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ABSTRACT The response of bark beetle predators and woodboring beetles to the bark beetle 
anti-aggregation pheromone, verbenone, was tested in the field with multiple-funnel traps baited with 
attractant kairomones. Catches of the predators Thanasimus undatulus (Say), Enoclerr~~ sphegeus (F.) , 
Erwclaus lecontei (Wolcott) (Coleoptera: Cleridae) , and hcono tu .~  complex LeConte (Coleoptera: 
Colydiidae) declined significantly with increasing release rates of verbenone. Lmc~zotus subcostulatzr.~ 
Kraus, and C0rtium.s praetmnis.ms (Fall) (Coleoptera: Tenebrionidae) (in two of three experiments), 
showed no significant response to verbenone. In a third experiment, catches of C. praeter$issus 
increased with verbenone dose. Likewise, catches of the striped ambrosia beetle, Trypodqndron 
lineatum (Olivier) (Coleoptera: Scolytidae), increased with verbenone dose in one experiment, but 
there was no effect in two other experiments. Verbenone had no effect on the response of Spondylis 
i ~ p $ m i s  Mannerheim (Coleoptera: Cerambycidae). We hypothesize that predators specializing on 
early successional bark beetles are repelled by verbenone since this compound indicates a latdstage 
attack. Generalist predators and woodborers either do not respond to verbenone at all, or they may 
be attracted by it. 

KEY WORDS Kairomone, Scolytidae, Trypodendron lineatum, Cleridae, Thanasimus undatulus, 
Enoclt?rus sp/.geus 

THE CHEMICAL ~ m m  of dead wood change in a 
rather characteristic manner with age. Flechtrnann et 
al. (1999) showed that quantities of monoterpene 
volatiles emitted from screened billets of loblolly pine, 
Pinus taeda L.. decreased ra~idlv within the first week 

& ,  

of aging. Ethanol increased over the first 2 wk and then 
decreased, and various terpene alcohols, as well as the 
purported bark beetle anti-aggregation pheromone 
verbenone (4,6,6-trimethylbicyclo[3.1.1]-hept-3-en- 
%one), increased slowly before declining. For exam- 
ple, verbenone emissions increased slowly until week 
6, after which they declined. 

Each stage of an aging ephemeral resource like dead 
wood is attractive to a relatively distinct community of 
insects that occupy the wood in succession (Price 
1997). Early successional colonizers of aging wood, 
and other relatively ephemeral and patchy resources, 
tend to be specialists, whereas generalists and pred- 
atory insects dominate later stages (Hanski 1987). 
Thus, bark beetles and woodborers requiring rela- 
tively fresh phloem tissue are early succession species, 
while other woodborers arrive later. For example, 
Flechtmann et al. (1999) found that different species- 
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complexes of scolytid beetles were attracted at spe- 
cific stages of pine billet aging, i.e., bark beetles gen- 
erally were attracted in the first 2-3 wk, and ambrosia 
beetles were attracted later. Similarly, predaceous 
beetles that s~ecialize on adult bark beetles tend to 
anive early aGracted by the kairomones produced by 
their prey, whereas generalist or opportunist preda- 
tors become abundant later. For exam~le. checkered 
beetles (Cleridae) are attracted by the aggregation 
pheromones of their bark beetle prey (Dahlsten 
1982), and are frequently seen on trees or logs during 
the bark beetle colonization phase (B.S.L., unpub- 
lished data). Erbilgin and Raffa (2001) showed that 
predators also respond to host volatiles, indicating that 
these insects use cues from the host tree. as well as 
pheromones emitted by the prey. Many other insects, 
such as small predatory beetles in the genera Lmcono- 
tus (Coleoptera: Colydiidae) and Corticms (Co- 
leoptera: Tenebrionidae), are associated with bark 
beetle galleries (Furniss and Carolin 1980, Parker and 
Davis 1971, Hackwell 1973, Dallaraet al. 2000). At least 
some of these are known to feed on bark beetle eggs 
and larvae, which become available as bark beetles 
establish their brood galleries. 

