antennally-active pheramones were arbitrarily partitioned into two 

bleds: blend 1 cansisting of ipsenol, ipsdienol, MCH and hntalin, and bled 2 

consisihg of a- and tram-verbenol, =O- and endo-brevicomin and verbenone (Table 1). 

These were testcd in the field for behaviofal activity with and without a host blend 

composed of ethanol and a-pinene (Experiment 1) or ethanol with a synthetic host blend 

(Table 1) composed of 10.7 % (-)-a-pinene* 0.4 % (+)-cepinene, 13.7 % (-)+pinene, 7.3 

% myrcene, 1.5 % 3-carme, 0.1 % a-pheiiandrene, 63.7 % (+)-P-phellandme, 0.3 % y- 

terpinene and 2.4 % tipinolene (Expairnent 2,3) (Table 1). These proportions represent 

an average of those found in subalpine fir, Abies lasiocarpa (Hoot) Nutt. and 

Engelmann spmce, Picea engelniannii Parry ex Engelm (R.L. Mchtosh, unpublished 

data). See table two for a description of the number of replicates, location, treatmenîs, 

and dates of di field eqeriments. 

Experiments 1 and 3-12 used 12-unit multiple-hel traps (Lindgren, 1983) 

deployed in randornized complete blocks with traps 1 1Sm apart. A small block of 

Vapana No-Pest Strip (Green Cross, Fisons Horticulture Inc., Mssissauga, Ontario) was 

placed in each collecting cup to minimize predation and canni'balism. Traps were hmg 

h m  aluminum poles such that the top fiinne1 was ca. 1.5 m above grouud. Experiment 2 

used cross-vane traps 6th coiiection bins containing soapy water, deployed as above 
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(de Groot and Nott, 2001). 

Captured batles were collected weekly and h z e n  uutii they couid be identifiecl 

and sorted by sex. Monochamtcs spp. were identifhi and sorteci by sex using elytrai, 

antennal, and s t d t c  characters (Linsley and Chemsak, 1984). Vowher specimens for 

aü species rcported have been depositcd at the Pacific Forestry Centre, Canadian Forest 

Service, Victoria, B.C. 

Data for each sex of MonocIiamus spp. were ûansformtd by logiO(x+l) to correct 

for n o n - a o d t y  and hcteroscedasticity (Zar, 1984), and anaiyzed by A M N A  (GLM) 

and the Ryan-Einot-Gabriel-Wehh (REGW) multiple range-test @ay and Quinn, 1989) 

using SAS lnstitute Ine. soihvare (SAS ïnstitute Inc., 1988). In aü cases a = 0.05. For 

other woodborer species, the above analyses were run if the nurnber of beetles captureci 

was 2 50, providing d c i e n t  numbers for analyses. 

RESULTS 

As shown in a reptescntative example h m  a femaie M. smteZlarus antenna 

(Figure l), al1 nine phmmones wcre detectad by the antennae of both d e  and female 

M. scutellafu~, M. clomator and M. obtusus h m  Southeni British Columbia, with no 

différences by species or sex in the levet of response. For both male and female M. 

scutellarus h m  Norihem British Columbia, oaly seven of the el- pheromones tested 

wete detected antenally Figure 2). There were no dBémxs by sex in the level of 

respo==- 

In experiment 1, one or both sexes of M. clamcltot and M. obtusus were captured 

in sipiiicantly higher numbers in traps baited with the host b led  plus pheromone blend 



Table 1. Compounds and their source, chernical purity, release devices, enantiomeric composition and release characteristics of 
semiochemicals tested in field expenments as attractants for Monochamus spp. 

