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I. INTRODUCTION

The pine engraver bectles (Ips spp.:Colcoptera:Scolytidae) may be
serious pests depending on certain prerequisite conditions. 1In their
secondary or 'mormal' role they breed in slash and damaged, dying, and
dead trees. The broods emerging from these sources normally attack
similar material. When such material is scarce due to cessation of
cutting operations in mid-season or when conditions are especially
favorable for brood development, an excess of beetles is often produced
which, due to the lack of more suitable material, attack healthy trees.
Repeated attacks cause these trees to succumb and die. When normally
healthy trees are weakened by fire, flood, defoliation, drought,
stagnation, etc., then they become more acceptable host material for
successful engraver attacks. When the production of a very large
number of beetles in "normal" breeding material coincides with physiolog-
ical stress in "healthy' trees, then population explosions can occur.
When large numbers of beetles and low host vigor do not coincide,
spot kills commonly occur. According to Thatcher (32), spot kills,
although not conspicuous, add up to large volumes of timber loss each
year.

The spot kills are usually scattered small groups which usually
makes salvage unfeasible. Control of Ips spp. is difficult due to their
sporadic occurrence, difficulty in recognizing an attack early, and
the high cost of chemical control. In view of such difficulties
foresters will generally have to rely on some form of natural control

augmented by silvicultural practices.



Insect parasites are natural control agents that could possibly
have their effectiveness increased by propef stand management. Before
parasites can be evaluated as control agents, however, their role as
parasites of Ips must be validated and much of their life history
must be learned.

This study was undertaken from March 1965 to June 1968 with the
following objectives:

1. To determine the species of insect parasites attacking

Ips spp. by individual rearing directly from the host.

2. To learn the habits of the parasites.

3. To determine the effect of various natural factors and some

artificial conditions on parasite populations.

4. To evaluate, if possible, the parasites as control agents.



II. LITERATURE REVIEW

There have been few previous studies on parasites of Ips spp. in
the southeastern United States. The various authors who have listed
parasites generally have included few details on life histories or
data which could lead to some evaluation of the potential of parasites
as control agents. The life histories of most of the parasites
confirmed in this study have not been described for species of Ips
found in southeastern United States. Therefore, they are largely an
unknown quantity in Ips population dynamics, especially at endemic
levels. 1In a recent review of parasites of Scolytidae, Bushing (5)
lists 95 references to 22 species of parasites of Ips spp. bark bectles
which normally occur in southeastern United States. Thatcher (32),
lists 23 references to the parasites of the three species normally
infesting southern pines, The number of publications may be misleading,
however, since most are merely references to other publications. Publica-
tions on actual confirmations of parasites are rare. Many "confirmations”
of parasitism are based only on close associations of the parasites
with the bark beetles. In many cases the original authors point
this out but are quoted as making confirmations in references to their
work. For instance Clemens (8) states: "It is impossible to remove
larvae and pupae from a log and keep them for the purpose of rearing
parasites from them. The best that can be done is to place the logs
in cages . . ., catch all insects that emerge, and judge which are

likely to be parasites." However, some subsequent articles cite
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Clemens as confirming parasitism (5,6,25,26,34). The most common

method of "confirmation" appecars to have been rearing from pupae found

in Ips galleries.

The following are the references to parasites of southern Ips spp.

including the parasites found in this study, with notes by this author

indicating if and how confirmations were made, or that they were merely

references to other works.
Ips avulsus (Eichhoff)
Braconidae

Dendrosotor sulcatus Muesebeck

Coeloides pissodis (Ashmcad)

Heterospilus sp.

Eurytomidae

Eurytoma conica Provancher

Pteromalidae

Heydenia unica Cook and Davis

Rhopalicus pulchripennis Crawford

Tomicobia tibialis Ashmead

Torymidae

Roptrocerus xylophagorum Ratzeburg

5 (:':7'\') 5 24(:’::’::’::’:) , 25 (7‘:7’:) s
32(*%), Berisford 1968(%).
Berisford 1968(*) (n.r.).

Berisford 1968(*) (n.r.).

Berisford 1968(-) (n.r.).

3(2), 5(%), 25(%), 26(%%),

Berisford 1968(%*).

Berisford 1968(-) (n.r.).

Berisford 1968(-) (n.r.).

Berisford 1968(~) (n.r.).



Ips calligraphus (Germar)

Braconidae

Coeloides brunneri Viereck

Coeloides pissodis (Ashmead)

Pteromalidae

Tomicobia tibialis Ashmead

Torymidae

Roptrocerus eccoptogastri

(Ratzeburg)

5(%%), 6(¥¥%), 32(*¥*), Chamber-
lin (6) erroneously referred to
Bedard (4) who reported C.
brunneri on the Douglas-fir

beetle, Dendroctonus pseudo-

tsugae. Bushing (5) and
Thatcher (32) referred only to
Chamberlin,

3(?), 5(**), Berisford 1968(%).

3(?), S5(F%), 6(%%), 16(*%),
20(+), 25(**), 26(**), 28(+),

32(%%),

2(a description of species
reared by A. D. Hopkins), 5(¥%),
6(**), 18(a catalog apparently
referring to his own work),

20(+), 25(%%), 26(**%), 32(**).



Liodontomerus sp.

Ips grandicollis (Eichhoff)

Braconidae

Coeloides pissodis (Ashmead)

Dendrosotor sulcatus Muesebeck

Heterospilus sp.

Spathius canadensis Ashmead

Spathius pallidis Ashmead

5(*%), 32(*%*). Formerly
Lochites sp. reported by
Hopkins (18) and later iden-

tified as Roptrocerus

eccoptogastri (Ratz.).

3(?7), 5(*%), Berisford 1968(¥).
Berisford 1968() (n.r.).
Berisford 1968(¥*) (n.r.).
5(+), 6(¥%), 12(+%), 13(+%),
18(a catalog apparently
referring to his own work),

19 (seiir) | 20 (i), 22(5%)

23 (F%), 32(%%),

1(a description of specimens
reared by A. D. Hopkins), 5(*%),
6(**%), 9(¥*), 13(**%), 18(a
catalog apparently referring

to his own work), 19(*%),
23(x%), 25(¥%), 29(xi),

32(**), Berisford 1968(%),



Eurytomidae

Eurytoma conica Provancher

Eurytoma sp.

Pteromalidae

Cecidostiba dendroctoni Ashmead

Heydenia unica Cook and Davis

Rhopalicus pulchripennis Crawford

Tomicobia tibialis Ashmead

Torymidae

Roptrecerus eccoptogastri

(Ratzeburg)

Roptrocerus xylophagorum

Ratzeburg

Liodontomerus sp.

