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The bark beetle Dendroctonus ponderosae Hopkins (Coleoptera:

Scolytidae) has caused severe mortality in recent decades to young

stands of ponderosa pine in the western United States. Insect para-

sites and predators, believed to be of importance in the population

dynamics of the beetle, were the subject of the thesis research, con-

ducted in eastern Oregon.

An annotated catalog of parasites and predators of D. ponderosae

found in ponderosa pine is given. Parasites encountered were few

both in number of species and relative abundance, and generally were

limited in distribution to the upper boles of infested trees. As a

result, they were considered of little importance as mortality factors.

Medetera aldrichii Wheeler (Diptera: Dolichopodida) was the most

abundant and widely distributed predator collected from infested

ponderosa pine. The coleopteran predators Enoclerus sphegeus

Fabricius, E. iecontei (Wolcott) (Coleoptera: Cleridae) and Temnochila



virescens Mannerheim (Coleoptera: Dstomidae) were found in relatively

low numbers. Other insect species present in sufficient numbers to

Influence bark beetle brood survival, if predaceous, included

Lonchaea sp. (Diptera: Lonchaeidae); Rhizophagus sculpturatus Manner-

heim (Coleoptera: Rhizophagidae); Aulonium longum LeConte (Coleoptera:

Colyiidae); Othnius sp. (Coleoptera: Othniidae); Corticeus sp.

(Coleoptera: Tenebrionidae) and species of Staphylinidae (order

Coleoptera).

Five infestations, representing three distinct levels in a bark

beetle gradation (enzootic, epizootic, decline from epizootic), were

sampled to determine if differences in species composition and abun-

dance of natural enemies existed among infestation levels. No differ-

ences in species composition of known predators nor of the more common

associated insects possibly predaceous in habit were found. M.

aldrichii was the only predatory species to exhibit a significant

numerical (density dependent) response to increasing bark beetle

infestation level. On basis of this attribute and its relative

abundance, this species was considered by far the most important

insect enemy of D. ponderosae in young ponderosa pine.

Results suggest that M. aldrichii, as a natural regulatory agent

of D. ponderosae, exerts little influence in preventing bark beetle

outbreaks in ponderosa pine but may significantly accelerate popula-

tion decline. Since all other predatory insects showed no evident

response to host density increases, their combined influence on bark

beetle broods would be greatest at low population levels.



The spatial distribution of the more common predators within a

given infestation was determined. Density of M. aldrichii was found

to be positively correlated with tree diameter. Analysis of predator

and bark beetle abundance in relation to subcortical moisture of host

trees revealed that M. aldrichii was more susceptible to low moisture

extremes than either the prey or common coleopteran predators. Larvae

of M. aldrichii were not encountered in trees, sampled just prior to

beetle emergence, in which subcortical tissues had dried below the

fiber saturation point. As a result, survival of N. aldrichii and

its effectiveness as a predator would be reduced in individual trees

that dry rapidly and excessivly after bark beetle attack. Although

mature larvae of E. sphegeus, E. lecontei and T. virescens appeared

able to withstand low subcortical moisture extremes, early instar

larvae may be susceptible.

In epizootic bark beetle infestations M. aldrchii occurred in

greatest numbers, shortly after bark beetle attack, in trees with

high prey densities. At the relatively low predator to prey ratios

present in study areas, predation in trees of high prey density could

have done little more than reduce intraspecific competition of bark

beetle brood.
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Parasites and Predators of
Dendroctonus ponderosae Hopkins

(Coleoptera: Scolytidae) in Ponderosa Pine

I. INTRODUCTION

Ponderosa pine (Pinus ponderosa Lawson) occupies over 70 percent

of the commercial forest land in eastern Oregon (Gedney, 1963), and

far surpasses all other species in importance to this region's timber

economy. To date, forest industries have relied almost entirely on

old-growth timber supplies and attention has necessarily been given to

the protection of these resources, with little concern for the protec-

tion of growing stock. With the constant depletion of old-growth trees,

emphasis is being shifted to the protection of immature ponderosa pine

stands, as these stands will be required to help fulfill future wood

product demands.

Young stands of ponderosa pine in recent years have been subject

to attack by the bark beetle Dendroctonus ponderosae1 Hopkins (Cole-

optera: Scolytidae), a species previously associated more commonly

with other pine hosts. Craighead (1925) referred to this bark beetle

as the most destructive species of the genus Dendroctonus Erichson

on the basis of its depredations on western white pine (Pinus monti-

colae Douglas), sugar pine (P. lambertiana Douglas), and lodgepole pine

(P. contorta Douglas). The severe and persistent infestations now

The described bark beetle is the species formerly known as the moun-
tain pine beetle, Dendroctonus monticolae Hopkins. Wood (1963), in
a taxonomic revision of the genus Dendroctonus Erichson, made this
species a synonym of D. ponderosae Hopkins, previously known as the
Black Hills beetle. References to D. ponderosae throughout the
text, unless stated otherwise, are actually D. ponderosae Hopkins
(= monticolae Hopkins).
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occurring in pole-sized ponderosa pine stands in eastern Oregon (Fig. 1),

and other western states, provide testimony of the threat of D. ponder-

osae to this tree species.

Increased activity of D. ponderosae in young ponderosa pine stands

in recent decades has been favored, first, by the drastic reduction in

diversity of stand age structure - resulting from nearly 80 years of

logging - and, second, by the development of very high stand densities

(Fig. 2) due primarily to exclusion of fire, a major natural thinning

agent (Sartwell, 1969).

The need for intensive research on D. ponderosae in association

with ponderosa pine has been recognized (Northwest Forest Pest Action

Council, 1953) and subjects of recent study have included nature of

induced attacks (McCambridge, 1967); silvicultural relationships (Sart-

well, 1964) and-response to volatile attractants (Vita and Gara, 1962;

Pitman and Vita, 1969). However, the parasites and predators present

in infested ponderosa pine and their effect as natural regulatory

agents of D. ponderosae remains to be evaluated.

An annotated list of the parasites, predators, and associated

insects of this bark beetle was published by DeLeon (1934a) and the

biologies of the more important natural enemies have been reported

(Badard, 1933; Cowan & Nagel, 1965; DeLeon, 1935a, b; Hopping, 1967;

Reid, 1957b; Struble, 1942). These studies, however, have either

dealt with bark beetle species other than D. ponderosae or concerned

parasites and predators of the beetle in hosts other than ponderosa

pine. In addition, little information is available with respect to
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Figure 1. Infestation of Dendroctonus pondrose Hnpk. in
young ponderosa pine; Long Lake near Klainath
Falls, Oregon. (U.S. Forest Service photograph).
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Figure 2. A stand of young ponderosa pine, 60-70 years 1d,

typical of the many stands in which Dendroctonus
ponderosae Hopk. is active. (U.S. Forest Service
photograph).



the numerical response of predaceous insects to increases in density

of bark beetle hosts. This aspect of predator-prey relationships is

of primary importance in evaluating the effectiveness of a natural

enemy as a regulatory factor (Solomon, 1949).

In 1965, the presence of several infestations of D. ponderosae,

varying in age and intensity, provided an excellent opportunity to

evaluate parasite and predator associations in second growth ponderosa

pine.

The objectives of the thesis research were as follows:

Catalog the insect parasites and predators of D. ponderosae

in ponderosa pine.

Compare species composition and numbers of parasites and

predators associated with varying levels of D. 22nderosae infestation.

Evaluate the abundance of the more important predators in

relation to diameter of host trees, sapwood moisture levels, and

attack density of D. ponderosae.

4



II. LITERATURE REVIEW

Taxonomy

Hopkins (1909) published a monograph on the genus Dendroctonus

Erichson in which he recognized 24 species. Among those species

described for the first time were D. monticolae, D. jeffreyi and D.

ponderosae. This remained as the only comprehensive work on the genus

until Wood (1963) published his revision, reducing the number of species

to 14. Because of similar anatomical and biological characteristics,

both D. monticolae and D. jeffreyi were synonymized with D. ponderosae.

Hay (1956) successfully crossbred D. monticolae with D. ponderosae,

and Thomas (1965) provided further evidence for the synonymy of these

two forms on the basis of like characteristics of inimature stages. The

validity of D. ponderosae (=jeffreyi) has been questioned by Smith

(1965). He observed differences in the reaction of D. ponderosae

(=leffreyi) and D. ponderosae (=monticolae) to pine-resin vapors and

believes this justifies recognition of sub-species or varieties.

Description of Life Stages

The adult D. ponderosae is a stout, cylindrical bark beetle about

0.55 mm in length (3.7 - 7.5 mm). The young teneral is pale brown

initially but gradually darkens until It is black at maturity. A com-

plete taxonomic description of the adult is provided by Hopkins (1909)

and more recently by Wood (1963).

The egg is small, white and oval (0.5 by 1.0 mm); larvae, except

for the brown sclerotized head capsule, are white to greyish. The pupa

5



resembles the adult and is initially white, changing to pale brown

as it nears maturity. More detailed descriptions of the immature

stages are given by Swaine (1918) and Thomas (1965). Thomas also

provides keys for the separation of larvae of the genus Dendroctonus

from those of 14 other genera of scolytids (1957) and additional keys

for distinguishing among species of larvae within the genus (1965).

The presence of vertical, L-shaped, egg galleries in brood trees

(Fig. 3), has been the most convenient criterion for field identifica-

tion of D. ponderosae in most tree hosts.

Hosts

The hosts most frequently attacked by D. ponderosae are sugar

pine, western white pine and lodgepole pine. Ponderosa pine, limber

pine (Pinus flexilis James) and Jeffrey pine (P. leffreyi Grey, and

Balf.) also provide suitable host material (Chamberlin, 1939; Swaine,

1918).

In reviewing the literature and numerous specimen labels, Wood

(1963) reported that D. ponderOsae, including both previously recognized

species, has been collected occasionally from the following additional

pine hosts: white bark pine (Pinus albicaulis Engelmann), foxtail pine

(P. balfouriana Grey, and Balf.), coulter pine (P. coulteri D. Don),

pinyon pine (P. edulis Engelmann), and single leaf pinyon (P. monophylla

Torr. and Frem.). In addition, Chamberlin (1939) has reported attacks

of D. ponderosae on species of other genera: mountain hemlock (Tsuga

mertensiana (Bong.) Carr.) and Engelmann spruce (Picea engelmanii

Parry).

6
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Figure 3. Vertical egg galleries in ponderosa pine which are
characteristic of Dendroctonus ponderosae Hopk.
(U.S. Forest Service photograph).
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Geographical Distribution

With the synonymy of D. monticolae and D. leffreyi with P..

ponderosae the geographical range of this species now extends from

southern British Columbia and Alberta to the Black Hills of South

Dakota, and south to northern Mexico. Within this region the bark

beetle maybe found throughout the range of its preferred hosts.

