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ABSTRACT 

The effect of pheromones of DendroclOnus ponderosae Hopki ns on the attraction of 
Ips pini (Say) to its pheromone, ipsd ienol, was investi gated in stands of lodgepole pine. 
The mixture of cis- and trans-verbenol signifi cantly reduced catches of I. p ini in traps 
baited with ipsdienol at th ree locat ions in Briti sh Co lumbia. exo-Brevicomin had no 
effect on catches of I pini, irrespec ti ve of the enantiol11 eric compos ition of exo­
brevicomin . Ipsdi enol did not significantly red uce the att racti on of f) pOllderosae to 
traps baited with cis- and frans-verbenol, and (±)-exo-brevicom in. 
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INTRODUCTION 

The pine engraver, Ips pin i (Say), and the mountain pine beetl e, Dendrocton1lS 
ponderosae Hopkins (Co leoptera: Sco lyt idae), are common bark beetl e spec ies in stands of 
lodgepole pine, Pinus contort a var. latifolia Enge lmann (P inaceae) , in western North 
America (Furniss and Carolin 1980). Ips pini breeds in the phloem ti ssue of dead, dying or 
downed lodgepole pines (Furniss and Carolin 1980). Dendroc/onlls ponderosae breeds in 
the hea lthy phloem ti ssue of li ve, standing pine trees (U nger 1993). During the past 80 
years, D. ponderosae has killed more than 500 million pine trees in Briti sh Columbia alone 
(U nger 1993). Densities of D ponderosae ga lleri es on in fes ted mate ri al ra nge from 10 -
26 1/m2 with optimal brood product ion de nsities of 75 - 851m2 (Safranyik and Li lllon 
1998). Popul at ion leve ls of I pini can bui ld up during drought conditi ons, or fo llow ing 
catastrophic events such as logging, fi re, windthrow, or ep idemics of D. ponderosae, wi th 
attack de nsities reaching 200-300/m2 (Safranyik el of. 1996). At times. popul ations of I 
pini may be sufficiently large that they ini tiate attacks on live , standing trees. Two years 
after the 1988 fi re in the greater Ye ll owstone Park area, 44 % of the lodgepo le pines were 
infested by I pini (Amman and Ryan 1991). 

In spite of their abundance and simi larity in phloem resource requirements, these two 
spec ies maintain ecologica l and reproduct ive iso lation by assem bling on host material in 
large non-overlapping, single-species aggregations. DendroCIOl1l1S ponderosae generally 
infests the lower bole of stand ing trees whereas I. pini attacks mid- and upper-bole regions, 
or the entire tree bole in the absence of D ponderosae (Furni ss and Carolin 1980) . 
Separat ion of aggregations seems to be fac ilitated by semiochem icals. Ips pini uses 
ipsdienol (2-methyl-6-methylene-2,7-octadien-4-01) as an aggregation pheromone (Birch 
el of. 1980; Lan ier el of. 1980) with both sexes preferring a racemic blend throughout most 

I Current address: US DA Forest Service. Southern Research Station, 320 Green Street, 
Athens, GA 30602 
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of British Columbia (Miller el 01. 1996). Dendroclonlls ponderosae produces various 
semiochemicals and responds optimally to the combination of exo-brevicomin (exo-7-
ethyl-S-methyl-6.8-dioxabicyclo[3 .2.1 ]octane) and cis- and trans-verbenol (cis- and Irans-
4.6,6-trimethylbicyc lo[3.1 .1 ]hept-3-en-2-01) (Borden el al. 1987; Mi ll er and Lafontaine 
1991 ). 

Mutual interruption of pheromone attraction can enhance specificity in bark beetle 
aggregations (Byers 1989). [psdienol , produced by male I. pini. interrupts the att raction of 
D. ponderosae to the semiochemica l blend of myrcene, (±)-exo-brev icomin, and cis- and 
Irans-verbeno l (Hunt and Borden 1988). The pheromone blend of (±)-exo-brevicomin and 
cis- and trans-verbeno l, produced by D. ponderosae, interrupts the attraction of I. pini to 
its pheromone ipsdienol (Hunt and Borden 1988). The effects of individual components 
are not known. Therefore, our study assessed the effec ts of (+)- . (-)-. and (±)-exo­
brevicomin , and the mi x of cis- and trans-ve rbenol, separately and in combination, on the 
attraction of I. pini to ipsd ieno l. Specifica ll y, we expected that all these compounds would 
reduce trap catches of male and fema le I. pini to ipsdienol- baited multiple-funnel traps. 

