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Assemblage of Hymenoptera arriving at logs
colonized by Ips pini (Coleoptera: Curculionidae:
Scolytinae) and its microbial symbionts in
western Montana

Celia K. Boone

Department of Entomology, University of Wisconsin, Madison, Wisconsin 53706, United
States of America

Diana L. Six

Department of Ecosystem and Conservation Sciences, University of Montana, Missoula,
Montana 59812, United States of America

Steven J. Krauth, Kenneth F. Raffa'

Department of Entomology, University of Wisconsin, Madison, Wisconsin 53706, United
States of America

Abstract—Colonization of a tree by bark beetles and their symbionts creates a new habitat for a
diverse assemblage of arthropods, including competing herbivores, xylophages, fungivores,
saprophages, predators, and parasitoids. Understanding these assemblages is important for evalu-
ating nontarget effects of various management tactics and for subsequently evaluating how
changes in climate, the presence of invasive species, and altered forestry practices and land-use
tenure may affect biodiversity. We characterized the assemblage of hymenopterans attracted to
logs of ponderosa pine (Pinus ponderosa C. Lawson (Pinaceae)) colonized by the bark beetle Ips
pini (Say) and its microbial symbionts. In one experiment, the composition and relative abun-
dances of species arriving at hosts colonized by /. pini, and possible sources of attraction, were
determined. Treatments consisted of a log containing /. pini with its natural complement of mi-
croorganisms, a log alone, and a blank control. A second experiment was carried out to deter-
mine whether or not Hymenoptera were attracted to microbial symbionts of /. pini. Treatments
consisted of a blank control, a log alone, a log containing /. pini with its natural complement of
microorganisms, either Ophiostoma ips, Burkholderia sp., or Pichia scolyti, and a log inoculated
with a combination of these three microorganisms. Over 2 years, 5163 Hymenoptera were cap-
tured, of which over 98% were parasitoids. Braconidae, Platygastridae, Encyrtidae, Pteromalidae,
and Ichneumonidae were the most abundant. Seven known species of bark beetle parasitoids (all
Pteromalidae) were captured. However, parasitoids of Diptera, Lepidoptera, Hymenoptera, and
non-wood-boring Coleoptera were also common. Nineteen species showed preferential attraction
to host plants infested with 1. pini and its complement of microorganisms, host plants inoculated
with . pini microbial symbionts, or host plants alone. Interestingly, many of these species were
parasitoids of phytophagous, fungivorous, and saprophytic insects rather than of bark beetles
themselves. These results suggest that a diverse assemblage of natural enemies that attack vari-
ous feeding guilds within a common habitat exploit common olfactory cues.

Résumé—La colonisation d’un arbre par les scolytes et leurs symbiontes crée un nouvel habitat
pour divers peuplements d’arthropodes, en particulier des herbivores compétiteurs, des xylopha-
ges, des mycétophages, des saprophages, des prédateurs et des parasitoides. Il est important de
comprendre ces peuplements pour pouvoir évaluer les effets non ciblés des diverses tactiques de
gestion et pour ensuite déterminer de quelle maniere le changement climatique, la présence d’ es-
peces envahissantes, ainsi que les changements dans les pratiques forestieres et I'utilisation des
terres, peuvent affecter la biodiversité. Nous décrivons le peuplement d’hyménopteres attirés par
les troncs de pin ponderosa (Pinus ponderosa C. Lawson (Pinaceae)) colonisés par le scolyte du
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pin, Ips pini (Say) et ses symbiontes microbiens. Une premiere expérience cherchait a déterminer
la composition et les abondances relatives des especes qui se posaient sur les hotes colonisés par
1. pini et d’identifier les sources d’attraction. Les conditions expérimentales comprenaient un
tronc habité par 1. pini et son complément naturel de microorganismes, un tronc seul et un té-
moin a blanc. Une seconde expérience a été menée pour déterminer si les hyménopteres étaient
attirés par les symbiontes microbiens d’/. pini. Les conditions expérimentales comprenaient un
témoin a blanc, un tronc seul, un tronc avec /. pini et son complément naturel de microorganis-
mes, soit Ophiostoma ips, Burkholderia sp. ou Pichia scolyti, et un tronc inoculé avec une com-
binaison de ces trois microorganismes. Sur deux années, nous avons capturé 5163 hyménopteres
dont plus de 98 % étaient des parasitoides. Les plus abondants étaient les Braconidae, les Platy-
gastridae, les Encyrtidae, les Pteromalidae et les Ichneumonidae. Nous avons capturé sept espe-
ces connues pour &tre des parasitoides de scolytes (tous des Pteromalidae). Cependant, il y avait
aussi en abondance des parasitoides de dipteres, de 1€pidopteres, d’hyménopteres et de coléopte-
res non mineurs de bois. Dix-neuf espéces montraient une attraction préférentielle, par ordre,
pour les plantes hotes infestées par 1. pini et son complément de microbes, puis les plantes hotes
inoculées des symbiontes microbiens d’/. pini et enfin les plantes hdtes seules. Remarquable-
ment, plusieurs de ces especes €étaient des parasitoides des insectes phytophages, mycétophages
et saprophytes, plutdt que des scolytes eux-mémes. Ces résultats laissent croire que des regroupe-
ments divers d’ennemis naturels qui attaquent les différentes guildes alimentaires dans un méme
habitat utilisent des signaux olfactifs communs.
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[Traduit par la Rédaction]