Berisford 1968(*) (n.r.)

Berisford 1968(-) (n.r.)

5(), 6(H%), 200w, 25(k%),
26 (%), 32(%%),

Berisford 1968(*) (n.r.)
Berisford 1968(*) (n.r.)
5(%%), 6(%%), 16(*%), 20(+),
25(%%), 26(*%), 28(+), 32(**),

Berisford 1968(%).

2(a description of species
reared by A. D. Hopkins),
3(?), 5(%%), 6(**), 18(a
catalog apparently referring
to his own work), 20(+),
25(%%), 26 (%), 32(%%).

Berisford 1968(*) (n.r.)

5(%%), 32(%*). Formerly

Lochites sp. reported by

Hopkins (18) and later identi-

fied as Roptrocerus eccopto~-

gastri (Ratz.).



Ips pini (Say)

Braconidae
Bracon sp. S5(%%), 8(?), 34(**).
Cocloides pissodis (Ashmead) Berisford 1968(-) (n.r.).
Coeloides sp. S5(%%), 33(¥%%),
Dendrosotor sulcatus Muesebeck Berisford 196S(-) (n.r.).
Heterospilus sp. Berisford 1968(*) (n.r.).
Spathius pallidis Ashmead Berisford 1968(*) (n.r.).
Spathius sp. 50¥%), 6(4%), 8(2), 34(¥%).
Eurytomidae
Eurytoma conica Provancher Berisford 1968(*) (n.r.).
Eurytoma sp. Berisford 1968(*) (n.r.)
Pteromalidae
?Amblymerus sp. Berisford 1968(*) (n.r.)
Cecidostiba polygraphi Ashmead Berisford 1968(*) (n.r.)
Heydenia unica Cook and Davis Berisford 1968(-) (n.r.)

Rhopalicus pulchripennis (Crawford) 5(¥%), 26(%%), 28(¥#«%),

33 (%), Berisford 1968(%).

Rhopalicus tutela (Walker) S(*%), 26(%F), 33(%%¥),

Berisford 1968(*).

Tomicobia tibialis Ashmead 5(%%), 6(¥%), 16(¥+%), 20(H),

25 (‘.‘c:’:) s 26 (7‘:‘,’:) s 28(-}-) s

Berisford 1968(%).



Torymidae

Roptrocerus eccoptogastri

(Ratzeburg)

Roptrocerus xylophagorum

(Ratzeburg)
Ips spp.
Braconidae
Chelonus sp.

Coeloides brunneri Viereck

Dendrosotor sulcatus Muesebeck

Doryctes sp.

Phanerotoma sp.

Spathius canadensis Ashmead

Eurytomidae

Eurytoma tomici Ashmead

Eurytoma sp.

2(a description of specimens

reared by A. D. Hopkins), 5(¥%),

ently referring to his own work),
20(+), 25(%%), 26(**), 33(adults
collected from Ips galleries),
34(F*) .

5(k%), 15(2), 26(x), 34(),

Berisford 1968(%).

Berisford 1968(-) (n.r.).
5(%%), 30(from Bushing(5)).
5(%%), 24 (F*%¥k), 25(%%),
Berisford 1968(-) (n.r.).
Berisford 1968(-) (n.r.).
5(xr), (), 9(r), 17(),

22(%%), 27(%%).

5(:’::’:) , 26 (7’::’:) , 31 (7':;':) .

5(¥%), 30(from Bushing (5)).



(n.r.)
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Pteromalidae

Cecidostiba burkei Crawford

Heydenia unica Cook and Davis

Rhopalicus pulchripennis (Crawford)

Tomicobia tibialis Ashmead

Torymidae

Roptrocerus eccoptogastri

(Ratzeburg)

5(¢%*%), 30(from Bushing(5)).
Berisford 1968(*) (n.r.).

5(*%), 10(from Bushing(5)).
5(*%), 14(Bushing(5) erron-
eously refers to Furniss (14)

who did not list any Ips para-

sites), 21(+), 26(%%),

5(*%), 30(from Bushing (5)).

(*) Confirmed as Ips parasite by this author (Berisford 1968)

(**) Only a reference to other works

“*¥%) Reared from pupae found in Ips gallecries

wii) Method of confirmation not reported

(+) Confirmed by rearing directly from host

(?) Not confirmed as a parasite, only as an associate

(-) Found as an associate by this author (Berisford 1968)

New record; not previously reported as a parasite of Ips sp.



ITII. METHODS AND MATERIALS

A. Study Area

The study was conducted in Brunswick and Carroll counties which
lie in the piedmont and mountains respectively. The study period was
from March 1965 to June 1968.

B. Mass Rearings

In order to collect large numbers of parasites and their hosts, a
modification of the garbage can rearing technique of Clark and Osgood (7)
was used. Fibre drums 14 inches in diameter and 27 inches high were
used. Holes were cut at the base of each drum to accomodate a glass
jar which provided a light source and allowed easy collection of the
emerging arthropods. A cardboard ramp was placed in each drum to
facilitate movement of arthropods into the jars. Ventilation was
provided by blowers attached to central air ducts with openings for each
drum to which was attached a length of plastic tubing extending to the
drum. Each drum was provided with an air outlet and both the inlet
and outlet tubes were covered with fine mesh plastic screening to
prevent escape of the arthropods.

Infested log bolts were placed in the drums and emerging arthro-
pods collected from the glass jars. Arthropods were counted and
preserved in alcohol for future identification. Ips beetles were
counted, a sample retained and sent to specialists for verification

of the species and the remainder discarded. After emergence stopped,

- 11 -



the bolts were removed from the drums and bark thickness and
circumference at each end were recorded. All arthropods remaining
in the drums were handled in the previously described manner.

During the summer of 1965, Ips infested material was brought into
the laboratory and placed in the rearing drums. A number of parasites
of Ips beetles werc collected from slash and standing trees.

C. Individual Rearings

Experiments showed that best success in confirming Ips parasites
by rearing directly from the host resulted from peeling the bark from
infested material and placing each larva or pupa in a number four gelatin
capsule. Individuals which were obviously parasitized, i.e. had
parasite larvae attached or appeared abnormal in any way were placed
inside a larger number 000 gelatin capsule in addition to the number
four capsule. A note was placed in the capsule explaining the condition
and location of the larva or pupa when found. A total of 19,546
larvae and 7,378 pupae were handled in this manner during the study.
After encapsulation the larvae and pupae were placed in a chamber
maintained at 27° C. Although there was considerable mortality of
both hosts and parasites resulting from mechanical injury during
removal, dessication, and starvation, there was sufficient'survival
to confirm parasitism and provide adequate series for identification.

