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ABSTRACT The kairomonal responses of Thanasimus undatulus (Say), Enoclerus sphegeus F., and
Temnochila chlorodia (Mannerheim) to semiochemicals used by Dendroctonus pseudotsugae Hop-
kins,D. rufipennisKirby,D. brevicomisLeConte,D. ponderosaeHopkins, and Ips pini (Say) to locate
hosts were quantiÞed in the Þeld during the period of D. pseudotsugae dispersal in the spring and
early summer. Traps baited with frontalin plus seudenol caught signiÞcantly more T. undatulus than
traps baited with any other lure. Only a few E. sphegeuswere collected during the study, suggesting
that it might use semiochemicals other than those tested in this study to locate its prey. All of the
traps baited with lures containing exo-brevicomin caught signiÞcantly more T. chlorodia than traps
baited with other lures. These results suggest that T. undatulus uses seudenol primarily to locate its
prey habitat, and T. chlorodia uses exo-brevicomin for the same purpose. These predators likely feed
upon bark beetles that produce these compounds or other bark beetles that are found in the same
habitats. A secondary pest of ponderosa pine, Pityogenes carinulatus (LeConte), was attracted in
signiÞcant numbers to the traps baited with I. pini pheromone components. Traps baited with
ipsdienol and lanierone caught signiÞcantly more P. carinulatus than traps baited with ipsdienol
alone.

KEY WORDS Thanasimus undatulus, Enoclerus sphegeus, Temnochila chlorodia, kairomone, Pityo-
genes carinulatus, bark beetles

SCOLYTID BEETLE AGGREGATION pheromones have been
used effectively in a number of tactics to help meet
forest management objectives (Borden 1989, Shea
1994, Salom and Hobson 1995). Pheromones have
been used to attract beetles to baited trees that are
either treated with insecticides before baiting thus
killing arriving insects (Smith 1986) or harvested after
attack to destroy the developing brood (Knopf and
Pitman 1972, Pitman 1973, Borden 1989, Thier and
Weatherby 1991). Another tactic employing aggrega-
tionpheromones ismass trappingofbarkandambrosia
beetles (DeMars et al. 1980; Bedard and Wood 1981;
Borden andMcLean 1981; Bakke 1983, 1989). An early
attempt by Pitman (1973) to mass trap Dendroctonus
pseudotsugaeHopkins was unsuccessful with the trap-
ping technology available at that time. Subsequently,
a more efÞcient trap for scolytid beetles was devel-
oped (Lindgren 1983) and more attractive semio-
chemicals for D. pseudotsugae were identiÞed (Ru-
dinsky et al. 1974, Libbey et al. 1983). With the new
technology, Ross andDaterman (1997) demonstrated

that large numbers of dispersing beetles could be re-
moved from the forest, and the distribution of tree
mortality could be controlled, by using pheromone-
baited traps. However, they also trapped large num-
bers of a clerid predator, Thanasimus undatulus (Say),
and much smaller numbers of two other predators, a
clerid, Enoclerus sphegeus F., and a trogositid, Tem-
nochila chlorodia (Mannerheim). Capturing these
predators could potentially negate some of the ben-
eÞts of removing D. pseudotsugae from the environ-
ment.
These predators are attracted to several bark beetle

aggregation pheromones. T. undatulus, reported to be
associated with D. pseudotsugae (Kline and Rudinsky
1964, Cowan and Nagel 1965),Dendroctonus pondero-
sae Hopkins (Amman 1972), Dendroctonus rufipennis
Kirby (Knight 1961), Ips spp. (Reid 1957), Scolytus
spp., and Pseudohylesinus spp. (Furniss and Carolin
1977), has been found to be attracted to frontalin
(Pitman and Vité 1970, Pitman 1973, Schmitz 1978,
Chatelain and Schenk 1984), seudenol (Dyer andHall
1980, Ross and Daterman 1995), cis-verbenol (Miller
et al. 1991), and ipsdienol (Miller and Borden 1990).
E. sphegeus, reported to be associated with D. pseudo-
tsugae (Kline and Rudinsky 1964, Cowan and Nagel
1965) andD. ponderosae (Struble 1942, Amman 1972),
has been found to be attracted to trans-verbenol
(Schmitz 1978) and ipsdienol (Miller and Borden
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1990). Similarly, signiÞcant numbers of T. chlorodia, a
predator of D. pseudotsugae (Kline and Rudinsky
1964), and Dendroctonus brevicomis LeConte (Ste-
phen andDahlsten 1976), have been collected in traps
baited with exo-brevicomin (Pitman and Vité 1971,
Bedard et al. 1980).
The information on kairomonal responses of T. un-