Blend and sourceb Chernical Release deviceC Enantiomeric Release rate 
compounds' purity (Oh) composition mg/(24hrld 

(+:-) 
PHEROMONE BLEND 1 

ipsenol Phero Tech 
îpdienol Phem Tech 
MCH Phero Tech 
fintalin Phero Tech 

PHEROMONE BLEND 2 
endo-brevicomin Phero Tech 

exo-brevicomin Phero Tech 

cis-verbenol Phero Tech 

trans-verbenol Phero Tech 
verbenone Phero Tech 

SYNTHETIC HOST MONOTERPENE BLEND 
(-)-a-pinene Aldrich 
(+)*-pinene Aldrich 
(-)+pinene Aldrich 
myrcene Phero Tech 
3-carene Aldrich 
(-)-a-phellandrene FIuka 

bubble cap 50:50 
bubble cap 5050 
bubble cap 5050 
closed 4 0 p 1  S0:SO 
Eppendorf tube 

closeù 2 5 0  pl 5 0 5 0  
Eppendorf tube 
closed 2 5 0  pl 5 0 5 0  
Eppendorf tube 
bubble cap 2278 

bubble cap 18:82 
bubble cap 18:82 

plastic sleeve 8 1 : 19 
plastic sleeve 91 :9 
plastic sleeve 1 :99 
plastic sleeve Not Chiral 
plastic sleeve NA' 
plastic sleeve NA' 



(+)-P-phellandrenec Liberty Natural Products 70 plastic sleeve 99: 1 409.9 
y-terpinene Aldrich 97 plastic sleeve Not Chiral 16.9 
terpinolene Fluka 92.6 plastic sleeve Not Chiral 36.3 

HOST COMPOUNDS RELEASED SEPARATELY 
a-pinene Phem Tech Inc. >99 plastic sleeve 90-95:s- 10 2187 
ethanol Phero Tech Inc. 95 plastic sleeve Not Chiral 1200 

'IUPAC names, if different h m  trivial name follow: ipsenol; 2-methyl-6-methylene-7-0cten-4-01: ipsdienol; 2-methyl-6-methylene- 
2,7-octadien-4-01: MCH; 3-methylcyclohexd-en- 1 -one: frontalin; 1,5dimethyl-6,8-dioxabicyc10[3.2~1 ]octane: endo-breviwmin; 
endo-7-ethyl-5-methy~-6,8-dioxabicyclo[3.2,l]octane: exo-brevicomin; ~0-7-ethyl-5-me~yl-6,8-dioxabicyclo[3.2.l]octane: (-)-a- 
pinene; (-)-2-pinene: (+)-a-pinene; (+)-2-pinene: (-)+-pinene; 2(10)-pinene: 3-carene; 3,7,7-trimethyl-bicyclo[4. l .O]hept-3-ene: (-)- 
a-phellandrene; 2-methyld-(1 -metliylethyl)-l,3-cyclohexadiene: (+)-P-phellandrene; p-mentha-1(7),2diene: y-terpinene; 1 -methyl- 
4-(1 -methylethyl)- l,4-cyclohexadiene: terpinolene; 1 -methyl-4-(1 -methylethylidene)-cyclohexene, 

b~hero Tech Inc., 7572 Progress Way, Delta, British Columbia, V4G 1E9, Canada; Aldrich Chemical Company, Sigma-Aldrich 
Canada Ltd., 2149 Winston Park Drive, Oakvitle, ON L6H 6J8; Fluka, Sigma-Aldrich Canada Ltd., 2149 Winston Park Drive, 
Oakville, ON L6H 6J8; Liberty Natural Products, 8120 SE Stark Street, Portland OR 97215. 

'Al1 release devices fimm Phero Tech Inc. For the host blend, ethanol and al1 other compounds were released h m  separate sleeves. 
All other compounds were released fi-om separate devices. 

d~e lease  rates for ipsenol, ipsdienol, MCH, Frontalin, cis- and trans-verbenol, endo- and exo-brevicomin, and verbenone were 
determined at 20-23°C by Phero Tech Jnc. Rates for(-) a-pinene, (+) a-pinene, (-) ()-pinene, myrcene, 3-carene, (-) a-phellandrene, 
(-) P-phellandrene, y-terpinene, terpinolene, a-pinene and ethanol were determined at 28-30°C at Simon Fraser University. 

'Obtained fiom angelica seed oit (Liberty Natural Products, 8120 SE Stark Street, Portland, OR 97215). Enantiomeric determination 
after the field season revealed almost pure (+) enantiomer, the antipode of naturally-occuring J3-phellandrene in conifers. 

