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ABSTRACT
INTERACTIONS OF THE PINE SHOOT BEETLE [Tomicus piniperda (L.)
(COLEOPTERA: SCOLYTIDAE)] WITH NATIVE PINE BARK BEETLES
AND THEIR ASSOCIATED NATURAL ENEMIES IN MICHIGAN
By

Amy Ann Kennedy

The pine shoot beetle, Tomicus piniperda (L.) (Coleoptera: Scolytidae), native to
Eurasia, was discovered in North America in 1992. Interactions of T. piniperda with
native pine bark beetles and their natural enemies are not well-known in the Great Lakes
region. The phenology of T. piniperda and native insects in red pine (Pinus resinosa
Ait.) plantations were monitored in 1996 and 1997. Two species of phloem feeders and
four species of predators were active as early in the spring as T. piniperda. The impacts
of predators and parasitoids on the galleries and progeny of T. piniperda and of native Ips
bark beetles were also quantified. There was a negative relationship between natural
enemy density and the number of bark beetle progeny per parent female, but natural
enemies did not significantly affect mean scolytid gallery density, gallery length, or
progeny density. Interspecific competition between T. piniperda and native Ips bark

beetles was studied in laboratory and field experiments. Mean /ps gallery density, gallery
length, progeny density, and productivity were significantly reduced in the presence of T.

piniperda, but T. piniperda was not affected by the presence of Ips.
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CHAPTER 1

Phenology of Parent and Progeny Pine Bark Beetles and their Natural Enemies

INTRODUCTION

The larger pine shoot beetle, Tomicus (=Blastophagus =Myelophilus) piniperda
(L.) (Coleoptera: Scolytidae), is a well-known forest pest in Europe, Asia, and North
Africa, where it infests several species of pine (Pinus spp.) (Langstrom 1980; Ye 1991).
Established populations of . piniperda were first discovered in North America in 1992
in a Scotch pine (Pinus sylvestris L.) Christmas tree plantation in Ohio (Haack and
Kucera 1993). Haack and Lawrence (1995a) speculated that this bark beetle probably
came to North America from Europe on cargo ships in wood packing material or dunnage
(logs used to support cargo). As of September 1998, T. piniperda had been found in 243
counties in nine northeastern U.S. states, and 21 counties in the Canadian province of
Ontario (NAPIS 1998).

With the introduction of an exotic insect comes the need to understand
interactions between the new exotic insect and native insects with similar habits.
Tomicus piniperda overwinters as adults, and early in spring, when temperatures reach
10-12°C, parent adults become active and fly to recently-cut pine stumps and logs for
breeding (Langstrom 1980, Haack and Lawrence 1995b). Tomicus piniperda typically
reproduce only in dead, recently cut, or severely weakened pines (Byers 1991, Schroeder
1992). Alpha-pinene and other monoterpene volatiles in pine oleoresin attract both sexes

of T piniperda to wounded and freshly cut or fallen pine trees (Byers 1991, Schroeder
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1988, Schroeder and Lindelow 1989, Vite et al. 1986), and a short range sex pheromone
for T. piniperda has recently been identified (S. Teale, State University of New York
Syracuse, personal communication). After locating a suitable host, females bore into the
pine bark and begin excavating individual egg galleries. After a male enters the gallery
and they mate, the female lays eggs along the sides of a long, straight gallery that
parallels the grain of the wood (Langstrom 1980). After establishing one brood, the
parents may emerge, excavate a new gallery, and produce a “sister” brood (Schroeder and
Risberg 1989). Larvae feed and develop in the phloem for 6 — 12 weeks, then pupate.
The progeny adults exit the bark and fly to the crowns of living pine trees. Each beetle
bores into the distal tip of one to six current-year or one-year-old shoots, and tunnels
toward the shoot tip, killing the shoot. This maturation feeding continues throughout the
summer (Langstrom 1980, McCullough and Smitley 1995).

Many other Great Lakes insects also utilize the phloem of weakened or recently-
killed pine trees. The pine engraver, Ips pini (Say) (Coleoptera: Scolytidae), is the most
economically important and well-studied pine bark beetle of the Great Lakes region
(Raffa 1991, Schenk and Benjamin 1969). This native bark beetle overwinters as an
adult in the litter of pine stands, and initiates spring flight in late April or May in
Michigan (Haack and Lawrence 1995b), when daily maximum temperatures are near
20°C (Schenk and Benjamin 1969). Like T. piniperda, I. pini is a secondary pest that
breeds preferentially in recently-killed or damaged hosts, such as freshly cut pines,
logging slash, or pines recently damaged by wind or ice (Coulson and Witter 1984,
Schenk and Benjamin 1969). Ips pini is attracted to these host pines in large numbers via

host volatiles and two aggregation pheromones that /. pini males produce: ipsdienol and
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lanierone (Lanier et al. 1980, Raffa and Klepzig 1989, Seybold et al. 1992). Ips pini
males create nuptial chambers in the phloem and mate with 2 — 4 females (Schenk and
Benjamin 1969). Each female excavates an egg gallery that leads away from the nuptial
chamber, typically resulting in a “Y” or “H” shaped gallery that is distinct from T.
piniperda galleries. Ips pini larvae and pupae develop under pine bark, but unlike 7
piniperda, 1. pini progeny adults do not require maturation feeding in shoots. Instead,
newly emerged adults locate new host material to colonize, unless it is late summer or
fall. In the Great Lakes region, /. pini typically completes three generations per year
(Schenk and Benjamin 1969).

Other common pine bark beetles (Coleoptera: Scolytidae) in the Great Lakes
region include Ips grandicollis (Eichhoff), Orthotomicus caelatus (Eichhoff), and
Dendroctonus valens LeConte (Haack and Lawrence 1995b, Schenk and Benjamin 1969,
Raffa 1991). Larvae of weevils (Coleoptera: Curculionidae) and long-horned beetles
(Coleoptera: Cerambycidae) also compete with scolytids for pine phloem resources.

Red pine (Pinus resinosa Ait.), one of the most important and widely planted
species for pulp, sawtimber, and poles in the Great Lakes region (Rudolf 1990), is a
suitable host for T. piniperda and many native scolytids (Haack and Lawrence 1997b).
Management of red pine plantations typically involves multiple thinnings or partial
harvests during a rotation, each of which provides an abundance of suitable breeding
material for bark beetles and related groups (Haack and Lawrence 1995b). To date, most
of the research on T. piniperda in North America has taken place in Scotch pine
Christmas tree plantations (Haack and Lawrence 1997a, Kauffman et al. 1998,

McCullough and Smitley 1995, McCullough et al. 1998, McCullough and Sadof 1998).
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Red pine plantations represent a more stable ecosystem with no insecticide use, and,
presumably, more natural enemies, and there is a need to learn more about the impacts
and the interactions of T. piniperda in a forest ecosystem.