Verbenone has been identified from several s~ec ies  
of tree-killing bark beetles: Dendroctonu.~ pondkosae 
Hopkins (Pitmann et al. 1969), D. fi-ontalis Zimmer- 
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Table 1. Description of semiochemicd-releasing devices used in verbenone dose experiments for bark beetle aseoeiates near 
Princeton, BC, 1990 

Device Chemicala 
Description Release rate 

(enantiomer ratio) (mgld)" 

1 Verbenone (+I71 -83) Closed polyethylene centrifuge tube (250 ulf 0.01 
Verbenone (+17/ -83) 
Verbenone (+I71 -83) 
Verbenone (+I71 -83) 
exo-Brevicomin (+SO/ -50) 
Ipsenol (+501 -*W) 
Ipsdienol (+*%I -50) 
Frontalin 
Verbenols ( f l y 1  -83)' 
cis-Vexbeno1 (+ 171 -83) 
Myrcene 
O-Carene 
3-Carene + u-pinene 
3-Carene + P-pinene 

Closed polyethylene centrifuie tnbe (400 111) 
Polyethylene/nylon bubble cap 
Polyethylene bubble cap 
Flex lure 
Polyvinyl bubble cap 
Polyvinyl bubble cap 
Closed polyethylene centrifuge tube (2,M fil) 
Polyethylene bubble cap 
Polyethylene bubble cap 
Closed polyethylene screw-cap bottle (15 mi) 
Closed polyethylene screw-cap bottle (15 mi) 
Closed polyethylene screw-cap bottle (15 ml) 
Closed polyethylene screw-cap bottle (15 mi) 

" All chemical purities >98%. 
" At 22-24 'C. 

13237 mixture of cis- and tmt~s-verbenol 

man (Renwick and VitC 1970), D. brevicomis LeConte 
(Byers et d. 1984), D. adjunctus Blandford (Hughes et 
al. 1976), and I. typographus (L.) (Bakke 1981). Mass 
attacks by these bark beetles are terminated in part by 
the production of verbenone by resident beetles (Bor- 
den 1982). Verbenone therefore has attracted consid- 
erable interest as a potential management tool for 
tree-killing bark beetles for at least 20 yr (see Amman 
1994, Amman and Lindgren 1995 for review). In op- 
erational scale experiments, verbenone has shown 
considerable promise for reducing attack by D. pon- 
derosae in high value stands (Amman et d. 1989, 
Lindgren et al. 1989, Lindgren and Borden 1993). 
Although much of the research on verbenone has 
been directed at demonstrating its anti-aggregation 
effect on aggressive bark beetles, verbenone also de- 
ters feeding by adults of the weevils Hylobiw paks 
(Herbst) (Salom et al. 1994) in the United States, and 
H. abietis (L.) (Lindgren et al. 1996) in Sweden. 
Adults of these weevil species do their maturation and 
sustenance feeding on the fresh inner bark of conifers, 
although they oviposit on dead conifer roots. The 
species-specificity of verbenone has been questioned 
by Lindgren (1994), and Lindgren et al. (1996), who 
hypothesized that the compound may be linked to 
host quality, e.g., the level of microbial activity and 
aging of phloem tissue. In the mountain pine beetle, D. 
ponclerosae, verbenone is produced from verbenols 
primarily by microorganisms (Hunt and Borden 
1989), and to a lesser extent by autoxidation (Hunt et 
al. 1989). 

Verbenone interrupts the attraction of two species 
sympatric with D. pondemsue associated with fresh 
phloem tissue in a dose-dependent fashion (Miller et 
al. 1995, Lindgren and Miller 2002), but has no effect 
on the attraction of two sympatric species, Hylurgops 
pwo,w~.s (LeConte) and Hylastes longicollis Swaine, 
associated with older decayed phloem tissue 
(Lindgren and Miller 2002). Hayes and Strom (1994) 
found that catches of the bark beetle predator Tem- 
nochila chlorodia in traps baited with pheromones for 

4 
D. ponderosae and D. brevicomis, respectiGely, were 
reduced by verbenone. To our knowledge, there is no 
other information on the effect of verbenone on 
bark beetle predators or commensals. We investi- 
gated the effects of five release rates of rerbenone 
on catches of several species of predatory beetles 
and woodborers associated with lodgepole pine, Pi- 
nus contorta variety latifolia Engelmann infested by 
the mountain pine beetle, D. ponderosae, or the pine 
engraver, Ips pini (Say). 