'standards not available. Unable to determine. 
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Table 2. List of the date, number of repliates and location, and treatments for al1 
experimenîs nm in 1999 and 2000. 
Experiment Date Ntmiber of replicates and Treatments 

location 
1 7-28 July 9 replicates in the Gomm 1) unbaited control; 2) host 

1999 Bms. Ltd. millyard in blend (HB); 3) HB and 
Westbank, BC; 15 replicates m pheromone blend 1 (331); 4) 
the Weyerhauser Canada Ltd HB and pheromone blend 2 
mil1 yard in Okanagan Falls, (B2); 5) HB, B 1, and B2 
BC 

23 June-11 10 replicates in a recently Same as experiment 1 
Aug. 1999 thimred white pine stand mrth 

of Thessalon, Ontario 

19 July-14 8 replicates in the Slocan Same as experiment 1 
Aug. 1999 Forest Producîs Ltd, Tackama 

Division mil1 yard in Ft. 
NeIson, BC 

29 June-3 1 10 replicates in each of the 1) unbaiteci control; 2) 
July 1999 Ainsworth Fonst Products Ltd. pheromone blend 1 (BI); 3) 

miii yards in 100 Mile House pheromone blend 2 ( '2); 4) 
and Cbasm, BC B1 andB2 

30 June-9 19 replicates in the Stocan 1) host blend (HB); 2) Hi3 
July 2000 Forest Products Ltd, Tackama and hatalin; 3) HB and 

Division mil1 yard in Ft. ipsdienol; 4) HB and 
Nelson, BC ipsenol; 5 )  HB and MCH; 

6) HB and pheromone 
blend 1 

19-23 Juiy 20 replicatcs in the Slocan 1) host bled (HB); 2) HB 
2000 Forest Products Ltd., Tackama and endo-brevicomin; 3) 

Division mill yard in Ft. HE and exo-brevicomin; 4) 
Nelson, BC HE and endo- and exo- 

bnvicomin 

30 July-13 9 replicates in the Slocan 1) unbaited control; 2) 
Aug. 2000 Forest Products Ltd, Tackama pheromone blend 1 (BI); 3) 

Division müi yad in Ft. host blend and B1 
Nelson, BC 

13 Aug.- 10 replicates in the Slocan 1) host blend @B); 2) EIB, 
26 Sept. Forest Products Ltd., Tackama fionîalin, ipsdienol, and 



2000 

3 1 July- l l  
Aug. 2000 

1-31 Jdy 
2000 

1 4-2 1 
Aug. 2000 

21 Aug.- 
25 Sept. 
2000 

Division mill yard in Ft. 
Nebon, BC 

9 rcplicaics with 4 and 5 
replicates in tbe Ainsworth 
Fomt Producfs Ltd. mili yards 
in Chasm ai3d 100 Mile House, 
BC respectively 

10 repliCates with 5 each in the 
Ainsworth Forest Ruducts Ltd. 
millyaTdsinChasmand 100 
Mile House, BC nspectively 

9 rcplicates with 4 and 5 
nplicaîes in the Aulsworth 
Forcst Products Ltd. mil1 yards 
in Chasm and 100 Mile House, 
BC ~ v e l y  

5 repliaies in the Ainsworth 
Forest Products Ltd. mill y d  
in Chasm, BC 

10 
ipmol; 3) HB and 
pheromone blend 1 

1) bst blend (HB); 2) HB 
and verbenone; 3) HB and 
endo- and exo-brevicomiq 
4) HB and Cis- and tram- 
vcrbenol; 5) HB and 
pheromone blend 2 

1) host blend (HB); 2) HB 
and ipsenoI; 3) HB and 
ipsdienol; 4) HB and 
@sen01 and ipsdienol 

1) unbaited conttol; 2) 
ipsenoi; 3) ipsdienol; 4) 
ipsenol and ipsdienol; 5) 
host blend, ipsenol and 
ipsdienol 
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Figure 1. GC-EAD responses of fernale Monochannrs scutellritus h m  