Pine phloem in dead and dying trees is an ephemeral resource in both space and
time, and bark beetles must locate and colonize suitable brood material before the phloem
becomes too dry for larval development. Because T. piniperda becomes active in the
spring four to six weeks earlier than Ips spp. in the Great Lakes region (Haack and
Lawrence 1995b, Haack and Lawrence 1997b), it may have an opportunity to colonize
pine phloem for several weeks without interspecific competition from native bark beetles.
Determining the spring emergence of both native and exotic bark beetle species is the
first step in understanding the interactions between them and determining the degree to
which competition for breeding material occurs.

Interactions between a newly established exotic insect and native natural enemies
that may attack it are also important. Most predators can only prey upon one life stage or
upon a certain size of an insect because of physical limitations. For example, Anthocoris
spp. (Hemiptera: Anthocoridae) are egg predators of many pine bark beetles, but are too
small to prey upon large larvae or adults (Schmitt and Goyer 1983). Most parasitoids are
also stage- or size-specific (Jones and Stephen 1994, Kudon and Berisford 1980, Senger
and Roitberg 1992). Therefore, the timing of emergence of a natural enemy in relation to
its prey is vital to the natural enemy’s success.

Most bark beetle natural enemies in the Great Lakes region are phenologically
adapted to native bark beetles, becoming active in April or May (Raffa 1991). Haack and

Lawrence (1995b) predicted that 7. piniperda would encounter no native predators or
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parasitoids until colonization and oviposition was mostly completed each spring. This
concern was large enough to warrant consideration of importing the exotic predator
Thanasimus formicarius (L.) (Coleoptera: Cleridae) to the United States soon after the
discovery of widespread T. piniperda establishment (Haack and Lawrence 1995b, APHIS
1996). Thanasimus formicarius is the earliest of the major bark beetle predators in
Europe to become active in the spring (Schroeder 1988). The native clerid predator
Thanasimus dubius (F.) is known to be well-adapted to the later-emerging native Ips spp.
bark beetles, and even uses Ips spp. aggregation pheromones as kairomones to locate
their hosts (Herms et al. 1991; Raffa 1991; Teale et al. 1991). It was unclear whether 7.
dubius and other native natural enemies would emerge from overwintering early enough
in the spring to prey upon T. piniperda parent adults or progeny.

In this study, I examined the phenology of pine bark beetles and their arthropod
natural enemies in eight Michigan red pine plantations, using three methods: pheromone-
baited funnel traps, observations of activity on red pine bolts, and rearing from red pine
bolts. My objective was to compare the emergence of parent and progeny adults of the
exotic T. piniperda with that of native pine phloem-feeding insects and native natural

enemies.
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MATERIALS AND METHODS

Study Sites

In 1996, I monitored phenology of overwintering and progeny bark beetles, and
their arthropod natural enemies at four red pine forest plantations in Michigan. Two
plantations were in southwestern Michigan and were known to be infested with both 7.
piniperda and native Ips spp. These stands were located in Michigan State University’s
W K. Kellogg Experimental Forest in Kalamazoo County (KAL1), and in the Allegan
State Game Area in Allegan County (ALL1) (Figure 1). Two plantations in northern
lower Michigan, where T. piniperda was not expected to be present, were also selected.
One stand was in the Huron-Manistee National Forest in Wexford County (WEX1), and
the other was in the AuSable State Forest in Roscommon County (ROS1). Although T
piniperda was later detected in these northern counties in regulatory surveys (NAPIS
1998), I did not observe any 7. piniperda life stages or evidence of infestations in the
northern plantations in either 1996 or 1997.

All four field sites shared the following characteristics: they were pole-sized red
pine plantations of similar size, age, and basal area (Table 1) with some hardwood
understory. Each field site was within 2 km of other red pine plantations, and each site
had been thinned during the 1994-95 winter. An abundance of slash (for example,
trunks, tops, large branches) was left on the ground from these thinnings and was
expected to attract scolytids in 1995. Temperature, precipitation, and degree day
accumulation (base 10°C) were monitored by Michigan State University weather stations

near all four sites.



In 1997, I monitored the phenology of bark beetles and their natural enemies in
the same four sites described above, which represented conditions two years after
thinning. I also selected four additional red pine plantations, each one within 6.2 km of
one of the original stands (KAL2, ALL2, WEX2, and ROS2). These sites had the same
general characteristics of the original stands (Table 1), but were row-thinned during the
1995-1996 winter.

In both 1996 and 1997, the phenology of overwintering bark beetles and their
natural enemies was also monitored at a mixed Scotch pine and red pine plantation in
Lansing, Ingham County, Michigan (Figure 1). This stand, located in the Fenner
Arboretum, was chosen because of its proximity to the Michigan State University campus
and its intermediate location between the northern and southern sites. Observations of
galleries in 1995 indicated that this plantation was infested with both T. piniperda and Ips
spp. Brood material, consisting of dying and newly dead trees was available each year
because the plantation suffers from annosus root rot (Heterobasidion annosum (Fr.)
Bref.) and because of wind damage to trees and to tops.

Funnel Trapping

To monitor the spring flight activity of scolytids and their associates, two to four
12-unit Lindgren funnel traps (Lindgren 1983) (from PheroTech, Inc., Delta, British
Columbia) were placed in each red pine stand, and seven funnel traps were placed in the
Lansing Scotch/red pine stand. Traps were hung from metal poles to keep the trap
bottoms approximately 1 m above the ground. Each trap was erected and baited in
February of 1996 and 1997 with two a.-pinene lures to attract T. piniperda (Byers 1991;

Byers et al. 1985, Schroeder 1988, Schroeder and Lindelow 1989, Vite et al. 1986, Volz



.\j '.ﬁ'\: Wil O[“'C

st

an pherer

-t 1
e and o
A jures we
e the com)

cimRa e v

hutm Rearing §
Analof?