Materials and Methods 

Semiochemical Release Devices. All release devices 
were obtained from Phero Tech (Delta, BC) (Table 
1). Release rates for devices 5-7 were determined by 
collection of volatiles on Porapak-Q and quantitative 
analysis by capillary gas chromatography. Release 
rates for all remaining devices were determined by 
weight loss. Devices 6 and 7 (ipsenol and ipsdienol) 
were formulated in 19-butanediol at a concentration 
of 80 mg/ml. 

Experiments. In 1990, seven experiments were con- 
ducted to evaluate dose effects of verbenone on the 
response of bark-beetle associated species to various 
attractants (Table 2). In each experiment, eight blocks 
of six 12-unit Lindgren multiple funnel traps 
(Lindgren 1983, Phero Tech) were set at least 100 m 
apart in stands of mature lodgepole pine near Prince- 
ton, BC. Traps were spaced 10-15 m apart in grids of 
2 x 3 within each block. Each trap was at least 2 m from 
any tree and suspended by rope such that the bottom 
of each trap was 0.2-0.5 m above the ground. 

In each experiment, treatments were assigned ran- 
domly to traps within each block including attractants 
alone or with release devices resulting in one of five 
verbenone release rates: 0.01, 0.2, 1.8, 3.1, and 12.4 
mgld (@ 22-24°C). The two lowest rates were ob- 
tained with devices 1 and 2. The second highest rate 
was achieved with device 4. The third lowest rate was 
obtained with three times device 3, whereas the high- 



768 ENVIRONMENTAL ENTOMOLOCY Vol. 31, no. 5 

Table 2. Summary of verbenone dose experiments for bark beetle aesoeiates near Princeton, BC, 1990 

E ~ P  Species collected Dates Attractants 

1 T. zit~datulus 30 June-3 Aug Ipsenol 
E. sphegetis Frontalin 

exo-Brevicornin 
cis-Verbenol 

2 E. leccnttei 29 Aug-13 Sep Ipsdienol 
L. cotnplex SCarene + a-pinene 
C, pmetmnissus 

3 L. con~plex 10-25 Sep Frontalin 
L. snl,costulatrrs Ipsdienol 
C. praetm~~isstis Ipsenol 

3-Carene 
4 C. praeten~~isstrs 3-29 Arzg Ipsdienol 

SCarene + 0-pinene 
5 T. litlt.att~nz 2-16 Aug Verbenols 

exo-Brevicornin 
Myrcene 

6 T. lineaturn 21-30 June Frontalin 
Verbenols 
exo-Brevicomin 
Ethanol 
%Carene + P-pinene 

7 S. trpifmlis 7-21 June Frontalin 
Ethanol 

,f 

Ipsdienol i 
SCarene + 6-pinene ' 

est rate was obtained with four times device 4. The 
control trap in each experiment was a trap baited only 
with attractants. Whenever possible, known phero- 
mone and kairomone blends were used as attractants. 
However, because attractants for several of the spe- 
cies tested were unknown, we used semiochemical 
mixes that had yielded significant catches of the target 
species in previous research (D.R.M., unpublished 
data). The kairomone blends used in experiments 1-3 
targeted Thanasimus undatulus (Say), (Coleoptera: 
Cleridae) , Cortican praetennissus (Fall) (Coleoptera: 
Tenebrionidae) , and Lasconotus complex LeConte 
(Coleoptera: Colydiidae), respectively. Catches in ex- 
periments 3-7 were nontarget species from experi- 
ments targeting the scolytid beetles Ips pini (Say), D. 
ponderosae, Hylurggs porosus, and Hyhtes  longicol- 
lis, respectively (Lindgren and Miller 2002). 