Introduction

Bark beetles (Coleoptera: Curculionidae: Scoly-
tinae) are important components of forest eco-
systems and some are major disturbance agents
that influence ecosystem processes such as nu-
trient cycling and biodiversity. During out-
breaks of some species, millions of hectares of
conifer forests are affected and significant eco-
nomic losses incurred. Although some bark beetle
species cause extensive tree mortality during
outbreaks, their populations typically remain in
a low-density, endemic state for decades be-
tween outbreaks. During these periods, bark bee-
tles colonize stressed or recently killed trees.

A dead tree constitutes an important ecologi-
cal unit that supports a diverse assemblage of
species (Shelford 1913; Graham 1925). Sudden
mortality of a tree due to bark beetle infestation
provides the substrate and starting point for the
formation of a new community (Stephen and
Dahlsten 1976; Hanula et al. 2006). From the
time of colonization, the chemical and physical
characteristics of tree tissues change rapidly
(Shelford 1913; Graham 1925; Lambert et al
1980) and so habitat suitability subsequently
varies over time for many distinct insect guilds
(Grove 2002), including competing herbivores,
xylophages, fungivores, saprophages, predators,
and parasitoids (Aukema et al. 2004; Vanderwel
et al. 2006). Characterizing these communities
facilitates evaluation of nontarget effects of
pest-management tactics and subsequently how

changing conditions, such as altered climate, in-
vasive species, forestry practices, and land-use
patterns, may affect biodiversity (Majka and
Selig 2006; Majka et al. 2007).

Location of host habitat by (and, ultimately,
reproductive success of) parasitoids and preda-
tors of cryptic insects such as subcortical phyto-
phages, including bark beetles, relies on their
recognition of host-associated chemical cues
(Turlings and Benrey 1998; De Moraes et al.
1998). Such cues may originate from the host in-
sect (Kennedy 1984; Senger and Roitberg 1992;
Raffa et al. 2007), from its food plant (Camors
and Payne 1973; Shahjahan and Streams 1973;
Hilker et al. 2002), or from microbial symbi-
onts (Madden 1968; Spradberry 1974; Sullivan
and Berisford 2004; Martinez et al. 2006; Ad-
ams and Six 2008; Boone et al. 2008). Bark
beetles have complex associations with fungi
and bacteria that they introduce into host trees
in mycangia (structures of the adult integument
specialized for transport of fungi) (Barras 1975;
Six 2003), on their exoskeleton (Six and Paine
1998; Six 2003; Lim et al. 2005), or in oral
secretions (Cardoza et al. 2006). These microor-
ganisms are often highly consistent in their
association with host beetles, and thus may pro-
vide a consistent signal for locating a host
beetle.