MATERIALS AND METHODS 

Chemicals and Release Devices. Phero Tech Inc. (De lta, British Columbia) supplied 
polyethylene bubble-cap lures conta ining a 13:87 mi xture of lrans- and cis-verbenol [both 
chemical purities 98%; both enanti omeri c composi tions 83: 17 (-):( +)]. The verbenols were 
released at a combined rate of ca . 1.74 mg/d at 24 °C (determined by weight loss). [n 1986, 
Phero Tech Inc . supplied laminar (±)-exo-brev icomin lures (chemica l purity 98%) In 
1987 , each exo-brevicomin lure consisted of an open polyethylene microcentrifuge tube 
(400 mL) (Evergreen Scientific, Los Angeles, Ca li fornia) containing one 3-cm-long glass 
capillary tu be (i.d. 13 mm ; o.d. IS mm) fi ll ed with exo-brevicomin. Phero Tec h Inc. 
supplied (±)-exo-brev icomin (chemical purity 98%) and B.D. Johnston (Department of 
Chemistry, Simon Fraser Univers ity, Burnaby, British Co lum bia) supplied (+)-exo­
brevicomin [chem ica l puri ty >99%; enantiomeric compos ition 97:3 (+ ):( -)] and (-)-exo­
brevicomill [chemical purity >99%; enantiomeric compos iti on 2:98 (+ ):( -) ] . The release 
rates of exo-brevicomin were approximate ly 0.12 mg/d at 2S °C in 1986 (determined by 
collection of volatiles on Porapak-Q) and approx imately O. IS mg/d at 20 °C in 1987 
(determined by weight loss). 

(±)-[psdienol (chemical purity >98%) was obtained from Bedoukian Research Inc . 
(Danbury, Connecticut). In 1986, each ipsdienol lure consisted of eight Microcap® 
disposable pipettes (2IlL) (Drummond Scientific Co., Broomall, Pennsylvania). each 
pipette sealed at one end, filled with (±)- ipsdienol and placed in an open polyethylene, 
microcentrifuge tube (1.8 mL) (Evergreen Scient ific). In 1987, each ipsdienol lure 
consisted of a 10-cm length of C-flex® tubing (i.d. 1.6 mm ; o.d. 3.2 mm) (Concept Inc .. 
Clearwate r, Florida), fill ed with an ethanol so lution of (±)-ipsdienol , and heat-pressure 
sea led at both ends. The release rates of ipsdieno l were approximate ly 0.08 mg/day at 24 
°C in 1986 (determined by we ight loss) and approx imately 0.6 mg/day at 24 °C in 1987 
(dete rmined by co llection of vo lati les on Porapak-Q). Ethanol , used in the formulation to 
reduce the ri sk of polymerization of ipsdienol , is not attracti ve to I. p ini (M iller 1990). 

Experiments. Three experiments were conducted in 1986- 1 987 . In all exper iments. 
replicates of 8-un it Lindgren multiple-funnel traps (Phero Tech Inc. ) were set in mature 
stands of lodgepole pine. Rep licates were spaced at least 100 m apart, and traps were 
spaced 10- 1 S m apal1 with in each repl icate . Each trap was suspended by rope between 
trees such that the top of each trap was 1.3-I .S m above ground level. No trap was within 2 
m of any tree. 
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Experiment I tested the effect of ipsdien ol, (=,- )-exo-brev icomin and ve rbenol s on the 
attraction of I. pini and D. ponclerosae. Ten replicates of five trapslreplicate were se t on 4 
August , 1986, in regular pentagon formations near Princeton. Brit ish Columbi a. The 
fo llowing treatments were random ly ass igned within each rep licate: ( I) ipsdienol alone; 
(2) ipsdienol and (±)-exo-brev icom in ; (3) ipsdienol and verbeno ls; (4) ipsdienol , (±)-exo­
brevicomin and verbenols; and (5) (±)-exo-brevicomin and verbenols. The ex periment was 
term inated on 3 September, 1986. 