In the spring of 1966, investigations were begun to determine
which parasites were present, the overall rate of parasitism of Ips

spp., and the relative numbers of parasites in relation to the

following:



(1)

(2)

(3)

(4)

(5)

(6)

(7)
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Species of Ips - The species encountered in this study were Ips

avulsus (Eichhoff), I. calligraphus (Germar), I. grandicollis

(Eichhoff), and I. pini (Say).
Species of host tree - Infested material was examined from loblolly

pine, Pinus taeda L.; white pine, Pinus strobus L. (1967 only); and

Virginia pine, Pinus virginiana Mill. (1967 only).

Level in tree - All data were taken separately for each six foot
section of trees. Each section was cut into four 18 inch bolts.
Alternate bolts were peeled for individual rearings and placed

in rearing drums, respectively.

Standing vs felled trees - Infested standing loblolly pines were
collected whenever possible and compared with felled trees.

Bark thickness - Bark thickness of each bolt placed in rearing drums
was measured with a bark gauge at each end and in the center and
averaged. The relationship to rate of parasitism was examined by
linear regression.

Number of emerging adult Ips - The average number of adult Ips
from rearing drums per square inch of bark surface was determined
and also examined by a regression analysis.

Age of Ips infestation - Initial infestations of Ips beetles were
created at four locations by felling pairs of trees which became
naturally infested. The infestations at the sites were maintained
by removing only one member of each pair of trees for study and

leaving the other to maintain the populations of Ips beetles and
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(9)

- 14 -

their parasites. As each generation of Ips matured, another

pair of trees was felled to provide fresh material for attack.
Location of parasites in Ips galleries - In order to determine
parasite habits, during 1967 all encapsulated Ips larvae and pupae
which were obviously parasitized were labeled indicating the
location as Ips nuptial chamber, egg gallery, larval gallery, or
pupal chamber. All pupated parasites were recorded as being free,
or pupated in the larval or pupal remains of Ips. Ips larvae or
pupae with parasite larvae attached were so designated.,

Time of year - The date was recorded for all material collected.
Also the generation of Ips . was noted in the continuous infestation

described in item seven.



IV, RESULTS
The findings from the study are described in the following
paragraphs according to the outline in the methods and materials
(Section III).

Species of Ips and Host Trees. The species of Ips encountered

in this study were Ips avulsus(Eichhoff), Ips grandicollis (Eichhoff),

Ips calligraphus (Germar), and Ips pini (Say). The different species

of Ips were usually associated with a specific type of host material,

Felled loblolly pine yielded only Ips grandicollis in significant

numbers; occasionally, a few Ips avulsus were recovered, but they
never comprised more than two percent of the total. Thus the felled
loblolly pines were considered to contain pure infestations of Ips

grandicollis, Only three standing loblolly pines were collected; two

of these were infested with Ips avulsus and one with Ips calligraphus.

The three standing white pines collected were infested with Ips pini.

" Virginia pine slash was infested with Ips grandicollis but no parasites

were recovered. The numbers and species of parasites recovered from
the different tree hosts are shown in Table I.

The rates of parasitism and parasite species for each Ips
species could not be directly compared due to the different types of
host material and the different physiographic provinces from which
material was collected. The loblolly pines were collected in

Brunswick Couniy, Virginia, which lies in the lower Piedmont, The

- 15 -
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eastern white pine was collected in Carroll County, Virginia, which
lies in the mountains. The rate of parasitism for Ips in different
host material for 1967 is shown in Figures 1-7. The 1966 data was
not graphed, but is shown in Appendix Tables I-XII. Some parasites
were typically associated with either loblolly pine or white pine,
but it could not be determined if this was due to the Ips species
involved, the tree host, or the physiographic province in which they
were found.

Level Within Host Tree. The species and numbers of parasites

recovered from different tree levels are shown in Appendix Tables
XXX-XXXXV. The rates of parasitism for 1967 are shown in Figures 1-7.
Several of the parasites appeared to be confined to the upper levels
of trees in loblolly pine, but two of the most abundant parasites,

Tomicobia tibialis and Roptrocerus xylophagorum, were common at all

levels.

Standing vs Felled Trees. This comparison could not be made

statistically due to the large amount of variation in rates of parasitism.
The sample for the standing loblolly pine consisted of only three

trees. The different species of Ips infesting the host material

probably made comparisons of the species recovered invalid, but data

in Table I indicate that the parasite complexes are similar. The

rates of parasitism may be seen by comparing Figure 6 with Figures 1-5.



Bark Thickness., The effect of bark thickness on rate of

parasitism was examined by a regression analysis. Regressions were
calculated using the data from the felled loblolly pine consisting of
162 observations. Bark thickness was the independent variable and the
dependent variable was percent parasitism (transformed to the arc sine).
A regression calculated using total percent parasitism at each six

foot level, (calculated from numbers of emerging adults), showed no
correlation with bark thickness, giving a coefficient of determination
(rz), of 0.0454. A regression using only those species known to
oviposit through the bark also produced no correlation with an r2 value

of only 0.0865. 1In spite of this lack of correlation, Eurytoma conica,

Heydenia unica, Rhopalicus pulchripennis, Rhopalicus tutela, Dendrosotor

sulcatus, Spathius pallidis, Coeloides pissodis, and Heterospilus were

usually found in the upper bole of loblolly pine.

Number of Emerging Ips Adults. In order to determine if heavy

Ips populations attracted proportionately more parasites than light
infestations, a regression was calculated for felled loblolly pines
using the average number of adult Ips emerging per square inch of bark
surface at each six-foot level and percent parasitism (transformed to
the arc sine). The analysis showed no correlation (r2=0.1277) between
Ips density and the rate of parasitism as calculated from numbers of

emerging adults.
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Age of 1lps Infestation. Of the four plots established in 1966

using felled loblolly pines to maintain Ips infestations, only one
maintained a continuous infestation during 1966 and 1967. This small
sample indicated there was no appreciable change in total parasitism
(Figure 8), and no change in species or relative abundance except

as influenced by the numbers of Ips infesting the trees (Figures 9 and
10). The Chalcidoid parasites were nearly absent at low Ips popula-

tion levels.,

Seasonal Abundance and Parasite Habits. The location of parasite

larvae and pupae in Ips galleries was recorded during the individual
rearings in gelatin capsules to gain some information on the habits of
the parasites. This data is summarized in Tables II and II1. Habits

of the four most common parasites in felled loblolly and standing white
pine are compared in Figures 11-14, The numbers of parasites recovered
for different collection dates are shown in Figures 15-18 in an attempt
to determine seasonal abundance. The data are expressed as a percentage
of the total number of parasites to compensate for varying Ips
populations. Each of the Ips parasites confirmed in this study are
discussed in the follouwing pages.