TTomgand 10

2n Febny |
Tvndadothe

RN
20 parer

=¥ were o)y

~Enhe nor-




1988), and with one lure each of ipsdienol and lanierone. Ipsdienol and lanierone are
aggregation pheromones of /. pini that are used as kairomones by predaceous clerid,
tenebrionid, and histerid beetles (Herms et al. 1991; Raffa 1991; Teale et al. 1991).

All lures were manufactured by Phero Tech, Inc., and the following information
came from the company. The a-pinene lures were made up of 15 ml polyethylene bottles
with a release rate of 150 mg/day at 22°-24°C, and a 10:90 ratio of (+) and (-)
enantiomers. The ipsdienol bubble-cap lures had a release rate of 100 pg/day at 25°C,
and a 50:50 enantiomeric ratio. The lanierone bubble-cap lures had a release rate of 10
pg/day at 25°C. I placed insecticide strips in each trap, and collected insects from traps
at weekly intervals from March through September in 1996 and 1997.

Progeny Rearing Study

A total of 204 red pine bolts in 1996, and 304 bolts in 1997, each approximately
61 cm long and 10 — 20 cm diameter, were cut from live red pine trees at the red pine
field sites in February, April, and June of both years (Table 1). These times roughly
corresponded to the initial activity of overwintering parent T. piniperda, initial activity of
overwintering parent Jps spp., and emergence of the first Jps progeny adults. February-
cut bolts were only placed in the southern sites because T. piniperda was not known to be
present in the northern sites. The bolts were placed on the ground in a shady area of each
plantation to reduce desiccation and were left for colonization by bark beetles and their
associates. Bolts were returned to Michigan State University at two week intervals in
1996 and at one week intervals in 1997. The cut ends of the retrieved bolts were dipped
in paraffin wax to reduce desiccation. Each bolt was placed in an individual emergence

container consisting of a cardboard tube (15 — 25 cm diameter, 0.32 — 0.64 cm wall, 61 -
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71 cm overall length [Michigan Can and Tube, Inc., Saginaw, MI]) with opaque plastic
endcaps and a clear plastic collection cup at one end. The emergence containers were
stored on the Michigan State University campus in East Lansing in a screened outdoor
insectary to expose the bolts to ambient temperature and humidity.

Bark beetle and natural enemy progeny adults emerging from the bolts were
collected from emergence containers at least twice a week from June through October.
When progeny emergence stopped in the winter, each log was de-barked and any insects
still under the bark or dead on the bottom of the emergence container were collected. All
insects reared from these bolts were assumed to be progeny adults, although it is possible
that a few parent adults were inadvertently collected. The number of parent insects was
assumed to be small and similar across all bolts and sites.

Field Observations

In addition to collecting insects from the funnel traps at regular intervals, I also
examined the red pine bolts that had been left in the stands for the progeny rearing study
in 1997. Each bolt was gently turned over to examine all sides. I recorded the presence
and quantity of the following variables: frass from boring scolytids, exit holes of bark
beetles, adult bark beetles or other phloem borers walking on the bolts, and adult and
larval predators on the bolts. The bark was not peeled away because the bolts used for
the observations were the same ones used to rear progeny, and [ did not want to alter or
destroy the phloem environment in those bolts.

Analysis
Phenology of the parent bark beetles and their natural enemies was examined by

plotting the funnel trap collection (as proportion of total collected) of each species over
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time. Each year (1996 and 1997) was plotted separately. Phenology of the progeny bark
beetles and their natural enemies was determined by plotting collections from the
emergence tubes (as proportion of total reared) of each species over time, with each year
analyzed separately. Progeny insects that were collected during the de-barking are not

included in these graphs, since the date of emergence of these insects was not known.
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RESULTS

Phloem Feeders

Thirteen species of pine phloem feeders, including ten bark beetle species, one
weevil, and two long-horned beetles, were collected in the pheromone-baited funnel
traps. A total of 5296 adults were collected in 1996, and 2614 adults were collected in
1997 (Table 2). Tomicus piniperda was the first pine bark beetle to be found in the
funnel traps at the southern sites (KF and ALL) and in Lansing in 1996 and in 1997
(Tables 3 and 4). Most native bark beetles, including Ips pini, Hylurgops rugipennis
pinifex (Fitch), and Ips grandicollis were first collected in funnel traps approximately 45
days after T. piniperda’s first flight. Twelve species of pine phloem feeders were reared
from the red pine bolts, including nine bark beetle species, Pissodes nemorensis Germar
(Coleoptera: Curculionidae), Monochamus scutellatus (Say), and M. carolinensis
(Olivier) (Coleoptera: Cerambycidae). In 1996, 19,045 progeny adults were reared, and
22,796 progeny were reared in 1997 (Table 5). Tomicus piniperda progeny were the first
pine bark beetles to emerge in both years. Ips perroti Swaine (Coleoptera: Scolytidae)
progeny emerged at the same time as 7. piniperda progeny in 1996, but were four weeks
later than T. piniperda in 1997. Monochamus scutellatus and M. carolinensis progeny
were the last pine phloem feeders to emerge in both years; adults did not emerge until the
following spring.

Flight of T piniperda parent adults was early and quite brief; over 90% of all
Parent adults were collected in the first two weeks of activity in 1996 and in 1997 (Figure

2). Parent T. piniperda adults were observed on red pine bolts in the southern sites
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during the same two-week period that they were first collected in funnel traps. Both
years, T. piniperda flew a few days earlier in Lansing than iﬁ KF or ALL (Tables 3 and
4). There were approximately 100 days between T. piniperda parent activity in funnel
traps and T piniperda progeny emergence. Emergence of T. piniperda progeny adults
occurred during a brief period early in both summers; most of the progeny emerged by
Julian date 200 (Figure 3).

Funnel trap collections of /. pini overwintering parent adults varied dramatically
between 1996 and 1997. Parent /. pini adults initiated spring flight approximately six
weeks after T. piniperda adults in both years. In 1996, the majority of the parent adults
were collected in late summer, after Julian date 220 (Figure 2). But in 1997, half were
collected within three weeks of first flight. In both years, there were three peaks of
collection (Figure 2), reflecting the three generations of I pini in Michigan. Observations
of I pini activity on red pine bolts coincided with the collection of /. pini in the funnel
traps. There was little difference in dates of first /. pini flight between northern and
southern sites in either year (Tables 3 and 4).

