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Summary

Sequence of arrival and spatial distribution of beneficial and as-
sociate insects on southern pine beetle-infested trees were investi-
gated. Over 150 entomophagous and associate species were attracted
to southern pine beetle-infested trees. Peak arrival of adult predators
and parasites occurred when appropriate host life stages were most
abundant. Associates responded in peak numbers during the later
stages of southern pine beetle infestation, a period when necessary
food and habitat seem to be present. Many of the insects trapped on
the bark beetle-infested trees exhibited discrete spatial distributions.

This research was supported by McIntire-Stennis Project 1525, USFS-SO-TAES
cooperative agreement 19-145, and the U. S. Department of Agriculture sponsored
program entitled “The Expanded Southern Pine Beetle Research and Applications
Program” through TAES-CSRS Grant No. 804-15-4. The findings, opinions, and rec-
ommendations expressed herein are those of the authors and not necessarily those of
the U. S. Department of Agriculture.

Keywords: Dendroctonus frontalisisouthern pine trees/@MMbeneficial and associate
insects.
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Sequence of Arrival and Spatial Distribution
of Entomophagous and Associatg insects
on Southern Pine Beetle-Infested Trees

W. N. Dixon and T. L. Payne*

The southern pine beetle, Déndfoci ;
Zimmerman (Coleoptera: Scolytidae), is the most de-
structive bafk*Béele species in the South. Pine trees
from Pennsylvania to Virginia, southwards to Hon-
duras, Central America, and as far west as Arizona
are threatened by its devastating attacks (Thatcher,
1960).

Southern pine beetle outbreaks result in large
volumes of pine destroyed in localized areas and at
infrequent intervals. During an epidemic, trees of all
age classes and stand densities are attacked. Healthy
as well as weakened trees are susceptible to bark bee-
tle attack (Thatcher, 1960).

The magnitude of the southern pine beetle prob-
lem is reflected in the fact that since 1976, infesta-
tions in the United States have occurred in over 30
million hectares of pine forests. In Texas alone, the
volume of timber killed on state and private lands
that year was estimated to be over 51 million cubic
feet (Anonymous, 1978). This timber amounted to an
estimated 16 thousand hectares at a stumpage value
of $17 million. From 1958 to 1977, the period of the
most recent epidemic of the beetle, Texas has suf-
fered losses estimated at ca. 600 million board feet of
salvage and 750 million cords — a total of over 150
million cubic feet of pine.

Efforts to control the beetle have ranged from
mechanical methods such as burmning infested bark
and slabs, placing infested timber in soaking ponds,
and salvage, to chemical methods such as insec-
ticides and herbicides (Coulson et al., 1972). All of
these methods have been criticized because of 1) ex-
pense, 2) potential impact on beneficial insects, 3)
questionable effectiveness in managing extensive
bark beetle populations, and 4) environmental
hazards.

*Respectively, (formerly) graduate research assistant, The Texas
Agricultural Experiment Station (Department of Entomology),
(presently) research assistant, School of Forest Resources, Nut-
ting Hall, University of Maine, Orono, Maine 04469; and profes-
sor, The Texas Agricultural Experiment Station (Department of
Entomology).

As an alternative to the inadequate unilateral
control tactics, integrated pest management (IPM)
has been proposed as an approach with the greatest
promise for use in forest protection (Stark, 1977). IPM
utilizes all tactics and more in an ecologically compat-
ible manner. This systems approach to managing
bark beetles has been described by Waters (1974) and
is currently being used in the USDA Expanded
Southern Pine Beetle Research and Applications Pro-
gram (Leuschner et al., 1977). In general, both direct
and indirect control tactics are considered (Coster,
1977) with a knowledge of beneficial and associated
insects as an essential element.

Comprehensive lists of insects associated with
the southern pine beetle have been compiled by
Chamberlin (1939), Thatcher (1960), Dixon and Os-
good (1961), Bushing (1965), Overgaard (1968),
Franklin (1969), Moser et al. (1971), Moore (1972),
Coulson et al. (1972), and Camors and Payne (1973).
These biological tables include eight confirmed
predators and 14 parasites.

The potential value of beneficial insects in the
reduction of bark beetle populations has been recog-
nized since the late 1800’s. Hopkins (1893) observed
that the clerid beetle Thanasimus dubius (F.) (Coleop-
tera: Cleridae) was highly predaceous on the south-
ern pine beetle. Adult T. dubius killed an average of
2.2 southern pine beetle adults per day for 5 to 10
weeks, while actively feeding clerid larvae destroyed
up to 100 immature bark beetles during their feeding
period (Thatcher and Pickard, 1966).

Scolopscelis mississippensis Drake and Harris
(Hemiptera: Anthocoridae) and Temnochila virescens
(F.) (Coleoptera: Trogositidae) were important preda-
tors in studies conducted by Moore (1972). He esti-
mated that immature S. mississippensis and T. virescens
each consumed 0.9 southern pine beetle larvae/0.1m?
bark. Medetera spp. (Diptera: Dolichopodidae) were
observed by Fiske (1908) as being capable of reduc-
ing bark beetle populations.

Fronk (1947) reported that Coeloides pissodis
(Ash.) (Hymenoptera: Braconidae) and Cecidostiba
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Bark samples were taken from infested trees in
order to correlate the sequence of arrival of benefi-
cials and associates with the predominant life stages
of the southern pine beetle within the trees. Proce-
dures for taking bark samples followed those de-
veloped by Coulson et al. (1975). One 100cm’ bark
sample per sample height per sampling time was
taken on each tree (= 6 samples/sampling time). The
sampling heights were 1.5m, 3.5m, 5.5m, 7.5m,
9.5m, and 11.5m. Tree climbing ladders were used to
facilitate sampling at the upper heights. The sam-
pling times were on the 3rd, 10th, 17th, 24th and 31st
days after the start of southern pine beetle arrival.
The bark discs were then refrigerated to curtail bark
beetle development until they were radiographed.
For each bark disc the numbers of parent adulits, lar-
vae, and pupae-callow adults when present were
counted, thus giving an indication of the predomi-
nant bark beetle life stages within the trees. The Ap-
pendix Table lists all insects trapped on the bark
beetle-infested trees, their probable biological roles,
and relative abundance.

RESULTS AND DISCUSSION
Associated Bark and Ambrosia Beetles
Coleoptera: Scolytidae

Sixteen scolytid and one platypodid species
were among the more than 150 species trapped on
the southern pine beetle-infested trees. Each species
exhibited a characteristic sequence of arrival and
spatial distribution. Over the 30-day monitoring
period ca. 97 percent of the southern pine beetles,
Dendroctonus frontalis Zimm., were trapped within
the first 9 days (Figure 2). Although trap catch of
southern pine beetles did not increase after the rapid
drop in numbers, the change in the male:female ratio
suggested re-emergence of southern pine beetles oc-
curred during days 10-12 (1:3.01 compared to 1:0.75
for the first 9 days). In the laboratory, Thatcher and
Pickard (1964) found that re-emergence occurred in
10-14 days.

The predominant life stages of the southern pine
beetle present during each sampling time were the
following:

1) day 3 - parent adults

2) day 10 - parent adults and larvae

3) day 17 - larvae and pupae-callow adults

4) day 24 - larvae and pupae-callow adults

5) day 30 - pupae-callow adults
The increase in trap catch on day 30, although mini-
mal, suggested the emergence of brood adults. Gen-
erally, those beetles on the traps at that time were
light tan in color as are the tenerals before complete
pigmentation occurs.