Southern British Columbia to authentic samples of the bark beetle phcromones 

ipsenol, ipsdienoI, MCH, fiontalin, cfi-verbenol, trm-verbenol, exo-brevicomin, 

endo-brevicomin and verbenone. Pheromones wcre analysai in 1 pi amounts 

under spiitless conditions with a temperasurc program of 6û°C (1 min), 10°C/min 

to 220°C (top) and 50eC (1 min), 10°C/min to 90% then 4OC/min to 240°C (bottom) to 

separate ipsàienol and pans-verbenol. 



h h d m m u s  scutellaius 
EAD 



Figure 2. GC-EAD responsts to f d e  (middle trace) and mile @(tom 

trace) Monoc~rr r  scute1Zutur h m  Northem British Columbia to authentic 

samples of the bark beetle pheromones ipsenoî, ipsdienol, MCK, fiontalia, ci.- 

verbenoi, mm-vetbenoi, ao-brevicomin, endo-brcvicomia and verbenone. 

Pheromoncs were analyscd in lpl amounts under splitlcss conditions with a 

tempcrature program of SO°C (1 min), 10°C/min ta 80°C for 5 min then 

4OCJm.n to 24û°C. 
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1 than in îraps baited with the host bled alone (Figure 3). Fewer M. obtustu of both 

sexes were captured in traps baited with the host blend plus both bark beetie pheromone 

blends. In no case were there significantly more beetles of eiüm sex captured in traps 

baited with the host bled plus pheromone blend 2 than in e i k  unbaited traps or traps 

baited with the host bled alone. Only male M. obtunrr were significantiy more attracted 

to traps baitcd with the host blmd than to the unbaited control tnips. 

In experiment 2, both sexes of M. scutellatus and M. notarus were captured in 

significantly higher n u m b  in traps baited with the host b l d  plus pheromone blend 1. 

Both sexes of M. scuiellafur and fernale M. notatus were captured in significantly higher 

numbers in traps baited with the host blend plus both pheromone blends than in other 

traps (Figure 3). Similady, both sexes of M. scuteiiazus and f d e  M. notattcs were 

capturai in highcr numbers in traps baitd with the host blend plus phmmone blend 2 or 

the host blend alone than to unbaited traps. In experiment 3 both sexes of M. scutellahcs 

were caught in si@cantly higher numbers in all baited traps than in unbaited control 

araps (Figure 3). 

In experiment 4, male and fernale M. clamator and M. scutelltzm were captured 

in significautly higher numbers in traps baited with pheromone bled 1 alone or 

combined with pheromone blend 2 thau in unbaited traps or traps baited with pheromone 

blend 2 alone (Figure 4). 

in experiment 5, both sexes of M. sclrte1Zahcs were captuml in signScantly higher 

nimibers in traps baitd with the host blcnd and pheromone blend 1 thau in traps baited 

with the host blend alone (Figure 5). For both male and fimale M. scutelIazus, ûaps 

baited with the host blend and pheromone blend 1 caught signincautly more beeltes than 



scutetlattr~ in experimcnts 1 (rua fiom 7-28 July 1999 in dryland sorts in Westbank 

and ûkanagan Falls, BC), 2 (run h m  23 June-11 August 1999 in a recently thimed 

white pine stand north of Thessalon, ON) and 3 (run h m  19 July- 14 August 1999 

in the Slocan Forest Products La, Tackama Division mil1 yard in Ft. Nelson, BC). 

The host blend (HB) consisted of (ethanol and a-pinene in experimrnt 1, and 

ethauol and a synthetic host blend composed of 10.7% (-)-or-pinene, 0.4% 

(+)-a-pinene, 13.7% (-)-Q-pinene, 7.3% myrcenc, 1.5% 3-came, 0.1% 

a-phellandrene, 63.7% (+)-bphellandrene, 0.3% y-terpinene and 2.4% terpinolene 

in experiments 2 and 3); phcromone blend 1 (61) consisted of ipsenol, ipsdienol, 

MCH and frontalin*, phemmone blend 2 @2) consisted of cir- and @am-verbenol, 

exo- and md~~brcvicomin and verbenone. Data was transforinui by loglo(x+l) to 

correct for non-normality and heteroscedasticity, and analysed by ANOVA (GLM) 

and the REGW multiple range-test using SAS hîîtute Inc. software. In ail cases 

a=û.OS. Treatments with ~BCLCI~~ lettcfs are si@cantly different. 