The first L pini progeny adults were collected from emergence containers about
60 days after parent adults were first collected in funnel traps; progeny emergence began
around Julian date 200 of 1996, and Julian date 180 in 1997 (Figure 3). Ips pini progeny
adults continued to emerge throughout the summer and into the fall of both years. In

1996, I pini progeny emergence peaked in early October, and in 1997, progeny adult
emergence remained steady through the summer, with no discernible peaks. Red pine is
not recorded as a host for /. pini by Wood (1982), but several studies report /. pini

colonization in red pine (Raffa and Klepzig 1989, Raffa 1991, Teale and Lanier 1991).

12
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In both 1996 and 1997, the parent adult flight for Jps grandicollis peaked soon
after flight began, and a second peak occurred seven weeks later (Figure 2) when F1

progeny adults emerged. Observations of I grandicollis activity on the red pine bolts
were consistent with the funnel trap collections and indicated that two generations of /.
grandicollis occurred in both years. Flight of I grandicollis parent adults occurred one
or two weeks earlier in the southern sites than the northern sites (Tables 3 and 4). There
were 50 — 60 days between flight of overwintering parents and flight of first generation
progeny adults. Ips grandicollis progeny emergence occurred at the same time as /. pini
in 1996, and a few weeks later than /. pini progeny in 1997 (approximately Julian date
200 of both years) (Figure 3). Progeny emergence began in late July of both years and
continued through November with no distinct peaks of emergence.

Hylurgops rugipennis pinifex was not an abundant scolytid in funnel traps at any
site (Table 2). However, I observed many parent adults actively colonizing the red pine
bolts early in the spring when T. piniperda was also colonizing bolts. The few Hylurgops
parent adults found in funnel traps were not collected until several weeks after they were
first observed colonizing the bolts (Figure 4). As the snow was melting in the early
spring, Hylurgops adults were found along the cool, damp bottom of nearly every red
pine bolt at all four (1996) or eight (1997) sites, constructing galleries and laying eggs.

In addition, Hylurgops rugipennis pinifex progeny adults were one of the first scolytids to
be reared from the red pine bolts in 1997 (Figure 5). There were about 50 days between
parent flight and progeny emergence in 1996, but only 20 days difference in 1997. In
1996, there were two distinct peaks of progeny adult emergence: around Julian date 190

and again after Julian date 300 (Figure S). In 1997, Hylurgops progeny emerged from
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Julian date 160 through the rest of the summer (Figure 5). H. rugipennis pinfex was
collected in funnel traps and reared from all nine field sites, which are new records in
Michigan according to Wood (1982). This scolytid appears to have at least two
generations per year, and since its generation time was only 20-50 days, a third
generation appears possible in late summer.

Orthotomicus caelatus parent adults had one peak of flight activity in 1996, just
after it was first collected (Figure 4). In 1997, however, this beetle had two peaks of
flight, approximately seven weeks apart (Figure 4). This bark beetle was observed on red
pine bolts only a few times, immediately after it was first collected in funnel traps, at the
same time as I pini and 1. grandicollis. There was no difference in date of first activity
between northern and southern sites (Tables 3 and 4). There were about 50 days between
first parent flight and first emergence of progeny O. caelatus in both years. Orthotomicus
caelatus progeny adults were first collected around Julian date 190 and emergence
continued throughout the summer in both years (Figure 5). There were about seven
weeks’ difference between initial parent flight and initial progeny emergence, which
concurs with the seven week separation of the first and second peaks in the 1997 funnel
trap collection. There appear to be at least two generations of O. caelatus per year.

Ips perroti parent adults were not collected in funnel traps in either year, but
progeny were reared from the red pine bolts from the northern sites in both years (Table
5). In 1996, most of the progeny adults emerged quite early in the season, before Julian
date 200, similar to 7. piniperda progeny (Figure 5). But in 1997, peak progeny
emergence did not occur until mid-summer, coinciding with the other /ps species (Figure

5). In both years, I. perroti progeny emerged in mid-summer and again in
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September/October, suggesting at least two generations per year. This small bark beetle
was not observed on the red pine bolts. Since overwintering parent adults were not
collected in funnel traps, no estimate of generation time can be made. Ips perroti was
reared from bolts from two of the northern sites (CAD1 and ROS2), and the CAD]1 site is
a new county record in Michigan (Wood 1982).
In both 1996 and 1997, overwintering parent adults of Gnathotrichus materiarius
(Fitch) (Coleoptera: Scolytidae) were first found in funnel traps around the same time as
the overwintering /. pini adults (Tables 3 and 4). Gnathotrichus materiarius parent adults
had one main peak of activity soon after first flight in 1996 (Figure 6). In 1997, it had
two peaks of activity: one immediately after first flight, and one six weeks later (Figure
6). I never observed this tiny bark beetle on the red pine bolts, so I do not know whether
flight activity coincided with mating and gallery formation in this species. About 50 days
separated the first parent flight and emergence of the first progeny adults. Gnathotrichus
materiarius followed the same pattern as did O. caelatus: progeny emergence began just
before Julian date 200, peaked in mid-summer, and continued throughout the summer
(Figure 7). This scolytid appears capable of producing two or three generations per year.
Red pine is a new host record for G. materiarius (Wood 1982).
In 1996, Hylastes porculus Erichson (Coleoptera: Scolytidae) parent adults flew
much later in the northern sites than the southern sites (Table 3), but in 1997, there was
no difference between northern and southern sites (Table 4). In both years, most of the
H. porculus parent adults were collected soon after first flight, with a second smaller peak
immediately after the first (Figure 6). This beetle was not observed on red pine bolts in

either year. There were approximately 70 days between first parent flight and first
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progeny adult emergence. In both 1996 and 1997, H. porculus progeny first emerged
around Julian date 210. Another emergence peak occurred after Julian date 275 (Figure
7). As evidenced by the two peaks in progeny emergence and the 70 day generation time,
Hylastes porculus appears to have two generations per year. This bark beetle was reared
from all eight field sites and collected from funnel traps in Lansing, which are all new
county collection records (Wood 1982).
The tiny beetle Dryocetes autographus (Ratzeburg) (Coleoptera: Scolytidae) was
quite rare in the funnel traps; only two adults were collected in 1996 and three in 1997,
all from the Lansing funnel traps (Table 2), and at the same time as /. pini (Figure 6).
Dryocetes autographus was not observed on the red pine bolts in the field, but it was
reared from bolts from the KF1 and KF2 sites (Table 5). Progeny adults of D.
autographus began emerging in late June of both years, and emergence continued
through September in 1996, and through August in 1997 (Figure 7). Forty days separated
first parent flight and first progeny emergence in 1996; there was only 30 days’
difference in 1997. Progeny of Dryocetes autographus had two distinct peaks of
emergence in both years of the study, indicating two generations per year. Red pine is a
new host record for this scolytid (Wood 1982).
Pissodes nemorensis, the eastern pine weevil, was not frequently found in funnel
traps (Table 2), but parent adults were commonly observed feeding and ovipositing on
the bottom of red pine bolts in KF1 and ALLI1 early in the spring when T. piniperda and
H. rugipennis pinifex were active. Progeny P. nemorensis adults emerged approximately
100 days after parent adults were collected. Pissodes nemorensis progeny emerged over

the course of the entire summer, but peaked around Julian date 225 in both 1996 and
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1997 (Figure 9). Pissodes nemorensis appears to only have one generation per year in
Michigan.