Ips avulsus (Eich.), L. calligraphus (Germar), and L.
grandicollis, three food competitors of the southern
pine beetle, were commonly trapped on the southern
pine beetle-infested trees. Peak arrival of L. avulsus
and I. grandicollis occurred ca. 12 and 18 days respec-
tively after initial arrival of southern pine beetles
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Figure 2. Sequence of arrival of D. frontalis, I. avulsus, |I.
calligraphus, and I. grandicollis to bark beetle-infested trees
during southem pine beetle development. Total number
trapped on 7 trees ( ).

(Figure 2). However, both Ips spp. were trapped dur-
ing southern pine beetle mass attack. I. calligraphus
was not trapped in large numbers until day 21. Sev-
eral individuals were observed walking off the sticky
traps, thus the trap catch of this bark beetle may have
been unrepresentative of the actual response of L. cal-
ligraphus to the host trees. In addition, D. terebrans
(Oliv.) was present on two of the monitored trees;
however, none were caught on the traps. The large
size and strength of black turpentine beetles may
have enabled them to walk off of the sticky trap.

A sudden increase in trap catch characterized the
arrival pattern of Ips avulsus, a behavior similar to the
mass attack pattern of the southern pine beetle. On
one of the trees monitored, ca. 1217 I. avulsus were
trapped over a 3-day sample period. Male 1. avulsus
were most abundant during the initial arrival period;
however, the male:female ratio became balanced by
the day 16-18 interval (1:0.93). The overall sex ratio
was 1:0.70 for the species.

1. grandicollis exhibited a similar rapid rise in trap
catch followed by a quick decrease. During the first9
days of arrival, the male:female ratio was ca. 1:1;
thereafter, females predominated except on days
16-18 when the sexes were balanced again. The over-
all male:female ratio was 1:1.42. The sex ratio for L
calligraphus was 1:1.50. Similar sex ratios for . avulsus
and 1. calligraphus were reported by Berisford and
Franklin (1971).



Differences in spatial distribution were ex-
hibited by the southern pine beetle and the three Ips
spp. (Figure 3). Peak catch of the southern pine bee-
tle occurred at the 3m and 4m traps with a low catch
of 3 percent each at the 11m and 12m traps. This is in
agreement with findings reported by Coster et al.
(1977). In comparison, I avulsus was most abundant
on the upper half of the tree bole. The male:female
ratio of I. avulsus on the lower eight traps was 1:0.39,
compared to 1:0.77 for the upper four traps, suggest-
ing that those beetles on the lower two-thirds of the in-
fested bole may not have constructed successful gal-
leries to which female beetles were attracted. Hodges
and Pickard (1971) reported that the lower limits of
attack by 1. avulsus was 8m and 15m on lightning-
struck and nonstruck trees, respectively. The majority
of the I. grandicollis and I. calligraphus were also
trapped on the upper half of the tree bole (Figure 3).

The spatial distribution of niche breadth of the
southern pine beetle and the three Ips species re-
ported by Paine et al. (1979) is similar to the data
presented here from landing trap catches. Birch and
Svihra (1979) reported on the sequence of attack and
distribution of these bark beetle species; however,
their results are not comparable to those presented
here in that they did not provide data on beetle den-
sities.

Four other scolytid species present on the south-
ern pine beetle-infested trees were Crypturgus aluc-
taceus Schwarz, Pityophthorus annectans LeC., P. bisul-
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Figure 3. Height distribution of D. frontalis, I. avulsus, I. calli-
graphus, and/. grandicollis on bark beetle-infested trees dur-
ing southem pine beetle development. Data from 7 trees.

Soutnern pine peetia E"arer.: asuns :%cae “Carzaal.
Jrarvae W 6:coc aauns

% LIFE STAGH
IS TIRIAY iy
3
o

l’ v I ' LI T Ll

Cryplurgus alutaceus (2.079) -
L
30 — _ "~
- @ = @’
10— -
g——g—

X
.
.

CATCH = se
i
\
.\./'
N
A
N
v

X%
o
°

|

12 /:\-/"\; o9 2
I—F - T e——2T _
1 1 I | ) L) ) L) ] ]
30 -
A Pityophthorus bisulcatus (151) =
y—
18 — - - -
- N 80 - - -/ -
6— / . - - :\:/ :—:
| ] 1 1 LI |

J J I 1
3 6 9 12 15 18 21 24 27 30

DAYS

Figure 4. Sequence of arrival of C. aluctaceus,
Hypothenemus sp., P. annactans, and P. bisulcatus to bark
beetle-infested trees during southern pine beetle develop-
ment. Total number trapped on 7 trees ( ).

catus (Eich.), and a Hypothenemus sp. (nr. pubescens).
The first three species were reported as food competi-
tors of the southern pine beetle (Moser et al., 1971).
C. aluctaceus, a small scolytid whose galleries start
from those of Ips spp. (Chamberlin, 1939), was
trapped in greatest numbers ca. 12 and 18 days after
peak catch of I. grandicollis and I. avulsus, respectively
(Figure 4). Overall, P. annectans and P. bisulcatus were
most abundant during the day 15-30 interval. The
Hypothenemus sp. appeared to have three arrival
peaks; however, one of the latter peaks may be indi-
cative of brood emergence.

Trap catch of C. aluctaceus was greatest at mid-
bole (Figure 5). P. annectans was caught uniformly
throughout the bole, although P. bisulcatus was
trapped predominantly on the upper half of the tree
bole. The upper limit of the Hypothenemus sp. was
11m.

Ambrosia beetles that typically breed in dead
and dying pines include Xyleborus ferrugineus (F.), X.
pini (Eich.), and X. saxeseni (Ratz.) (Coleoptera:
Scolytidae) (Baker 1972). X. ferrugineus and X. pini,
although present in low numbers during southern
pine beetle mass attack, were not abundant until
after the attacking southern pine beetle adults had
re-emerged (Figure 6). Similarly, peak catch of X. sax-
eseni occurred after cessation of bark beetle mass at-
tack. The three Xyleborus spp. were most abundant
on the lower four traps with the 1m trap accounting
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Figure 5. Height distribution of C. aluctaceus, Hypothenemus
sp., P. annectans, and P. bisulcatus on bark beetle-infested
trees during southern pine beetle development. Data from 7
trees.

for the largest catch (Figure 7). A peculiar feature of
the Xyleborus spp. was that all specimens were
female. Male Xyleborus are unable to fly, spending
their entire life cycle within the parental nest (Bright,
1968).

The ambrosia beetles Gnathotnchus materiarius
(Fitch) (Scolytidae) and Platypus flavicornis (Fab.)
(Platypodidae) typically breed in the above-ground,
lower portions of dying pines. Hylastes tenuis (Eich.)
(Scolytidae), however, generally inhabits the bases
or roots of such pines (Baker, 1972). Peak catch of G.
materiarius in this investigation occurred during the
day 25-30 interval (Figure 8). Male G. materiarius were
predominant (1:0.55) during the first 9 days of
monitoring the bark beetle-infested trees. However,
for the remaining 21 days, a period when the am-
brosia beetle was increasing in numbers, the sex
ratio was more balanced (1:1.00). Male G. sulcatus
LeConte are reported to produce a pheromone which
was subsequently identified as a population ag-
gregating pheromone (Byrne et al., 1974). A similar
aggregation system may occur in G. materiarius in
that males were initially predominant on the bark
beetle-infested trees followed by a balanced aggrega-
tion of the sexes.

Peak arrival of P. flavicornis occurred 6 to 9 days
after the cessation of southern pine beetle mass at-
tack (Figure 8). By comparison, Coster (1969) re-
ported that the peak arrival of P. icornis occurred
10-14 days after the start of southern pine beetle mass
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Figure 7. Height distribution of X. farrugineus, X. pini, and X.
saxeseni on bark beetle-infested trees during southern pine
beetle development. Data from 7 trees.

attack. Based on laboratory bioassays, Madrid et al.
(1972) suggested that a population aggregating
pheromone is produced by the males. Renwick et al.
(1977) later identified two pheromones in emergent
males as 1-hexanol, 3-methyl-1-butanol and sulcatol.