In 1987, experiment 2 tested the effect of (±)-exo-brevicomin and verbenol s on the 
attract ion of I. pini to ipsd ienol at three sites in British Columbia: Princeton , Will iam s 
Lake and Radium. At each site, five rep li cates of four traps/replicate were se t in grids of 2 
X 2 on 16 July, 7 September, and 9 September, respectively. The following treatments 
we re randomly ass igned within each replicate : (1) ipsdienol alone ; (2) ipsdieno l and (±)­
exo-brevicomin ; (3) ipsdienol and verbenols; and (4) ipsdi eno l, (±)-exo-brev icom in and 
verbenols. Trapping was terminated at the three sites on 29 September, 3 October. and I 
October, 1987, respecti vely. 

In 1987 , experiment 3 tested the effect of enantiomeric composition of exo-brevicomin 
on the attract ion of I. pini to ipsdienol. Five replicates of fi ve traps/rep li cate were set on 20 
August, each in a regular pentagon formation near Princeton, Brit ish Co lumbi a. Th e 
following treatments were randoml y ass igned within each replicate : (I) ipsdienol alone: 
(2) ipsdienol and (-)-exo-brevicomin; (3) ipsdienol and (+)-exo-brev icomin ; (4) ipsdieno l 
and (±)-exo-brevicomin ; and (5) ipsdieno l and double (±)-exo-brev icomin . The separate 
release rates of (-)- and (+)-exo-brevicomin in treatments 2,3 and 5 we re identical whereas 
the combined release rate of both enant iomers in treatments 2, 3 and 4 were identical. The 
total release rate of exo-brevicomin in treatment 5 was twice that of exo-brevicomin in 
treatment 4. The experiment was terminated on 29 September, 1987. 

Sexes of I. pini were determined using declivital characters (Wood 1982) whereas 
those of D. p onderosae were determined by di ssect ion and examination of genitali a. 
Voucher specimens were deposited at the Entomology Museum, Simon Fraser University. 

Statistica l Analyses. The data were analyzed with the SYST A T stati stica l package 
(version 8.0) (SPSS 1998). Trap catch data from all experiments were transform ed by 
In(Y+ I) whereas sex ratio data (for catches > 5) were transformed by arcsine V(Y) . All data 
were analyzed by one-way ANOV A, followed by Fisher ' s least- sign ifi cant-differe nce 
(LSD) multiple compari son test when P < 0.05. In add iti on, data from experiment 2 we re 
analyzed by full-factorial three-way ANOV A using location , verbenol mi x and exo­
brevicomin as the model factors. 

RESULTS 

The treatments in experiment I had a significant effect on catches of I. pini (F H I = 

15 .85 , P < 0.001) and D ponderosae (F ~ .29 = 448, P = 0006). Three replicates were 
exc luded in the analyses for D ponderosae because no beetl es were captured in these 
replicates. The combination of (±)-exo-brev icomin and cis- and trans-verbeno l 
significantly interrupted the attraction of I. pini to its pheromone ipsd ienol , reducing mean 
catches of I pini to leve ls simi lar to those in traps baited on ly with (±)-exo-brevicomin and 
cis- and trans-verbenol (F ig. I) . Mean catches in traps baited with either ipsdienol and (±)­
exo-brevicomin or ipsdienol and the verbenol mixture were not significantly different from 
mean catches in traps baited only with ipsdienol. The response of D. pondemsae was the 
converse of I pini with the highest catches in all traps baited with the verbenol mixture 
(F ig. I). There was no significant effect of treatment on sex rat ios for either I pini (F ""I = 

0.36. P = 0705) or D. fJonderosae (F ) 16 = 2.47, P = 0099). The mean percentages (±SE) 
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of male I. pini and D. ponderosae in trap catches were 33 (± 3) % and 47 (± 3) %. 
respectively. 