Eurytoma conica Provancher (Hymenoptera:Eurytomidae)

Hosts: Phloeosinus dentatus (Say), Hypothenemus dissimilis (Zimmer-

man), (Bushing 5). Ips avulsus (?), Ips grandicollis, Ips pini,

Pityogenes hopkensii (Swain) (?7)%.

% A number of Pityogenes hopkensii were reared from white pine.
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Eurytoma conica larvae were found attached to both an Ips

larva and pupa (Tables II and III), but also was found disassociated
from Ips as both larvae and pupae, indicating that they may detach
from the host before pupating or possibly attack more than one host.
The pupae were usually found in Ips pupal chambers, indicating that
they attack late instar larvae or pupae after the pupal chamber is
nearly complete. The remains of an Ips larva was never found near the
pupated parasite. E. conica, with one exception, was found only in
the upper bole of loblolly pines. Oviposition was not observed but
probably occurs through the bark since only the relatively thin-barked
white pine had parasitism throughout the tree. E. conica was rare

in loblolly pine but was fairly common in white pine (Table I),

and probably contributed significantly to the parasite complex. It
was present in low numbers in felled loblolly pine at each sample

date except June 10 and July 10 at one location, and responded weakly
to changes in host density (Figure 9).

Eurytoma sp. (Hymenoptera:Eurytomidae)

Hosts: Ips calligraphus

One Eurytoma sp. was confirmed on an Ips grandicollis larva in

felled loblolly pine (Table II).
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Heydenia unica Cook and Davis (Hymenoptera:Pteromalidae)

Hosts: Dendroctonus frontalis Zimmerman, Dendroctonus obesus

(Mannerheim), Dendroctonus simplex LeConte, Ips avulsus

(Eichhoff), Orthotomicus latidens (LeConte), Phloeosinus

dentatus (Say), Phloeosinus sequoiae Hopkins, Phloeosinus taxodii

Blackman, Pityogenes knechteli Swaine, Pityophthorus burkei

Blackman, Polygraphus poligraphus Linnaeus, Scolytus rugu-

losus (Ratzeburg), Pissodes strobi (Peck) (Bushing, 5),

Ips grandicollis,

Heydenia unica was fairly common in loblolly pine, but almost

absent in white pine (Table I). It appeared to be confined to the
upper levels of the bole, indicating that it probably oviposits
through the bark. H. unica was confirmed as a parasite in 1966 but
the habit data showed it found only as free larvae or pupa in Ips
pupal chambers (Tables II and III). It was present at each sample
date in 1966 except September 14, and was absent in April and May
collections in 1967 but present in all later collections, (Figures
11-14). The data from the continuous generations (Figure 9) show
that H. unica appeared to respond weakly to changes in host density,
showing a decline in numbers after an initial rise, while host numbers
continued to rise.

Roptrocerus xylophagorum Ratz. (Hymenoptera:Torymidae)

Hosts: Ips confusus (LeConte), Ips pini (Say), Orthotomicus caelatus

(Eichhoff), Phloeosinus dentatus (Say), Polygraphus poligraphus
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Linnaeus, Scolytus guadrispinosus Say, Scolytus rugulosus

(Ratzeburg), (Bushing 5). Ips avulsus (?), I. calligraphus,

I. grandicollis.

R. xylophagorum was the most common parasite recovered from

loblolly pine infested with I. grandicollis. Reid (28) reported that

adults were found moving over Ips infested lodgepole pine slash and
ovipositing from late June to early August in Alberta, Canada. 1

foud it present in every sample with peak numbers occurring in mid-
July (Figures 11 and 13). Reid (28) stated that some may overwinter as
pupae or larvae, but most appear to overwinter as adults. He also
found adults within Ips galleries and observed one female in an egg
gallery, ovipositing through an egg-niche plug into the larval gallery.

I frequently observed R. xylophagorum females entering Ips galleries

but did not observe oviposition. The larvae of R. xylophagorum appear

to attack late instar Ips larvae and often detach from their host
before pupation as they were frequently found pupated within Ips
pupal chambers and frequently found divorced from any Ips larvae or

larval remains (Figures 15-18). In one instance, two R. xylophagorum

appear to attack late instar Ips larvae and often detach from their
host before pupation as they were frequently found pupated within

Ips pupal chambers and frequently found divorced from any Ips larvae

or larval remains (Figures 15-18). 1In one instance, two R. xylophagorum
adults were reared from the same host. It was also the most common

parasite reared from Ips pupae (Table IV), but it is not known if it
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were attached to a larva which pupated or had sought out the pupa

and attacked it. R. xylophagorum was abundant in all levels of trees,

apparently not influenced by bark thickness. R. xylophagorum appeared

to be potentially the most effective parasite studied because it
responds quickly to changes in host density (Figure 9), is not limited
by bark thickness, attacks both larvae and pupae, possibly attacks
more than one host since it is frequently found alone in Ips galleries
and is apparently mobile enough to seek out hosts in all parts of Ips
galleries.

Rhopalicus pulchripennis Crawford (Hymenoptera:Pteromalidae)

Hosts: Conophthorus lambertianae Hopkins, Dendroctonus monticolae

Hopkins, Dendroctonus sp., Ips pini, Ips sp., Orthotomicus sp.,

Pityogenes sp., Polygraphus poligraphus Linnaeus, Polygraphus

sp., Scolytidae, Scolytus piceae (Swaine), Scolytus sp.,

Culindrocopturus eatoni Buchanan, Cylindrocopturus furnissi

Buchanan, Cylindrocopturus sp., Pissodes sp., Pissodes strobi

Peck, Coeloides dendroctoni Cushman, (Bushing 5), Ips avulsus (?),

Ips grandicollis.

I observed R. pulchripennis ovipositing through the bark on white

pine. R. pulchripennis was common in both white pine and loblolly

pine (Table I). It was present at each collection in 1966, (Figure 11),

but was absent from several collections for 1967 (Figure 13), and showed

no definite seasonal abundance. R. pulchripennis did not show any
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marked response to changes in host density and did not appear to conform

to the seasonal activity of Roptrocerus xylophagorum as reported by

Reid (28). Taylor (31) reported that R. pulchripennis most commonly
emerged in June on the white pine weevil and that they might have a
second generation on the weevil in one season.