Life History and Behavior

A number of investigators have outlined the seasonal history and

behavior of D. ponderosae (Beal, 1939; Blackman, 1931; DeLeon, Bedard

and Terrell, 1934; Evenden, Bedard and Struble, 1943; Hopkins, 1909;

Reid 1958a, b, 1962a, b, 1963; Struble and Johnson, 1955).

The wide distribution of this species accounts for considerable

variation in its life history. Over the greater part of its range,

D. ponderosae is univoltine although females may establish a second

brood in one season (Blackman, 1931; Reid, 1962a). A two year life

cycle at extremely high elevations has been reported (Beal, 1939;

Evenden, Bedard and Struble, 1943). In southern regions there are two

complete generations and often a partial third generation annually.

In addition, one female may establish as many as three broods in a

single season (DeLeon, Bedard and Terrell, 1934).

Sartwell (1964) reported on the life history of D. ponderosae

in young ponderosa pine but mentioned little of its behavior in this

tree species. However, the habits of the beetle as observed during the

1965 season corresponded closely with that reported by Reid (1962a) in

lodgepole pine in southern British Columbia, Canada.

8
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The main flight of D. ponderosae generally occurs in late July or

early August, shortly after the adults emerge from infested material.

These bark beetles usually attack green standing trees but may exist

during enzootic periods by breeding in windfalls and freshly cut logs

(Evenden, Bedard, and Struble, 1943). The female, upon finding new

host material, bores through the bark and begins gallery construction

in the inner bark and outer sapwood. Populations then aggregate on

host trees in response to volatile attractants released by female

beetles in contact with the new host material (Vit and Gara, 1962;

Pitman and Vita, 1969). If the flow of pitch from incised resin canals

is not too copius, the female elongates the gallery vertically. Eggs

are laid in niches cut into alternate sides of the gallery. After

eclosion larvae mine at right angles to the axis of the parent gallery,

often intermingling with those from adjacent parent galleries.

Larvae pass through four instars usually overwintering during the

second and third. The following spring and early summer the mature

larvae cut chambers in the inner bark in which pupation occurs.

Tenerals do not immediately leave brood trees but congregate in large

numbers under the bark until a majority of the individuals reach

maturity, usually by midsummer. The new adults then emerge and fly to

new hosts.

Parasites and Predators

Studies of parasites and predators of D. nderosae have dealt

most often with the beetle in tree species other than ponderosa pine.

Also, since the same natural enemies are known to prey upon many other
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species of western bark beetles, it is in relation to hosts other than

D. ponderosae that much of the biological information has been obtained.

DeLeon, responsible for much of the early investigations of

natural enemies of D. ponderosae, published an annotated list of the

insects found associated with the beetle in lodgepole and white pine in

Idaho (1934), and cataloged the parasites, predators and commensals in

ponderosa, limber and lodgepole pine in Colorado (1939). Notes on the

seasonal history and abundance of most of the important parasites and

predators had previously been reported by Bedard (1933), in conjunction

with studies on the Douglas-fir beetle, D. pseudotsugae Hopkins.

The insect species considered to be important in the natural

control of D. ponderosae in lodgepole, western white, and sugar pine

are listed below:

HYMENOPTERA

Coeloides dendroctoni Cushman

Cecidostiba dendroctoni Ashmead

Cecidostiba acuta (Provancher)

Cecidostiba sp.

Roptrocerus eccoptogasteri (

DIPT ERA

Dolichopodidae: Medetera aldrichii Wheeler

Lonchaeidae: Lonchaea viridana Niegen

Braconidae:

Pteromalidae:

Ratzeburg)
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COLEOPTERA

Cleridae: Enoclerus spegeus Fabricius

Enoclerus lecontei (Wolcott)

Thanasimus undatulus Say (=dubius Fabricius)

Ostomidae: Temnochila virescens chlorodia Mannerheim

Intensive studies on natural enemies generally have been limited

to those species showing the most promise as natural regulatory agents.

DeLeon (1935a) described the life history, behavior and apparent

effectiveness of Coeloides dendroctoni Cushman, the species he con-

sidered to be the most important insect enemy of D. Inves-

tigations on the external and internal morphology of this ectoparasite

also were conducted by DeLeon (1935b). Aspects of the biology of C.

dendroctoni as a parasite of Ips pini and I. perroti in Alberta have

been reported (Reid, 1957a). Ryan and Rudinsky (1962) studied the

biology, habits and factors contributing to the effectiveness of

another species, C. brunneri Viereck, an important parasite of the

Douglas-fir beetle, D. pseudotsugae Hopkins, in western Oregon. Ryan

(1962) described the five larval instars and reported on the develop-

nient of the immature stadia at constant temperatures. Reid (1957a)

briefly reported on the behavior of the pteronialid Roptrocerus

eccoptogasteri Ratzeburg. Recently, Bushing (1965) presented a synoptic

list of the parasites of scolytid species in North America north of

Mexico.

DeLeon (1935b) considered the dolichopodid Nedetera aldrichii

Wheeler to be second in importance as an enemy of D. ponderosae, and
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published on its life history, behavior and morphology. Larvae of

M. aldrichii, predaceous on all immature stages, are also considered

important in the natural control of the Engelmann spruce beetle,

D. engelmanni Hopkins (Massey and Wygant, 1954) and the Douglas-fir

beetle (NcCowan and Rudinsky, 1958). In association with the latter

bark beetle, Hopping (1947) studied the life history of M. aldrichii

in British Columbia, Canada, and Johnsey, Nagel, and Rudinsky (1965)

evaluated the attack habits of the larvae and seasonal emergence

patterns of the adults in western Oregon. Kline and Rudinsky (1964)

described the immature stages. A technique for rearing larvae of

M. aldrichii has been developed by McChehey and Nagel (1966).

Although species of Lonchaea are frequently found in trees killed

by western bark beetles, their biology and feeding habits are little

known. Bedard (1933) reported briefly on the habits of L. corticis

Taylor, considered an important predator of the Douglas-fir beetle in

interior regions. Johnsey, Nagel, and Rudinsky (1965), studying

L. furnissi McAlpine associated with the Douglas-fir beetle in coastal

forests, provided evidence to indicate that this species was not

predaceous upon bark beetle broods.

Special attention has been given predators of the order Coleoptera

because of their relative abundance and aggressiveness plus the fact

that most species are predaceous in both the larval and adult stage.

Boving and Champlain (1920) were probably first to describe the

seasonal history of Enoclerus sphegeus Fabricius. The habits of E.

lecontei (Wolcott) and Thanasimus undatulus Say were also briefly men-

tioned. Person (1940) gave a fairly complete evaluation of E. lecontei
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as a predator of the western pine beetle, D. brevicomis Hopkins, in

California. Struble (l942a) investigated the biologies and life

histories of two important predators in sugar pine: Temnochila

virescens chlorodia Mannerheim and E. sphegeus. Further studies were

undertaken (Struble, 1942b) on the laboratory propagation of these

predators in an attempt to liberate large numbers in the field for

control of bark beetles.

In Alberta, Canada, Reid (1957b, c) studied the habits of both

adults and larvae of E. sphegeus and identified the four larval instars

as found associated with Ips pini and Ips perrotti Swaine on lodgepole

pine slash.

Kline and Rudinsky (1964) provided descriptions and keys to

Immature stages of E. sphegeus, E. lecontel, Thanasimus undatulus, and

Temnochila virescens chlorodia. Cowan and Nagel (1965) delineated

the life histories of six species of Cleridae in western Oregon and

evaluated each as a predator of the Douglas-fir beetle. Special refer-

ence was given to E. sphegeus, E. lecontei and T. undatulus. The

flight and olfactory behavior of Cleridae that prey on the Douglas-fir

beetle has been studied by Harwood and Rudinsky (1966).

Berryman (1966a) noted the development arid behavior of E. lecontei

under laboratory conditions. Factors influencing oviposition and the

effect of temperature on the development and survival of eggs were sub-

jects of further investigation (Berryman, l966b). Recently, Rice (1969)

reported on reponses of E. lecontel and T. virescens chloridia to

olfactory attractants.



II. PROCEDURES

Field investigations were carried out from April until November,

1965, while the writer was employed with the Division of Forest Protec-

tion Research, Pacific Northwest Forest and Range Experiment Station,

in Portland, Oregon. After November, work was continued at Oregon

State University, Corvallis, Oregon.

Study Areas

Five separate infestations of Dendroctonus ponderosae in eastern

Oregon were selected for field investigation. The title given each

area for reference throughout the text and their respective locations

are as follows:

Round Mountain - located at the base of Round Mountain, 12 miles

west of Lapine, Oregon; on the Bend District, Deschutes

National Forest. Elevation: 4500 feet.

Harvey Creek - located in the Harvey Creek drainage, 15 miles

north of Paisley, Oregon; on the Paisley District, Fremont

National Forest. Elevation: 5000 feet.

Long Lake - located on the southwestern side of Long Lake, 10 miles

west of Klamath Falls, Oregon; on Weyerhaeuser Company lands.

Elevation: 4300 feet.

Wilson Creek - located in the Wilson Creek drainage, 10 miles

south of Baker, Oregon; on the Baker District, Wallowa-Whitman

National Forest. Elevation: 4500 feet.

14
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Ebell Creek - located in the Ebell Creek drainage, 15 miles

southeast of Baker, Oregon; on the Baker District, Wallowa-

Whitman National Forest; separated from the Wilson Creek area

by 15 land miles. Elevation: 4800 feet.

The following characteristics were common to each area:

1) ponderosa pine was the dominant tree species; 2) the stands were

pole-sized, with a majority of the trees within the 3 to 14 inch

diameter range; 3) stands were fully stocked, each approximately 60 to

70 years of age; 4) the growth rate of most trees had been appreciably.

retarded. See Appendix I for more specific stand data of the five

study areas.

Catalog of Parasites and Predators

Parasites and predators of D. ponderosae were obtained from both

caged rearings and field sampling of infested ponderosa pine. Material

for mass rearing was collected from the Wilson Creek area in April,

1965, and maintained under laboratory conditions until the following

November. Additional cages were established from bole sections from

infested trees obtained in the Round Mountain area and kept under field

conditions at Pringle Falls Experimental Forest (U.S. Forest Service),

eight miles west of Lapine, Oregon. The following spring, 1966, trees

from the Long Lake area were taken to Corvallis, Oregon, and kept in

the laboratory until the bark beetles emerged.