The results of the present investigation appear
to substantiate the earlier findings in that the sex
ratio of initially arriving P. flavicornis favored males
(1:0.32) with an apparent balancing of the sexes
(1:1.49) for the remaining 27 days.
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Peak catch of H. tenuis occurred on days 10-12
and then on days 25-27 (Figure 8). The bimodal peaks
of abundance for H. tenuis may have indicated brood
emergence; however, the developmental rate of this
beetle is not known.

The spatial distributions of G. materiarius, H.
tenuis, and P. flavicornis were similar to the other pre-
viously discussed ambrosia beetles. The 1m trap ac-
counted for the greatest number of all three species
(Figure 9). H. tenuis differed slightly in that trap catch
increased again near mid-bole. The attack limits for
the beetles were not determined in this investigation
but previous reports indicate an upper limit of 8m for
P. flavicornis (Madrid et al., 1972). Coster (1969) ob-
served that flight activity of P. flavicornis was usually
higher on the infested bole than actual attacks and
suggested that general movement downwards on the
bole occurred after landing.

Predators

Cleridae

Seven clerid species were found to be attracted
to the bark beetle-infested trees in this investigation.
T. dubius, a known predator of the southern pine bee-
tle, was the most abundant with peak numbers dur-
ing days one to six (Figure 10), a period when the
southern pine beetle was also trapped in greatest
numbers (Figure 2). Dixon and Payne (1979) provide
a detailed discussion of T. dubius aggregation on bark
beetle-infested trees during southern pine beetle
mass attack.

Peak catch of Priocera castanea (Newman), a pred-
ator of several scolytids (Knull, 1951; Baker, 1972),
occurred during days 13-18 and then again in greater

numbers during days 25-30. Cregya oculata (Say), a
predator of cerambycid larvae and bark beetles
(Knull, 1951), was most abundant during the last 6
days of trapping. Tillus collaris Spin., although
trapped in low numbers (n=>5), was caught only dur-
ing the first 3 days of southern pine beetle arrival,
which suggests it may prey on the bark beetle or
other pioneer associates.

Trap catch of T. dubius was greatest on the lower
half of the southern pine beetle-infested bole (Figure
11) as was the bark beetle catch (Figure 2) (62 percent
and 64 percent, respectively). Trap catches on the
upper half of the infested bole accounted for the
greatest number of P. castanea and C. oculata. The
lower limit of trap catch for T. collaris was 4m.

From these results it appears that the sequence
of arrival and spatial distribution of the clerids de-
pends to a large degree upon preferred prey. The
temporal and spatial distributions of T. dubius were
very similar to those of the southern pine beetle, a
preferred prey'. The sequence of arrival and spatial
distribution of C. oculata and P. castanea suggests
similar responses to undetermined prey.

Clausen (1972) stated that clerids demonstrate an
exceptional consistency in host preferences, most
confining themselves to scolytid, buprestid, and
cerambycid prey. A comparison of the sequences of
arrival and height distributions of P. castaneum and
two Ips spp. (I. avulsus and I. calligraphus) (Figures 2,
3, 10, and 11) reveals several similarities. These are 1)
peak trap catches on days 12-18 and again on days
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Figure 9. Height distribution of G. materiarius, H. tenuis, and
P. fiavicornis on bark beetle-infested trees during southemn
pine beetle development. Data from 7 trees.

"Turnbow, R. H. 1975. Prey consumption, survivorship, and
oviposition by adults of the bark beetle predator, Thanasimus
dubius Fabricus (Coleoptera: Cleridae). M. S. Thesis. Oregon State
University.
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27-30, and 2) a concentration of clerid and scolytid
numbers above the 4m trap on the tree bole. In addi-
tion, P. castaneum has been observed on trees under
attack by Ips beetles?. If in fact the Ips beetles are
preferred prey of P. castaneum, then the predator may
locate concentrations of prey in the same manner of
T. dubius for southern pine beetles, i.e., by olfactory
cues.
Histeridae

During this investigation six predaceous his-
terids were trapped on the bark beetle-infested trees.
Peak catch of the Abraeus sp. occurred within the first
9 days of southern pine beetle mass attack, followed
by a general decrease in numbers trapped (Figure
12). Cylistix attenuata LeC., a predator of bark beetles
and other associates (Moser et al., 1971), was most
abundant after the 18th day. C. cylindrica (Paykull)
was trapped in greatest numbers from days 6-18, a
period when its southern pine beetle adult and larval
prey were prevalent. The total male:female ratio for
this histerid was 1:1.20, similar to the 1:1.38 ratio
reported by Camors and Payne (1973). Plegaderus
spp., which typically prey on bark beetle eggs and
larvae (Moser et al., 1971), were most abundant dur-
ing the later stages of southern pine beetle brood
development.

Trap catch for three of the histerid species (Ab-
raeus sp., C. cylindrica and Plegaderus spp.) was

2Svihra, P. Personal communication.

50— =
1 Cregya ocutata - -
30+ . -
h = *— o/
7 AN / -
L ) L] LIS 1 ¥ T 1 1 L} 1
20 - -

Priocera castanea -

x . | .\. - '\- - - -
w 12 ) / \/ -\.\./-\’
o - - ) -

- L 1 1 LI B | t I T 1 L L

] -/!—E/:\ -

X% CATCH t s
@

54 Thanasimus dubius \E/-\
I — -

T T L} L) L) L) 1 L} ) ¥ T

40 ~ - - - - -
Tillus collaris

HEIGHT (meters)
Figure 11. Height distribution of C. oculata, P. castanea, T.
dubius, and T. collaris on bark beetle-infested trees during
southern pine beetle development. Data from 7 trees.
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during southern pine beetle development. Data from 7 trees.

greatest on the lower half of the tree bole (Figure 13).
Peak catch of C. attenuata, however, was on the upper
half of the bark beetle-infested tree.

The remaining histerid species caught on the
sticky traps were Platysoma parallelum LeC. and a His-
ter sp., both of which were reported to prey on bark
beetles and other associates (Moore, 1972). Both his-
terids were most abundant ca. 2 weeks after southern
pine beetle mass attack (Figure 14). Spatially, the two
histerids differed in that P. parallelum was uniformly
distributed on the 12 traps, while trap catch of the
Hister sp. was greatest at mid-bole (Figure 15). Al-
though common prey species probably exist, the var-
iable arrival times and height distributions of the six
histerid species suggests that unique prey and hab-
itat requirements influence the distribution of each
histerid to and on a bark beetle-infested tree.

Orthoperidae

Generally, members of Orthoperidae are found
under decaying bark of trees or in rotting fungus-
covered plant material and are carnivorous (Arnett,
1973). Moser et al. (1971) reported that a Sacium sp.
was a common associate on southern pine beetle-
infested trees. However, in this investigation, a
Molamba sp. was the only orthoperid caught on the
sticky traps. Peak catch of this orthoperid occurred
ca. 2 weeks after the cessation of southern pine beetle
attack (Figure 14). Spatially, the Molamba sp. was
most abundant on the upper half of the bark beetle-
infested bole (Figure 15).
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Tenebrionidae

Corticeus glaber (LeC.) (Coleoptera: Tenebrio-
nidae), a facultative predator of bark beetles (Moser
etal., 1971), arrived in greatest numbers during days
15-27, a period when larval and pupal southern pine
beetles were prevalent (Figure 14). Trap catch of C.
glaber was slightly greater on the lower four traps
(Figure 15), an area of similar concentration of south-
ern pine beetles (Figure 3). The total male:female
ratio was 1:0.95. C. glaber may function much like C.
substriatus (LeC.), in that these tenebrionid adults
and larvae consumed all life stages of the mountain
pine beetle (Parker and Davis, 1971).