Statistical Analyses. Linear regressions were fitted 
to data for traps with devices releasing verbenone. 
Residuals were examined to determine fit of a linear 
regression model and verify homoscedasticity. In 
some datasets, data for the lowest release rate of ver- 
benone were not used in the regression model, since 
examination of the residuals clearly indicated that a 
linear model was inappropriate. Data for the control 
traps are represented as a 95% confidence interval in 
each figure. All data were subjected to two-way anal- 
yses of variance analysis of variance (ANOVA), using 
block and treatment as model factors, followed by 
Fisher least significant difference (LSD) multiple 
comparison test when P < 0.05, to examine potential 
effects of treatments other than linear dose responses. 
Log transformations were conducted on data, as re- 
quired from examinations of residuals, to correct for 
heteroscedasticity and nonlinearity. All analyses were 
done using SYSTAT 9.0 statistical software (SPSS 
1999). 

! 
Results 4 

Verbenone significantly affected the responses of 
bark beetle predators. Catches of the checkered bee- 
tle, Thanaimus undatulus, were inversely propor- 
tional to the release rate of verbenone (Fig. 1A). 
Catches of this species at the two highest rates of 
verbenone were significantly lower than catches in 
control traps (F  = 2.41; df = 5, 34; P = 0.006, LSD 
multiple comparison test, P = 0.05). Catches of Eno- 
c l m n  lecontei (Wolcott) (Coleoptera: Cleridae) (Fig. 
1B) in experiment 2, and Enoclerus sphegms (F.) (Fig. 
1C) in experiment 1, were also inversely proportional 
to the release rate of verbenone over the range of 
0.2-10 mg/d. However, mean catches of Enoclerus spp. 
in control traps were not significantly different from 
any of those in verbenone-baited traps (F = 2.00; df = 
5, 17; P = 0.134, LSD multiple comparison test, P = 
0.05, and F = 3.05; df = 5, 42; P = 0.20, LSD multiple 
comparison test, P = 0.05, respectively). 

Catches of Lasconotus complex were inversely pro- 
portional to the release rate of verbenone over the 
range of 0.2-10 mg/d in two experiments (Fig. 2 A and 
B), whereas catches of L. subcostulatw Kraus (Co- 
leoptera: Colydiidae) were not related to the release 
rate of verbenone (Fig. 2C). Catches of L. complex in 
traps baited with the highest release rate of verbenone 
were significantly lower than those in control traps in 
experiment 2 (F  = 2.87; df = 5, 35; P = 0.028, LSD 
nlultiple comparison test, P = 0.05) (Fig. 2B) and 
experiment 3 (F = 16.61; df = 5 ,  34; P < 0.001, LSD 
multiple comparison test, P = 0.05) (Fig. 2A). Catches 
of L. subcostulatu~ in control traps were not signifi- 
cantly different from those in verbenone-baited traps 
(F  = 1.32; df = 5, 35; P = 0.279, LSD multiple com- 
parison test, P = 0.05) (Fig. 2C). 
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Release rate of verbenone (mg/d) 

3 .  

Fig 1. Effect of verbenone, released at different rates, on the attraction to kairomones of T. undatulus in experiment i 
( A ) ,  E. kcontei in experiment 2 (B) ,  and E. q~lzgeus in experiment 1 (C). See Table 2 for experimental details. Slopes of 
regression lines are significantly different from zero (t-test, P < 0.05). Dashed horizontal lines represent confidence limits 
(95%) for catches in control traps (attractants only). 