Two-foot bole sections from currently infested trees (attacked

during summer, 1964), varying in diameter from five to eight inches,

were placed £n cages from which emerging insects were collected
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periodically. Bole sections from trees infested two years before were

also caged to collect insects that would not complete development

until the summer following beetle emergence. In all, the entire

infested boles of eight trees, four containing bark beetle broods and

four containing associated insects of late emergence, were used in the

rearing program.

As a supplement to caged rearings, associated insects were col-

lected from currently infested trees during extensive field sampling

operations for the second aspect of this study. Collections were

made in each study area during the summer, and again in the fall, of

1965.

Species of Cleridae, Ostomidae, and Dolichipodidae, known pred-

ators of immature scolytids, were obtained in the larval stage and

reared individually to adults for verification of tentative larval

identifications. Plastic containers (0.75 x 0.75 x 0.50 inch), with a

square of blotting paper placed in the bottom, served as rearing

chambers. A single bark beetle larva was added to each container

when required and the blotting paper kept moistened until the adults

emerged.

Adult insects collected from the caged rearings were identified

by specialists at the Agricultural Research Service, Beltsville,

Maryland. The Cleridae and Ostomidae were identified by B. D. Cowan,

former research assistant, Department of Entomology, Oregon State

University. Immature individuals of other species were tentatively

identified to family, or genus whenever possible, with the use of avail-

able keys (Peterson, 1959) and descriptions (DeLeon, 1930).
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Mites collected from a few heavily infested bark samples from

Round Mountain and Long Lake were identified by Dr. C. W. Krantz,

Department of Entomology, Oregon State University. No attempt was made

to collect a complete representation of the acarid complex present in

infested trees of all study areas.

Natural Enemies Associated with Different
Levels of Bark Beetle Infestation

Stand Survey

To measure the stocking density and basal area per acre of

infested stands, twenty, 0.01 acre circular plots (23.6 feet in

diameter) were established at four chain (264 feet) intervals within

each area; with the exception of Harvey Creek. Because the infestation

in this locality covered a very small area, the stand cruise was

limited to 14 plots of 0.01 acre, established at one chain intervals

throughout the stand. The diameter of each tree within the plots was

measured to the nearest inch at breast height.

Survey of Tree Mortality Caused by Bark Beetles

To estimate the level of each infestation, all trees killed by

D. pondersae within the cruise plots were tallied. Trend of past

tree mortality was determined from criteria of foliage abundance and

color. These criteria, developed by C. Sartwell, associate entomologist

with the Pacific Northwest Forest and Range Experiment Station,

POrtland, Oregon, were as follows:
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Dead one year (Presently infested) - tree with complete foliage;

needles straw-colored, although the tips of branches may still

contain green-colored needles.

Dead two years - tree with a majority of the foliage remaining;

needles entirely dull red to scarlet.

Dead three years - tree with most needles gone from lower crown;

remaining needles pale red to brown.

Dead four to five years - tree with all but an occasional needle

gone from entire crown; remaining needles gray.

Dead more than five years - tree without needles; bark may be

peeling from upper bole.

Back-dating of killed trees was undertaken during the early

summer of 1965 prior to beetle emergence. All additional trees within

the cruise plots attacked by emerging broods were tallied the following

November.

It should be recognized that the standards used to determine year

of past attack are far from precise. The rate of needle fall varies

to some extent with the position of the dead trees within the canopy,

proximity of neighboring trees and prevailing weather conditions.

These same factors may also influence needle color. However, this

method was useful in providing an estimate of the relative trend of

past killing for comparison with other infestations.



Selection of Sample Trees

Due to variation in the level and size of infestations, two

methods were necessary for selecting trees to sample for..parasites

and predators. In the Long Lake, Wilson Creek, and Ebell Creek areas,

the two currently infested trees in closest proximity to each of the

20 previously designated locations (e.g., survey plot centers) were

selected for sampling. At both the Harvey Creek and Round Mountain

areas, 40 trees, comprising most of those successfully attacked, were

chosen randomly. Sampling was first undertaken during the summer of

1965 prior to bark beetle emergence.

The following November, three months after D. ponderosae adults

had emerged and attacked new hosts, an additional 40 trees per area

were selected. These formed the basis for determining parasites and

predators associated with the early stages of bark beetle broods;

some species may not have been present in attacked trees during the

summer. Selection of sample trees was done on a basis similar to that

previously employed, using the same plot centers in the heavier

infestations.

Only trees successfully attacked by D. ponderosae were sampled for

natural enemies. A successful attack was characterized by the presence

of live brood within the attacked tree, although not necessarily at

the location sampled.

Sampling Individual Trees

Conventional bark sampling techniques, such as the use of bark

punches and square foot sampling devices, have been designed for use

19
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on trees of large diameter with little bole curvature and could not be

utilized in this study. Thus, a procedure was developed to sample

young ponderosa pine throughout the range susceptible to attack by

D. ponderosae, including trees as small in diameter as three inches.

A 0.1 square foot sample was removed at breast height from both the

north and south sides of each designated tree as described below.

Following a diameter measurement accurate to the nearest 0.1 inch,

the outer bark at the position to be sampled was shaved with a hand ax

to remove the ridges. A standard index card, triimned to 3.0 x 4.8

inches to delineate a 0.1 square foot, was then stapled to the bark

and labelled with the locality, tree number, aspect and date. The

sample was removed by cutting around the perimeter of the card with

the head of a hand ax (Fig. 4).

All predators, parasites, and associated insects were collected

from the bark sample and exposed sapwood, placed in vials of 70 percent

ethyl alcohol, and saved for identification. A single vial was used

per sample. The number and stage of D. ponderosae brood were recorded

in addition to the number and length of parent galleries. The per-

centage of sample covered with larval galleries was estimated to the

nearest 10 percent. The bark sample was then sealed in a plastic bag.

In the laboratory an additional check of each sample was made shortly

after collection for insects overlooked in the field.

Immature stages of parasites and predators were identified with

the use of keys provided by Kline and Rudinsky (1964) and verified by

the rearing of several larvae of each species as previously described.



Figure 4A. Method used to remove 0.1 square foot bark samples.
Each sample was labelled with location, tree num-
ber, aspect, and date. (U.S. Forest Service

photograph)

Figure 4B. Bark sample and exposed sapwood. Note vertical
parent galleries and adjoining larval galleries.
(U.S. Forest Service photograph)
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Statistical Analysis

To determine whether significant differences in bark beetle

brood, parasites and predators existed at different levels of infesta-

tion, data were subjected to an analysis of variance based on the

randomized block design.

The variability of bark beetle broods and the more abundant

predators within areas was represented by standard errors of the mean.

The formula used to determine standard error was:

- x)2

s.e. =
n x (n - 1)

where s.e. = standard error of the mean

- x = deviation of values from the mean

n = number of observations

Spatial Distribution of Predators

The spatial distributions of the more abundant predators were

determined in relation to tree diameter, sapwood moisture, and attack

density of parent bark beetles. Information compiled during field

investigation of various levels of infestation formed the basis for

interpretation of spatial distribution. The methods of sampling and

data collection have been described above, with the exception of sapwood

moisture determinations.

Moisture content of the adjacent sapwood was measured at breast

height in conjunction with each 0.1 square foot bark sample taken
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from trees at the Harvey Creek and Long Lake infestations during both

the summer and fall investigations. A 1 x 2 x 0.25 inch piece of

sapwood was removed from a position directly below each bark sample,

with the use of a chisel and rubber mallet (Fig. 5), immediately wrapped

in aluminum foil and sealed in a waterproof can. In the laboratory the

moisture content of each sample as determined on an oven-dry weight

basis. First the entire can, foil and enclosed sample were weighed

on a pan balance accurate to the nearest one-half grain. The foil was

then unwrapped to expose the sapwood and the open container placed in

an oven to dry for 24 hours at 105°C. The total weight of the dry

sapwood, foil and can plus the weight of the sapwood itself were ob-

tained. The moisture content on an oven-dry-weight basis was then

calculated with the formula:

% Moisture x - " x 100
z

where x = total weight of can, foil and wet sapwood

y = total weight of can, foil and oven-dry sapwood

z = weight of oven-dry sapwood.

In April 1966, at Long Lake, four trees attacked the preceding

summer were felled for measurement of the vertical distribution of sub-

cortical moisture. Sapwood samples were taken at the base, at the

4.5-foot level (breast height), at the 10-foot level, and at 5-foot

intervals above this point to the 35-foot level. The percentage

moisture content was determined by the standard method described above.



FIgure 5. Method used to remove a 1 x 2 inch sample for moisture
determinations of sapwood adjacent to each bark sample.
(U.S. Forest Set-vice photograph).
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The sapwoocl moisture distribution was determined from a standing

non-infested ponderosa pine at the given levels for comparison with

the attacked trees.
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IV. RESULTS AND DISCUSSIONS

Catalog of Parasites and Predators

Those insects known to be parasitic or predaceous upon scolytid

broods and found associated with D. ponderosae in pole-sized ponderosa

pine are listed in Table I.

Parasites

1) Hynienoptera: Braconidae - approximately 30 adults of

Coeloides dendroctoni Cushman were collected from a single rearing cage,

having emerged from a 5-inch tree attacked by D. ponderosae at Wilson

Creek two years before. Since most bark beetles are parasitized the

summer following beetle attack, emergence of C. dendroctoni the year

after beetle emergence is typical (DeLeon, 1935a).

Ten adults of C. brunneri Viereck were collected from the same

caged bolts from which C. dendroctoni emerged. Since later examination

of the caged bolts revealed galleries of no species other than D.

ponderosae, it can be assumed that these parasites developed on indi-

viduals of this bark beetle.

Although . brunneri has been recorded as a parasite of D. ponder-

osae (Chamberlin, 1939), this species is more commonly associated with

the Douglas-fir beetle, D. pseudotsugae and the western fir engraver,

Scolytus ventralis LeConte.

A single adult of Chelonus sp. emerged from a tree that had been

currently infested with bark beetles when cut at Wilson Creek in April.

26



TABLE I. PARASITES AND PREDATORS OF DENDROCTONTJS
PONDEROSAE HOPK. IN PONDEROSA PINE

HYMENOPTERA

Braconidae: Coeloides dendroctoni Cushman

Coeloides brunneri Viereck

1
Chelonus sp.

Ichneumonidae: Xorides insularis (Cresson)

Pteromalidae: Roptrocerus xylophagorum (Ratzburg)1

Cecidostiba sp.