The predominant cerambycid was Monochamus scutellatus, with M. carolinensis
comprising only a small percentage of the funnel trap collections. The two cerambycids
could not be distinguished in the field, so the numbers represent combined totals.
Cerambycids were the last of the pine phloem feeders to be collected in funnel traps
(Tables 3 and 4). Parent adult flight activity was irregular but lasted from mid- to late-
summer of both years (Figure 8). Monochamus beetles were very conspicuous from mid-

June through August on nearly all of the red pine bolts in both northern and southern
sites. Though not many adults were collected in funnel traps (Table 2), they were
frequently observed mating and ovipositing on the red pine bolts during this period.
Monochamus scutellatus and M. carolinensis progeny adults were not collected in the
emergence containers in either 1996 or 1997 until the bolts were de-barked the following
winter and spring (Table 5). Progeny larvae were also collected from the bolts during de-
barking; 523 larvae were collected in 1996, and 429 larvae were collected in 1997. These
cerambycids take a full year for development, as evidenced by the single flight period
and the large number of larvae that were collected during de-barking.

Overwintering parent adults of the red turpentine beetle, Dendroctonus valens,
were fairly common in the funnel traps in both years (Table 2). Dendroctonus valens was
collected in funnel traps from all nine sites, which are all new county records in Michigan
(Wood 1982). Parent adults had one main peak of flight activity in both years,
immediately after first flight (Figure 8), and were occasionally observed on red pine bolts

during the same period. Dendroctonus valens became active at approximately the same
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time in the southern and northern sites (Tables 3 and 4). Although D. valens parent
adults were commonly collected in funnel traps, D. valens progeny adults were not reared
from red pine bolts in either year, probably because this beetle is larger than the other
scolytids, and may prefer thicker bark or phloem, such as in pine stumps (Table 5).
Natural Enemies

Eight different species of bark beetle predators were collected in the pheromone-
baited funnel traps. In 1996, a total of 957 adult predators were collected, and in 1997,
930 predators were collected. Bark beetle parasitoids were not collected in the funnel
traps in either year. Staphylinid beetles (Coleoptera: Staphylinidae) and Cucujus clavipes
F. (Coleoptera: Cucujidae) were the first arthropod natural enemies of bark beetles to be
caught in funnel traps in both 1996 and 1997 (Tables 3 and 4), initiating spring activity
within approximately a week after peak flight of T. piniperda parent adults in both years.
Progeny of nine species of predators and six species of parasitic wasps were reared from
the red pine bolts. A total of 1113 progeny adults were reared in 1996, and 2258 were
reared in 1997.

The clerid predator Thanasimus dubius was among the most abundant and
conspicuous of the scolytid natural enemies. In 1996, T. dubius adults were first
collected in funnel traps less than three weeks after peak T. piniperda parent activity, and
continued to be collected throughout the summer and into the fall (Figure 10). In 1997,
T. dubius was not collected in funnel traps until about seven weeks after peak T.
piniperda activity, corresponding to flights of native Ips spp. parent adults (Figure 10).

The 1997 funnel trap collections of T. dubius only continued until the end of July (Figure

10).
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In contrast to the funnel trap catches, however, I observed 7. dubius adults
actively moving about on the red pine bolts early in the spring. In 1997, T. dubius was
observed actively preying upon T. piniperda and H. rugipennis pinifex adults in the
southern sites as early as April 18 (Julian date 108), only 2 "2 weeks after T. piniperda
peak flight, again on April 25 (Julian date 115), May 7 (Julian date 127), and May 23
(Julian date 143), all before native Ips spp. flight activity began and before 7. dubius was
collected in funnel traps. My observations of lab colonies of 7. dubius adults (maintained
at 10°C) also show that T dubius can be an active predator in cool weather, before it is
warm enough to fly to funnel traps. Thanasimus dubius adults held at 10°C actively
walked around the lab containers and would attack and consume any bark beetle adults
placed into the container, but I did not observe them flying at this temperature.

Larvae of T. dubius were observed walking on the surface of the red pine bolts at
the ROS2 and CAD?2 sites on July 2, 1997 (Julian date 183). Thanasimus dubius progeny
adults were the first predator species collected in emergence containers in both years, but
these early individuals were probably parent adults. Thanasimus dubius progeny
emergence lasted from mid- to late-summer of 1996, peaking around Julian date 250
(Figure 11). In 1997, progeny emergence began much later in the summer, after Julian
date 225, and peaked nearly 50 days later (Figure 11). There were 90 days in 1996 and
60 days in 1997 between first collections of 7. dubius parent adults in funnel traps and
first emergence of progeny adults from red pine bolts. Thanasimus dubius adults that
emerged from the rearing containers prior to August were probably not progeny, but
parent adults that were on the bolts when they were collected from the field sites.

Although T. dubius was active over several periods of the summer, it appears to only
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have one generation per year.

The histerid predator Platysoma (=Cylistix) cylindrica (Paykull) (Coleoptera:
Histeridae) was commonly collected in funnel traps at all sites (Table 2). In 1996, P.
cylindrica was first collected only four weeks after peak T. piniperda flight (Table 3), and
over 70% of the beetles were collected within three weeks of initial flight (Figure 10). In
1997, P. cylindrica began flight activity ten weeks after peak T piniperda activity (Table
4), and over 80% of the beetles were collected within four weeks (Figure 10). This tiny
predator was infrequently observed on red pine bolts in the summer months, and no
conclusions can be drawn regarding flight activity and predation activity. Emergence of
P. cylindrica progeny also differed greatly from 1996 to 1997. In 1996, progeny
emergence continued throughout the entire summer, with no distinct peaks (Figure 11).
In 1997, offspring emergence began in late summer, after Julian date 250, and peaked
within 25 days (Figure 11). There were only 25 days between initial parent and progeny
flights in 1996, and more than 100 days difference in 1997. As was the case with 7.
dubius, the emergence of P. cylindrica adults from the emergence containers throughout
the summer of 1996 probably reflects numbers of parent adults that remained on the
field-infested bolts when they were brought to the MSU rearing facility. The peak
progeny emergence of this histerid occurred in September and October, and it probably
only has one generation per year.