Ophiostomatoid fungi are the main symbiotic
microorganisms associated with bark beetles.
They produce a variety of volatiles, including
short-chain alcohols, esters, and terpenes, some
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of which are unique. Formation of these volatiles
is frequently strain-dependent and influenced by
culture conditions (Hanssen 1993). The pres-
ence of bark beetles and their associated micro-
organisms quantitatively and qualitatively alters
the volatile emissions from trees in a pattern
that varies across the different stages of beetle
colonization and development (Pettersson and
Boland 2003; Jost et al. 2008). When an attack
is successful, the quantity of monoterpenes
generally decreases with time after initial infes-
tation and tree death (Raffa and Berryman
1983a, 1983b; Pettersson and Boland 2003).
However, the concentrations of certain oxygen-
ated monoterpenes and benzenoid compounds
gradually increase during larval development.
In many cases, mixtures of volatiles rather than
individual compounds are most responsible
for attracting parasitoids of bark beetles
(Sullivan et al. 2000; Pettersson et al. 2001)
and these mixtures may vary in composition
over time.

Several surveys of arthropods have been con-
ducted on live trees (Moran and Southwood 1982;
Schowalter and Zhang 2005) and decomposing
trees (Shelford 1913; Savely 1939; Howden and
Vogt 1951; Hammond 1997; Vanderwel et al.
2006). However, relatively few surveys of
parasites associated with trees infested with
bark beetles have been conducted for specific
bark beetle and host tree species (Dahlsten and
Stephen 1974; Stephen and Dahlsten 1976;
Riley and Goyer 1988; Aukema et al. 2004).

The pine engraver, Ips pini (Say), is an en-
demic, transcontinentally distributed bark beetle
of North America associated with several pine
species and some spruces (Pinus L. and Picea
A. Dietr. (Pinaceae)). It is usually present in
forests at low densities but can cause economic
losses when changes in environmental condi-
tions increase material suitable for brood devel-
opment (Thomas 1961; Livingston 1979; Gara
et al. 1999). Males select a host tree and pro-
duce aggregation pheromones that attract male
and female conspecifics (Birch et al. 1980;
Miller et al. 1989). A male constructs a nuptial
chamber, where it mates with multiple females.
The females construct ovipositional galleries ra-
diating from the nuptial chamber. As they enter
the tree and construct galleries, pine engravers
introduce their symbiotic fungus, Ophiostoma
ips (Rumbold) Nanffeldt (Klepzig et al. 1991;
Furniss et al. 1995), which is carried on their
exoskeleton. In the western United States of Amer-
ica, the pine engraver is typically bivoltine, with
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spring flights beginning in mid-April to early
May and summer flights occurring in late June
to mid-July (Livingston 1979). Our objective
was to characterize the assemblage of hymeno-
pterans responding to ponderosa pine (Pinus
ponderosa C. Lawson) logs colonized by the
pine engraver and its associated microorgan-
isms.

Materials and methods

Study sites

All experiments were conducted at the Uni-
versity of Montana’s Lubrecht Experimental
Forest in Greenough, Montana (46°53.30'N,
113°26.00W). Stands consisted of 70%—-100%
ponderosa pine. Other tree species (all Pinaceae)
included Douglas-fir (Pseudotsuga menziesii
(Mirb.) Franco) and lesser components of west-
ern larch (Larix occidentalis Nutt.) and lodge-
pole pine (Pinus contorta Douglas ex Louden).

Experiment 1

Experiment 1 had two objectives: (1) to de-
termine the identity and relative abundance of
Hymenoptera arriving at trees colonized by
1. pini; and (2) to assess for each species of
Hymenoptera whether its arrival could be attrib-
uted to attraction to host trees or to host trees
colonized by I. pini and its natural complement of
microorganisms. This experiment was performed
twice during 2002, once for each 1. pini genera-
tion. The sampling periods were from 20 May
to 15 July and from 17 July to 28 August. The
three treatments consisted of (1) a log infested
with . pini and its natural complement of mi-
croorganisms, (2) a log alone, and (3) a blank
control.