DIPTERA

Dolichopodidae: Medetera aldrichii Wheeler'

Medetera caerulescens Malloch1

COLEOPTERA

Ostomidae: Temnochila virescens. chlorodia Mannerheim

1

Cleridae: Enoclerus lecontei (Wolcott)

Enoclerus sphegeus Fabricius

1Determined by specialists at Agricultural Research Service,
Beltsville, Maryland. See Appendix II for names of specialists.
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No species of this genus hs been reported as a parasite of D. ponder-

osae and the habits are unknown.

Hymenoptera: Pterornalidae - Larvae and pupae of Roptrocerus

ylophaorum (Ratzeburg) were occasionally encountered throughout the

bole of infested trees. Evidently adults of Roptrocerus enter bark

beetle entranceor ventilation holes to parasitize larvae and thus

are not restricted by bark thickness (DeLeon, 1934; Reid, 1957a).

R. xylophagorum has not been known to parasitize D. ponderosae in

other tree species, but is commonly associated with other scolytids:

Ips confusus (LeConte), Ips pini (Say) and Scolytus rugulosus

(Ratzeburg), among others. Roptrocerus eccoptergasteri (Ratzeburg), a

common parasite of D. ponderosae in lodgepole and western white pine

(DeLeon, 1934), was not found in ponderosa pine.

A single adult pteromalid, tentatively identified as a species

Of Cecidostiba, was collected from the Wilson Creek area; reared

from a tree dead two years. Three species are parasitic on D. ponder-

osae in other hosts (Bushing, 1965): Cecidostiba acuta (Provancher),

C. burkei Crawford and C. dendroctoni Ashmead.

Hymenoptera: Ichneumonidae - A single pupa, found with bark

beetle brood at Wilson Creek in July, was reared to the adult stage and

identified as Xorides insularis (Cresson). This species has been

reported only as a parasite of Scolytus sp. and certain Cerambycidae

and Buprestidae (Townes and Townes, 1960). Such a large individual may

have developed on a host other than D. ponderosae since larvae of both

Cerambycidae and Buprestidae were not uncommon in attacked trees.
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Other parasites of D. ponderosae listed by DeLeon (1934) and

Bushing (1965) that are yet to be found in ponderosa pine include

Dendrosoter sp. (Hymenoptera: Braconidae) and Rhopalicus pulchripennis

(Crawford) (Hymenoptera: Pteromalidae). Discovery in ponderosa pine

of the parasites known to be present in other pine hosts may result

from more intensive investigation.

Parasites that oviposit directly through the bark (e.g., all

listed species with the exception of Roptrocerus xylophagorum) appeared

restricted to the upper bole of infested trees since most species were

not encountered at breast height. Thickness of bark has been reported

as a factor limiting the distribution of Coeloides brunneri (Ryan and

Rudinsky, 1964) and other parasites (Evenden, Bedard and Struble, 1943;

Beal, 1939). As a result, these parasites may be more commonly

associated with broods of Ips pini, observed to successfully colonize

the upper portions of most trees the spring following attack by D.

ponderosae. In fact, C. dendroctoni is known to utilize Ips pini as

an alternate host to D. onderosa (Reid, 1962a), while C. brunneri

and Cecidostiba sp. are parasitic on a wide variety of other scolytids

(Bushing, 1965).

Predators of Known Habits

Of the many species that may prey upon D. ponderosae in ponderosa

pine the feeding habits of only a few are sufficiently documented to be

considered definitely predaceous.
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Diptera: Dolidopodidae - Nedetera aldrichii Wheeler was the

most common predator of D. ponderosae in ponderosa pine. From caged

bole sections, adults emerged in numbers just prior to and throughout

the duration of bark beetle emergence. Although most abundant in the

base of attacked trees, larvae were encountered throughout the infested

bole. N. aldrichii was most abundant in the fall of the year and thus

predation would be greatest upon early larval instars. Of 27 adults

sent to the Agricultural Research Service, Beltsville, Maryland, 26

were identified as M. aldrichii; one as M. caerulescens Nalloch.

Coleoptera: Ostomidae - Larvae of Temnochila virescens

chlorodia Mannerheim were occasionally found preying on bark beetle

broods. Adults were found on trees throughout the summer while larvae

appeared to be more abundant in the fall. This species occurs more

often with D. ponderosae and other scolytids in southern regions

(Struble, 1942).

Coleoptera: Cleridae - The most abundant clerid present

during early development of bark beetle broods was Enoclerus lecontei

(Wolcott). Individuals were not found beneath the bark of infested trees

during the summer, evidently having left to pupate. In comparison to

the dipteran N. aldrichii, this clerid was too low in numbers to be of

importance. Evidently E. lecontei is found more often as a predator

of smaller scolytids, such as D. brevicomis LeC. (Person, 1947),

Scolytus ventralis LeC. (Struble, 1957), Scolytus unispinosus LeG. and

various specie-s of the genus Pseudohylesinus Sw. (Kline and Rudinsky,

1964).
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Larvae of E. sphegeus Fabricius were rarely found in infested

trees in areas other than Harvey Creek. During the summer of 1965

at Harvey Creek, this species was quite common. Adults of E. lecontei

and E. sphegeus were frequently noticed on infested trees during the

flight period of D. ponderosae: in late July and early August.

Thanasimus undatulus Say, the most common clerid preying on

D. ponderosae in lodgepole and western white pine (DeLeon, 1934), was

not found in the larval stage within infested ponderosa pine. Whether

adults preyed on the beetles during the flight period in ponderosa

pine stands was not determined.

Facultative or Possible Predators

Many associated insects may prey either exclusively or occasionally

on D. ponderosae in ponderosa pine (Table II). However, the feeding

habits of most are too poorly known to be substantiated as predaceous.

Of those listed, a few species were present in numbers sufficient to

exert a significant influence on brood survival, if predaceous. Dis-

cussion is limited to these species.

1) Diptera: Lonchaeidae - Adults of Lonchaea sp.2 emerged from

most caged bolts in numbers equivalent to M. aldrichii. However, in

the field larvae were erratic in distribution; present in great numbers

in a few trees and seldom encountered in others. Larvae were

occasionally found in trees dead two or more years. The seasonal

2Until J. F. McAlpine publishes his revision the specific deter-
mination of Lonchaea will not be feasible. (Personal coniniunication

- Agricultural Research Service, May 3, 1966).



TABLE II. FACULTATIVE OR POSSIBLE PREDATORS OF
DENDROCTONUS PONDEROSAE HOPK. IN
PONDEROSA PINE

HEMIPTERA

Anthocoridae: Undetermined sp.

D IPTERA

Xylophagidae: Xylophagus

Lonchaeidae: Lonchaea sp.

COLEOPTERA

Histeridae: Undetermined sp.

Staphylinidae: Several undetermined spp.

Rhizophagidae: Rhizophagus sculpturatus Mannerheim2

Cucujidae: Undetermined sp.1

Nitidulidae: Glischrochilus vittatus (Say)2

Colydiidae: Aulonium longum LeConte2

Lasconotus complex LeConte2

Othniidae: Othnius

Tenebrionidae: Corticius sp.2

Undetermined sp.

'Identified from larval stage only.

2Determined by specialist at Agricultural Research Service,
Beltsville, Maryland. See Appendix II for names of specialists.
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occurrence followed no definite pattern but varied considerably among

study areas. This species may complete more than a single generation

a year, as some species do (DeLeon, 1934), which would account for

seasonal variation in abundance.

Most species of Lonchaea are phytophagous (Clauson, 1940) and

whether the species found in ponderosa pine is predaceous is question-

able. DeLeon (1934) considered L. viridana Niegen a facultative

predator of D. ponderosae in lodgepole and western white pine.

Coleoptera: Staphylinidae - Larvae and adults of several

species of staphylinids were common ponderosa pine. Which of these

are predaceous, if any, has not been determined.

Coleoptera: Rhizohagidae - Adults and larvae of Rhizophagus

sculpturatus Nannerheim were very common in most trees sampled during

the fall of 1965. Although possibly predaceous in the adult stage,

the larvae do not appear to feed upon bark beetle broods. Larvae were

most often encountered in the loose frass of parent galleries.

Coleoptera: Colydiidae - Aulonium longum Leconte was found

quite often in ponderosa pine. This species, rare in lodgepole and

white pine, is considered to prey occasionally on D. ponderosae in

ponderosa pine (DeLeon, 1934). Although larvae have been reported to

feed on immature broods of D. brevicomis, Person (in Miller and Keen,

1960) stated that A. longuin is not typically predaceous.
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Coleoptera: Othniidae - An unidentified species of Othnius

was the most abundant associated insect in ponderosa pine during early

summer before bark beetle emergence. Larvae, the only stage encountered,

were very abundant in infestations at Wilson Creek and Ebell Creek.

Larvae of 0. umbrosus LeConte are predaceous on broods of Ips pini

(Person, according to Miller and Keen, 1960). Othnius sp. rarely

occurs in other pine species (DeLeon, 1934).

Coleoptera: Tenebrionidae - Both larvae and adults of

Corticeus sp. were common in ponderosa pine throughout the duration of

bark beetle development. DeLeon (1934) reported that adults occasion-

ally prey on D. ponderosae. Adults and larvae of C. parallelus (Melsh)

are phytophagus, feeding on fungi under the bark of trees killed by

D. brevicomis (Struble, according to Miller and Keen, 1960).

Predatory Mites

Two species of predatory mites were collected from ponderosa pine

currently infested with D. ponderosae. These were Dendrolaelaps sp.

(Acarina: Digomasellidae) and Proctolaelaps sp. (Acarina: Ascidae): thea

latter probably a new species.3 That mites destroy a large number of

bark beetle eggs has been reported by a number of investigators

(Chamberlin, 1939; Lindquist and Bedard, 1961; Rust, 1933).

3c. W. Krantz, Dept. of Entomology, Oregon State Univ.



Limitations of the Catalog

The lists of parasites and predators (Table I, II .) may be incom-

plete. Investigation was limited to a single field season and a limited

number of caged trees were the sole means of collecting most parasites

not found at breast height. Although predators and conimensals were more

apt to be collected as a result of extensive field sampling, many were

found only as inimatures. Determinations beyond the family level were

then seldom possible, due to the lack of adequate descriptions. On the

other hand, errors in the list may have resulted from the assignment

of parasites, obtained with the use of mass rearing techniques, to D.

ponderosae. Furthermore, the number of species assumed to be predaceous

might be greatly reduced if more substantial evidence were available on

their feeding habits.

This effort is of value, nevertheless, as it represents the first

known catalog of natural enemies of D. ponderosae in immature ponderosa

pine. With the catalog as a basis, detailed studies can be undertaken

on the role of natural enemies in the population dynamics of this bark

beetle.