Corticeus parallelus Melsheimer (Coleoptera: Tenebrionidae) is another tiny
predator that was frequently attracted to the funnel traps. In 1996, C. parallelus adults
were collected in funnel traps two weeks after T. piniperda peak flight (Table 3).

Although C. parallelus flight activity peaked early in the spring, adults were collected
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throughout the summer (Figure 10). In 1997, C. parallelus did not initiate spring flight
until ten weeks after T. piniperda peak flight (Table 4), and was then collected until mid-
July (Figure 10). C. parallelus was rarely observed on red pine bolts, and only during the
warm summer months. In 1996, emergence of C. parallelus progeny adults began around
Julian date 220, and peaked approximately 60 days later (Figure 11). Timing of
emergence was similar in 1997, but there was a second emergence peak near Julian date
275 (Figure 11). There were approximately 75 days between first parent flight and first
progeny emergence in both years. There were two peaks of progeny emergence in 1997:
one in September and one in late October, which suggests that two generations per year
are possible.
Two staphylinid species (Coleoptera: Staphylinidae) were active early in spring
1996, over 50% of these staphylinids were collected within two weeks of peak T.
piniperda flight (Figure 12). In 1997, parent staphylinids had two main activity periods:
early spring, near 7. piniperda peak flight, and mid-summer, corresponding to flight of
first generation Ips spp. progeny adults (Figure 12). Since I did not observe many
staphylinids on the red pine bolts, nor did I observe any preying upon bark beetles, I
cannot confidently connect the dates of first flight activity with the dates of first
predatory activity. Staphylinids were collected earlier in southern sites than in northern
sites, and there was no early flight of staphylinids in the northern sites in 1996 (Table 3).
In 1996, staphylinid progeny adults emerged at three times: Julian dates 210 - 225, at
275, and again at 320 (Figure 13). In 1997, progeny adults emerged earlier; around
Julian date 175, and continued to sporadically emerge until Julian date 240 (Figure 13).

There were approximately 120 days separating first parent flight and first progeny
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emergence in 1996, and only 100 days difference in 1997. These predators appear to be
univoltine, but the results in 1997 show that two generations per year are possible.

Medetera sp. (Diptera: Dolichopodidae) was not collected in funnel traps during
either year, but was reared from the red pine bolts in both years. Timing of progeny
emergence was quite similar in both years, with activity beginning around Julian date 200
and ending about 50 — 60 days later (Figure 13). Since no parent adults were collected in
the funnel traps, I cannot estimate the length of time between generations. During de-
barking, I collected hundreds of Medetera sp. larvae, so it appears that Medetera sp.
produces two generations per year in Michigan: the first generation emerges in mid-
summer, and the second generation emerges the following spring.

A second histerid predator, Platysoma parallelum Say (Coleoptera: Histeridae),
began flying five weeks after peak T. piniperda parent flight in 1996 (Table 3), but was
most commonly collected during peak Ips spp. parent flight (Figure 12). In 1997, P.
parallelum was first collected ten weeks after peak T. piniperda flight, like many of the
other scolytid predators that year (Table 4). In 1997, it was collected through the end of
July (Figure 12). This predator was not observed on the red pine bolts. Progeny P.
parallelum adults were reared from all sites in both years (Table 5). In 1996, P.
parallelum progeny began emergence in September and continued through October
(Figure 13). In 1997, no progeny were collected until the bolts were de-barked in the
winter (Table 5). There were approximately 100 days separating first parent flight and
first progeny emergence in 1996. Since progeny of this histerid were only collected late
in the season of 1996, and not until de-barking in 1997, it appears that the funnel trap

peaks represent activity, not different generations. Platysoma parallelum appears to be
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univoltine in Michigan.

Cucujus clavipes was not a common predator in funnel traps, but it was among
the earliest predators to become active in the spring (Tables 3 and 4). Over 80% of the
1996 total and over 50% of the 1997 total were collected within two weeks of peak T.
piniperda parent flight in the corresponding years (Figure 14). In 1996 it was only
collected in the southern sites and in Lansing, and in 1997 it was collected in all sites, but
much later in the northern sites. Cucujus clavipes was not observed on the red pine bolts
or preying upon bark beetles, and it was not reared from any of the red pine bolts.

Another clerid predator, Enoclerus nigripes Say (Coleoptera: Cleridae), was much
less commonly encountered than 7. dubius. Enoclerus nigripes was among the last of the
scolytid predators to be collected in funnel traps in the southern sites; the first individual
was collected in late July of both years (Tables 3 and 4). In the northern sites, E. nigripes
initiated flight at approximately the same time as Ips pini (Tables 3 and 4). In 1996, E.
nigripes was most often collected in July and August, whereas in 1997, it was mostly
collected in June and July (Figure 14). Enoclerus nigripes was often observed actively
searching for prey on the red pine bolts from all of the sites in the late summer months,
but it was only reared from bolts from the northern sites (Table 5). In 1996, 110 days
separated first parent flight and first progeny emergence; in 1997, there were 90 days
difference. Since E. nigripes progeny adults were only collected in September of both
1996 and 1997 (Figure 15) and during de-barking the following winters, this clerid is
probably univoltine in Michigan.

The anthocorid predator Anthocoris sp. was not collected in the funnel traps, but

nymphs and adults were reared from the red pine bolts in both years. In 1996, Anthocoris
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sp. progeny emerged from bolts three times between Julian dates 220 and 290 (Figure
15). In 1997, progeny were collected between Julian dates 185 and 275 (Figure 15). No
estimates of generation time could be made since no parent adults were collected in the
funnel traps.