FEMALES MALES 
EXD. 1 

FEMALES MALES 
Exp. 2 

6 1 Monocharnus scuîeIlatus 1 

TREATMENTS NUMBER OF BEETLES CAPTURE0 (X + SE) 
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Mgon 4. Catches of Monociurniw c i m t o r  and M. scutellancs in exp&ent 

4 (nm h m  29 June-3 1 Ji& 1999 in the Ainsworth Forest Roducts Ltd. mil1 yards 

in 100-Mile House and Chasm, BC). Phmmone blend 1 (BI) consisted of ipsenol, 

ipsdienol, MCH and fiontalin; phamone blend 2 (B2) consisted of ci$- and trm- 

verbeno1 and endo- and exo-brevicomin and verbenoue. Data was transfonned by 

loglo(x+l) to correct for non-noimality and heteroscedasticity, and analysed by 

ANOVA (GLM) and the REGW multiple mge-test using SAS Institute Iac. 

software. In ail cases ~ 4 . 0 5 .  Treatmats with diffmnt lctters are significantiy 

different. 



FEMALES MALES FEMALES MALES 

Unbaited 
82 

01 

82 + 81 

10 5 O 5 10 4 2 O 2 
TREATMENTS NUMBER OF BEETLES CAPTüRED (Z + SE) 
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traps baited with the host blead and each of the phennnone components of blend 1 

individually, except ttaps baited with the host blend and ipsenol. Traps baited with the 

host blend and ipsenaI caught significantly more female M. seutellaius than traps baited 

with the host blend done. 

In experimcat 6 there was no sigdcant diffetence bttween the number of male 

and female M. scutellattis captured in traps baited with the host blend alone or the host 

blend and e i k  or both endo-brcviwmin and ao-brevicomin (Figure 5). 

Both male and fmiaie M. scatellatas were capnved in sigdiantly higher 

numbers in traps baitai with pheromone blend 1 or the host blend and phcfomone blend 1 

than in unbaiteci ûaps in expriment 7 (Figure 5). There was no difference in the mean 

number of male or female M. scutellatur capnuad in traps baited with the host blend and 

pheromone blend 1 or phemone blend 1 aione. 

In expcriment 8 traps baited with bntalin, ipsenol, ipsdienol and the host blend 

or the host blend and pheromone blend 1, both caught sigdïcantly more male and fernale 

M. scutelIotus thau mbaited traps (Figure 5). Thete was no différence in the mean 

number of male or f d t  scutellatur capturcd in traps baited with the host blend, 

fiontalin, ipsenol and ipsdienol or the host blend and pheromone blend 1. 

In experiment 9 there were no significant diffmnces in the mean numba of male 

and femaie M. sct(telEatus and female M. clamator caught by any of the treatments 

(Figure 6). Male M. cZamator were captured in greata numbers by traps baited with the 

host blend a d  ipsenol than in traps baited with the host bled and MCH, with an 

intermediate capture in ûaps baited with the host blend and phemmone blend 1, the host 

blend and ipsdimol or hntalin and the host blend alone. 
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Figare 5. Catches of Monochumus scutellatus in cxperimeats 5-8 nrn in the 

Slocan Forest Products Ltd., Tackama Division mil1 yard in Ft. Nelson, BC. 

Expairnent 5 was nui h m  30 Jme-9 Juiy 2000, expaimmt 6 was run h m  19-23 

July 2000; nrperiment 7 was nm h m  30 Juiy-13 August 2000 and experiment 8 was 

nm fmm 13 August-26 Septembcr 2000. The host blend (HB) consistcd of a-pinene 

and ethanol (experiment 5) or a-pinene alone (cxperiments 6-8). Pheromone bled 1 

(BI) consistai of ipsenoi, ipsdienol, MCH and fiontalin. Data was transfmed by 

logidx+l) to correct for non-n0lIPalii.y and heteroscedasticity, and analyscd by 

ANOVA (GLM) and the REGW multiple rangetest using SAS institute Inc. 

sobare. in al1 cases a4.05. Treatments with different lctters are signincantly 
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In experimmt 10 t h e  w m  no siwcant diffcri~cts in the mean numbcr of 

male 4 fernale M. scuteZlaiw and M. cZmator wght by any of the ûeaîmmts (Figure 

6). 