Rhopalicus tutela (Walker) (liymenoptera:Pteromalidae)

Hosts: Dendroctonus piceaperda Hopkins, Ips pini (Say), Scolytidae,

Pissodes strobi (Peck). (Bushing 5). Ips grandicollis.

Rhopalicus tutela was one of the two most abundant parasites recov-

ered from white pine, was nearly absent from felled loblolly and com-
pletely absent from standing loblolly pine (Table I). Adults were
observed ovipositing through the bark of Ips infested white pine

but it was not determined if eggs were laid directly on Ips larvae.
No seasonal data was obtained for R. tutela since there were only two
collection dates for white pine and it was abundant on both dates and
in all levels (Appendix Tables XXXXII-X{XXTII). Forty seven percent
of R. tutela larvae were found attached to Ips larvae, and the remaining
larvae were free, either in Ips larval galleries on pupal chambers
(Figure 17). A few pupae, (8%), were found with the remains of their
hosts, But the majority were free in Ips pupal chambers (Figure 18).
These data indicate that the parasite normally leaves its larval

host before pupating and possibly attacks one host then seeks out

another to complete its development, because it is doubtful that an Ips
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larva with the parasite attached could complete its larval develop-
ment and excavate a pupal chamber before succumbing.

Dendrosotor sulcatus Muesebeck (Hymenoptera:Braconidae)

Hosts: Dendroctonus frontalis Zimmerman, Ips avulsus (Eichhoff),

Ips sp. (Bushing 5). 1Ips grandicollis, Ips pini (?).

In this study D. sulcatus was one of the four most abundant
parasites recovered from felled loblolly pine. Only one specimen
was reared from white pine, however. It was generally confined to the
upper levels of the bole, and was present in every sample taken but
was most abundant in May, August, and September (Figs. 12 and 14).
D. sulcatus appeared to be sensitive to changes in host density
(Fig. 10). D. sulcatus larvae do not spend all their time attached
to a single host larva as they are often found free in Ips larval
galleries and pupal chambers (Fig. 15). The pupae, however, are
almost always found associated with the remains of hcst larvae
(Fig. 16), suggesting that they may attack more than one host.

D. sulcatus was also recovered from Ips pupae (Table IV), but is
probably not an important pupal parasite.

Spathius pallidis Ashmead (Hymenoptera:Braconidae)

Hosts: Dendroctonus frontalis Zimmerman, Ips grandicollis (Eichhoff),

Chrysobothris femorata (Olivier), (Bushing 5) Ips pini.

Spathius pallidis was reared from felled loblolly and white pine

but was absent in standing loblolly (Table I). S. pallidis usually

found only in the upper bole of loblolly pine. Only twelve specimens
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were reared from white pine but some of these were from the lower bole.
Of the S. pallidis 1larvae reared in gelatin capsules during 1967,

94% were attached to Ips larvae and the remaining 6% were found free
in Ips pupal chambers (Fig. 15). These were probably larvae which were
preparing to pupate since a large proportion of the pupae were found
associated with Ips larval remains and some found in pupal chambers
free from Ips remains (Fig. 16). S. pallidis was always present except
in July 1967, with peak numbers recovered in late August 1966 and Mid-
April 1967. 1t generally made up a small proportion of the parasite
complex. §. pallidis did not appear to respond to host population
changes (Fig. 10).

Cocloides pissodis (Ashmead) (Hymenoptera:Braconidae)

Hosts: Dendroctonus frontalis Zimmerman, Ips calligraphus (Germar),

Ips grandicollis (Eichhoff), Pissodes nemorensis Germar,

Pissodes strobi (Peck), (Bushing 5), Ips avulsus.

No biological information for Coeloides pissodis on Ips was found;

however Taylor (31) reported one generation per year on the white
pine weevil with emergence peaks occurring in mid-June to mid-July
and late July to August in Massachusetts. Taylor also reported that
some overwinter in cocoons and emerge the following spring. I
reared C. pissodis from each of seven continuous generations of Ips

grandicollis in loblolly pine during 1966-1967. The highest recovery

occurred during June and July in 1966, and in the overwintering genera-

tion collected in March, 1967 (Figures 12 and 14). However, it was
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present only in very low numbers in 1967. C. pissodis larvae attack
Ips larvae and remain attached until they complete development, usually
before the Ips larvae excavates a pupal chamber (Figure 16). Pupation
usually occurs within the remains of the host.

Oviposition occurs through the bark, thus C. pissodis is limited
mostly to the upper bole, although limited oviposition sites might occur
in furrows in the bark of the lower bole. I did not recover C. pissodis
from the lower 12 feet of any loblolly pines. C. pissodis was not found
to parasitize Ips pupae. The searching and oviposition habits of the
female were observed to be very similar to that of C. brunneri as
reported by Ryan and Rudinsky (29).

Tomicobia tibialis (Hymenoptera:Pteromalidae)

Hosts: Dendroctonus pseudotsugae Hopkins, Ips calligraphus (Germar),

Ips confusus (LeConte), Ips grandicollis (Eichhoff), Ips oregonis

(Eichhoff), Ips perroti Swaine, Ips pini (Say), Ips sp.,

Orthotomicus caelatus (Eichhoff), Pityophthorus puberulus

LeConte, Pityophthorus pulchellus Eichhoff, Scolytidae adults

(Bushing 5), Ips avulsus (?).

Reid, (28), reported some habits of T. tibialis on Ips pini and

Ips perroti as follows: 'During the spring flight of Ips, a small
hymenopteran, ..., T. tibialis, was observed following an Ips adult
moving over the back prior to making its entry hole. The parasite
periodically attacked the bark beetle and with great speed and rapid
movement of its ovipositor attempted to deposit eggs either on or

within the beetle. In the fall, many of the dead Ips adults found in
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main galleries, the parents of the brood, contained Tomicobia pupae,
each occupying the entire abdominal and thoracic cavities. The pupa
overwintered in the host, emerging as an adult in the spring by cutting
a round hole through the elytral declivity or posterior ventral portion
of the abdomen." Hopkins (21) reported the same habits. I reared

T. tibialis from all types of host material infested with Ips and
recovered one fully developed pupa from 117 dead I. pini adults removed
from the egg galleries. Although adults of T. tibialis were collected
from the trunks of Ips infested white pine, oviposition on Ips adults
was not observed. T. tibialis appears to be rather ineffective as an
Ips population regulator since the beetles are apparently able to
construct egg galleries and lay eggs. The effect on egg gallery
length, number of eggs, etc. is unknown, however. It was not present
in two white pines collected June 27, 1967, but was common in one
collected on August 7. It was found throughout the season in loblolly
pines (Appendix Tables XXX-XXXXV).