Parasitic wasps (Hymenoptera: Braconidae, Ichneumonidae, and Chalcidoidea)
were not collected in the funnel traps in either 1996 or 1997, but six species of parasitoids
were reared from the red pine bolts throughout the summers (Julian dates 175 — 300) of
both years (Figure 15). Since no parasitoids were collected in the funnel traps in either

year, the length of time between generations cannot be estimated.
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DISCUSSION

As expected, Tomicus piniperda was the first bark beetle to initiate spring flight,
but, surprisingly, it was not the first phloem feeder to begin colonizing the red pine bolts.
Hylurgops rugipennis pinifex and Pissodes nemorensis were actively colonizing the bolts
at the same time as 7. piniperda, even though they were rarely collected in the
pheromone-baited funnel traps early in the spring. The early spring activity of these
phloem borers has not been previously recorded, and 7. piniperda was not expected to
have any competition for pine breeding material early in the season (Haack and Lawrence
1995b).

Four predators were also active early in the spring at the same time as T.
piniperda adults were colonizing brood logs. Thanasimus dubius adults were actively
walking on the bolts and preying upon 7. piniperda and H. rugipennis pinifex, but were
rarely found in funnel traps early in the spring. The predators Cucujus clavipes and two
species of staphylinids were collected in the funnel traps soon after the start of T.
piniperda’s flight, but neither were observed on the red pine bolts. Like P. nemorensis
and H. rugipennis pinifex, these predators have not previously been observed to be active
so early in the spring. Haack and Lawrence (1995b) speculated that 7. piniperda would
not encounter predators or parasitoids until most of its colonization was completed.

Most of the phloem feeders were collected in the funnel traps around the same
time as Ips pini parent adults: Ips grandicollis, Hylurgops rugipennis pinifex,
Orthotomicus caelatus, Gnathotrichus materiarius, Hylastes porculus, Pissodes

nemorensis, and Dendroctonus valens. With the exceptions of H. rugipennis pinifex and
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P. nemorensis, which were active before they were collected in funnel traps, these native
scolytids initiated both flight and colonization from mid- to late- spring of both years, as
was expected. Schenk and Benjamin (1969) reported similar activity periods for several
of these species during their study of 1 pini parent adults.

Most native predators, including 7. dubius, P. cylindrica, C. parallelus, and P.
parallelum, were also first collected in funnel traps around the same time as /. pini. This
activity was earlier than reported by Schenk and Benjamin (1969), who found that the
highest predator populations on /. pini-infested jack pine (Pinus banksiana Lamb.) bolts
occurred during the emergence of the first generation /. pini progeny.

Tomicus piniperda parent adults had an early and short spring flight in all
southern sites in both years. This spring flight behavior has been well documented in
Europe (Haack and Lawrence 1997b, Saarenmaa 1989, Salonen 1973) and in North
America (Haack and Lawrence 1995b), and reflects T. piniperda’s comparatively low
temperature threshold for flight (10 — 12 °C) (Langstrom 1980). Another explanation for
T. piniperda’s early flight is that since it overwinters in crevices in the outer bark of
standing pine trees, it is exposed to warm temperatures and solar radiation earlier than
scolytids that overwinter under the snow layer and duff. Tomicus piniperda was probably
collected first in Lansing because I checked the Lansing funnel traps more frequently
than the traps at the southern sites. The generation time of 100 days was longer than the
estimated 6-10 weeks described in Haack and Lawrence (1995a), and was likely due to
the shaded, cool conditions of the emergence containers and rearing shed in Lansing.
Emergence of progeny adults was characteristically brief, and earlier than most native

scolytids. I found no evidence of sister broods, since T piniperda parent flight and
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progeny emergence both occurred in short, discrete peaks of time.

Overwintering /. pini adults initiated spring flight six weeks after T piniperda
adults in both years of this study. Haack and Lawrence (1997 and 1995b) found that the
first flight of T' piniperda ranged from three to six weeks earlier than the first flight of /
pini in Michigan from 1993 — 1996. The large funnel trap collections of 1 pini late in the
summer of 1996 paralleled the trends described by Teale and Lanier (1991) and Raffa
(1991) in New York and Wisconsin, respectively: the highest funnel trap collections were
obtained late in the flight season, and relatively few I pini were collected in the spring
and early summer. This late season peak is hypothesized to occur when /. pini adults stop
colonizing new brood material, and begin a period of high-density feeding attacks, during
which they continug to produce and respond to pheromones (Teale and Lanier 1991).
Raffa (1991) also noted that the attraction of I pini to ipsdienol seems to be activated by
cool temperatures in the fall. The absence of a late-season peak in funnel trap catches in
1997 may be explained by the cool weather in the spring that delayed the initiation and
development of the three generations. In 1997, degree-day (base 10°C) accumulations by
Julian date were approximately one week behind 1996, and a total of 100 fewer degree-
days were accumulated in 1997 compared with 1996 (Figure 16).

Ips pini progeny adults emerged about 60 days after initial parent flight; longer
than the expected 42 days (Schenk and Benjamin 1969). Although there were three flight
peaks for parent adults corresponding to the flight of the three generations of /. pini,
progeny emergence did not occur in such discrete patterns. The constant yet irregular
emergence of /. pini progeny throughout both summers may be due to the masking effect

of the cool temperatures in the emergence containers, since the containers were not
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exposed to sunlight.

Ips grandicollis parent adults were first collected in funnel traps at the same time
as /. pini, not earlier than /. pini as reported in Wisconsin (Schenk and Benjamin 1969).
Based on funnel trap collections, /. grandicollis appeared to have two generations per
year, but the generation time of 50-60 days is similar to that of the trivoltine /. pini, so
three generations per year could be possible.

Hylurgops rugipennis pinifex and P. nemorensis were exceptionally early
colonizers of the red pine bolts; they were both observed frequently on the bottom and
cut edges of nearly every bolt in March and April, as the snow was melting. The
preference of these insects to colonize bolt sections that were in direct contact with the
ground, suggests that this cool, moist environment is ideal for these species. Tomicus
piniperda primarily colonized the sides of the bolts, not the underside, so competitive
interactions between T. piniperda and these phloem feeders may be minimized by spatial
partitioning. These were the only pine phloem feeders that were active as early in the
spring as T. piniperda, and they could be important competitors of T. piniperda when
pine breeding material is scarce.

Dendroctonus valens parent adults were first collected in funnel traps in mid-May
of both years, a few weeks later than Haack and Lawrence’s (1995b) first catch in
Michigan in late April in 1993. In a Wisconsin study (Raffa 1991), D. valens had two
peaks of collection in funnel traps: May-June and August-September, but I did not
observe a second flight of D. valens in this study.