Trogositidae

Temnochila virescens (F.), Tenebroides collaris
(Sturm), and T. marginatus (Palisot de Beauvois) (Co-
leoptera: Trogositidae) were found to be attracted to
the bark beetle-infested trees. Moser et al. (1971) re-
ported that adults and larvae of the trogositids were
predators of bark beetle adults and larvae. T.
virescens, in this investigation, appeared to exhibit
two arrival peaks (Figure 16). The first was during
days 7-12 followed by a second peak during days
22-30. The total male:female ratio was 1:1.36. T. col-
laris was most abundant during the day 10-21 inter-
val. T. marginatus was trapped throughout the
monitor period except during days 7-12. Spatially, all
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southern pine beetle development. Data from 7 trees.

three trogositids were trapped at 2m and up on the
bark beetle-infested bole (Figure 17).
Colyidiidae

Aulonium ferrugineum Zimm., A. tuberculatum
LeC., Colydium nigripenne LeC., Lasconotus pusillus
LeC., and L. referendarius Zimm. (Coleoptera:
Colyidiidae) were also attracted to the bark beetle-
infested trees. All five predators/scavengers were
most abundant during the day 15-30 interval. The
colyidiids were generally trapped in greatest num-
bers on the upper half of the tree bole (Figures 16-19).
Sex determination was done only for A. tuberculatum,
yielding a total male:female ratio of 1:1.37. During
the day 1-2 interval, female A. fuberculatum were pre-
dominant (1:2.75); thereafter, as trap catch increased,
the sex ratio became more balanced until days 25-30
when males were predominant (1:0.68).
Staphylinidae

Leptacinus paurumpunctatus (Gyllenhal) and an
Aleocharinae sp. were the two most commonly
encountered staphylinids on the bark beetle-infested
trees. L. paurumpunctatus, a predator of bark beetles
(Moore, 1972), and the aleocharine staphylinid were
trapped in greatest numbers during the day 10-30
interval, a period when immature southern pine bee-
tles predominated (Figure 20). Spatially, the two dif-
fered somewhat in that the aleocharine staphylinid
was most abundant on the 4m-7m traps, but L.
paurumpunctatus was trapped in greater numbers on
the 1m-4m traps (Figure 21).

Southern pine beetle [JParentaguits  [T]Pupae & Callow adults
Wz Ovrarvae liBrooo adults
2 2100
52 i
1 I
s
»7 50—
x & B
L) - ] v T ) 1
707 colyoum gripemme (18) -
42 - « *
14 - '/ -
Py R el
T L] T ¥ 1 L] 1 ) L] L
359 Temnochila virescens (33)
£ 2 . .
- o - =
FR— /'\: / \'/:
] iy N /-
E Y T T T | p— T T T T
O 251 Tenebrodes colians (34)
® ] : -
15— — o -
I 5 ] - /: i 0—-"-\.~_ _
s 0 ) - T
- Ll Ll L) ] LI L T v V :
3 - Tenebroges marginatus (10)
21+
7 \ / ~ \/

3 12 15
DAYS
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Hemiptera: Anthocoridae

Scolopscelis mississippensis (Drake and Harris) and
Lyctocoris elongatus (Reuter) (Hemiptera: An-
thocoridae), predators of bark beetle eggs and larvae
(Fronk, 1947; Moore, 1972), were similar in their
spatial distribution but differed in sequence of arri-
val. Peak catch of S. mississippensis occurred during
the day 4-12 interval; thereafter, trap catch remained
at a low but constant level (Figure 20). The total
male:female ratio was 1:0.71; however, within the 30
days of trapping there were changes in the predomi-
nance of one sex or the other. During the first 12 days
males were most abundant (1:0.53) followed by a
predominance of females for the next 12 days
(1:4.29), then another switch for the last 6 days
(1:0.55). Peak catch of L. elongatus occurred during
southern pine beetle mass attack, days 10-18, and
days 25-30. The total male:female ratio was 1:1.23.
Also, only females were trapped during the first
peak, a 1:2.50 ratio for the second, and only females
again for the third. Both anthocorids were most
abundant on the middle to upper traps (Figure 21).

Camors and Payne (1973) reported S.
mississippensis was most abundant on the fourth day
with none trapped after the eighth day. The
male:female ratio was 1:0.55. The apparent difference
in the results presented here and those of Camors
and Payne (1973) may be explained in part by the
numbers trapped (623 vs. 20, respectively) as well as
the fact that their data was collected only at a 1.4m
height.

Diptera: Dolichopodidae

Peak catch of the Medetera spp. (Dolichopo-
didae), dipteran bark beetle predators (Moser et al.,
1971), occurred during the first 6 days of southern
pine beetle mass attack, a period when adult bark
beetles were predominant. Thereafter, trap catch de-
clined and remained at a low constant level (Figure
22). The total male:female ratio was 1:10.40. How-
ever, through the 30-day trapping period the pre-
dominance of females declined such that the
male:female ratio was 1:5.37 for days 28-30. Spatially,
the Medetera spp. also exhibited differences in sex
ratio. On the lower bole females were predominant
(1:20.83) but much less so on the upper bole (1:7.83).
Overall, the dolichopodid flies were most abundant
on the lower and upper traps with the least number
caught at mid-bole (Figure 23).

Lonchaeidae

The Lonchaea sp. (Diptera: Lonchaeidae) was
most abundant during days 13-21, a period when
immature southern pine beetles were prevalent (Fig-
ure 22). Peak catch of the lonchaeid fly was greatest
on the Im and 2m traps (Figure 23). Reid (1957) ob-
served that L. corticeus Taylor was a predator of Ips
spp. and Moser et al. (1971) reported a Lonchaea sp. as
a probable predator, which suggests the lonchaeid
fly in this investigation may prey upon scolytids,
particularly ambrosia beetles, which were also con-
centrated on the lower bole.
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Stratiomyidae

A Zabrachia sp. (Diptera: Stratiomyidae) was
most abundant during days 15-30 (Figure 22). The
1m-4m traps accounted for over half of the trapped
stratiomyids (Figure 23). Other stratiomyid flies have
been reported as scavengers feeding on insect larvae
under bark or parasitic on southern pine beetle lar-
vae (Clausen, 1972; Dixon and Osgood, 1961) which
suggests the Zabrachia sp. may function in a similar
manner.
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southern pine beetle development. Total number trapped on 7
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. Parasites
Hymenoptera: Braconidae and Pteromalidae

In this investigation, several hymenopterous
parasites were attracted to the bark beetle-infested
trees and, with a few minor differences, were found
to exhibit similar aggregation and spatial distribu-
tion.

Peak catch of Coeloides pissodis Ashmead
(Braconidae) was during days 16-18, a period when
larval southern pine beetles were most abundant
(Figure 24). Heydenia unica Cook and Davis
(Pteromalidae), Dendrosoter sulcatus Ashmead, and
Spathius pallidus Ashmead (Braconidae) were trapped
in greatest numbers when late larval and pupal bark
beetles were abundant. Similar results were reported
by Berisford et al. (1971) on the earlier arrival of C.
pissodis on bark beetle-infested trees in comparison to
other scolytid parasites.