eB +V 
Ips pini 

b 

eB + V + Id 

V+ Id b 

eB + Id b 

Id b 
D. ponderosae 

o 20 40 60 o 40 80 120 

Mean (+SE) number of beetles 

Figure I. Effect of ipsdienol (ld), (±)-exo-brevicomin (eB), and cis- and trans-verbenol 
mixture (V) on the attraction of Ips pini and Dendroctonus ponderosae to multiple-funnel 
traps in experiment I in 1986 (N = 10). Mean trap catches, within the same figure , 
followed by the same letter are not significantly different at P = 0.05 (F isher's LSD test). 

In experiment 2, the verbena I mixture had a significant effect on catches of I. pini 
(Table I) . The effect was cons istent for all three regions since no interaction term was 
sign ificant Catches of I. pini to ipsdienol-baited traps were significantly reduced by the 
verbena I mixture, with or without (± )-exo-brevicomin (Fig. 2). There was no significant 
effect of (±)-exo-brevicomin on trap catches (Table I). In all three regions , catches of I. 
pini in traps baited with ipsdienol and (±)-exo-brevicomin were not significantly different 
from those in traps baited with ipsdienol alone (Fig. 2). There was no effect of treatment 
on sex ratios of I. pini in trap catches (Tab le I). The mean (±SE) percentage of males in 
trap catches was 25 (± I) %. 

Table I 
Analysis of variance on effects of location (Princeton, Williams Lake, and Radium, BC), 
verbenol mixture, and (±)-exo-brevicomin on number and sex ratio of Ips pini responding 
to ipsdienol-baited multiple-funnel traps in 1987 (Exper iment 2). 

Source 
Location (A) 
Verbenol mix (B) 
(±)-exo-Brevicomin (C) 
A*B 
A*C 
B*C 
A*B*C 

df 
2 

2 
2 
I 
2 

Error 48 

Trap catch a Proportion of males b 

F P df F P 
24.26 <0.00 I 2 0.63 0.539 
27 .73 <0.00 I 0.06 0.809 

0.04 0.833 0.19 0.669 
o 15 0.862 2 0.57 0.567 
0.92 0.406 2 0.31 0.733 
0.26 0.610 I 1.08 0.304 
0.35 0.703 2 1.26 0.293 

47 
a Data transformed by In(Y + I) . 
h Data transformed by arcsind(y). 
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Figure 2. Effect of (±)-exo-brevicomin (eB) and cis- and trans-verbenol mixture (V) on 
the attraction of Ips pini to ipsdienol (ld) - baited multiple-funnel traps in experiment 2 in 
1987 (N = 5), Mean trap catches, within the same figure , followed by the same letter are 
not significantly different at P = 0,05 (Fisher' s LSD test), 

In experiment 3, the enantiomeric composition of exo-brevicomin had no significant 
effect on trap catches of I. pini (F 4,20 = 0,54, P = 0,707) or sex ratio of captured I. pini 
(F 4,20 = 1,65, P = 0,202) (Fig, 3), The mean (±SE) percentage of males in trap catches was 
27 (± 2) 0/0, 

2(+/-)e8 + Id 
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(+/-)e8 + Id 
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Id 
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a 
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Figure 3. Effect of enantiomeric composition of exo-brevicomin (eB) on the attraction of 
Ips pini to ipsdienol (ld) - baited multiple-funnel traps in experiment 3 in 1987 (N = 5), 
Mean trap catches, within the same figure , followed by the same letter are not significantly 
different at P = 0,05 (F isher 's LSD test), 
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DI SCUSSION 

Bark beet les use semiochemicals to ensure eco logical and reproductive isolati on (Byers 
1989). Host partitioni ng within the southern pine ba rk beet le gu ild of five speci es occurs 
through pheromone spec ificity and mu tual interru ption of pheromone attraction (Smith el 

al. 1993). The pr incipa l pheromones and synomones are ipseno l, ipsdienol, fronta l in, 
verbenone, brevicomins and verbenols (Smith et al. 1993). Simi larly in Europe, separation 
among six spec ies of Ips DeGeer is maintained by pheromone blends of ipsenol , ipsdienol, 
amitinol, myrtenol, and verbenols (Kohnle et al. 1988, 1993), 