E. sphegeus c 
T 

Catches of Corticeus praeterrnissl~s were directly 
proportional to the release rate of verbenone over the 
range of 0.2-10 mgld in experiment 4 (Fig. 2D) but not 
in experiments 2 and 3 (Fig. 2 E and F).  Catches of C. 
praetermissus were significantly higher in traps baited 
with verbenone at the highest rate than those in con- 
trol traps in experiment 4 (F  = 2.70; df = 5, 34; P = 
0.037, LSD multiple comparison test, P = 0.05) (Fig. 
2D). There was no significant separation of means in 
experiment 2 ( F  = 0.70; df = 5, 34; P = 0.629, LSD 
multiple comparison test, P = 0.05) (Fig. 2E) and 
experiment 3 (F  = 0.56; df = 5, 35; P = 0.729, LSD 
multiple comparison test, P = 0.05) (Fig. 2F). 

Catches of the striped ambrosia beetle, Trypoden- 
dron lineaturn (Oliv.) (Coleoptera: Scolytidae) , ex- 
hibited a dose-dependent relationship in experiment 
5 (Fig. 3B) but not in experiment 6 (Fig. 3A). How- 
ever, there was no significant separation of mean trap 
catches in either experiment 5 (F = 1.60; df = 5,40; P = 
0.183, LSD multiple comparison test, P = 0.05) or 

experiment 6 (F = 0.26; df 5, 35; P = 0.932, LSD 
multiple comparison test, P = 0.05). In experiment 7, 
trap catches of the longhorn beetle, Spondylis upilfor- 
mis Mannerheim (Coleoptera: Cerambycidae), did 
not show a significant response to verbenone dose 
(Fig. 3C) nor was there any significant separation of 
means ( F  = 0.94; df 5, 29; P = 0.468, LSD multiple 
comparison test, P = 0.05). 

Discussion 

Attraction to verbenone has been demonstrated for 
Rhiwphagu.7 grandis Gyll. (Coleoptera: Rhizophagi- 
dae) (GrCgoire et al. 1992), a specialist predator of the 
Eurasian spruce beetle, Dendroctonus micans (Kug.) 
(Coleoptera: Scolytidae). Verbenone is one of many 
chemicals emitted from brood galleries of D. rnicans 
(GrCgoire et al. 1991), and part of this mixture is used 
as a kairomone by the beetle. The only predatory 
species that was attracted to verbenone in our study 
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C. praeterrnissus E 1 

/ C. praeterrnissus I 

Release rate of verbenone (mgld) 
Fig. 2. Effect of verbenone, released at different rates, on the attraction to kairomones of L. crornpkx in experiments 3 

( A )  and 2 (B) ,  L. sul.~crostulatus in experiment 3 (C),  and C. ~~rmtcrmissus in experiments 3 (E) ,  2 (F), and 4 (D). See Table 
2 for experimental details. Slopes of regression lines are significantly different from zero (t-test, P < 0.05). Dashed horizontal 
lines represent confidence limits (95%) for catches in control traps (attractants only). 

was Corticeus metermi.s.su.s, but onlv in one of three members of this genus have been implicated as fac- 
experiments. In experiment 4, the significant regres- 
sion only explained 14.1% of the variation. Thus, taken 
together with the nonsignificant regression in the sec- 
ond experiment, the results for this species should be 
interpreted with caution. However, the positive re- 

- 
ultative predators of bark beetle eggs and larvae 
(Parker and Davis 1971, Triplehorn 1990). A positive 
response to high doses of verbenone would imply that 
C. praetermissr~s arrives late in the succession of bark 
beetles, when the emission of verbenone peaks 
(Flechtmann et  al. 1999). Corticeus praefermissus also 
responds to pheromones of lps  spp. (Miller and Bor- 
den 2000), which use weakened or recently dead 
trees, so a positive response to verbenone would be  
contrani to ex~ectations. 

sponse to verbenone occurred in an experiment con- 
ducted earlier in the year than the other experiments, 
so the lack of response in the later experiments may be 
due to a seasonal change in search behavior. Seasonal 
effects on search behavior were found for the ~aras i t ic  
wasp, Lc,1-,topilina /~eterotoma (Thomson) (Hymenop- 
tera: Eucoilidae) (Roitberg et  al. 1992). Relatively 