The total male:female ratios for the parasites
trapped were 1:3.19 (C. pissodis), 1:85.50 (D. sulcatus),
1:85.00 (S. pallidus), and 1:21.16 (H. unica). It was also
found that males, although distinctly ‘trapped in
lesser numbers, increased in numbers shortly before
peak trap catch of each parasite. The male:female
ratios were 1:1.83 for C. pissodis, 1:74.28 for D. sul-
catus, 1:71.00 for S. pallidus, and 1:15.25 for H. unica
when based on trap catches ca. 1 week before peak
arrival occurred. Camors and Payne (1973) reported
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Figure 25. Height distribution of C. pissodis, D. sulcatus, H.
unica, and S. pallidus on bark beetle-infested trees during
southem pine beetle development. Data from 7 trees.

sex ratios of 1:9.05, only females, 1:617.00, and
1:385.00 for the four parasites respectively.

C. pissodis, D. sulcatus, and H. unica were trapped
in greatest numbers on the upper half of the tree bole
while S. pallidus was most abundant at mid-bole
(Figure 25). Several reports have suggested that bark
thickness may determine the distribution of para-
sites (Ryan and Rudinsky, 1962; Ashraf and Berry-
man, 1969) in that bark beetle parasites typically drill
through the bark and deposit their eggs in or next to
the immature hosts; thus, parasitism in thick-barked
regions would be restricted to bark crevices. In this
investigation, the apparent capability of the parasites
to utilize bark crevices rather than being restricted to
the higher, thin-barked regions, due to relatively
short ovipositors, may have accounted for the large
numbers trapped on the lower bole of the beetle-
infested trees.

Eurytomidae and Torymidae

The remaining, most commonly trapped scolytid
parasites were Cecidostiba dendroctoni Ashmead and
Rhopalicus pulchripennis (Crawford) (Pteromalidae), a
Eurytoma sp. (Eurytomidae), and Roptrocerus eccop-
togastri (Torymidae). All four parasites were trapped
in greatest numbers during the late larval and pupal
stages of the southern pine beetle (Figure 26). Female
parasites predominated as with the previously dis-
cussed parasites. The total male:female ratios were
1:60.33 (C. dendroctoni), all females (Eurytoma sp.), all
females (R. pulchripennis), and 1:2.84 (R. eccoptogastri).
Male C. dendroctoni were most abundant (1:43.50)
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Figure 27. Height distribution

of C. dendroctoni, Eurytoma sp.,

R. puichripennis, and R. eccoptogastri on bark beetle-
infosted trees during southem pine beetle development. Data

from 7 trees.
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during peak arrival rather than shortly before.
Female R. eccoptogastri were predominant during
days 1-15 (1:37.75); thereafter, males increased until
on days 28-30 they were predominant (1:0.40).
Camors and Payne (1973) reported only females for C.
dendroctoni and a 1:3.66 ratio for R. eccoptogastri. A
similar switching of male and female abundancy of
R. eccoptogastri during arrival on bark beetle-infested
trees was also noted by Camors and Payne (1973).

C. dendroctoni and R. pulchripennis were most
abundant at mid-bole as was the Eurytoma sp., except
for a sudden increase in trap catch on the 12m trap
(Figure 27). Again, utilization of bark crevices to get
sufficiently close to host bark beetles may have ac-
counted for the considerable numbers trapped on the
thick-barked regions. R. eccoptogastri was not so lim-
ited by bark crevice utilization, in that it enters bark
beetle galleries to parasitize its hosts. R. eccoptogastri
were caught on all traps but there was a slight in-
crease on the upper traps.

Associates
Coleoptera: Nitidulidae
Colopterus niger (Say) and C. unicolor (Say) (Cole-
optera: Nitidulidae) were attracted to the bark
beetle-infested trees. The Colopterus spp. exhibited
similar spatial distributions but were distinctly dif-
ferent in their sequence of arrival (Figures 28 and 29).
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Figure 28. Sequence of arrival of C. niger, C. unicolor,
Elaterid sp. (A), and S. muticus to bark beetle-infested trees
during southern pine beetle development. Total number
trapped on 7 trees ( ).



Peak catch of C. niger was during days 1-6, while C.
unicolor was trapped in greater numbers during days
22-30. The 1m-5m traps accounted for the greatest
numbers of both nitidulids. Nitidulids typically live
under bark, as well as other habitats, feeding on fer-
menting juices and sap (Hatch, 1962; Arnett, 1973).

Elateridae

Several elaterid beetles were caught on the sticky
traps of bark beetle-infested trees. Peak arrival of an
unidentified elaterid sp. (A) was during the 4-12 day
interval and again 12 days later (Figure 28). It was
trapped predominantly on the upper half of the tree
boles (Figure 29). Overgaard (1968) reported that two
elaterid species, which were also trapped in this in-
vestigation but at very low numbers, were probable
bark beetle predators, although a scavenger nature is
more likely. Elaterid sp. (A) and the other click bee-
tles identified in this investigation may function in a
similar manner. '

Cucujidae

One of the six cucujids trapped was Silvanus
muticus Sharp. The cucujid was trapped in greatest
numbers during the latter 15 days, a period when
immature bark beetles were prevalent (Figure 28).
Spatially, S. muticus was most abundant on the
1m-3m traps, 6m-7m traps, and 10m-11m traps, and
none were caught on the 4m and 9m traps (Figure
29). Other identified cucujid species (Appendix Ta-
ble) were reported as parasites of cerambycids and
braconids or predators of woodborers and bark bee-
tles (Chamberlin, 1939; Moser et al., 1971; Arnett,
1973).

Cerambycidae

Acanthocinus obsoletus Oliv. (Coleoptera: Ceram-
bycidae) was trapped in greatest numbers after the
cessation of southern pine beetle mass attack and
was trapped predominantly at lower to mid-bole
(Figures 30 and 31). Recently killed trees were found
to be the most suitable hosts for the cerambycid
(Baker, 1972).

Curculionidae

Cossonus corticola Say (Coleoptera: Cur-
culionidae), a scavenger under the bark of bark
beetle-killed trees (Baker, 1972), was not trapped dur-
ing the first 3 days, but thereafter it was caught in
increasing numbers (Figure 30). Spatially, the cur-
culionid was most abundant on the lower half of the
tree bole with the 3m trap catching the greatest
number (Figure 31).

Anobiidae

Petalium spp. (Coleoptera: Anobiidae) typically
live in the bark or corky tissues of pines and
hardwoods (Ford, 1973). Although no arrival peak
was apparent (Figure 30), P. bistriatum (Say) was
trapped in greater numbers (66) on the bark beetle-
infested trees compared to the control trees (8) which
suggests dead and dying pines provide optimal hab-
itat. The 6m-12m traps caught the majority of the
arriving anobiids (Figure 31).
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5o - Throscidae
tAcanthocinus obsoletus
. - - Peak catch of a Trixagus sp. (Coleoptera: Thros-
30— - , cidae) was during the day 13-24 interval, a period
= , / - - when immature bark beetles predominated (Figure
10— / _\ 4 - /\:,__. - 30). Spatially, greatest trap catch for the throscid was
D S W : .'\. = on the 1m and 2m traps (Figure 31). Generally, thros-
b B N Cossons corticota cids live in soil litter and under the bark of dead and
. ~ - dying trees (Yensen, 1975). The larvae are probably
w9 ~ i —is carnivorous (Arnett, 1973).
o —s Hymenoptera: Eupelmidae
O 37 N—s In this investigation, an undescribed
S T T T T T T T T Arachnophaga sp. (Hymenoptera: Eupelmidae)’® was
e - Petanm bstiatum - found to be attracted to the bark beetle-infested
X 15— . _ trees. The eupelmid was most abundant during the
- SN - day 16-27 interval (Figure 32). Known hosts of other
1 - - :\:/!"': - - TN Arachnophaga spp. include braconids, several
571 TN - lepidopteran families, and chrysopids (Allen, 1962;
as— 7 T T T T Muesebeck et al., 1951)-
4 Trixagus sp. Scelionidae, Bethyliidae, Diapriidae
- - - - Other hymenopterans found to be attracted to
_ - bark beetle-infested trees were Gyron (Scelionidae),
7 T\ N - Parasierola (Bethyliidae), and Psilus (Diapriidae)
- - NN species. Peak arrival of the scelionid was during the
1 23 4 56 78 9 10N first 9 days of bark beetle infestation (Figure 32).
HEIGHT (meters) Spatially, it was most abundant at mid- to upper bole