The same phenomenon is apparent among western speci es of bark beet les in N0I1h 
America as well. Mutual interruption of pheromone response occurs between I p ini and D. 
ponderosae in stands of lodgepole pine in British Co lumbia. Our results substantiate pr ior 

,wo rk by Hunt and Borden ( 1988) demonstrating that the attrac tion of I pini to its 
pheromone is interrupted by pheromones of D. ponderosae. Spec ifica ll y, we found that 
attraction of I. pini to (±)-ipsdienol was clearly interrupted by the combination of cis- and 
trans-verbenol (Figs, 1-2), 

Additional work is required to separate the effects of cis-verbenol and trans-verbenol, 
and their enant iomeri c compos itions, on the interru ption of pheromone attract ion by I. pini. 
Our work employed a 13: 87 mix of cis- and trans-ve rbenol with an overall enant iomeri c 
compos ition of 83: 17 (-):( +), due to the lack of ava ilabi li ly of pure compounds, Both cis­
and trans-ve rbenol are used by D. ponderosae as aggregation pheromones (M iller and 
Lafo ntaine 1991 ) and li ke ly have similar effec ts on the response of I. pini to its 
pheromone. 

Exo-brev icomin had no effect on the attracti on of I. pini to ipsdienol (F igs. 1-2). 
Pureswaran et al. (2000) demonstrated that exo-brevicomin significan tly decreased catches 
of male I. p ini to (±)-ipsdienol-baited multiple-funnel traps near Princeton, Be. There was 
no significant effect on catches offemale I pini (Pureswaran et al. 2000) , It is possib le that 
our results with exo-brevicomin were due to an inappropri ate dose range. We used dev ices, 
which released exo-brev icomin at rates of 0.12-0 . 15 mg/d at 20-25 °C whereas Pureswaran 
et al. (2000) used devices, whi ch released exo-brevicomin at a rate of ca. 3. 1 mg/d at 
25 °e. 

The enantiomeri c compos ition of exo-brevi comin had no etTect on trap catches of I. 
pini (F ig. 3). Pureswaran et al. (2000) demonstrated an tennal responses of male and fe male 
I. pini to (+ )-exo-brevicomin and (+ )-endo-brev icomin. The antipodes, (-)-exo-brevicom in 
and (-)-endo-brev icomin , el icited no response from I. pini, Further trials with exo­
brev icomin should be conducted with higher release rates of the (+)-enantiomer si nce the 
lack of antennal acti vity with the (-)-enantiomer should correlate with a lack of field 
act ivity , 

In contrast to Hunt and Borden ( 1988), ipsdienol had no effect on the attract ion of D. 
ponderosae to the fe male-produced pheromones. cis- and trans-ve rbenol (F ig. I), Al l our 
experiments were conducted in late summer (August and September) whereas Hunt and 
Borden ( 1988) demonstrated signi fica nt interru pt ion in pheromone response In 
experiments conducted in July, Their exper iments conducted in ear ly August fail ed to 
demonstrate interruption of attraction of D. ponderosae to the blend of myrcene, exo­
brevicomin , and cis- and trans-verbenol by ipsdienol. It is poss ible that disc rimination by 
D. ponderosae differs during the season, possib ly due to differential costs and benefit s 
related to the onset of co lder temperatures (Re id 1962). Since the egg and early larva l 
stages are susceptib le to high mo rtali ty from co ld temperatures, beetl es need to ensure that 
eggs hatch and develop to the cold-to lerant 3-rd and 4-th larva l stages prior to the arri va l 
of winter temperatures (Safranyik and Linton 1998). Addit ional work shoul d be conducted 
on the effect of another I. pini pheromone, lanierone (2-hydroxy-4,4,6-trimethyl-2 ,5 -
cyclohexadien I-one) , as an interruptant for D. ponderosae, Lanierone produced by mal e 
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I. p ini (Teale ef al. 1991) significantly increases catches of I. pini to ipsdienol-baited traps 
in British Columbia (Miller et al. 1997). 