datulus, E. sphegeus, and T. chlorodia is fragmented.
Past studieswere conducted in different regions often
with a single pheromone component or the phero-
mones of one bark beetle species. Most of the data
demonstrating kairomonal responses of these preda-
tors were derived from studies designed tomeet other
objectives. Only one study has compared the attrac-
tion of these predators to a variety of bark beetle
pheromones in the same location at the same time.
Schmitz (1978) studied their attraction to a variety of
bark beetle pheromones in northern Idaho, and con-
cluded that T. undatulus used frontalin to locate prey
while E. sphegeus used trans-verbenol for the same
purpose. Because responses to semiochemicals may
vary geographically, there is a need to study further
the extent to which the predators are attracted to
different bark beetle semiochemicals. Our objective
was to assess the relative attractiveness of the pher-
omone components of different bark beetle species,
whicharecommonlypresent in the sameregion, to the
predators during the period of D. pseudotsugae dis-
persal. The results of such a study could indicate the
degree towhich the predators specialize on particular
bark beetle species or the habitat where those species
are found.

Materials and Methods

This studywas conducted on theLaGrandeRanger
District of the Wallowa-Whitman National Forest,
�17 km west of La Grande, OR. Elevations across all
replications ranged from 1,040Ð1,280 m. The most

common tree species in the area were Douglas-Þr,
Pseudotsuga menziesii (Mirbel) Franco; ponderosa
pine, Pinus ponderosa Douglas ex Lawson; western
larch, Larix occidentalis Nuttall; grand Þr, Abies gran-
dis (Douglas) Lindley; and lodgepole pine, Pinus con-
torta Douglas ex Loudon. At the time of the study,
these forests supported high populations of D.
pseudotsugae and Scolytus ventralis Leconte as a result
of an extendeddrought anddefoliationby thewestern
spruce budworm, Choristoneura fumiferana (Clem-
ens) (USDA Forest Service 1996).
Eight replicatesof eight treatmentswere installed in

a randomized complete blockdesignbetween13April
and 4 May 1995. Each replicate was established in an
open grassland at least 50 m from the nearest tree.
Experimental units consisted of single baited, 16-unit
multiple-funnel traps (Lindgren 1983). Traps were
hung frommetal poles with their bases �50 cm above
the ground. A piece of dichlorvos-impregnated plastic
was placed in each collection container to kill trapped
insects and prevent predation. All traps within a rep-
lication were located in a line at least 25 m from
adjacent traps. All replications were between 0.3 and
7 km from each other.
Treatments consisted of eight different combina-

tions of aggregation pheromones and host tree ter-
penes commonly used to attract bark beetle species
found in the western United States. The formulation,
release rate, chemical purity, and enantiomertic com-
position of attractants used in each treatment lure are
listed in Table 1. All semiochemical formulationswere
purchased from Phero Tech, Delta, BC, Canada, ex-
cept frontalin and seudenol used in treatment 3 that
were formulated in our laboratory. The lures used in
the study are known to be attractive to D. rufipennis
(treatment 2), D. pseudotsugae (treatment 3), D.
brevicomis (treatments 4 and 5),D. ponderosae (treat-
ment 6), and Ips pini (Say) (treatments 7 and 8).

Table 1. Technical description of bark beetle lures

Treatment
Lure

components
Formulation

Release rate
per day at 23�C

Chemical
purity, %

Enantiomertic
composition

[%(�)/%(�)]

1 Frontalin Vial 2.6 mg �99 50/50
2 Frontalin Vial 2.6 mg �99 50/50

�-pinene Vial 1.5 mga �99 10/90
3 Frontalin Polyvinylchloride 2.5 mgb 82 50/50

Seudenol Polyvinylchloride 1.6 mgb 99 50/50
4 exo-brevicomin Vial 1.7 mg 98 50/50

Myrcene Vial 6.5 mg 90 50/50
5 exo-brevicomin Vial 1.7 mg 98 50/50

Myrcene Vial 6.5 mg 90 50/50
Frontalin Vial 2.6 mg �99 50/50

6 exo-brevicomin Flex lure 280.0 �ga 98 50/50
Myrcene Bottle 95.0 mgb 90 50/50
trans-verbenol Bubble cap 1.5 mga 86 25/75