(Figure 33). Hosts that have been recorded for Gyron

Figure 31. Height distribution of A. obsoletus, C. corticola, P. Spp. were pr edominantly hemipterans (Muesebeck

bistriatum, and Trixagus sp. on bark beetle-infested trees dur-
ing southern pine beetle development, Data from 7 trees.
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et al., 1951). The Parasierola sp. arrived in peak num-
bers during the day 4-6 interval and again during
days 19-21. Trap catch of the bethyliid was greatest
on the upper half of the tree bole. Parasierola spp.
parasitize immature Diptera, Lepidoptera, and Col-
eoptera (Clausen, 1972). The Psilus sp. was trapped
predominantly during the day 27-30 interval and was
most abundant on the lower half of the tree bole.
Generally, immature Diptera are hosts of diapriids
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(Clausen, 1972). In addition, a Psilus sp. was reported
parasitic on a lonchaeid fly (Bedard, 1938).
Formicidae

Several ant species (Hymenoptera: Formicidae)
were commonly associated with the monitored trees.
Most abundant were Crematogaster ashmeadi Mayer,
Hypoponera opacior (Forel), and Solenopsis picta Emery.
Chamberlin (1939) observed that ants were probably
the only predaceous Hymenoptera of importance so
far as bark beetles were concerned. One of the most
efficient groups of predaceous ants is the genus Sol-
enopsis (Clausen, 1972). In this investigation, S. picta
was most abundant during the day 1-12 interval, a
period when southern pine beetle adults predomi-
nated (Figure 34). Similarly, C. ashmeadi and H.
opacior were trapped in the greatest numbers during
this period, although trap catch of H. opacior in-
creased again during days 18-24. All three formicids
were predominantly trapped from lower to mid-bole
(Figure 35).
Chrysididae

Peak catch of a Ceratochrysis sp. (Hymenoptera:
Chrysididae) was during the first 9 days of trapping
(Figure 36) and was most abundant on the lower to
mid-bole traps (Figure 37). Overgaard (1968) re-
ported a chrysidid was commonly associated with
the southern pine beetle-attacked trees. Chrysidids
typically parasitize vespoid and sphecoid Hymenop-
tera (Clausen, 1972).

Platygasteridae

A Platygaster sp. and Leptacis sp. (Hymenoptera:
Platygasteridae) were trapped on the bark beetle-
infested trees. The two parasites, although distrib-
uted similarly on the tree boles, differed in their se-
quence of arrivals (Figures 36 and 37). The first was
trapped predominantly during the day 7-15 interval,
while peak catch for the latter was on days 25-30.
Both parasites were trapped in greatest numbers on
the upper six traps. Leptacis spp. parasitize larval
cecidomyiids but nymphal Hemiptera are hosts of
Platygaster spp. (Askew, 1971).

Sphecidae

Peak arrival of a Nitela sp. (Hymenoptera:
Sphecidae) was during the last 15 days of trapping
(Figure 36). Most of the wasps were trapped on the
lower tree bole (Figure 37). Members of Nitelini typi-
cally provision their nests with small Hemiptera or
spiders (Borror and Delong, 1973). Generally, these
wasps construct burrows in trees, although they
often construct their nests in the deserted galleries of
woodboring insects (Pate, 1934).

Braconidae and Ichneumonidae

Peak catch of Atanycolus ulmicola (Hymenoptera:
Braconidae) was during days 25-30 (Figure 38).
Spatially, the parasite appeared to be trapped
primarily at mid-bole (Figure 39). The total
male:female ratio was 1:2.21. However, the parasite
was trapped in greatest numbers on nearby control
trees (125 versus 48 on the infested trees), and these
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were predominantly males (1:0.07). Atanycolus spp.
parasitize cerambycids and buprestids usually, al-
though some scolytids serve as hosts (Bushing, 1965).

Two unidentified ichneumonid spp. (A & B) and
Cenocoelius nigrisoma (Rohwer) (Braconidae) were also
trapped on the bark beetle-infested trees (Figures 38
and 39). C. nigrisoma was most abundant during the
day 22-30 interval, and greatest trap catch was at
mid-bole. Peak arrival of ichneumonid (A) was dur-
ing the 13-25 day period, while ichneumonid (B) was
most abundant after day 7. Both ichneumonids were
caught in peak numbers on the 4m-6m and 10m
traps. Braconids and ichneumonids exhibit a wide
host range including Lepidoptera, Coleoptera, and
Hymenoptera (Clausen, 1972).

Control Trees

The importance of recognizing the dynamic
community structure of a bark beetle-infested tree is
emphasized by the control tree trap catches. Species
diversity of bark beetle-infested trees was >2.6 X
that of the control trees. Average total catch of species
n per control tree was ca. 20 percent of the bark
beetle-infested tree. Overall, ca. 81 percent of the
species were caught on control trees at levels <0.10
the beetle-infested tree numbers (Table 1).

Most of the species utilize resources under tree
bark as immature and mature life stages which
suggests that control tree trap catches were indicative

of adult insects searching for potential hosts-
habitats. Further research is necessary to clarify the
role trees uninfested by the southern pine beetle may
have in the distribution of associate insects.

CONCLUSION

The sequence of arrival and spatial distribution
of insects attracted to trees infested initially by the
southern pine beetle were monitored for a period of
30 days. Total number of species was large (>150),
and thus the potential of a multitude of temporal and
spatial patterns existed; however, this was not found
to be the case. Overall, several trends were evident
for the sequence of arrivals and spatial distributions
of the many insects attracted to bark beetle-infested
trees (Figures 40 and 41).

Temporal Patterns

Predaceous insects aggregated on the trees dur-
ing one of two intervals. Adult predators commonly
associated with the southern pine beetle (e.g., T.
dubius, Medetera spp., and S. mississippensis) arrived
during the first 15 days, the period of peak adult
southern pine beetle abundancy. Other predators,
preying on immature bark beetles and other prey,
aggregated primarily during days 15-30, the second
interval. Many of these insects are small and of an
elongated cylindrical or flattened body shape and are
thus well suited for entering and foraging within

TABLE 1. RELATIONSHIP OF INSECT SPECIES AND NUMBERS CAUGHT ON CONTROL TREE STICKY TRAPS TO INSECTAN

CATCHES ON BARK BEETLE-INFESTED TREES?