Natural Enemies Associated With Different
Levels of Bark Beetle Infestation

Descriptions of Infestations

The five infestations were selected for investigation as they

appeared to represent varying levels in the gradation of bark beetle popu-

lations from the enzootic to the epizootic. Inherent among infestations
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were differences in factors other than intensity which may have also

influenced associated predator populations. Among these were the rela-

tive age and extent of infestations plus the trend of bark-beetle popu-

lation changes. Although the influence that these factors exerted upon

predator populations was not evaluated, apparent differences that

existed among areas in relation to these characters will be noted.

Intensity of Infestation--The degree of tree mortality caused by

D. ponderosae reflects the Intensity of each infestation (Table III).

TABLE III. AMOUNT OF TREE MORTALITY DURING FIVE YEAR PERIOD
(1961-19 65)

Area Mortality caused by D. ponderosae Hopkins

Clearly, the infestation at Round Mountain was much less intense

than in other areas. Conversely, the Ebell Creek area supported a very

extreme infestation. The outbreaks at Long Lake, Harvey Creek and Wilson

Creek were similar in intensity, representing a level intermediate

between those of Round Mountain and Ebell Creek.

Trees
per
acre

Basal area
(sq. ft.)
per acre

Reduction
in pine
basal area

(%)

Round Mountain 31 12 4

Long Lake 189 34 31

Harvey Creek 411 46 40

Wilson Creek 358 48 34

Ebell Creek 578 119 80
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Age of Infestations--Certain general statements can be made about

the age of infestations. D. ponderosae had been active in each area for

a period of at least five years prior to 1965. The Long Lake outbreak

evidently had begun most recently, since trees killed before 1961 were

not apparent. No reliable method was available for estimating the date

of establishment in other localities.

Size of Infestations--The acreage covered by killed trees varied

considerably among areas. The Harvey Creek infestation, smallest of the

five, was limited to an area of about five acres. The size of other

infestations generally corresponded with the respective intensity of

tree-killing in each. Attacked trees in the Round Mountain area were

scattered over an area of approximately 20 acres. Those of Ebell Creek

covered an extensive area, estimated in excess of 2,000 acres. The in-

festations at Long Lake can be considered comparable to that of Wilson

Creek, being intermediate between those of Round Mountain and Ebell

Creek.

Trend of Recent Tree Mortality--The annual mortality of ponderosa

pine during the past five years was a means of estimating recent trends

in population oscillation (Figure 6). The infestation at Round Mountain

had remained static, with tree-killing occurring at a very low level

during the past five years. Furthermore, an examination of the area

yielded no indication that tree mortality had occurred at high levels

prior to 1961.
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The trends at Long Lake, Harvey Creek and Wilson Creek were gener-

ally similar. After an initial increase to high levels, bark beetle

activity in each area remained fairly constant.

In the core of recent infestation at Ebell Creek, tree mortality

had definitely increased since 1961. However, extensive older depreda-

tions in adjacent stands provided evidence that populations of D. pon-

derosae had been present at high levels before 1961. When continuous

devastation of ponderosa pine left little susceptible host material, the

population emigrated from stands initially infested to nearby areas:

the areas that have supported recent populations and from which data

for tree mortality were obtained. In turn, few susceptible trees re-

mained alive in this second core infestation after the 1964 bark beetle

attack. The low amount of tree mortality that occurred during 1965 may

reflect a second population emigration, or, more likely, a decline in

bark beetle activity.

Although the bark-beetle populations of Long Lake, Harvey Creek

and Wilson Creek appeared to be spreading out from initial foci, only

the outbreak at Ebell Creek exhibited signs of population movement

brought about by the complete devastation of host material.

Levels of Bark Beetle Populations

The bark-beetle brood produced per unit area at each level of

infestation is listed in Table IV. Values obtained during the fall of

1965 are more useful for purposes of comparison than those obtained the

preceding summer because nearly all progeny were in the larval stage.

Furthermore, the elapsed time between the initiation and completion of



1Areas listed in order of increasing level of infestation.

TABLE IV. BROOD DENSITY
AT DIFFERENT

OF DENDROCTONUS PONDEROSAE HOPK.
LEVELS OF INFESTATION

Date of Sampling Bark Beetle Brooad (number/square foot)
Area1 No.., Day, Year Larvae Pupae Teneral Total s.e.

Summers 1965

Round Mountain 8-1-65 6.9 0.5 8.6 16.0 ± 3.61

Long Lake 7-18-65 10.9 6.4 42.6 59.9 ± 7.37

Harvey Creek 7-10-65 25.4 13.5 21.1 60.0 ± 8.64

Wilson Creek 6-18-65 2.6 8.9 12.1 23.6 ± 4.06

Ebell Creek 6-19-65 6.2 9.4 5.3 20.9 ± 3.41

Fall, 1965

Round Mountain 10-29-65 51.5 51.5 ± 8.49

Long Lake 10-24-65 96.4 0.4 96.8 ±12.65

Harvey Creek 10-17-65 69.8 2.7 72.5 ± 9.15

Wilson Creek 11-12-65 75.4 0.1 1.2 77.7 ± 8.58

Ebell Creek 11-10-65 45.0 45.0 ± 7.95
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field sampling was of little importance as most activity of both bark

beetles and predators had ceased by November.

In all but the Ebell Creek area, bark-beetle populations existed at

levels indicative of the respective intensities of infestation. Popu-

lations, like the degrees of tree mortality, were similar at Long Lake,

Harvey Creek and Wilson Creek. This was verified by an analysis of

variance (Table V) that detected no significant difference at the five

percent level of probability.

The number of surviving brood at Ebell Creek was low considering

the level of infestation. This low population density present in con-

junction with the high level of past tree killing (Figure 6) indicates

that this particular infestation is on the decline.

For purposes of this study, the five populations investigated were

considered as representing three different stages in the gradation of a

single (hypothetical) bark beetle infestation. The enzootic or initial

stage in the bark beetle outbreak is represented by the infestation at

Round Mountain. The medial stage, or stage of bark beetle population

increase, is well represented by the similar populations at Long Lake,

Harvey Creek and Wilson Creek. Lastly, the Ebell Creek population

represents a point in the decline of the general infestation.

It is believed that general and valid conclusions can be drawn from

such comparisons that will provide a greater insight into the role of

predators and parasites in the population dynamics of D. ponderosae

in young ponderosa pine.



TABLE V. ANALYSIS OF VARIANCE BARK BEETLE
POPULATION DENSITIES AT LONG LAKE,
HARVEY CREEK AN]) WILSON CREEK.

FALL, 1965.

Level of
Source SS df N.S. Significance

Replicate 7,486.80 2 268.30 N.S.

Treatment 536.60 39 191.97 N.S.

Error 12,287.40 78 157.53

Total 20,310.80 119
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Levels of Parasites and Predators

The number of insects known to be predaceous or parasitic encoun-

tered per total bark area sampled at breast height are listed in Table

VI. No differences in species composition attributable to level of

infestation were present. Abundance among species, however, varied

greatly. Medetera aldrichii Wh. was by far the most consistently

abundant predator encountered in all areas sampled. This species was

most abundant during the fall of the year in conjunction with immature

bark beetle broods.

The three predatory species of the order Coleoptera, Enoclerus

sphegeus, E. lecontei (Cleridae), and Temnochila virescens (Ostomidae),

were not found in large numbers either during the summer of 1965 or

the subsequent fall. The sole parasite found at breast height in pon-

derosa pine, Roptrocerus xylophagorum, was also present in very low

numbers.

M. aldrichii, in addition to being the most abundant, was the only

species to exhibit a numerical response to increasing host infestation

level (Table VII). Analysis of variance4 (Table VIII) revealed a sig-

nificant difference (at the 1% level of probability) in the combined

populations of all five areas, as well as between populations in the

enzootic infestation (Round Mountain) and the epizootic infestation

(Ebell Creek). Furthermore, no significant differences (at the 5% level
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4Only the fall, 1965 data was used in the statistical comparison Qf
predator populations among areas. The wide variation among sampling
dates (see Table IV) limits the use of the summer data to comparison
within a given area.



TABLE VI. ABUNDANCE OF PREDATORS AND PARASITES
AT DIFFERENT LEVELS OF INFESTATION.

'Areas listed in order of increasing level of infestation.

2Total number found in eighty 0.1 square foot samples.

1
Area

Medetera Enoclerus Enoclerus Temnochila Cleridae and
Ostomidae

Roptrocerus
aldrichii sphegeus lecontei virescens xylophagorum

Summer, 1965

Round Mountain
32

4 0 1 5 0

LongLake 13 1 0 0 1 4

Harvey Creek 13 21 0 0 21 6

Wilson Creek 17 3 0 0 3 1

Ebell Creek 46 0 0 0 0 1

Fall, 1965

Round Mountain 56 0 12 3 15 1

Long Lake 95 0 11 4 15 2

Harvey Creek 113 2 13 0 15 1

Wilson Creek 88 4 9 5 18 2

Ebell Creek 187 4 13 2 19 0



TABLE VII. MEAN NUMBER OF PREDATORS PER SQUARE FOOT PRESENT
AT DIFFERENT LEVELS OF INFESTATION. FALL, 1965.

1Listed in order of increasing level of infestation.
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1
Area

Date of
Sampling

Medetera Total Cleridae
and Ostomidae
i/sq. ft. s.e.

aldrichii
i/sq. ft. s.e.

Round Mountain 10-29-65 7.00 ± 1.36 1.88 ± 0.49

Long Lake 10-24-65 11.86 ± 2.17 1.88 ± 0.71

Harvey Creek 10-17-65 14.12 ± 2.45 1.88 ± 0.73

Wilson Creek 11-12-65 11.00 ± 1.55 2.13 ± 0.59

Ebell Creek 11-10-65 23.37 ± 4.13 2.38 ± 0.72



TABLE VIII. ANALYSIS OF VARIANCE OF FALL, 1965
POPULATIONS OF MEDETERA ALDRICHII Wil.

A. Analysis of variance to test significant differences among the
five infestation levels.

B. Analysis of variance to test significant differences between
populations at Round Mountain and Ebell Creek

C. Analysis of variance to test significant differences among
populations at Harvey Creek, Long Lake and Wilson Creek.

1The samples from the north and south sides of individual trees were
combined for statistical analysis.
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Source S.S. D.F. M.S. L.S.

Replication 284.5 39 7.30 N.S.
Treatment 8.3 2 4.16 N.S.
Error 539.0 78 6.91
Total 831.8 119

Source S.S. D.F. M.S. L.S.

Replication
Treatment
Error
Total

568.0
238.5

1451.9
2258.4

39

4

156

199

14.56
59.63
9.31

5%

1%

Source S.S. D.F. M.S. L.S.