Semiochemical specificity and mutual interruption of pheromones in western pine 
forests is not limited to I. pini and D. fJonderosae. More than 50 species of bark beetles 
have been reported on lodgepole pine, many of which are phloeophagous and maintain 
ecologica l and reproductive separation (Wood 1982). Attraction of I. latidens (LeConte) to 
its pheromone, ipsenol (2-methyl-6-methylene-7-octen-4-01), is interrupted by (+ )­
ipsdienol (Miller and Borden 1992) whereas attraction of I. pini is interrupted by the 
pheromone of I. latidens, ipseno l (Borden et al. 1992). The attraction of I. integer 
(Eichhoff) to lanierone is interrupted by ipsdienol whereas the attraction of I. pini to 
ipsdienol is enhanced by lanierone (Mi ller et al. 1997). Mutual interruption of pheromone 
attract ion also occurs between I. pini and I. paracun!lIslis Lani er (B irch and Wood 1975: 
Birch et al. 1980) and between I. paracon/iislis and D. brel'icomis LeConte (Byers and 
Wood 1980. 198 1). 

Sem iochemica l interruptants will play an important role in future integrated pest 
management programs for bark beetles (Borden et al. 1992). For example. interruptants 
can be used to minimize the likelihood that popu lations of I. pini build up in slash 
generated by thinning operat ions to such leve ls that they success full y attack and kill 
standing trees (Borden et al. 1992). Verbenone (4,6.6-trimethylbicyc lo[3.I. l]hept-3-en-2-
one) , an antiaggregation pheromone produced by D. ponderosae (Borden et 01. 1987). and 
ipsenol, a pheromone produced by I. latidens (Mi ll er ef al. 199 1), interrupt the attraction of 
I. pini to its pheromone (Borden et al. 1992). The combination of verbenone and ipsenol 
resulted in a 67% reduct ion in the number of downed lodgepo le pines attacked by I. pini 
and a 99% reduction in attack density (Borden et al. 1992). 

A comp lete understanding of the role and impact of the various pheromones and 
kairomones is required to deve lop effective management programs. For examp le, the 
combination of the interruptants for D. frontalis Zimmermann. ve rbenone and endo- and 
exo-brevicomin , red uced the landings of D. fr ontalis on live loblo ll y pine by 84% with a 
84% reduction in eggs laid (Payne and Richerson 1979). However, the treatment fai led to 
prevent tree mortal ity due to an increase in attack s by another bark beetle, I. aVlllslI.\ 
(Eichhoff). 

The risks and consequences of interruptants shou ld be carefull y considered in 
management programs that facilitate interspecific competit ion to red uce the reproducti ve 
potential of a pest species. Significant reductions· in survivorship of D. frontalis can occu r 
by the practice of simply falling infested trees and abandoning them (Bi llings 1980). This 
fall-and-Ieave practice apparently increases leve ls of compet ition by secondary bark 
beet les, predation and parasitism (Billings 1980). Other researchers have used 
sem iochemical s to induce similar levels of compet ition with bark beetles in western North 
America. Rankin and Borden (1991) used ipsdienol to induce attacks by I. pini on logs 
previously infested with D. ponderosae, resulting in a 73% reducti on in progeny of D. 
ponderosae. Safranyik et 01. (1998) obta ined a 49% red uction in progeny of D. ponderusae 
by baiting standing lodgepole pine with I. pini pheromones, ipsdienol and lanierone. when 
baiting was conducted in September. In both studies, the attack densities of D. ponderosae 
between control and treated trees were not significantly different. However, Safranyik ef 
al. (1998) found that baiting standing trees with I. pini pheromones in August resulted in a 
53% reduction in attack density of D. ponderosae with no difference in mean progeny 
production between treated and control trees. Attractants used to initiate competition 
against a pest species such as D. ponderosae should be appl ied with due cons ideration to 
timing of application and appropriate combinations of selll iochem ical s. 
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