HEMIPTERA DIPTERA HYMENOPTERA
Factor? Specdies Factor  Species Factor  Species
0.41  Lyctocoris elongatus 0.10 Medetera spp. 0.98  Atanycolus ulmicola
.09  Scolopscelis mississippensis .02 Zabrachia sp. 01 Cecidostiba dendroctoni
COLEOPTERA COLEOPTERA :gg g:‘gfj:‘s’szf,ﬁ.’s'
Factor  Species Factor  Species 06 Crematogaster ashmeadi
09  Aulonium ferrugineum .20  Leptacinus paurumpunctatus 897 g"d;'; ‘:u: suleatus
.01  A. tuberculatum .01 Molamba sp. .‘18 H rydenia unpi;m
.52 Colopterus niger .35  Petalium bistriata '10 Hey ra opacior
.02 C. unicolor .25  Pityophthorus annectans .08 m pact
12 Colydium nigripenne 32 P. bisulcatus B L P
.01 Corticeus glaber .02 Platypus flavicornis '29 Nitela P-
.09 Cossonus corticola .10  Platysoma parallelum : SP-
.05  Platygaster sp.
01 Crypturgus aluctaceus .01  Plegaderus spp. 51  Psilus s
11 Cylistix attenuata .22 Priocera castaneum '03 Ro trocel;ts eccoptogastri
02 C. cylindrica 26  Temnochila virescens 4 Soomomes micta 3
.01  Dendroctonus frontalis 20  Tenebroides collaris '01 s tho}’ P". »
.19 Gnathotrichus materiarius .21  T. marginatus ’ patiius patiidus
.25  Hylastes tenuis .02  Thanasimus dubius Total No. spp. = 58
.24 Hypothenemus (pubescens) 50  Triplex festiva XE Acrc')npgo -1
.06 Ips avulsus .30  Trixagus sp. )
2.65 I calligraphus .16  Xyleborus ferrugineus
01 I grandicollis 34 X pini
04  Lasconotus pusillus .36  X. saxeseni

.08 L. referendarius

1Control trees (n = 5) were not bark beetle-infested.
X No. of a spediesicontrol tree

= factor value.
X No. of a speciesibark beetle-infested tree







Spatial Patterns

Spatial distributions of associate insects arriving
on bark beetle-infested trees are characterized by
four patterns: 1) lower bole, 2) mid-bole 3) upper
bole, and 4) uniform. Ambrosia beetles (e.g.,
Xyleborus spp., P. flavicornis) were trapped on the
lower bole, an area advantageous for fungus gardens
due to proximity of root systems and soil water.
Parasites (e.g., C. pissodis, D. sulcatus) were most
abundant at upper bole. Others aggregated at mid-
bole (e.g., S. pallidus, C. dendroctoni). Bark characteris-
tics and host abundance, as well as other factors, may
bear on these distributions, particularly in that at the
upper bole several host ranges overlap (e.g., south-
ern pine beetles and Ips spp.). Predators appeared to
congregate in a similar manner as the parasites, i.e.,
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DYNAMICS

preferred prey abundance and habitat requirements
may have affected their spatial distribution. Various
species dominated at the lower bole (e.g., C. cylin-
drica), mid-bole (e.g., T. virescens), upper bole (e.g.,
A. ferrugineum), and uniformly (e.g., P. parallelum).

The colonization of a southern pine tree by
southern pine beetles initiates a dynamic interaction
of associate insects and tree resources in a remark-
ably short period of time. In less than 30 days after
the first southern pine beetle landed on a tree, over
150 species of insects were also intimately involved
in the utilization and ultimate degradation of the re-
sources of the tree and its inhabitants (Figure 42).
The complexity of this ecosystem is worthy of future
in-depth investigation.
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Figure 42. Interrelationship of food and habitat requirements of insects attracted to bark beetle-infested trees.
Hosts as indicated in literature; others specified only as entomophagous on other arthropods.
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Appendix

APPENDIX TABLE. IDENTIFIED AND TABULATED INSECT ASSOCIATES OF
BARK BEETLE-INFESTED TREES

ORDER, FAMILY,

ORDER, FAMILY

SPECIES ROLE® ABUNDANCE™ SPECIES ROLE ABUNDANCE
HEMIPTERA 7801 (Unidentified)  Do. 1
Aradidae 7802 (Unidentified) Do. 1
Aradus sp. Sap/fungus feeder in decaying Scydmaenidae
pine 1 Euconnus sp. Scavenger under bark and leaf
Anthocoridae litter 1
Lyctocoris elongatus Predator of bark beetles 1 Orthoperidae
(Reutex:) Molamba sp. Predator under bark/
Scolopscelis Adults and nymphs predator scavenger 3
mississippensis of immature and mature bark Trogositi
. gositidae
Drake and Harris beetle under bark 3 Corticotomus parallelus ~ Adult and larva predator of
Melsh. immature and mature bark
c%tfigim beetles and woodborers 1
Pinacodera limbata Predator under bark 1 Tertochila virescens Do !
Dejean - ,
Stenolophus lineola Predator under vegetational Tegbr' oxde)s collaris Do. 1
Fab. detritus ! T. marginatus (Palisot  Do. 1
Tachyta pavicornis Predator under bark 1 de Beauvois)
Notman T. nanus (Melsh.) Do. 1
Histeridae A
Abraeus sp. Do. 1 Cleridae .
Cylistix attenuata LeC.  Adult and larva predator of Chariessa pilosa (Forst.) f:::‘latt:;‘: m:nl::fx‘::tg;rf
immature and mature bark beetles, woodborers, and
beetles under bark//scavenger. 3 others over-under bark 1
C.. cylindrica (Paykull)  Do. 4 Cregya oculata (Say) Do. 1
Hister sp. Do. ! Cymtodera undulata Do. 1
Platysoma parallelum Do. 3 (Say)
LeC. Phyllobaenus pallipennis  Do. 1
Plegaderus spp. (2?) Do. 3 Dejean
Staphylinidae Priocera castanea Do. 1
Aleocharinae sp. Predator (parasite) of (Newman)
coleopterans and dipterans Thanasimus dubius (F.) Do. 4
under bark//scavenger. 2 Tillus collaris Spin. Do. 1
Leptacinus Predator of bark beetles under Elateridae
’(Jg;,r;l‘:‘nq‘ualnfm"s barkllscavenger. 2 Anchastus signaticollis ~ Adult and larva predator of
(Germar) arthropods under bark/
Nacaeus tenellus Do.? 1 scavenger 1
Erichson Athos sp. Do. 1
7803 Elaterid sp. (A) Do. 1
Glyphonyx sp. Do. 1
2Information from: Hopkins (1893); Balduf (1935); Chamberlin (1939); Ed- Lacon impressicollis Do. 1
wards (1949); Craighead (1950); Knull (1951); Muesebeck et al. (1951); Hatch (Say)
(1957, 1962, 1965, 1971); Krombein (1958); Thatcher (1960); Bushing (1965); . e
Stone et al. (1965); Krombein and Burks (1967); Bright (1968); Overgaard Menalotus ignobilis Do. 1
(1968); Franklin (1969); Askew (1971); Moser et al. (1971); Baker (1972) Melsh.
Clausen (1972); Moore (1972); Amnett (1973); Deyrup (1975); Yensen (1975); Melanotus sp. Do. 1
bﬁ' aighead (1950). Eucnemidae
elative Abundance: 1 = 1- 100
Arve Abuncance 2= 101- 500 Dirhagus triangularis Predator of arthropods under
3= 501- 1,000 (Say) bark 1
4= 1,001- 5,000 i
5= 5001 10,000 Dirhagus sp. Do. 1
6 = 10,001 Throscidae
“Total Number = 110,022. Trixagus sp. Scavenger under bark and leaf
dcall number of voucher specimens. litter/predator 1



APPENDIX TABLE. (Continued)