Heterospilus sp. Haliday (Hymenoptera:Braconidae)

Hosts: Ips avulsus, I. grandicollis, I. pini

This species was one of the four most abundant parasites reared
from white pine (Table I), but was absent or present only in low

numbers in felled loblolly pines. Heterospilus larvae were commonly

found attached to Ips larvae and occasionally to pupae but many were
also found free (Fig. 17). The parasite pupae,however, were usually

found pupated near the remains of the host larvae (Fig. 18).
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Heterospilus was abundant throughout the boles of the two white pine
trees collected June 27, but was absent in one collected August 7
(Appendix Tables XXXXII-XXXXIII), indicating that it may not be
available as an Ips control agent for part of the season.
Cecidostiba polygraphi Ashmead (Hymenoptera:Pteromalidae)

Hosts: Polygraphus poligraphus Linnaeus (Bushing 5), Ips pini.

Cecidostiba polygraphi was the most abundant parasite reared from

white pine and was absent from all loblolly pine sampled (Table I).
It was present on both sample dates in large numbers. It was reared
as both a larval and pupal parasite but was most common on larvae
(Fig. 17). C. polygraphi pupae were usually found free from larval
or pupal Ips remains and were most often found in Ips larval galleries,
indicating that they may attack early instar larvae, (Fig. 18). This
species was also observed to oviposit through the bark. It appears
to be capable of exerting strong influence on Ips populations as it
was present in large numbers at the initiation of the Ips infestation.
This single species contributed nearly one-third of the individuals
in the white pine parasite complex.
?Ambylmerus sp. (Hymenoptera:Pteromalidae).

A few males were identified by Dr. Oswald Peck as ?Ambylmerus
but he stated that females were needed for positive identification.
A key to the nearctic Chalcidoidea parasitizing Ips spp. provided by
Dr. Peck was used and several obviously different parasites were keyed

out as ?Ambylmerus. These later proved to be at least three families
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of Proctotrupoidea but have not yet been identificd to species. Two
of the male specimens originally identified as ?Amblymecrus were found
attached to Ips larvae and one found as a free pupa in an Ips pupal
chamber (Table II). No preference for a particular area of the bole
was shown by these insects.
Parasitism of ;Eé Pupae

The species of parasites confirmed as Ips pupal parasites are
shown in Table 1V, The ratc of confirmed pupal parasitism was very
low (Table V). Parasitism at this low rate is probably insignificant
but the large numbers of parasite pupae found in Ips pupal chambers
suggests the possibility that the parasite larva may have so completely
destroyed the Ips pupa that no trace could be found since the Ips
pupa does not have any heavily sclerotized parts such as the larval
head capsule which normally remains after the larva is consumed by the

parasite.
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Table II. Location and Habits of Individually Reared Ips spp. Parasites from Felled Loblolly Pine.
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Location and Eurytoma Eurytoma Heydenia ?Amblymerus sp. Roptrocerus Dendrosotor Spathius Coeloides Hetero-
Habit conica sp. unica xy lophagorum sulcatus pallidis pissodis spilus sp.
Attached to Ips 2 14 2 16 11
larva
Attached to Ips 1
pupa
Free larva in Ips 22 1 2
larval gallery
Free larva in Ips 3 12 30 2 1
pupal chamber
Pupated in Ips 6 83 3 12 4
larval remains
Free pupa in Ips 2
egg gallery
Free pupal in Ips 1 41 1
larval gallery
Free pupa in Ips 3 1 2 1 123 4 1 1
pupal chamber
Free adult in Ips 8 1
pupal chamber
Total 7 1 14 3 247 94 21 26 4
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Table III. Location and Habits of Individually Reared Parasites from White Pine.

Location and Eurytoma Heydenia Roptrocerus Rhopalicus Rhopalicus Cecidostiba Spathius Heterospilus sp.
Habit conica unica xylophagorum  pulchripennis tutela polygraphi pallidis

Attached to Ips 1 10 7 42 18
larva
Attached to Ips 1 8 5 1
pupa
Free larva in Ips 15 5 63 1 15
larval gallery
Free larva in Ips pupal 50 1 3 48 8
chamber
Pupated in Ips larval 36 5 5 4 36
remains
Free pupa in Ips 2

egg gallery

Free pupa in Ips 4 14 101 4
larval gallery

Free pupa in Ips 7 1 7 2 42 80 5 7
pupal chamber

Free adults in Ips 5 6 1 42 132 6
pupal chamber

Total 14 1 94 4 118 478 10 9%
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Figure 1. Percent parasitism of Ips, based on observed parasitism
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Figure 2. Percent parasitism of Ips, based on observed parasitism
or parasitism indicated by parasite location (solid
lines) and percent parasitism calculated from numbers
of emerging adults (broken lines) in three felled
loblolly pines. Collected June 10, 1967.
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Figure 3. Percent parasitism of Ips, bascd on observed
parasitism or parasitism indicated by parasite
location (solid lines) and percent parasitism
calculated from numbers of emerging adults
(broken lines) in two felled loblolly pines®*.

© Collected July 10, 1967
[ Collected July 20, 1967

100

80 * /

Percent Parasitism

20

1

~ 7/
_.::_;J_‘i -z ’9
0-6 6-12 12-18 18-24 24-30 30-36 36-42 42-48 48-54 54-60

Height in feet



- 40 -

Figure 4. Percent parasitism of Ips based on observed parasitism
or parasitism indicated by parasite location (solid
lines) and percent parasitism calculated from
numbers of emerging adults (broken lines) in two
felled loblolly pines*,
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Figure 5. Percent parasitism of Ips based on observed parasitism,
or parasitism indicated by parasite location (solid
lines) and percent parasitism calculated from numbers
of emerging adults (broken lines) in two felled
loblolly pines*.
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Figure 6. Percent parasitism of Ips infesting standing
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Figure 7. Percentages of Ips based on observed parasitism or
parasitism indicated by parasite location (solid
lines) and percent parasitism calculated from
numbers of emerging adults (broken lines) in three
standing white pines¥*

© Collected June 27, 1967
[ Collected June 27, 1967
A Collected August 14, 1967
No larvae or pupac dissected out of next two
levels.