7 Ipsdienol Bubble cap 110.0 �gb 97 50/50
8 Ipsdienol Bubble cap 110.0 �gb 97 50/50

Lanierone Bubble cap 10.0 �gb �99 50/50

All information on pheromone lures except those for treatment 3 was provided by Phero Tech, Delta, BC, Canada.
a At 20�C.
b At 25�C.
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Traps were emptied on 16 May, 24 May, 31 May, 7
June, 15 June, 24 June, 30 June, and 1 August. To
account for positional effects, treatments were reran-
domized within replicates following each collection.
For each sample, the total numbers of all abundant
barkbeetle species, and threepredacious associates,T.
undatulus, E. sphegeus, andT. chlorodia,were counted.
Due to a large number of zero counts, the data for

the eight collections of each species were pooled for
each treatment within a block to provide numbers
sufÞcient for statistical analyses. The numbers of each
insect species were subjected to analysis of variance
(ANOVA) with the model of a randomized complete
blockdesign.BeforeANOVA,eachvariablewas tested
for homogeneity of variance by examining the resid-
uals. If the variances were nonhomogeneous, the data
were transformed by the formula, log (x � 0.01).
Means were compared and separated by Fisher pro-
tected least signiÞcant difference (LSD) test (Ott
1988) when appropriate. The nontransformed means
and their associated standard errors are reported. For
variables that, even with transformation, did not have
homogeneous variances, the data were subjected to
FriedmanÕs rank test (Conover1980).Themeanswere
compared by the method described by Conover
(1980) when the FriedmanÕs test resulted in rejection
of the null hypothesis. All data analyses were per-
formed with SAS computer software (SAS Institute
1990).

Results

Only four bark beetle species were collected in
sufÞcient numbers to perform statistical analyses (Ta-
ble 2). D. pseudotsugae was the most abundant bark
beetle collected in the traps. The ANOVA indicated
that the treatment effect onD.pseudotsugae trap catch
was highly signiÞcant (F � 67.04; df � 7, 49; P �
0.0001). All of the traps with lures that contained
frontalin caught signiÞcantly more D. pseudotsugae
than thosewithout frontalin, and traps baitedwith the
combination of frontalin and seudenol caught signif-
icantly more than any other traps (Table 2).

Dendroctonusbrevicomiswas the secondmost abun-
dant bark beetle collected in the traps (Table 2). The

treatment effect on D. brevicomis trap catch was
highly signiÞcant (F � 84.86; df � 7, 49; P � 0.0001).
All of the traps with lures that contained exo-brevi-
comin caught signiÞcantly more D. brevicomis than
those traps without exo-brevicomin. Traps baitedwith
the combination of exo-brevicomin, myrcene, and
frontalin caught the most D. brevicomis followed by
those baited with exo-brevicomin plus myrcene, and
exo-brevicomin, myrcene, and trans-verbenol. Traps
baited with frontalin alone and in combination with
�-pinene or seudenol caught signiÞcantly more D.
brevicomis than those baited with ipsdienol or ipsdi-
enol plus lanierone (Table 2).
The treatment effect on catches of I. pini and Pityo-

genes carinulatus (LeConte) were highly signiÞcant
(F � 67.04; df � 7, 49; P � 0.0001 and F � 10.22; df �
7, 49; P � 0.0001, respectively). These two species
responded similarly to the different treatments. Sig-
niÞcantly more beetles of both species were collected
in trapswith lures containing ipsdienol comparedwith
traps without ipsdienol in the lure (Table 2). Traps
baited with the combination of ipsdienol and lani-
erone caught signiÞcantly more beetles of both spe-
cies than ipsdienol alone.
Among the predators, only T. undatulus and T. chlo-

rodia were captured in sufÞcient numbers for statis-
tical analyses. The rank test followed by ANOVA in-
dicated that the treatment effect on T. undatulus trap
catch was highly signiÞcant (F � 24.49; df� 7, 49; P �
0.0001). SigniÞcantly more T. undatulus were col-
lected in trapsbaitedwith frontalinplus seudenol than
in traps with any other lures (Table 3). Therewere no
signiÞcant differences in T. undatulus collected in
traps with the other lures. SigniÞcantly more T. chlo-
rodiawere caught in traps baitedwith exo-brevicomin
and myrcene than those without these attractants
(F � 8.26; df � 7, 49; P � 0.0001), and there were no
differences among the three lures that contained these
compounds (Table 3). Few T. chlorodia adults were
collected in traps baited with other lures and there
were no signiÞcant differences among them.
Thenumbers ofE. sphegeus caught in the trapswere

too small to perform statistical analyses on that data.