Sampling was conducted using a trap modi-
fied from Raffa and Dahlsten (1995) as de-
scribed in Boone et al. (2008). Two healthy
ponderosa pine trees approximately 15 cm di-
ameter at 1.4 m height were felled and divided
into 30 cm long logs. On the same day, the ends
of the logs were sprayed with 10% sodium
hypochlorite solution and sealed with paraffin
wax. Treatment 1 was administered by intro-
ducing six male—female pairs into each of 12
logs 14-16 days after tree felling. The beetles
were introduced by inserting one male and
one female into a hole drilled in the phloem
at one end of each log and covering the holes
with a 2.5 cm by 2.5 cm piece of screen. The
logs were wrapped with aluminum screening
(1.5 mm mesh) to prevent entry by wild beetles.

© 2009 Entomological Society of Canada



Boone et al.

Logs used for treatment 2 were treated in the
same manner but no beetles were introduced
into the logs. Treatment 3 (control) consisted of
an empty aluminum screen of the same size and
shape as that used in treatments 1 and 2.

Treatment logs and controls were placed on
trap stands consisting of an aluminum conduit
2 m high by 1.3 cm in diameter. Two 15 cm
lengths of copper wire (6 American wire gauge)
inserted through holes 5 cm from the top pro-
vided support for treatment logs and blank con-
trols. Each conduit was inserted into a 2.0 cm
diameter support conduit in the ground. A
sticky trap consisting of a piece of aluminum
hardware cloth (3.0 mm mesh) 33 cm long by
31 cm wide coated with Tangle Trap was placed
around each treatment log and blank control
and secured to the copper-wire supports with
wire (22 gauge) and 4 cm alligator clips.

Treatments were deployed in a randomized
complete block design consisting of three sites
with four blocks. Sites were established near
areas with harvesting activities, logging slash,
and detectable populations of 1. pini and its nat-
ural enemies. The spacing was 10 m between
treatments, 100 m between blocks, and at least
500 m between sites. Sticky traps were col-
lected and replaced at 4-day intervals until
adults emerged from the logs in treatment 1.
Treatments were re-randomized at each collec-
tion period.

Insects were removed from sticky traps using
a fine paint brush (size 0) dipped in 100%
Citrisolv and stored in 15 mL vials in 100%
Citrisolv. Taxonomic identifications were per-
formed by the experts listed in the Acknowl-
edgements. Individual parasitoids that could not
be identified beyond family are designated “un-
known” within that family. Voucher specimens
were deposited at the Insect Research Collec-
tion in the Department of Entomology at the
University of Wisconsin—Madison.

Experiment 2

Experiment 2 tested whether or not natural
enemies are attracted to the predominant micro-
bial symbionts of I. pini identified in Boone et
al. (2008). It was conducted once for each
generation in 2003, with sampling periods of
17 June — 3 August and 4-28 August. Five
healthy trees were felled and prepared as de-
scribed in experiment 1.

The treatments used during the first 1. pini
flight were (1) a blank control; (2) a log alone;
(3) a log naturally infested with I. pini and its
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natural complement of microorganisms; (4) a
log inoculated with Ophiostoma ips (Rumbold)
Nannf., a symbiotic fungus; (5) a log inoculated
with Burkholderia sp., a bacterium; (6) a log in-
oculated with Pichia scolyti (Phaff. & Yoney.)
Kreger-van Rij, a yeast; and (7) a log with
introduced adults of 1. pini and its natural com-
plement of microorganisms. The same treat-
ments were tested in generation 2, except that
treatment 7 was replaced with a log containing
all three of the predominant microorganisms,
O. ips, Burkholderia sp., and P. scolyti (six al-
ternating inoculation points each). We had in-
adequate numbers of adults in generation 1 to
artificially infest logs, so we used naturally in-
fested trees containing L.2-L.3 larvae for treat-
ment 3. No other species were observed in
these logs. There were three sites with three
blocks per site for generation 1 and three sites
with four blocks per site for generation 2.

The microbial treatments were administered
using actively growing (10 d) cultures on 2%
malt extract agar. The bark was smoothed slightly
with a drawshave and sprayed with 70% etha-
nol. Sixteen evenly spaced 0.6 cm diameter
holes were then drilled through the bark and
into the sapwood using a drill bit sterilized in
70% ethanol. A 0.6 cm diameter plug of agar
containing the microbial culture was inserted
into each hole using sterile forceps. The bark
plug was then replaced and the hole sealed with
inert silicone sealant. Treatment 2 (control) re-
ceived equivalent agar plugs without microor-
ganisms.