Laswnot~~.st~bco.stulatus adults enter and oviposit in 
galleries of Ips spp. shortly after the bark beetles attack 
trees (Hackwell 1973). However, Stephen and Dahl- Iittle is known about the  biology of Curticeus spp., but 
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T. lineaturn 

P = 0.05 
r ', = 0.073 

- - I S. upiformis c I 

Release rate of verbenone (mgld) 

Fig. 3. Effect of verbenone, released at different rates, on 
the attraction to kairomones of T. lineaturn in experiments 6 
( A )  and 5 (B) ,  and S. upifomis in experiment 7 ( C ) .  See 
Table 2 for experimental details. Slopes of regression lines are 
significantly different from zero (t-test, P < 0.05). Dashed 
horizontal lines represent confidence limits (95%) for 
catches in control traps (attractants only). 

sten (1976) found that L. subcostt~latzls arrived when 
western pine beetle larvae were in the latest instars, 
and concluded that the predator probably fed on lar- 
vae of other bark beetle associates. In our study, L. 
subwstl~latus showed no significant response to ver- 
benone (Fig. 2C), but we caught very few specimens, 
making the validity of this result uncertain. However, 
the result is consistent with a late arriving species. L. 
complex, however, responded negatively to verbenone 
in a dose-dependent fashion (Fig. 2 A and B) in two 
experiments. Both adults and larvae of Lasconot~ls spp. 
enter bark beetle galleries. Hackwell (1973) showed 
that only the third and fourth instars of the predator 
attack and feed on bark beetle larvae, while early 
instars feed on bark beetle larvae only if these are 
inm~obilized. Thus, oviposition must take place early 
enough to allow the La.sconotus spp. larvae to mature 
in time to take advantage of the bark beetle prey. 

When the prey consist of relatively slowly developing 
species like the mountain pine beetle, however, the 
timing of arrival may be less critical. If L. complex feeds 
largely on younger life stages, it would be advanta- 
geous to beetles to avoid high verbenone levels, which 
would be indicative of late stage bark beetle attacks 
(Flechtmann et al. 1999). 

Clerid beetles that prey on adult bark beetles arrive 
almost simultaneously with attacking bark beetles 
(Dahlsten 1982). Adult clerids can frequently be seen 
feeding on adult bark beetles before they enter the 
bark (B.S.L., unpublished data). Late arriving clerids 
would be less likely to find adult bark beetles to prey 
on since the predators do not enter the bark, so there 
may be a selective advantage in arriving early. The life 
cycles of many species of clerid beetles are closely 
synchronized with their bark beetle prey (Furniss and 
Carolin 1980). For larvae of these species, bark beetle 
larvae and pupae are important prey. This would ap- 
pear to favor early arrival and oviposition on attacked 
trees. A negative response to verbenone (Fg. 1 A and 
B) is consistent with a species arriving earl after bark i beetle attack. However, since bark beetles-continue to 
oviposit as they expand their galleries over an ex- 
tended period (Furniss and Carolin 1980), eggs and 
early instar prey would be available even fof the larvae 
of later arriving clerids, so late arrival may not be 
disadvantageous. For example, E. lecontei continued to 
arrive at western pine beetle-infested trees well after 
the mass arrival of their prey (Stephen and Dahlsten 
1976). Nevertheless, a stage-specific response to in- 
fested trees by clerids would be consistent with the 
findings by Sullivan et al. (1997) who found that two 
parasitoids, Roptrocmm xylophagorum and Spathius 
pallidus (Hymenoptera: Pteromalidae and Bra- 
conidae, respectively), responded most strongly to 
specific stages of southern pine beetle brood. For such 
predatory and parasitic species, verbenone may pro- 
vide information on the condition of the breeding 
substrate of their prey. 