Table 2. Numbers of Dendroctonus pseudotsugae, Dendroctonus brevicomis, Ips pini, and Pityogenes carinulatus caught in traps
baited with different semiochemicals in eastern Oregon, 1995

Treatment
D. pseudotsugae D. brevicomis I. pini P. carinulatus

Total no. No./trap/day Total no. No./trap/day Total no. No./trap/day Total no. No./trap/day

F 122 0.27 � 0.074b 24 0.05 � 0.193d 3 0.007 � 0.004c 3 0.007 � 0.005c
F � � 161 0.38 � 0.167b 35 0.07 � 0.022d 3 0.007 � 0.005c 4 0.009 � 0.004c
F � S 9203 20.61 � 4.043a 15 0.03 � 0.017d 4 0.009 � 0.003c 6 0.011 � 0.006c
E � M 7 0.02 � 0.006c 415 0.78 � 0.148b 3 0.006 � 0.004c 7 0.013 � 0.008c
E � M � F 118 0.28 � 0.087b 1651 2.29 � 0.408a 0 0.000 � 0.000c 4 0.009 � 0.004c
E � M � T 6 0.01 � 0.008c 144 0.25 � 0.044c 3 0.006 � 0.004c 1 0.002 � 0.002c
I 8 0.02 � 0.007c 0 0.00 � 0.000e 115 0.180 � 0.054b 91 0.020 � 0.080b
I � L 5 0.12 � 0.010c 1 0.001 � 0.001e 355 0.513 � 0.187a 218 0.408 � 0.167a
Total 9,630 2,285 486 334

F, frontalin; �, �-pinene; S, seudenol; E, exo-brevicomin; M, myrcene; T, trans-verbenol; I, ipsdienol; L, lanierone. Means � SE followed by
different letters within a species are signiÞcantly different by FisherÕs protected LSD test (P � 0.05).
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Discussion

Dendroctonus pseudotsugae, D. brevicomis, and I.
pini respondedas expected to thedifferent luresbased
onprevious research (Silverstein et al. 1968; Bedard et
al. 1969, 1970; Pitman and Vité 1970; Rudinsky et al.
1974; Birch et al. 1980; Teale et al. 1991; Ross and
Daterman 1995). P. carinulatus is a secondary pest
associated primarily with ponderosa pine. It attacks
the tops and limbs of weakened, dying, and newly
felled trees, occasionally causing economic damage
(Wood 1982). Unlike I. pini, the pheromone system of
P. carinulatus is unknown. Our results indicate that P.
carinulatus responds to the aggregation pheromone of
I. pini, especiallywhen lanierone is present alongwith
ipsdienol.
Among the bark beetle semiochemicals used in this

study, T. undatulus showed a signiÞcant response only
to traps containing frontalin and seudenol in 5% poly-
vinylchloride formulations. Although the release rate
of frontalin in the vials measured at a temperature 2�C
lower was slightly higher than that of the PVC-for-
mulated frontalin, catches of T. undatulus in traps
baited with lures containing the frontalin vials were
not different from those of traps that did not contain
frontalin. These results are inconsistent with earlier
reports that frontalin was attractive to T. undatulus
(Pitman and Vité 1970, Furniss and Schmitz 1971,
Rudinsky et al. 1972, Schmitz 1978, Chatelain and
Schenk 1984, Miller et al. 1987, McGregor and Miller
1989). Our results suggest that seudenol is a key at-
tractant, contributing to the response of both D.
pseudotsugae and T. undatulus. However, Dyer and
Lawko(1978) reported that seudenol didnot enhance
the attractiveness of frontalin plus alpha-pinene to T.
undatulus in British Columbia, Canada, and Dyer and
Hall (1980) found that frontalinwas signiÞcantlymore
attractive to T. undatulus than seudenol. In contrast,
Ross and Daterman (1995) found that seudenol sig-
niÞcantly increased the attractiveness of frontalin to
this clerid, which was conÞrmed by our results. These
conßicting results may reßect geographic differences
in the responsiveness of T. undatulus to various semio-
chemicals. In support of the existence of geographic
races of T. undatulus, Schmitz (1978) observed mor-

phologically distinct forms in different regions.
Hence, further experiments need to be conducted to
determine if there are variations in response to semio-
chemicals by T. undatulus populations in different
geographic regions.
The experiment carried out by Miller and Borden