ORDER, FAMILY,

ORDER, FAMILY

SPECIES ROLE ABUNDANCE SPECIES ROLE ABUNDANCE
Buprestidae Mordellidae
Chrysobothris floricola Woodborer/fungus feeder 7806 (Unidentified) Scavenger under bark//
Gory under bark 1 predator? 1
Biphyllidae 7807 (Unidentified) Do. 1
Diplocoelus rudis LeC.  Fungus feeder under bark 1 Tenebrionidae
Erotylidae Corticeus glaber (LeC.)  Predator of bark beetles under
Triplax festiva Fungus feeder under bark 1 bark//scavenger/fungus feeder 4
LaCordaire Anobiidae
T. flavicornis (LeC.) Do. 1 Petalium bistriatum Bark and woodborer 1
T. frontalis Horn Do. 1 (Say)
Sphinidae Bostrichidae
Sphindus sp. prob. Do. 1 7808 (Unidentified) Woodborer 1
americanus 7809 (Unidentified) Do. 1
Cucujidae Cerambycidae
Carthartosilvanus Predator of arthropods under Acanthocinus obsoletus  Woodborer 1
imbellis (LeC.) bark 1 (Oliv)
Catogenus rufus (F.) Parasite of cerambycids and Monochamus titillator  Do. 1
braconids under bark 1 (F.)
Nausibus clavicornis Predator of bark beetles under Xylotrechus undulatus  Do. 1
(Kug.) bark//scavenger 1 (Say)
Silvanus muticus Sharp  Do. 1 Xylotrechus sp. Do. 1
7804 (Unidentified) Do.? 1 Chrysomelidae
7805 (Unidentified) Do. 1 Metachroma luridum Root feeder 1
- (Oliv.)
Nitidulidae ,
Colopterus niger (Say)  Sapfeederl//scavenger under Pa;’%bm‘:hy s alticola Plant feeder 1
bark 1
C. unicolor (Say) Do. 2 Anthnb'ldae 4 bark feed
Colydiidae Eu{;ca);xit:s')mannoreus Fungus and bark feeder 1
Aulonium ferrugineum  Predator of bark beetles and .
Zimm. woodborers under bark/ Piesocorynus sp. Do. 1
scavenger/fungus feeder 2 Curculionidae
A. tuberculatum LeC. Do. 3 Auletobius cassandrae Scavenger under bark/
Colydium lineola Say Do. 1 (LeC.) woodborer 1
C. nigripenne LeC. Do. 1 Cossonus corticola (Say) Do. 4
Lasconotus pusillus Do 2 Pissoides nemorensis Consumer of phloem food
LeC. ' Genmar supply 1
L. referendarius Zimm. Do, 4 Pachylobius picivorus Bark and root feeder 1
' e ’ (Germ.)
Pycnomerus sulcicollis Do. 1
LeC. Platypodidae
Cerylonidae Platypus flavicornis (F.)  Fungus feeder under bark
Cerylon castaneum Say  Do. 1 (ambrosia) 4
. Scolytidae
Endomychidae Crypturgus aluctaceus Consumer of phloem food
Danae testaceae Zieglar  Fungus feeder under bark 1 ’zpchwgal:—z supply P 4
Coccinellidae Dendroctonus frontalis  Do. 6
Diomus amabilis (LeC.) Predator of scale insects on Zimm.
conifers 1 Dendroctonus terebrans  Do. 1
Chilocorus sp. Do. 1 (Oliv.)
Cycloneda sanguinea L.  Do. 1 Gnathotrichus Fungus feeder under bark
Oedemeridae materiarius (Fitch) (ambrosia) 4
€ .
Hylastes t ich. C f phl food
Oxycopis notoxoides (F).  Scavenger under bark, leaf ylastes tenuis Eic s:;\;;;,mer of phioem £00 1
. litter 1 Hypothenemus sp. near  Do. 1
Anthicidae pubescens
Anthicus sp. Scavenger under bark// Ips avulsus (Eich.) Do. S
predator? 1 I. calligraphus (Germ.)  Do. 1
Euglenidae I. grandicollis (Eich.)  Do. 3
Cnopus impressus Do. 1 Pityophthorus Do. 1
(LeC.) annectans (LeC.)
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APPENDIX TABLE. (Continued)

ORDER, FAMILY,

ORDER, FAMILY,

SPECIES ROLE ABUNDANCE SPECIES ROLE ABUNDANCE
P. bisulcatus (Eich.) Do. 1 Pteromalidae
P. pulicarius Zimm. Do. 1 Cecidostiba dendroctoni  Deo.
Xyleborus ferrugineus Fungus feeder under bark Ash.
(F.) (ambrosia) 2 Heydenia unica Cook Do.
X. pini Eich. Do. 2 & D?vis
X. saxeseni (Ratz.) Do. 1 Rhop;xl;'cys ) Do.
pulchripennis
Xyleborus sp. Do. 1 (Crawford)
DIPTERA Eurytomidae
Sciaridae Eurytoma sp. Do.
Bradysia sp. Fungus feeder under bark 1 Evaniidae
Stratiomyidae Hyptia sp. Parasite of cockroaches
Zabrachia sp. Scavenger under bark/ Diapriidae
predator 4 ; . .
Psilus sp. Parasite of lonchaeid and
Empidae dolichopodid flies
Euhybus sp. neard Scelionidae
gentivus Melander Calotela sp. Parasi -
(undescribed) Do. 1 aloteia sp aras§te of form'mds
Syndas polita (Loew) Do 1 Gyron sp. Parasite of hemipterans
3{" po ' 4 (Loe ) Macrotelia sp. Parasite of orthopterans
Dolichopodidae Predator of immatu d Platygasteridae
Medetera sp. mr:mi: ll;:rk 'l;‘ee?!esrgvfe,:'- Amitus sp. Parasite of hemipterans and
under bark 6 dipterans
Phorid Leptacis sp. Parasite of dipterans
oridae
P . .
Dorniphora sp. Scavenger under bark/ latjfgt'zsler P Do
predator? 1 Chrysididae
. Ceratochrysis sp. Parasite of vespoid and
Lonchaeidae -
Lonchaea sp. Scavenger under bark/ sphecoid hymenopterans
predator 3 Bethylidae
Parasierola sp. Parasite of scolytids,
HYMENOPTERA cerambycids, lepidopterans
Braconidae Formicidae
Atanycolus ulmicola Parasite of woodborers 1 Camponotus sayi Emery ~ Scavenger over-under bark//
(Vier.) redator
P
Cenocoelius nigrisoma Parasite of bark beetles and Crematogaster ashmeadi  Do.
(Rohwer) woodborers 2 Mayer
Coeloides pissodis Parasite of bark beetles 4 Crematogaster sp. Do.
(Ash.) Cryptopone gilva Do.
Dendrosoter sulcatus Do. 3 {Roger)
Mues. Hypaponera opacior Do.
Doryctes sp. Parasite of bark beetles and (Forel) wm
. . woodborers 1 Pheidole sp. Do.
Spathius pallidus Ash.  Deo. 4 Proceratium croceum Do.
Syntretus sp. Parasite on adult (Rover)
ichneumonids? 1 Solenopsis picta Emery  Do.
ld;:;:'(‘gn'l:aetiﬁ d) Parasite of bark beetl Mutillidae
nidentifie arasite of bark beetles ;
T Lomachaeta sp. Parasite on hymenopterans,
A) ' ‘ woodborers and lepidopterans 2 coleopterans, dipterans
7809 (Unidentified) Do. 1 -
(B) Pompilidae
Eupelmidae Ageniella sp. Prey on spiders
Arachnophaga sp. Parasite of bark beetles, Sphecidae
braconids? 1 Ampulex ferruginea Prey on hemipterans,
Lutnes sp. Do. 1 Braley coleopterans, dipterans,
Torymidae hymenopterans, spiders
Roptrocerus Parasite of bark beetles 6 Nitela sp. Do-
of bark bee .
eccoptogastri (Ratz.) Trggozgdon carinatum Do.
ay
T. sp. inrufidens group  Do.
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