The treatments were evaluated according to
four categories based on the potential attractant
source: host plant plus 1. pini, host plant plus
microorganisms, host plant alone, or control.
The proportion of Hymenoptera attracted to each
category was calculated on the basis of the total
number of treatments throughout the two exper-
iments over both years (20 in total) and the
number of individual treatments in each cate-
gory (5, 7, 4, and 4, respectively). Parasitoid
species with a sample size of at least 20 over
2 years were analyzed statistically. Counts for
these parasitoids were aggregated across blocks
within sites for each treatment and pooled across
years prior to analysis. Each parasitoid genus or
species was analyzed according to a random-
ized complete block design fitted with a Pois-
son regression using the Genmod procedure in
SAS (SAS Institute Inc. 2003) followed by mean
contrasts. The number of individual treatments
in each category was used as a weight in the

© 2009 Entomological Society of Canada
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analyses. Some parasitoids were captured in
only one year so analyses were confined to that
year and the weight was adjusted accordingly.
A Bonferroni adjustment was deemed too con-
servative for this large species list.

Results

A total of 5163 Hymenoptera representing 42
families and 159 genera were captured (Ta-
ble 1). Over 98% were parasitoids, 1.0 % were
phytophages, and less than 1.0% were preda-
tors. The most abundant families were Bra-
conidae (18.6%), Platygastridae (14.3%),
Encyrtidae (13.2%), Pteromalidae (11.9%), and
Ichneumonidae (10.1%). Seven pteromalid spe-
cies known to parasitize bark beetles repre-
sented 38.8% of this family and 4.9% of all
Hymenoptera captured. Other parasitoid species
known or suspected to parasitize bark beetles
occurred in 7 genera in three other families and
together comprised less than 1% of all
Hymenoptera captured. Wasps reported to para-
sitize wood-borers or Curculionidae other than
Scolytinae occurred in 17 genera in six families
and comprised 1.9% of all Hymenoptera. Among
other host types, parasitoids of Diptera were
most common (8.5%), followed by parasitoids
of Lepidoptera (7.7%), Hymenoptera (3.0%),
and non-wood-boring Coleoptera (2.3%).

Of the individuals identified to species or ge-
nus, 32.0% consisted of a single specimen and
73.9% had 10 or fewer specimens (Fig. la).
Within the 42 families identified, 42.9% had 10
or fewer specimens (Fig. 10). When the taxa
were categorized according to host type or
guild, 64.3% had fewer than 5 specimens across
all host types. Parasitoids of Scolytinae com-
prised only 7.7% of the total number of taxa
captured, and 50.0% of those taxa had fewer
than 5 specimens (Table 2).

In 2002, 2812 Hymenoptera were captured.
Platygastridae was the most abundant family
captured (20.4%), followed by Braconidae (18.7%),
Encyrtidae (11.8%), Ichneumonidae (11.3%),
and Pteromalidae (10.6%). The most common
parasitoids were the pteromalids Heydenia unica
Cook and Davis and Rhopalicus pulchripennis
(Crawford), both of which exclusively attack
bark beetles, and a generalist, Dibrachys cavus
(Walker). These three species represented
16.4%, 14.6%, and 18.2% of all Pteromalidae
and 1.7%, 1.6%, and 1.9% of all Hymenoptera,
respectively. Their seasonal patterns and behavioral
responses to potential sources of attraction are

Can. Entomol. Vol. 141, 2009

detailed in Boone et al. (2008). Parasitoids of
Diptera were the most common wasps captured,
comprising 13.8% of all Hymenoptera, fol-
lowed by parasitoids of Lepidoptera (5.8%) and
Coleoptera other than bark beetles (1.9%).

In 2003, 2351 Hymenoptera were captured.
Braconidae was the most abundant family
(18.7%), followed by Pteromalidae (15.4%),
Encyrtidae (15.4%), Ichneumonidae (9.0%), and
Platygastridae (8.5%). The most abundant bark
beetle parasitoid was H. unica, which comprised
29.4% of all pteromalids captured. Parasitoids
of Lepidoptera were the most abundant (8.1%),
followed by those of other Coleoptera (2.6%)
and Diptera (2.5%). Formicidae were captured on
sticky traps in both years but were not counted.