In experiment 11 there was no signiscimt diffaence in the mean number of 

f d e  M. s~elluhrs or male M. cimator caught by any of the treatmmts (Figure 7). 

SignScantly more male M. scureIIuills wete capturad in traps baited with the host blend, 

ipsenol and ipsdienol or the host blend and ipsenoI than in traps baited with the host 

blend alme, wiîh an intamediate capture in traps baited with the host blend and 

ipsdieaol. Female M. clontotor were capturai in greatm nurnbers in trsps baited with the 

hast blend, ipsenol and ipsâienol than in traps baitad with the host blmd doue, witb an 

intermediate level of response to traps baited with the host bled  and ipsdienol or the host 

blend and ipsenol. 

In cxperiment 12 there was no significant difference in the mean number of 

fernale M, sc11teIJatus caught by any of the ûeabents (Figure 7). Significantly higher 

numbers of male M. sccrteüatus were caught by traps baited with the host blend, ipsenol 

and ipsdienol than by unbaited traps or tfaps baited with ipsenal and ipsdienol. Similarly, 

ûaps baitcd with ipsenol caught signiscantly more male M. s~utelI~tur than unbaited 

traps. An intermediate level of response was obsaved for male M. scuteltcitur to traps 

baited with ipsenol and ipsdicnol or ipsdienol alme. Female M. clanrator were captured 

in sign&antly higher numbers by traps baited with the host blRd, ipscnol and ipsdimol 

ipsenol and ipsdienol or ipsdienol alone than by tmbaited traps. Male M. cimator were 

captureci in greater numbers by traps baîted with the host blend, ipseml and ipsdienol 

than by ûaps baiteci wia ipsenol alone or by unôaited t p s ,  with an iatermsdiate 
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Figure 6. Catches of Mosiochamus clamator and M. scauellatirs in cxpcrimcnts 

9 (nm h m  3 1 Iuly-14 August 2000) and 10 (nm h m  1-31 Juiy 2000) in the 

Ainsworth Fonst A.oducts Ltd. di yards in 100-Mile House and Chasm, BC. 

Pheromone bIend 1 (Blend 1) consisteci of ipsenoi, ipsdienol, MCH and frontalin., 

pheromone bled 2 (Blend 2) consisteci of c&- and tram-verbenol ami endo- and 

mo-brevicomin and verbenone. Data was tmsformad by loglo(x+l) to correct for 

n o n - n d t y  and hetrmscedasticity, and analyscd by ANOVA (GLhQ and the 

REGW multiple range-test using SAS Mute Inc, software. In aU cases a4.05. 

Trcaûncnîs with different letters are signincantly diffcrent. 
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Qpm 7. Catches of Monochamw cicnnotor and M. scwellatus in eXpenmmts 

11 (nm b m  14-21 August 2000) and 12 (nm hm 21 Au@-25 Septunber 2000) 

in the A i n s w d  Fonst Pmducts Ltd mili yards in 100-Mile House ancl Chasm, BC. 

Datasvas traushxmed by logldx+l) to correct hr non-normality and 

hetcroscedasticity, and d y s e d  by ANOVA (GLM) and the REGW multiple 

mgc-test using SAS Institute Inc. software. In al1 cases a=0.05. Treatments with 
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response to rraps baited with ipsdienol and ipsenol or ipsdienol alone. In experiments 

1, 3, 4 and 6-12 significant responses to treatments occuned for males or fernales of 

seva other woodbotcf species (Table 3). Despite è50 beetles being captured, no 

significantly greater responses to m e n t  verw control traps in any experiment were 

found for the following: Arhop~1u.s spp. and Asemum spp. (Ccnnabycidae); Dicerca 

tenebrosa, Bupres~ nutalli, Ruprestis iaeWenri.IS, Bupresti& maculativentrls, and 

Ch~.~obothris spp. @uprestidae). 