100}

90;

80~

70

40~

Percent Parasitism

301

207

10

O 1 1 | 1 i

0-6 6-12 12-18 18-24 24-30
Height in feet



- 44 -

Figure 8. Total percent parasitism for seven continuous
Ips generations at one location on felled
loblolly pine. (Percentages calculated from
numbers of emerging adults).
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Numbers of Chalcidoid parasites recovered from felled
loblolly pines at one location for seven consecutive

Ips generations and corresponding Ips population
density.
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10. Numbers of Braconid parasites recovercd from felled
loblolly pines at one location for seven consecutive

Ips generations and corresponding Ips population
density.
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Figure 11. Seasonal abundance of Chalcidoid Ips parasites in

Percentage
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12, Seasonal abundance of Braconid Ips parasites in

felled loblolly pines for 1966, (Each species

expressed as a percentage of the total parasites
recovered).
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Figure 13. Seasonal abundance of Chalcidoid Ips parasites in
felled loblolly pines for 1967. (Each species

expressed as a percentage of the total parasites
recovered),
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Figure 14. Seasonal abundance of Braconid Ips parasitcs in

Percentage

80

70

60

50

40

30

20

10

1

felled loblolly pines for 1967. (Each species
expressed as a percentage of the total parasites
recovered).

Dendrosotor sulcatus
Spathius pallidis
__ Coeloides pissodis
Heterospilus sp.

L A

.
o~ 0
2,\,,—,'.”.’7 o r Vs e TN

[ ' - s 1 - ~=3 e pran e
4/16 5/9 6/10 7/10 7/20 8/7 8/21
1 1 3 1 1 2 2
tree tree trees tree tree trees trees

Collection date



- 51 -

Figure 15. Percentages of larvae of the four most common
parasites individually rearcd from felled
loblolly pine found in different locations in
Ips galleries.
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Figure 16. DPorcentages of larvae of the four most common
parasites individually reared from white pine
found in different locations in Ips galleries.
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Figurc 17. Percentages of pupae of the four most common
parasites individually reared from felled
loblolly pine found in different locations
in Ips galleries.
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Percentage of pupae of the four most common

parasites individually rcarcd from whitc pine
found in different locations in Ips galleries.
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V. DISCUSSION AND CONCLUSIONS

During the course of the study, 26 new host records for parasites
of the southern Ips were determined. This indicates that the complex
of parasites is large but also points out the nearly complete lack of
study of parasites of Ips spp. bark beetles.

The parasites may be strongly oriented to a particular tree species
and their association with a particular Ips species may or may not
be incidental. Although Ips are probably capable of attacking all
types of host material, the parasites present in large numbers on one
tree host may be absent or rare on another, thus the importance of
each parasite must be evaluated separately for each insect host and
each tree host. DelLeon (11) reported that a parasite of the mountain

pine beetle, Coeloides dendroctoni Cushman, parasitized the beetles

attacking three species of pines but did not parasitize the same host
in one other species of pine.

The data show that some parasites appear to be confined to upper
levels of loblolly pine trees. These parasites oviposit through the
bark and are probably restricted by bark thickness since they were
found over the entire bole of the thin-barked white pine. However,
the overall rate of parasitism was generally higher in the upper
levels of all species of trees (Figures 1-7). The attempts to corre-
late parasitism with bark thickness probably failed due to the highly
erratic rates of beetle attack at different levels, and large numbers

of samples with no parasitism at all levels. Although no measurements
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of ovipositor lengths were made, the bark thickness on the lower bole

of loblolly pines was obviously sufficient to preclude oviposition
by those species ovipositing through the bark., Some workers think
that parasites locate hosts by the vibrations produced by the larvae
feeding beneath the bark. Ryan and Rudinsky (29), induced Coeloides
brunneri Viereck oviposition by scratching on the bark with a pin.
Chamberlin (6), reported that some sort of olfactory
attraction is involved, and Wood, et. al. (35) found predators
attracted to compounds in Ips confusus sex pheromones. Bushing (5),
speculated that host specificity may result from the movement of setae
of certain lengths and diameters against gallery walls producing
specific tonal qualities. Thick corky bark could act as "insulation"
and make it difficult for female parasites to locate potential hosts
in the lower bole, but it should have little effect if the attraction
is olfactory since Ips infested trees have numerous holes in the bark
which should permit any odors to escape.

The physiographic province in which the host tree is located may
effect parasites since the different vegetation supports a different
insect complex which could serve as alternate hosts. For instance both

Coeloides pissodis and Rhopalicus tutela are common parasites of the

white pine weevil which is virtually absent in the piedmont of Virginia.
Both of these parasites were recovered from Ips in the piedmont,
however. It is not known if climate was a factor in determining the
parasite complexes, but many of the parasites have been found in very

diverse climates in the United States.
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Although the effect of the density of Ips attack on the parasites
appeared to be neglible, the results cannot be regarded as conclusive
since the sample was small and percent parasitism was calculated from
numbers of emerging adults during the mass rearings.

The effect of a small continuous infestation of Ips maintained
through seven generations during two growing seasons was also
negligible, but this probably cannot be compared with an infestation
of epidemic proportions maintaining itself through several generations,
The reaction of parasites to epidemic populations is virtually unknown
on Ips spp. in the southeastern United States.

The parasites in general failed to show marked periods of abundance;
this may be due to the multivoltine host being present throughout the

season. One notable exception was Roptrocerus xylophagorum which although

present at all sample dates, appeared in very high numbers in July.
However, the rate of Ips infestation was generally higher during
this period also and it responded quickly to changes in host density

(Fig. 9). Also, Tomicobia tibialis and Heterospilus sp. on white pine

were abundant on one collection date and absent on the other,
suggesting definite seasonal activity in the mountains.

The rates of parasitism calculated from numbers of emerging adults
probably does not provide a truly accurate measure of the effect of
parasites on the beetles because once the trees are removed to the
laboratory, they are no longer available to parasites, thus early
instar Ips larvae or even eggs may finally emerge as adults,pro-

ducing a distorted picture of parasitism. Also I believe that the
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drying that occurs in the rearing cans may be more detrimental to
parasites than to Ips beetles. Finally, percentages calculated from
numbers of emerging adults assume that only one host is successfully
attacked by each parasite; these studies suggest the possibility
that more than one host may be attacked. In some cases considerable
discrepancy was observed between parasitism calculated from numbers
of emerging adults and observed parasitism on Ips larvae and pupae
dissected out of infested logs (Figs. 1-7). The observed parasitism
is probably more accurate since it is the confirmed rate of parasitism
at the time of collection and it is not complicated by late-developing
Ips broods. However, some of the differences are due to sampling
different bolts. Although they are adjacent, both parasitism and Ips
density vary greatly at different tree levels. Also the observed
data do not take into account any parasite eggs which may not have
hatched at the time of dissection and some very small parasite larvae
may have been overlooked if they failed to develop into adults in the
gelatin capsules., I believe that the above factors are at least in
part responsible for the erratic results often obtained by workers in
determining parasitism of bark beetles.