While the larvae of some woodboring insects use 
fresh phloem during at least some part of their devel- 
opment, other species enter the sapwood immedi- 
ately. Adults of the striped ambrosia beetle, T. linea- 
turn, bore directly into the sapwood, where they 
establish their galleries (Borden 1988). Little is known 
about Spondylis t ~ p i f m i s ,  but if they use phloem, it is 
for a limited time only (Furniss and Carolin 1980). 
Since true woodborers have little interaction with 
phloeophagous species, verbenone would only be sig- 
nificant if it relayed information on the suitability of 
wood for breeding. Fettkother et  al. (2000) found that 
old house borer, Hybtn~pes  bajulus (L.) (Coleoptera: 
Cerambycidae), females responded positively to ver- 
benone, which was present in larval frass. In our study, 
neither T. lineaturn nor S. upifinnis responded signif- 
icantly to an increasing dose of verbenone, except that 
T. lineatnm responded positively in one experiment. 
Catches of S.  t ~ p ~ b r m i s  were too low to make definitive 
conclusions, while the data for T. lineatfrm are ambig- 
uous. Flechtmann et al. (1999) found that ~ e a k  
catches of the ambrosia beetles Xyleborinus saxeseni 
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(Ratzeburg) and Xyleborus cal$ornicus Wood in tent 
traps baited with aging loblolly pine billets occurred at 
about the same time as emissions of verbenone and 
some other oxygenated terpene alcohols peaked. The 
increasing catches with dose in our study occurred 
when populations of T. lineaturn were low, so the 
significant regression could be spurious. However, this 
species is known to require aging of wood before 
attacking (Prebble and Graham 1957), so it is possible 
that it responds to verbenone under certain circum- 
stances. Furthermore, the positive response occurred 
in an experiment conducted in August, when most of 
the T. lineaturn flight is over (Lindgren and Borden 
1983), and the majority of flying beetles are reemerg- 
ing adults (Borden 1988). Thus, this response may be 
due to a seasonal effect, i.e., host selection may use 
different or additional cues than earlier in the year. In 
several other experiments conducted in different hab- 
itats, T. lineaturn did not respond to verbenone (un- 
published data). 

The responses to verbenone by predators and 
woodborers in our experiments were measured rela- 
tive to a kairomone attractant mix (Miller and Borden 
2000), rather than specific pheromones. It is possible 
that the particular mixes of semiochemicals used as 
attractants in our experiments could have influenced 
the magnitude or nature of the responses of predators 
and woodborers. Thus, our results may not be reliable 
in cases where the kairomones we used did not attract 
sufficient numbers of insects to the traps. It is possible 
that different responses observed in different exper- 
iments, e.g., for C. praetermissus in experiment 3 versus 
2 and 4, and for T. lineaturn in experiment 5 versus 6, 
could be due to interactions between the kairomone 
attractant mix and verbenone. In both of these cases, 
experiments were also conducted at different times of 
year, which may have resulted in different responses 
due to seasonal shifts in behavior (Roitberg et al. 
1992). 

An advantage of our approach is that the attractant 
is held constant throughout the experiment, thus al- 
lowing us to conclude that significant differences in 
responses are due to verbenone, as opposed to 
changes in the attractants. However, Flechtmann et al. 
(1999) found that the arrival-sequence of insects to 
aging wood (screened loblolly pine billets) occurs in 
response to changes in both attractant and repellent 
compounds. For example, their paper demonstrated 
that verbenone increases over the initial 6 wk of aging 
of the screened billets. Thus, we would expect early 
successional species, i.e., those that require a fresh 
resource, to be repelled by verbenone. Our data show 
that this appears to be true even for species that are 
indirectly affected, i.e., predatory beetles. Later suc- 
cessional species, insects that do not use phloem, or 
species that do not depend on the early successional 
ihloeophagous species as prey, either do not respond 
to verbenone, or they are attracted by it. The propor- 
tional response to verbenone dose by C. praetermissus 
in one experiment may indicate that this species ar- 
rives later than other predators, and may use food 
sources other than bark beetle eggs and larvae asso- 

ciated with the bark beetle galleries, e.g., fungi or 
mites. While our research demonstrates that ver- 
benone does affect several species of beetles associ- 
ated with bark beetle-infested lodgepole pine, addi- 
tional research is required to fully understand the role 
of this compound. 
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