Replication 611.4 39 15.68 N.S.

Treatment 214.5 1 214.52 1%
Error 585.0 39 15.00
Total 1410.9 79
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of probability) existed among the populations of N. aldrichii at Long

Lake, Harvey Creek and Wilson Creek, infestations of similar bark

beetle density and level of tree mortality.

By comparing the number of N. aldrichii per unit number of bark

beetle hosts at each level of infestation (predator to prey ratio),

the extent of numerical predator response is seen more clearly (Table

IX). The low prey density in the enzootic infestation (Round Mountain)

was accompanied by a proportionally low density of M. aldrichii. In

the epizootic iaEestations (Harvey Creek, Long Lake and Wilson Creek),

high prey densities were associated with correspondingly high predator

densities. However, it is interesting to note that the predator to prey

ratios remained comparable to that of the enzootic infestation. On the

other hand, in the declining infestation (Ebell Creek), a low prey

density was associated with a very high density of M. aldrichii, thus

yielding a large predator to prey ratio.

From these data several conclusions are suggested with regard to

the role M. aldrichii plays in the population dynamics of D. ponderosae

in young ponderosa pine. Apparently, M. aldrichii is of little impor-

tance in the regulation of bark beetle populations at enzootic levels

(i.e., prevention of outbreaks). The fact that predator to prey ratios

in the epizootic infestations were comparable to that of the enzootic

infestation suggests that the bark beetle populations had increased to

epizootic levels for reasons other than the lack of predators. This

conclusion is corroborated by the work of Zwolfer (in Rudinsky 1962).

From the study of gradations of seven bark beetle species in Bavaria,



1Areas listed in order of increasing level of infestation

2Per eighty 0.1 square foot samples (8 square feet) per area.
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the decisive factor resulting in outbreaks of bark beetles was identi-

fied as the abundance of suitable breeding material, not the failure

of biotic factors.

TABLE IX. ABUNDANCE OF ME])ETERA ALDRICHII WH. IN RELATION
TO DENSITY OF BARK BEETLES AT DIFFERENT LEVELS
OF INFESTATION. FALL, 1965

When environmental and host conditions favor bark beetle population

increases, N. aldrichii responds in a density-dependent manner. As

gradation continues, densities of both predator and bark beetles increase

in direct proportion until further increase in bark beetle density be-

comes hindered by competition for space or food (intraspecific competi-

tion). A continued rise in predator density would then result in a

gradually increasing predator to prey ratio. Whether predation by

M. aldrichii is a causal factor in initiating the decline of outbreak

populations remains to be investigated. However, once the bark beetle

Area1

2
Total Number
of Bark Beetles

Total Number
Number of
Medetera Per

of Medetera 100 Bark Beetles

Round Mountain 412 56 13.6

Long Lake 774 95 12.3

Harvey Creek 580 113 19.5

Wilson Creek 614 88 14.3

Ebell Creek 360 187 51.8
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population does begin to decrease--either as a result of intraspecific

competition, host resistance, predation, or a combination of factors,

the predator density may be then proportionally high enough to appre-

ciably accelerate bark beetle population decline to enzootic levels.

Similar conclusions concerning the role of predators in the population

dynamics of bark beetles were supported by the work of Zwolfer as well

as by findings of Capet, Charval and Patacko in Slovakie (Rudinsky,

1962).

With regard to the coleopteran predators Enoclerus spegeus, E.

lecontei, and Temnochila virescens, no positive nujneriôal responses to

increases in host density were apparent at the low levels at which these

species were present (Table VI). As a result, they seemingly exerted

their greatest influence upon D. ponderosae in enzootic infestations

when brood density was low. However, a possible functional response to

increasing host density would tend to offset the inability to respond

numerically.

Levels of Associated Insects Possibly Predaceous.

Of the other insect species found in ponderosa pine that may prey

upon bark beetle progeny, only a few were present in numbers sufficient

to warrant consideration. The levels of these insects present at each

infestation are shown in Table X. As some species were present in

large numbers within but a few samples, both the total numbers encoun-

tered and the percentage of the samples containing individuals of the

given species are shown.



TABLE X. THE MORE ABUNDANT INSECTS POSSIBLY PREDACEOUS ON DENDROCTONUS
PONDEROSAE HOPK. AT DIFFERENT LEVELS OF INFESTATION.:

1Listed in order of increasing level of infestation.

2
Total number found in eighty 0.1 foot samples.

Area
Date of Sampling
Mo., Day, Year

Lonchaea Othnius Corticeus
Staphylinidae Rhizophagidaesp. sp. sp.

Summer, 1965

Round Mountain 8-1-65 114 (13%)2 17 (10%) 9 (7%) 4 (4%) 0

Long Lake 7-18-65 52 (13%) 5 (5%) 8 (7%) 54 (15%) 0

Harvey Creek 7-10-65 8 (3%) 17 (13%) 7 (7Z) 53 (10%) 0

Wilson Creek 6-18-65 4 (4%) 138 (31%) 10 (7Z) 19 (5%) 0

Ebell Creek 6-19-65 7 (4%) 145 (28%) 16 (7%) 3 (4%) 0

Round Mountain 10-29-65 2 (1%)

Fall, 1965

25 (12%) 25 (12%) 5 (6%)0

Long Lake 10-24-65 97 (6Z) 0 4 (4%) 10 (7%) 76 (32%)

Harvey Creek 10-17-65 24 (4%) 0 5 (6%) 25 (14Z) 35 (22%)

Wilson Creek 11-12-65 19 (4%) 0 19 (14%) 14 (l2Z) 33 (24%)

Ebell Creek 11-10-54 52 (15%) 0 36 (17%) 16 (11%) 28 (20%)
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No differences in species composition in the various levels of

infestation were evident. Though large differences occurred in

abundance of most species among areas, the variation appeared to be due

to factors other than differences in bark beetle density.

Of interest among these lesser known species is Othnius sp. Larvae

of Othnius sp. were present in large numbers in both infestations

located in the Blue Mountains of northeastern Oregon (Wilson Creek and

Ebell Creek) during the summer of 1965. If predaceous on D. ponderosae,

this species would have been responsible, at least partially, for the

low level of surviving bark beetle progeny at Wilson Creek (see Table

IV). The following November, before Othnius sp. infested newly attacked

trees, the bark beetle density at Wilson Creek was equivalent to those

of comparable infestations at Harvey Creek and Long Lake. The varia-

tion in Othnius sp. populations between infestations seems to be related

to differences in geographical location since larvae were rarely found

in study areas located in the Cascade Mountains (Round Mountain, Harvey

Creek and Long Lake).

The extent to which Othnius sp. and the other mentioned associated

insects are primarily associated with bark beetle broods is not clear.

However, since no species was found to exhibit a density dependent

response to bark beetle population increase, their ability to regulate

populations of D. ponderosae in young ponderosa pine would seem limited.
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Spatial Distribution of Predators

From data collected during the investigation of predator response

to varying host infestation levels, the distribution of important pred-

ators in relation to tree diameter, subcortical moisture levels, and

bark beetle attack density were evaluated. For the most part, analysis

was limited to Medetera aldrichii, the only known predator found in

abundance in ponderosa pine.

Abundance in, Relation to Tree Diameter

As shown by the combined data5 from Long Lake, Harvey Creek and

Wilson Creek (Table XI), M. aldrichii was present in trees throughout

the diameter range sampled. Also, a substantial increase in both attack

density of bark beetles and density of N. aldrichii occurred as tree

diameter increased. In studies of D. ponderosae in lodgepole pine, Reid

(1963) and Shepherd (1965) found increased bark roughness to be the

determining factor responsible for higher attack densities at the base of

host trees. Since roughness of ponderosa pine bark generally increases

directly with tree diameter, differences in bark beetle attack densities

in this study presumably were due to the same factor.

The increase in abundance of M. aldrichii in relation to tree

diameter may be due to one or a combination of several factors. First,
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In order to more fully represent all diameter classes, the data
from Long Lake, Harvey Creek and Wilson Creek--areas of similar
bark beetle density and level of tree mortality--were combined for
this analysis. Only the fall, 1965 data was used since other
factors affecting predator and prey abundance, such as prevailing
moisture conditions, were less critical at this time of year.



TABLE XI. RELATIONSHIP OF DENDROCTONUS PONDEROSAE HOPK.
AND MEDETERA ALDRICHII WH. ABUNDANCE TO
INCREASING TREE DIAMETER.1 FALL, 1965.

1Combined data from Long Lake, Harvey Creek and Wilson Creek.

2Coiuputed from 1/5 sq. ft. samples (north plus south samples combined
per tree).
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DBH Class
(inches Samples

Number of
Length of
Parent Galleries
(inches/sq ft)2 + s.e.

Number of
Medetera

ft) + s.e.(number/sq

<3.6" 12 92.9 ± 10.1 4.17 ± 2.20

3.6" 45tt
27 120.2 ± 7.9 7.20 ± 1.97

4.6" - 5.5" 33 129.1 ± 6.5 13.79 ± 2.45

5.6" - 6.5" 11 158.2 ± 12.5 11.82 ± 3.03

6.6" - 7.5" 13 133.5 ± 10.1 13.85 ± 397

7.6" - 8.5" 5 162.0 ± 14.9 17.00 ± 8.00

8.6" - 9.5" 7 179.3 ± 24.7 17.15 ± 5.22

>9.5" 12 192.9 ± 18.6 22.09 ± 4.05
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survival of M. aldrichii, being directly dependent upon the abundance

of bark beetle brood, would be higher in larger diameter trees. Second,

since females deposit eggs beneath bark scales and in bark crevices

(DeLeon, 1935a; Hopping, 1947), differences in bark characteristics may

significantly influence selection of oviposition sites. Thus, eggs

may be concentrated in larger diameter trees. Third, the influence of

physical environmental factors, such as level of subcortical moisture,

would vary with bark thickness and thus influence survival of .

drichii. The same suceptibility of predators to desiccation is dis-

cussed in the following section.

The fact that density of N. aldrichii increases directly with tree

diameter should not be overlooked in the future sampling of this pred-

ator in ponderosa pine.

Abundance in Relation to Subcortical Moisture Levels

The rapid drying of subcortical tissues of host trees associated

with the concurrent establishment of bark beetle broods and blue stain

fungi (genus Ceratocystis) has been well documented (Bramble and Holst,

1940; Caird, 1935; Craighead, 19:25; Reid, 1961). Moisture content of

the host has been shown to influence both the establishment of egg gal-

leries (Anderson, 1948; Reid, 1962b) and survival of scolytid broods

(Blackman, 1931). In young ponderosa pine sampled during this study,

a large variation in the extent of drying was apparent at breast height.