DISCUSSION 

My nsults demonstrate that M. ciamotor, M. obticsuî and M. scutellaru~ can 

perceive sympatric bark beetlc phmmones eltctrophysiologically and that M. clamator, 

M. notatus, M. obtusus, and M scuîeilatus are astracteci by pheromones in combination 

with host volatiles. For two species, M. scuteIIutus and M. cIamator, they demonstrate 

also that a response can occur to bark beetle pheromones in the absence of host volatiles, 

supporthg the results of Billings and Cameron (1984), but not Biîiings (1985) for M 

titiIIutor. These hdings sîmgly suggest that these Monochamus spp. use heterospecific 

pheromoncs as kainmones during host selection. The ability to respond to both 

sympaûic bark beetle phcromouts ancl host volatiles would minimize the energy spent in 

foraging to locate hosts, exposurt to prcdation or ~~~Vuonrnental extrema @ahlsten, 

19&2), and the oppoaunity cost of time lost h r  other biologicaîly important activities 

(Carnpbe11,1996) in both the presence and absence of mas-attaclring primary 



a d o r  ipsdienol may be the companents nsponsible for the obsmred kaùomonal 

respoases. 

The blends tested contained two antiaggregation pheromonq M a  and 

verbenone. Positive orimtaiiw toward sources of both aggregation and antiaggregation 

pheromones should be arlaptive for Monochanius spp, as long as they indiate the 

presence of a suitable host. However, the lack of a rcsponse to phmmone b l e d  2 aione 

or combinai with the hait blenà, as weii as reduced responses by M. obhrrus when it was 

cornbinad with pheromom blend 1 in eAperllncnt 1, suggest that one or more of its 

componcnts, possiily verbenone, eould aenially be repellent The production of 

verbenone by microorgaPisms (Leufien et al., 1984, Hunt and Borden, 1990) der a host 

has been ovcte~me by aggrcssive bark beetles may provide a sigui to Monochus spp. 

of hosts that are no longer acceptable. Mictoorganisms associated with h a 1  

woodbom rnay aiso produce verbenone. In the mmmer of 2000 the components ïmm 

both pheromone bleds were tested individually. The results suggest that neither 

vabenone nor MCH arc behaviocaiiy active for Monochamus spp. 

The occumnce of btraguild prcdation is weU documentcd in many t-al and 

q t i c  cornmunitics (e.g. Polis et ai., 1989). Dodds et aL (2001) rccently found that M. 

cumIinensi;r is a fdtative, intra-guiid prcdator of bark batle larvae. This would reduce 

brood sUNivorship and conscqumtiy the numbn of host sccking batk beetles in the next 

grneration. This may teduce the nmber of bark beetle killed hosts h m  which bark 
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Table 3. SigaifiCant nsponses by woodborws other than Monochamtcs spp. whm 
numbers capturcd was 2 50 males and females. 
ml& - Rcgwnse 

Buprestidae Buprestis &mata, Caparred in gceater numbers in unbaited 

Chlcophora virgnimh, 
females, N=158 

Dicerca tenebricta, males, 
N=482 

Cerambycidae Xylotrechus mdrclarus, 
males and females, N=62 
and N=34 respectiveiy 

X longitmsu, mals  and 
f d e s ,  N461 and N=78 
respactively 

@s in~xp~1,thanintraps baitedwiththe 
host blend and pheromone blend 2. 
Intemediate response to the host blend 
with phnomone bien& 1 or pheromone 
blend 1 and 2. 

In Exp. 4 captured ia higher numbers in 
traps baited with pheromone blend 2 than 
pheromone bled 1. Intermediate 
responscs to all other treatmmts. 
In Exp. 4 captured in pater numbers in 
traps baited with pheromone blend 1 alone 
or with pheromone blend 2 than in al1 other 

in Exp. 4 capnired in higher numbers in 
traps baited with either pheromone blend 
than in unbaited control traps. Intermediate 
rcsponse to both pheromone blends 
combined. 

Captured in greater nimibers in traps baited 
with blend 1 in Exp. 4 îhan in traps baited 
with both blends combined and unbaiteci 
tlaps. Intermediate response to pheromone 
b l e d  2. 