Several genera of parasitoids showed prefer-
ential attraction to volatiles directly or indi-
rectly associated with 1. pini (Table 1). Six species
were captured only in 2002 and so could not be
included in tests for attraction to specific micro-
organisms. Rhopalicus pulchripennis, a parasi-
toid of Scolytinae, was more attracted to logs
containing . pini than to logs alone (3> = 18.35,
P < 0.0001) or controls (x> = 38.11, P < 0.0001).
A species of Baryscapus Forster (Eulophidae),
a generalist and frequent hyperparasitoid, was
more attracted to logs containing I. pini (x> =
13.48, P = 0.0002) than to controls (X2 =5.28,
P = 0.0216). Parasitoids that were captured in
both 2002 and 2003, or in 2003 only, also
showed significant trends in attraction to odor
sources. In addition to H. unica, four genera ex-
hibited greater attraction to I. pini-infested logs
than to other sources. A species of Chelonus
Panzer (Braconidae), a parasitoid of Lepidop-
tera, was more attracted to /. pini than to mi-
croorganisms (x2 = 11.35, P = 0.0008); a
species of Eurytoma llliger (Eurytomidae), a
generalist, was more attracted to /. pini than to
either microorganisms (x> = 5.98, P = 0.0145) or
logs (x> = 4.45, P = 0.0349); a species of Gelis
Thunberg (Ichneumonidae), a primary and
hyperparasitoid on other Ichneumonoidea, was
more attracted to /. pini than to microorganisms
o> = 15.89, P < 0.0001) or logs (x> = 7.46, P =
0.0063), and a species of Platygaster Latreille
(Platygastridae), a parasitoid of gall-forming
Diptera, was more attracted to I. pini than to
controls (x> = 26.89, P < 0.0001). A species of
Sparasion Latreille (Scelionidae), a parasitoid
of grasshopper eggs, was more attracted to
I pini than to microorganisms (x> = 57.80, P <
0.0001). Two species were more attracted to
microorganisms than to 1. pini: Laelius utilis

© 2009 Entomological Society of Canada
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Fig. 1. Frequency distribution of Hymenoptera arriving at ponderosa pine (Pinus ponderosa) logs colonized
by Ips pini and associated microorganisms in Montana during 2002 and 2003. (a) Genera or species.
(b) Family. When two specimens from the same genus were given different morphotype identifications, they
were counted as different species, not as a single genus.
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Cockerell (Bethylidae), a parasitoid of Derm-
estidae (Coleoptera) (x> = 10.94, P = 0.0009),
and a species of Spathius Nees (Braconidae), a
parasitoid of wood-borer larvae (x> = 5.81, P =
0.0160). Two parasitoids showed greater attrac-
tion to microorganisms than to controls: Pseudo-
chalcura gibbosa (Provancher) (Eucharitidae), a

parasitoid of Formicidae (x* = 81.05, P <
0.0001), and a species of Tetrastichus Haliday
(Eulophidae), a generalist (x> = 5.61, P < 0.0179).
A species of Hyssopus Girault (Eulophidae), a para-
sitoid of Lepidoptera, was more attracted to mi-
croorganisms than to I. pini (x2 = 2745, P <
0.0001) or logs (x> = 95.58, P < 0.0001). A

© 2009 Entomological Society of Canada
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species of Inostemma Haliday (Platygastridae),
a parasitoid of gall-forming Diptera, and two gen-
eralist species, one each in the genera Telenomus
Haliday (Scelionidae) and Mesopolobus West-
wood (Pteromalidae), were attracted to 1. pini and
host-plant material equally. A species of Chrysis L.
(Chrysididae), a parasitoid of sawflies (Hymeno-
ptera: Symphyta), was attracted to microorgan-
isms and host-plant material equally.

Two parasitoid genera obtained in this study
represent new geographic records. The genus
Comastichus LaSalle (Eulophidae) is known
from Florida, Mexico, and Costa Rica but was
previously unrecorded farther north (M. Gates,
personal communication). The genus Zdenekiana
Huggert (Pteromalidae) has been recorded in
Canada (Z. squama Huggert) but there are no
reports of this or other species of this genus
elsewhere in North America. No specimen is
available in the United States of America to
confirm the assignment of our Zdenekiana prob.
squama specimen to species (E. Grissell, per-
sonal communication).