Sapwood moisture levels, measured in the summer of 1965 just before

beetle emergence, varied from a low of 15 percent to over 100 percent
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oven-dry weight. Considerable drying had also occurred in many trees

by the following November, within three months after bark beetle attack.

The relationship of predator and prey abundance to sapwood moisture

levels was determined from data obtained at Harvey Creek and Long Lake

during both the summer and fall of 1965 and is summarized in Table XII.

The rapid drying of host trees appears to be an important factor limit-

ing the distribution and resultant effectiveness of N. aldrichii in

ponderosa pine. In the fall, the percentage of 0.1 square foot samples

containing one or more larvae of M. aldrichii decreased markedly with

decreasing levels of sapwood moisture. This relationship is largely

independent of either prey density or tree diameter since the percentage

of samples with live bark beetle brood remained high in all moisture

sectors. In the summer, just prior to bark beetle emergence, larvae of

this predator were not found in trees with sapwood moisture levels of

less than 26 percent oven-dry weight, even though ample bark beetle

brood was present. These results strongly indicate that the prey can

withstand moisture condition extremes that this predator can not. The

same phenomenon was observed in the infestations at both Wilson Creek

and Ebell Creek though no moisture data were collected in these areas.

The susceptibility of M. aldrichii larvae to desiccation was also

encountered in the laboratory. The maintenance of adequate moisture

conditions (supplied by moist blotting paper) was required in rearing

chambers.

Predators of the families Cleridae and Ostomidae are evidently

not as limited by low moisture conditions as is M. aldrichii. Larvae

of Enoclerus spegeus, E. lecontei, and Temnochila virescens were present



TABLE XII. PERCENTAGE OF 0.1 SQUARE FOOT SAMPLES CONTAINING DENDROCTONUS
PONDEROSAE HOPK. BROOD, MEDETERA ALDRICHII WH., AND COLEOPTERAN

'Enoclerus sphegeus Fab., E. lecontei Wole., Temnochila virescens Mann.

PREDATORS WITHIN DECREASING SAPWOOD MOISTURE SECTORS.
LAKE AND HARVEY CREEK.

LONG

Moisture Sector 55-46% 45-36% 35-26% 25%
(Percent O.D.W.)

Summer, 1965

Total number
of samples 24 25 32 41 38

Percentage with
Bark Beetle brood 75% 84% 88% 80% 68%

Percentage with
M. aldrichii 12% 20% 6% 17% 0%

Percentage with
Coleopteran predators 12% 8% 9% 12% 18%

Fall, 1965

Total number
of samples 11 14 48 55 32

Percentage with
Bark Beetle brood 73Z 86% 92% 76% 78%

Percentage with
M. aldrichii 91% 71% 65% 477 28Z

Percentage with
Coleopteran predators 9% 14% 8% 20% 8%



57

in trees throughout the moisture range sampled. Differences in ability

to withstand low moisture extremes may well explain why clerid predators

were found by Reid (1963) in greater abundance than M. aldrlchii in

lodgepole pine, a species that dries rapidly after attack by D. pon-

derosae. However, even Cleridae and Ostomidae seem to be susceptible

to desiccation in the first instars. In the laboratory, early instar

larvae often succumbed to lack of moisture whereas late instar larvae

were able to survive without a supply of moisture other than that

obtained from their food.

Much attention has been devoted to the effects of low moisture

conditions on various Insect species. Andrewartha and Birch (1954)

reported that different insect species as well as different stages in

the life cycle of the same species vary enormously with respect to

their ability to withstand low moisture conditions. The reason certain

species cannot survive in arid environments for prolonged periods has

been attributed to an inability to regulate internal water loss through

either spiracles or integument or both. Inuns (1957) stated that most

species of Diptera lack an impermeable integument in the larval stage.

Such is evidently the case with larvae of M. aldrichii.

In host trees when sapwood moisture is maintained above approxi-

mately 28 percent, the fiber-saturation point of wood,6 the environment

at the cambium is kept saturated. However, when the level of sapwood

6The fiber saturation point represents that moisture content of wood
at which the cell walls are saturated to their fullest capacity but
no free water exists in the cell cavities (Brown, Panshin and
Forsaith, 1949).
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moisture dries below the fiber-saturation point, a saturation deficit

occurs resulting in the desiccation of adjacent cambial tissues and

susceptible larvae.

The extent to which rate of drying of sapwood varies with tree

height was investigated in April, 1965, at Long Lake (Figure 7). Sap-

wood moisture was found to generally decrease with height throughout

the portion of bole infested with bark beetles.7 As a result, those

larvae of N. aldrichii located in the basal portion of infested trees

would have the greatest chance of avoiding desiccation. Predator sur-

vival also would be favored in the base due to increased bark beetle

density in that portion of the infested tree (Reid, 1963; Shepherd, 1965).

Essentially, susceptibility to desiccation influences the effec-

tiveness of M. aldrichii in two ways. First, bark beetle brood are

available to these predators only in portions of trees where the moisture

level remains above the fiber-saturation point. Thus, when conditions

prevail that lead to rapid drying of host trees, predation is limited,

to a large extent, to young bark-beetle broods. Due to contemporaneous

mortality factors (Norris, 1965) it is doubtful that predation of early-

instar progeny, except when extremely heavy, has much effect upon the

level of brood emergence. Second, fewer individuals of a given predator

are able to complete their life cycle to emerge as adults than if mois-

ture was not limiting. The rate at which the predator can respond

In two of the trees sampled, the presence of eggs in the upper boles
were probably the result of attacks from re-emerged parent females.
The sapwood moisture at this portion of the boles had not dried to
the extent of the sapwood in the lower portions due to the later
infection of blue-stain fungi. Above the point of highest attack,
where blue-stain had not been introduced, little drying had taken
place.
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numerically to host density increases, as a result, may be substantially

reduced.

The rate of moisture loss from attacked trees, in general, is

determined by bark thickness and prevailing environmental conditions

and thus varies with different tree species. For instance, Reid (1961)

reported that lodgepole pine infested with D. ponderosae dried very

rapidly and fairly uniformly. He found that by the time of brood

emergence, most infested trees sampled had sapwood moisture levels well

below the fiber-saturation point. This rapid drying is favored by the

characteristically thin bark of this tree species as well as the

existing semi-arid climatic conditions.

At the other extreme, old-growth Douglas-fir growing in the moist

coastal regions of the Pacific Northwest, when attacked by the Douglas-

fir beetle, seldom if ever dries to the fiber-saturation point prior

to brood emergence. Thus, the rapid drying of subcortical tissues

would have a very pronounced effect as a mortality factor upon suscept-

ible predator populations in lodge pole pine, but in coastal Douglas-fir

the same factor would be non-existent. It seems justifiable to conclude,

then, that dipteran predators that infest a variety of tree species,

such as M. aldrichii, have a greater potential as natural control agents

of scolytid broods in tree species that dry slowly after attack; tree

species in which sapwood moisture seldom becomes limiting to distrubu-

tion or survival.

In the case of ponderosa pine, one factor remaining to be investi-

gated in relation to the importance of limiting moisture upon predator

effectiveness is the extent to which susceptible larvae migrate within
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an infested tree when subjected to decreasing moisture conditions. Suf-

ficient variation in subcortical moisture levels at a given time exists

within single trees to allow a substantial increase in survival of

predators if migration occurred.

Abundance in Relation to Bark Beetle Attack Density

The relationship of M. aldrichii abundance to attack density of

parent bark beetles was determined from data obtained at Harvey Creek

and Long Lake8 (Figure 8A). The density of M. aldrichii was found to

increase substantially with increasing density of bark beetle attack

(as measured by length of parent galleries). A higher survival of

predator larvae due to a greater initial number of host brood produced

per unit area at the higher attack densities (Figure 8B) is believed

to be mainly responsible for this increase.

Figure 8B also shows that in trees sampled just prior to beetle

emergence (July, 1965) the number of surviving brood decreases in

samples with attack densities greater than 15 inches per 0.1 square foot.

In field investigations of D. ponderosae by Reid (1963) and laboratory

studies by Cole (1962), a similar negative correlation between brood

production and increasing attack density was found. This correlation

was attributed to competition by bark beetle broods for food (intra-

specific competition).

8Data from these two areas of similar bark-beetle brood and predator
density were combined in order to more fully represent each level
of attack density. Due to the low level of surviving bark beetle
progeny at Wilson Creek in the summer (1965), data from this area
could not be included in the analysis.



2.0
.

1.5

2.5

14

12

10

2

0

0

Is

is

0-5 6-10 11-15 16-20 >20
Leigh .f Pareut Galleries - luchas

N.v..I., INS

NIVIUl.,. INS

J.Iy. INS

6?



63

In the present situation, it would seem that N. aldrichii larvae,

at the low predator to prey ratio prevailing in these areas (see Table

IX), could do little more than consume progeny that would otherwise

die from intraspecific competition. This phenomenon of contemporaneous

mortality factors has often been overlooked in past studies of population

dynamics (Norris, 1965) with the result that natural enemies are often

credited with a greater importance as regulatory agents than they per-

haps deserve.

Further study is needed to determine the overall effect that popu-

lations of N. aldrichii have at other stages in the gradation of bark

beetle populations. It is possible that during later stages of grada-

tion, N. aldrichii larvae are sufficient in number to materially reduce

intraspecific competition while the bark beetle population is on the

increase and, as a result, prolong bark beetle outbreaks. This would be

conceivable if intraspecific competition were the mechanism that regu-

lates bark beetle populations in epizootic levels and is responsible

for bringing about the initiation of population decline. The opinion

that intraspecific competitionis the main process regulating insect

numbers is held by a number of ecologists (Elton, 1949; Nicholson, 1950;

Nilne, 1957). By reducing bark beetle density, then, N. aldrichii

would tend to prolong the period of time required for intraspecific com-

petition to reach the severity necessary to cause the initiation of

population decline. If such is the case, the beneficial effects of

this predator in accelerating population decline may be offset.



V. SUMMARY

From field investigations of the parasites and predators of

Dendroctonus ponderosae Hopkins (Coleoptera: Scolytidae) in young stands

of ponderosa pine in eastern Oregon, the following conclusions seem

justified.

Parasites of D. ponderosae in ponderosa pine are few both in num-

ber of species and relative abundance. Commonly known species included

Coeloides dendroctoni Cushinan, C. brunneri Viereck (Hymenoptera: Brac-

onidae), and Roptrocerus xylophagoruni Ratzburg (Hymenoptera: Ptero-

malidae). All parasites, with the exception of R. xyloplagorum, appeared

limited in distribution to the upper boles of infested trees. Parasites

in general can thus be of little importance in the natural control of

this bark beetle in ponderosa pine.