This study has succeeded in determining the parasites associated
with Ips in Virginia and provided some information on habits and
seasonal abundance. Future studies are needed to determine the life

histories and habits of the parasites and their specific habitat
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requirements must be known if their effect is to be enhanced by
silvicultural practices. The parasites must be studied both at
endemic and epidemic Ips population levels if their true roles in the
host-parasite complex are to be evaluated. Laboratory studies will be
necessary to determine longevity, fecundity, mating and oviposition
behavior, and the mechanism by which the parasites locate their hosts.
The interactions among Ips. parasites, predators, scavengers, and other
associates will eventually need to be determined before any single
group can be effectively manipulated to provide a higher degree of

bark beetle control.



VI. SUMMARY

Ips spp..bark beetles do not attack and kill large areas of
timber, thus their damage usually results in complete timber loss
because salvage of small groups of trees is usually not feasible,.

Due to their sporadic nature, only silvicultural or integrated control
seems likely.

A study was undertaken in the summer of 1965 to determine the
insect parasites of Ips spp. beetles in Virginia and to learn about
their habits. The work was expected to provide a base for further
studies which ultimately would suggest silvicultural practices to
increase the effectiveness of parasites on Ips populations. Mass
rearings of arthropods from log bolts infested with Ips were made to
determine relative abundance of parasites and hosts, Individual
rearings were made to confirm parasitism and gain some knowledge of
parasite habits. Twelve species of parasites were confirmed on Ips
and two more were found as associates and were suspected of being
Ips parasites.

Data collected on habits indicated that some parasites may be
capable of attacking more than one host. Some parasites showed
definite seasonal abundance while most did not. The effect of continuous
Ips infestation for two years, bark thickness, density of Ips
populations, and species of host tree on parasite abundance and
relative numbers was investigated. Assumptions were made as to their

effect on the rate of parasitism based on the data collected.
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The study has accomplished its primary objective of defining the
parasite complex on Ips spp. infesting loblolly pine in the Virginia
Piedmont and has gathered some information on habits. Also several
parasites along with some of their habits were determined for Ips
pini infesting white pine in the mountains of Virginia.

The preliminary work in this study will provide a basis for future
investigations which will be necessary before control through
silvicultural practices to enhance the regulating effect of parasites
can be effective, A detailed knowledge of the arthropod complex
in Ips attacked trees also will be necessary for effective integrated

control.
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Ips generation number

Numbers of Ips spp. parasites belonging to the Chalcidoidea, rearcd from felled loblolly pines.
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(mass reared-individually reared)
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Ips generation number

Table XXXI. Numbers of Ips epp. parasites belonging to the Braconidae, reared from felled loblolly pine.

one, 1966, (mass reared-individually reared)
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Ips generation pumber

Numbers of Ips spp. parasites belonging to the Chalcidoidea reared from felled loblolly pines,

|Table XXXIV.

Ceneration numder four, 1266 (plot IV). (maes reared-{néivicdually reared),

three, 1966 (plots II, III, IV),
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Table XXXVI. Numbers of lps spp. parasites belonging to the Chalcidoidea reared from felled loblolly pines. Ips generation number one,
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HYMENOPTEROUS PARASITES OF IPS SPP., BARK BEETLES

(COLEOPTERA: SCOLYTIDAE) IN VIRGINIA

by

Charles Wayne Berisford

ABSTRACT

The genus Ips DeGeer (Coleoptera:Scolytidae) cause considerable
mortality of pines each year in the United States. Since these pests
are difficult to detect early and chemical control is generally too
expensive, parasites may provide a feasible method of control., Little
is known about parasites of Ips, however.

This study was designed to identify the Hymenopterous parasites
attacking Ips spp. in Virginia, to learn their habits and life
histories, and to evaluate their potential as control agents.

The study was carried out from 1965 to 1967 in Brunswick and
Carroll Counties, in Virginia, which lie in the Piedmont and Ridge and
Valley physiographic provinces, respectively.

The four species of Ips studied were Ips avulsus (Eichhoff),

Ips calligraphus (Germar), Ips grandicollis (Eichhoff), and Ips

pini (Say). The tree hosts were loblolly pine, Pinus taeda L.,

Virginia pine, Pinus virginiana Mill., and white pine, Pinus strobus L.

Parasites were mass-reared from log bolts infested with Ips spp.
in specially constructed rearing drums. Confirmations of parasitism

were made by removing Ips larvae and pupae from infested logs and
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rearing parasites from them in gelatin capsules. The rate of
parasitism of Ips and the rclative abundance of Ips parasites were
studied in relation to species of Ips, species of host tree, level
in tree, standing vs felled trees, bark thickness, density of Ips
in tree host, age of Ips infestation, location of parasites in Ips
galleries, and time of year.

Thirteen species of Ips parasites were confirmed and 32 new
host records were established on the different Ips species. The
parasite complex in loblolly pine was different from white pine
but it could not be determined if this was due to tree host, Ips
host, or physiographic province. Several parasites were found only
in the upper bole of host trees, suggesting that they may be limited
by bark thickness. The parasite complexes were similar in standing and
felled loblolly pines. No relationship between bark thickness and
rate of parasitism was found and the rate of parasitism appeared to
be independent of the density of Ips emerging from logs. An Ips
infestation maintained for seven continuous generations over a two
year period did not show any appreciable change in relative numbers of
parasites or rate of parasitism.

Data collected on seasonal abundance and habits showed some
parasites to be abundant only for short periods but some others were

abundant at all times. One parasite, Roptrocerus xylophagorum Ratz.

was abundant on all collection dates, It responded quickly to changes
in host density and was found throughout the bole of infested trees.

Most of the parasites appeared to attack Ips larvae. The rate of
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confirmed pupal parasitism was neglible but may be higher than actually

obscrved due to the complete destruction of the Ips pupa by the parasite.
This study pointed up the lack of basic knowledge of Southern

Ips parasites and their life histories, defined the hymenopterous

parasite complex of Ips in Virginia, added 32 new host records for

Ips parasites, gathered information on their life histories and examined

their potential as control agents for Ips spp.
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