In Exp. 8 captured in greater numbers in 
traps baitexi with the host blend and 
pheromone blend 1, or the host blend, 
hntalin, ipsenol and ipsdienol than by 
unbaited traps. 

In Exp. 12 captured in higher numbers in 
traps baited with the host blend, ipsenol 
and ipdenol than in al1 othcr traps. 

In Exp. 12 capturad in mer numbets in 
traps baited with the host blend, ipsenol 
and ipsdicn01 than in di other -S. 
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to environmmtal exiremes and opportunity costs of time lost for 0 t h  biologicaiiy 

Mportant activitics. This represents an apparent conflict. Cerambycid larvae may gain 

an adaptive advantage by fetding on bark b d e  lame (i.e. impved nutrition) howevn 

this benefit may be duced by the cost of reduced bark beetle survivorship and 

conscqucntly increased costs and rislrs for host-seeking adult Monochamus. 1 

hypothesize that M. clamutor, M. notatus, M. obtusus and M. scutellatus arc inûagdd 

predators, and thus gain an additional adaptive advantage fiom being able to orient to 

bark M e  pheromones. Evolution of a kairomonal response by Monochamtls spp. to the 

ph~r~rnones of numcrous specics of sympatric bark beetles would be facilitated by 

overiapping host ranges and similar laml r e q h e n t s .  The absence of one or both of 

these may explain why the majority of other woodborers capturod, mainly buprestids, 

did not respond to either .the host or pheromone blends. If Monochamus spp. gain a 

significant adaptive advantage by preying on the lame of bark beetles, they would 

inevitably be in cornpetition with entomophagous insects that use the same compounds as 

kauomones (Borden, 1982). 

In Ft. Neison, population leveis during cxperîment 3 were v q  bigh and it is 

possible that high numbers of rcsponding beetles obscurcà responses by M. scutellohrr to 

différent stimuIi. A l t d v e l y ,  the Ft. Nelson population of M. scutellam may repaseut 

a behavioral ccotype that is associated 6th diffrrcnt bark beetle phmmones than those 

in southem B.C. or Ontario. This hypothesis is mpported by the diffcring GC-EAD 

promes of male and fanale M. scutellotus h m  Noahem and Southem British Columbia 

Male and female b d e s  h m  the south perceive cis-verbenoi, trolls-verbenol and 

vcrbmone, while male and female beetles h m  the noxîh do not (Figures 1,2). None of 
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t&e bark beetles known to occur in Northexn British Columbia producc ck-vcrbcnoi, 

tram-verbeno1 or verbenone (Mayer and McLaughlin, 1991). 

Geographic variation in pheromone communication systems has been documenteci 

for several insccts (e.g. the European corn borcr, Ostrinia nubilalis (Htibner) [Sorenson et 

ai. 19921, the pine engraver, Ips pini mer et al, 19971). Several studies have found a 

genetic basis for variation in pheromone production and response (e.g. Baker and Cardé 

1979; Kiuu and Huettel1988; Hager and Teale 1996). Coilins and Cardé (1989) selcctcù 

for altered amounts of pheromone production or shiftcd ratios of pheromone components 

and demonsiratcd that the traits pheromone production and respanse are heritable. They 

also demonstratcd that rapid evolution of these traits can occur under some selection 

regirnes. This may be signifiant for large scale mating disniption and mass ûapping 

programs which rcly on the broadcast application of incomplete formulatai synthetic 

pheromone blends. The observai geographic variation for the white-spotteci sawyer 

suggests that pest management programs for it, as well as other pest insects, may need to 

be regionally-specific. 

Kairomonal responses by Monochamus spp. may have practical application in 

pest mauagemcnt. If fiirthcr rcsearch resulîs in simplificd, and thus inexpensive, 

kairomonal blends composed of both host volatiles and bark beetle pheromones, an 

improved trap (McIntosh et al., 2001; de Groot and Nott, 2001) baited with a more 

potent, attractive lure might be used eff ive ly  in operational monitoring and mass 

trappmg programs. These in tum could lead to reduced lumber degrade losses and 

(where pinewilt disease occurs) ciirtailmcnt of the s p d  or infection rate of the pine 

woodnemacode. 
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