Discussion

Colonization of ponderosa pine by the bark
beetle /. pini is accompanied by the subsequent
arrival of numerous species of Hymenoptera,
particularly parasitoids. Many of these species
were caught in low numbers, showed no attrac-
tion to cues associated with 1. pini, and have no
known association with bark beetles, so they
were likely incidental captures. However, a
diverse assemblage of 19 species showed a be-
havioral preference for either . pini or its mi-
crobial associates within host trees. These
species include known parasitoids of bark bee-
tles as well as known parasitoids of other sapro-
phytic or fungivorous insect groups that exploit
the dead-tree habitat created or located by bark
beetles.

Attraction to fungi is a widespread phenomenon
in Coleoptera, Collembola, Diptera, Hymeno-
ptera, and Lepidoptera and occurs in a diversity
of habitats such as trees, soil, and decaying
plants and food (Vet 1983; Bengtsson et al. 1988;
Lin and Phelan 1991; Johansson et al. 2006).
The first insects entering dead trees are usually
phloem-feeding wood-borers, particularly Scoly-
tinae (Graham 1925; Savely 1939; Vanderwel et
al. 2006), which help to change the condition of
the log and make it attractive to the large num-
ber of species that feed on fungi and decaying
wood (Savely 1939). Natural enemies of these
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insects are also common in the early stages of
decay (Savely 1939; Vanderwel ef al. 2006). In
this study, /. pini and its microbial associates
may have been the initiating factor for attract-
ing its parasitoids but parasitoids of phytophagous,
fungivorous, or saprophytic Diptera and Lepi-
doptera were almost as common (Table 2). This
suggests that natural enemies of insect herbi-
vores that share a common resource may share
common attractants.

The use of natural enemies for biological
control is of interest in forest ecosystems be-
cause the utility of chemical pesticides is lim-
ited by environmental considerations, the marginal
economic return of tree production, and the in-
accessibility of subcortical insects (Dahlsten
and Stephen 1974). In general, parasitoids kill
more endophytic insect herbivores than do in-
sect predators or pathogens (Hawkins et al. 1997).
In this study, however, the diversity of bark bee-
tle parasitoids was relatively high but the actual
numbers arriving were relatively low. Instead,
dipteran predators were more abundant than
hymenopteran parasitoids (Boone et al. 2008)
and their arrival coincided with the arrival of
bark beetles (Vanderwel et al. 2006; Boone et
al. 2008). Overall, dipteran predators appear to
cause higher mortality among bark beetles than
do parasitoids (Amman 1984), and coleopteran
predators appear to be more important in influ-
encing bark beetle populations (Amman 1984;
Reeve 1997). Parasitoids are an important
group for studying habitat viability, however.
They are considered to be the most numerous
and diverse of all insect groups (taxonomically
and ecologically) (Gaston 1991), they are highly
sensitive to environmental disturbances (Gibb
and Hochuli 2002), and specialists are typically
more sensitive to changes in the environment
than their hosts (Kruess and Tscharntke 1994;
Shaw and Hochberg 2001; Hilszczanski et al.
2005). Parasitoids of wood-inhabiting beetles are
affected by forest successional stage, and char-
acteristics of coarse woody debris and sustain-
able forest management that ensures adequate
resources for these insects can aid in maintain-
ing a healthy system (Hilszczanski et al. 2005;
Vanderwel et al. 2006).

Baseline information about parasitoids asso-
ciated with various feeding guilds is valuable
for our understanding of how anthropogenic in-
fluences such as increased movement of wood,
altered management and land-use practices that
may influence the availablity of nectar sources
for adult parasitoids (Matthews and Stephen
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1999; VanLaerhoven et al. 2002), and increas-
ing temperatures due to climate change affect
species distribution. For example, increasing
globalization has resulted in the disproportion-
ately high introduction and establishment of
wood-inhabiting beetles (Haack 2006). Baseline
studies such as this can assist with evaluating
the future impacts of new invasive species, as-
sessing opportunities for their biological con-
trol, and interpreting evidence of potential
species displacement.
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