(1990) in lodgepole pine in British Columbia, Canada,
showed that E. sphegeus and T. undatulus were at-
tracted to ipsdienol-baited traps in signiÞcantly higher
numbers than to other treatments. In Idaho, Schmitz
(1978) found that E. sphegeus preferred lures contain-
ing trans-verbenol to others tested. Only a few E.
sphegeus adults were trapped in our experiment and
these showed no preference to any attractant used in
the study. However, bothE. sphegeus and T. undatulus
were caught in similar numbers on unbaited sticky
trapswhichwere used tomonitor the landing patterns
of D. pseudotsugae and its predacious associates in
another experiment conducted in 1995 in the same
general area. Also, larval E. sphegeus and T. undatulus
were abundantly present in D. pseudotsugae larval
galleries under the bark of the baited trees in that
study (unpublished data). This evidence suggests that
E. sphegeus utilizes semiochemicals other than fron-
talin and seudenol emanating from D. pseudotsugae
attacked trees to locate its prey.
For the kairomonal response of T. chlorodia, our

results are consistent with earlier studies in which
exo-brevicomin was shown to be attractive (Pitman
and Vité 1971, Bedard et al. 1980, Tilden et al. 1983,
DeMars et al. 1986). Bedard et al. (1980) suggested
that trans-verbenol might interfere with the response
of T. chlorodia to exo-brevicomin. However, our re-
sults showed no negative effect when trans-verbenol
was present in a lure containing exo-brevicomin and
myrcene, compared with lures containing only exo-
brevicomin and myrcene. This was true even though
the lure containing trans-verbenol released exo-brevi-
comin at a much lower rate than the lure without
trans-verbenol.

Temnochila chlorodia has been reported to be an
important natural enemy of D. pseudotsugae, espe-
cially in the Intermountain Region (Kline and Rudin-
sky 1964, Marsden et al. 1981). However, it did not

Table 3. Numbers of Thanasimus undatulus, Enoclerus sphegeus, and Temnochila chlorodia caught in traps baited with different
semiochemicals in eastern Oregon, 1995

Treatment
T. undatulus E. sphegeus T. chlorodia

Total no. No./trap/day Total no. No./trap/daya Total no. No./trap/day

F 3 0.007 � 0.004b 0 0 � 0.000 1 0.002 � 0.002b
F � � 1 0.002 � 0.002b 1 0.002 � 0.002 2 0.004 � 0.003b
F � S 62 0.141 � 0.048a 0 0 � 0.000 2 0.004 � 0.003b
E � M 0 0 � 0.000b 2 0.004 � 0.003 27 0.058 � 0.024a
E � M � F 0 0 � 0.000b 0 0 � 0.000 40 0.087 � 0.011a
E � M � T 0 0 � 0.000b 1 0.002 � 0.002 30 0.065 � 0.019a
I 0 0 � 0.000b 0 0 � 0.000 1 0 � 0.000b
I � L 2 0.004 � 0.003b 4 0.008 � 0.005 5 0.015 � 0.007b
Total 68 8 108

F, frontalin; �, �-pinene; S, seudenol; E, exo-brevicomin; M, myrcene; T, trans-verbenol; I, ipsdienol; L, lanierone. Means � SE followed by
different letters within a species are signiÞcantly different by FisherÕs protected LSD test. (P � 0.05).

a No statistical analysis was performed on these data due to low numbers.
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appear to be closely associatedwithD.pseudotsugae in
our study area. Not only did it not respond to the D.
pseudotsugae lure (treatment 3, frontalin plus seude-
nol), but also no larval T. chlorodia were found in D.
pseudotsugae galleries in a companion study in the
same area (unpublished data).
Our results suggest thatT. undatulus relies primarily

on seudenol to locate its prey, whereas T. chlorodia
relies similarly on exo-brevicomin. Apparently, these
predators feed on bark beetle species that produce
those pheromones or other species that are found in
the same habitat. For example, trees attacked by D.
pseudotsugaemay also be infested by Scolytus spp. and
Pseudohylesinus spp. in the upper bole and branches
(Furniss and Carolin 1977). Under laboratory condi-
tions, T. undatulus has been shown to prefer these
smaller scolytids over D. pseudotsugae when given a
choice (Schmitz 1978). Consequently, T. undatulus
attractedby seudenol releasedbyD.pseudotsugaemay
prey not only on that species but also on other asso-
ciated scolytids. Neither predator showed any re-
sponse to pheromones produced by sympatric bark
beetle species indicating that they are to some extent
specialized on one to a few species. A better under-
standing of bark beetle and predator responses to
semiochemicals could be used to develop manage-
ment techniques that are effective against the target
insect and minimize negative impacts on the natural
enemies.
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