The clerid predator Thanasimus dubius was actively preying on T. piniperda and

H. rugipennis pinifex adults for a few weeks in the spring before it was first collected in
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the funnel traps. This was not anticipated, since 7. piniperda was not expected to have
predation pressure until colonization was complete (Haack and Lawrence 1995b). |
speculate that 7. dubius funnel trap collections occurred after I observed predaceous
activity because 7. dubius requires higher temperatures for flight than for walking.
Another possible explanation is the temperatures were too cool for the ipsdienol baits to
volatize sufficiently to attract 7. dubius.

The first funnel trap catches of T. dubius occurred in late April 1996, and in early
May 1997, which agrees with the 1993 Michigan study by Haack and Lawrence (1995b).
Thanasimus dubius had several peaks of abundance: before I pini parent adult
emergence, during I pini F1 progeny emergence, and in August, before I pini F2
progeny emergence, which are all similar to 7. dubius funnel trap catches by Raffa
(1991). These collection peaks probably do not represent different generations of 7.
dubius, but rather differences in the activity of the adults. Since T. dubius adults prey
upon /. pini adults, it makes sense that 7. dubius would be active at the same time as /.
pini adults are becoming active (i.e. overwintering adult emergence, F1 progeny
emergence). Ips pini adults produce aggregation pheromones as they are colonizing their
hosts, and T. dubius uses these pheromones as kairomones to locate I pini prey (Hansen
1983, Raffa and Klepzig 1989).

These findings on the biology of T. dubius have many implications for the
proposed introduction of the European clerid Thanasimus formicarius. The primary
reasons for the consideration of T. formicarius were that it is the earliest of the major
European bark beetle predators to become active in the spring (Schroeder 1988), and that

T. dubius was not expected to be active early enough to prey upon 7. piniperda. 1 have
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clearly demonstrated that 7. dubius is indeed active as early in the spring as is 7.
piniperda, and that it will prey upon the exotic scolytid. The introduction of T.
Jformicarius or other biological control agents for the control of T. piniperda should be
postponed until the biology and impact of North American natural enemies is better
understood.

Platysoma cylindrica is another scolytid predator that has commonly been found
in funnel traps baited with /. pini aggregation pheromones (Raffa and Klepzig 1989,
Raffa 1991), although a field study in Georgia indicated that P. cylindrica is not attracted
to ipsdienol, but is attracted to ipsenol, an aggregation pheromone of 1. grandicollis
(Turnbow and Franklin 1981). This histerid was first collected in funnel traps in late
May of both years, nearly a month later than Haack and Lawrence’s (1995b) 1993
Michigan study. Platysoma cylindrica was primarily collected in funnel traps during two
periods; corresponding to I pini overwintering parent adult flight, and /. pini F1 progeny
adult flight, respectively, which is similar to a Wisconsin study (Raffa 1991).

Corticeus parallelus adults followed the same trends as 7. dubius and P.
cylindrica: the highest funnel trap catches occurred near peak I pini parent adult catches
and near peak I pini F1 progeny adult catches. This tenebrionid is also suspected to use
L pini pheromones as kairomones (Raffa and Klepzig 1989, Raffa 1991), so this
synchrony was expected. These tenebrionids were first collected in late May of both
years, about a month later than reported in another Michigan study (Haack and Lawrence
1995b).

Medetera sp. parent adults were not collected in the funnel traps, suggesting that

they are not attracted to a-pinene or the /. pini pheromone lures on the funnel traps.
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Fitzgerald and Nagel (1972) found that adults of M. aldrichii, a predator of Dendroctonus
pseudotsugae Hopkins (Coleoptera: Scolytidae), responded to a-pinene as an
ovipositional stimulant, but there are no references to whether any of the Medetera
species have been collected in a-pinene-baited funnel traps. Since I do not have funnel
trap or observational records, I could not determine when parent adults emerge and
oviposit. Studies of M. aldrichii Wheeler in Washington and South Dakota (Hopping
1947, Schmid 1970) demonstrated initial parent activity in early June and early July,
respectively. I first collected Medetera sp. progeny adults from late July through
September. Numerous Medetera sp. larvae were collected from the de-barked bolts,
which agrees with several studies of M. aldrichii and M. dendrobaena Kowarz that
report that these predators overwinter as larvae (Hopping 1947, Nicolai 1995, Schmid
1970).

Cucujus clavipes, along with the staphylinids, were some of the earliest predators
to become active in the spring. The majority of C. clavipes adults were collected in
funnel traps within two weeks of peak 7. piniperda parent flight, indicating that this
predator either has a low temperature threshold for flight or that it overwinters in
locations that warm up quickly in the spring. One such possible overwintering location is
under the bark of standing trees, which receives solar radiation and warms up much
earlier in the spring than does the snow-insulated forest litter layer. I did not observe the
overwintering sites of either C. clavipes or the staphylinids.

The funnel trapping method and the observations on the red pine bolts were
phenologically consistent for most of the phloem feeders: Tomicus piniperda, Ips pini,

Ips grandicollis, Dendroctonus valens, Monochamus scutellatus, and M. carolinensis.
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Since these insects were attracted to the funnel trap baits, were present in large numbers,
and were large enough to be visible, both the funnel traps and the observations were
suitable for monitoring the initial spring activity of these species.

For two phloem feeders and one predator, however, the results of the funnel traps
and the observations were not consistent: H. rugipennis pinifex, P. nemorensis, and T.
dubius. These insects were observed on the red pine bolts several weeks before they
were first collected in the funnel traps, which suggests that walking activity and flight
activity are two separate events. A possible explanation is that insects require more heat
for flight than for walking, so they do not fly until it gets warmer. Another explanation
for the discrepancy between the two methods is that the funnel trap lures were not
volatilizing sufficiently enough in the cool spring weather to be attractive to these
species. For P. nemorensis, H. rugipennis pinifex, and T. dubius, direct observations of
activity on pine slash provide the best means of determining initial spring activity.

Observations were not useful in determining spring activity of other species,
though. Most of the smaller bark beetles and natural enemies were collected in the
pheromone-baited funnel traps, but were too small or too rare to be observed on the red
pine bolts: Orthotomicus caelatus, Ips perroti, Gnathotrichus materiarius, Hylastes
porculus, Dryocetes autographus, Platysoma cylindrica, Corticeus parallelus, Platysoma
parallelum, staphylinids, and Cucujus clavipes. In the cases of Medetera sp., Anthocoris
sp., and parasitic wasps, neither observat<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>