Medetera aldrichii Wheeler (Diptera: Dolichopodidae) was the most

abundant and widely distributed predator found in ponderosa pine. This

species occurred in greatest numbers in association with immature bark

beetle broods.

Enoclerus sphegeus Fabricius, E. lecontei Wolcott (Coleoptera:

Cleridae), and Temnochila virescens Mannerheim (Coleoptera: Ostomidae),

known predators of scolytid broods, were present generally In relatively

low numbers. Thanasimus undatulus Say (Coleoptera: Cleridae), the most

common clerid predator of D. ponderosae in other pine hosts, was not

encountered in ponderosa pine.

Other insect species present in sufficient abundance to possibly

influence bark beetle brood survival, if predaceous in habit, included

Lonchaea sp. (Diptera: Lonchaeidae); Rhizophagus sculpturatus Mannerhelm
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(Coleoptera: Rhizophagidae); Aulonium longum LeConte (Coleoptera: Coly-

dlidae); Othnius sp. (Coleoptera: Othnildae); Corticeus sp. (Coleoptera:

Tenebrlonidae); and species of Staphylinidae (order Coleoptera).

From the comparison of bark beetle infestations representing three

different stages of gradation (enzootic, epizootic, and decline from

epizootic), no differences in species composition of known predators

nor of the more abundant associated insects possibly predaceous in habit

could be detected. M. aldrichii was the only predatory species to

exhibit a significant numerical response to increasing bark beetle

infestation level. On account of this attribute, combined with its

relative abundance, this species was considered the most important

natural insect enemy of D. ponderosae in young ponderosa pine.

M. aldrichii appears to exert little influence in preventing

bark beetle outbreaks in ponderosa pine, but is seen as being of great-

est importance in accelerating the decline of outbreak populations.

Since all other predatory species are so few in number, or showed

no tendency to respond numerically to host density increases, their

combined influence on bark beetle broods would be greatest at low popu-

lation levels.

Within a given infestation, density of M. aldrichii larvae was

found to be positively correlated with tree diameter; a relationship

that should be taken into consideration when sampling populations of

this predator in ponderosa pine.

M. aldrichii was found to be susceptible to desiccation when sub-

cortical moisture levels of host trees fell below 28 per cent oven-dry

weight. Because bark beetle broods apparently are able to withstand



lower moisture extremes, the rapid drying of host trees is considered

an important factor limiting the effectiveness of this predator. Sap-

wood moisture in individual trees infested with bark beetles was found

to decrease with heig-it above ground. As a result, larvae of N.

aldrichii located in he base of infested trees would avoid desiccation

for longer periods. he susceptibility of this species to desiccation
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may be an important fctor responsible for substantially reducing or

retarding the numeric1 response to host density increases in ponderosa

pine. Also, N. a1dri2hii may be of greater importance as a natural con-

trol agent of scolyti1 broods in tree species less subjected to exces-

sive drying after att

Predators of the

far less affected by

may be susceptible, niture larvae of these predators were encountered at

all levels of subcortLca1 moisture sampled.

In conjunction

occurred in greatest iumbers in samples with high bark beetle attack

densities. At the low ratio of predator to prey density that prevailed

in the two areas incikided In this analysis, survival of bark beetle

progeny depended to large extent on gallery and progeny density. M.

aldrichii, it was concluded, had little effect upon brood survival in

these areas represent

ck.

order Coleoptera (Cleridae and Ostomidae) were

ow moisture extremes. Although early instar larvae

th immature bark beetle progeny, N. aldrichii

ing early stages in a bark beetle gradation.



BIBLIOGRAPHY

Anderson, R. F. 1948. Host selection by the pine engraver. Journal of
Economic Entomology 41:596-602.

Andrewartha, H. G. and L. C. Birch. 1954. The distribution and abun-
dance of animals. Chicago, University of Chicago Press, 782 p.

Beal, J. A. 1939. The Black Hills beetle, a serious enemy of Rocky
Mountain pines. Washington, D. C., 21 p. (U.S. Department of
Agriculture. Farmers' Bulletin no. 1824).

Bedard, W. D. 1933. The Douglas-fir beetle, its seasonal history,
biology, habits and control. Coeur d'Alene, 67 p. (Processed)
(Forest Insect Field Station. U.S. Department of Agriculture.
Forest Service).

Berryman, A. A. 1966. Studies on the behavior and development of Eno-
clerus lecontei (Wolcott), a predator of the western pine beetle.
Canadian Entomologist 98:519-526.

Berryman, A. A. 1966. Factors influencing oviposition, and the effect
of temperature on development and survival of Enoclerus lecontei
(Wolcott) eggs. Canadian Entomologist 98:561-578. 1966.

Blackman, M. W. 1931. The Black Hills beetle (Dendroctonus ponderosae
Hopkins). Syracuse 1i31. 77 p. (New York State College of Forestry,
Syracuse University Bulletin 4. Technical Publication no. 36).

Boving, A. G. and A. B. Champlain. 1920. Larvae of North American
beetles of the family Cleridae. Proceedings U.S. National Museum.
57:575-649.

Bramble, W. C. and E. C. Holst. 1940. Fungi associated with Dendroctonus
frontalis in killing short leaf pines and the effect of conduction.
Phytopathology 30:881-889.

Brown, H. P., A. J. Panshin and C. C. Forsaith. 1949. Textbook of wood
technology. Vol 1. New York, McGraw-Hill, 651 p.

Bushing, W. 1965. A synoptic list of the parasites of Scolytidae
(Coleoptera) in North America north of Mexico. Canadian Entomolo-
gist 5:449-492.

Caird, R. W. 1935. Physiology of pines infested with bark beetles.
Botanical Gazette 96:709-733.

Chamberlin, W. J. 1939. The bark and timber beetles of North America
north of Mexico. Corvallis, Oregon State College Cooperative
Associaton, 513 p.

67



Clauson, C. P. 1940. Entomophagous insects. New York, McGraw-Hill,

688 p.

Cole, W. E. 1962. The effects of interspecific competition within moun-
tin pine beetle broods under laboratory conditions. Ogden, Utah
4 p. (U.s. Forest service; Intermountain Forest and Range Experiment
5tation. Research Note no. 97).

Cowan, B. D. and W. P. Nagel. 1965. Predators of the Douglas-fir beetle
in westein Oregon. Corvallis, 32 p. (Oregon 5tate University.
Agricultural Experiment Station. Technical Bulletin no. 86).

Craighead, F. C. 1925. The Dendroctonus problems. Journal of Forestry
23:340-354.

DeLeon, D. 1930. The parasites, predators and associated insects of the
mountain pine beetle (Dendroctonus monticolae Hopkins) in lodgepole
pine. Coeur dtAlene. 73 p. (Processed) (Forest Insect Field 5tation,
U.S. Department of Agriculture. Forest 5ervice).

DeLeon, D. 1934a. An annotated list of the parasites, predators, and
other associated fauna of the mountain pine beetle in western white
pine and lodgepole pine. Canadian Entomologist 66:51-61.

DeLeon, D. 1934b. The morphology of Coeloides dendroctoni Cushman
(Hymenoptera: Braconidae). Journal of New York Entomological
Society 42:297-317.

DeLeon, D. 1935a. The biology of Coeloides dendroctoni Cushman (Hymen-
optera: Braconidae), an important parasite of the mountain pine
beetle (Dendroctonus monticolae Hopk.). Annals of the Entomological
Society of America 28:411-424.

DeLeon, D. 1935b. A study of Medetera aldrichii Wheeler (Diptera:
Dolichopodidae), a predator of the mountain pine beetle, Dendroc-
tonus ponderosae Hopkins, (Coleoptera: Scolytidae). Entomologica

Americana 15:59-90.

DeLeon, D. 1939. List of fauna associated with the Black Hills beetle
in ponderosa, lodgepole and liber pine. Fort Collins, 42 p.
(Processed) (Forest Insect Laboratory. U.s. Department of Agricul-
ture. Forest Service).

DeLeon, D., W. D. Bedard and T. T. Terrell. 1934. Recent discoveries
concerning the biology of the mountain pine beetle and their effect
on control in western white pine stands. Journal of Forestry
32:430-436.

Elton, C. 1949. Population interspersion: an essay on animal

community patterns. Journal of Ecology 37:1-23.

68



69

Evenden, J. C., W. D. Bedard and G. R. Struble. 1943. The mountain pine
beetle, an important enemy of western pines. Washington, D.C. 25 p.
(U.S. Department of Agriculture. Circular no. 664).

Gedney, D. R. 1963. Toward complete use of eastern Oregon's forest
resources. Portland, 71 p. (U.s. Forest Service, Pacific Northwest
Forest and Range Experiment 5tation. Resource Bulletin no. PNW-3).

Harwood, W. G. and J. G. Rudinsky. 1966. The flight and olfactory
behavior of checkered beetles (Coleoptera: Cleridae) predatory on
the Douglas-fir beetle, 35 p. (Oregon State University. Agricultural
Experiment 5tation. Technical Bulletin no. 95).

Hay, C. J. 1956. Experimental crossing of the mountain pine beetle with
the Black Hills beetle. Annals of the Entomological Society of
America 49:567-571.

Hopkins, A. D. 1909. The genus Dendroctonus. Washington, D.C., 164 p.
(U.S. Department of Agriculture, Technical Series 17, Pt. I.)

Hopping, G. R. 1947. Notes on the seasonal development of Medetera
aldrichii Wheeler (Diptera: Dolichopodidae) as a predator of the
Douglas-fir bark beetle, Dendroctonus pseudotsugae. Canadian
Entomologist 79:150-153.

Hopping, G. R. and W. G. Mathers. 1945. Observations on outbreaks and
control of the mountain pine beetle in lodgepole pine stands of
western Canada. Forestry Chronicle 21:98-108.

Imms, A. D. 1957. A general textbook of entomology. London. Methuen
and Co. LTD, 886 p.

Johnsey, R. L., W. P. Nagel and J. A. Rudinsky. 1965. The Diptera
Medetera aldrichii Wheeler (Dolichopodidae) and Lonchaea furnissi
McAlpine (Lonchaeidae) associated with the Douglas-fir beetle in
western Oregon and Washington. Canadian Entomologist 97:521-527.

Kline, L. N. and J. A. Rudinsky. 1964. Predators and parasites of the
Douglas-fir beetle: description and identification of the immature
stages. Corvallis, 52 p. (Oregon State University Technical Bul-
letin no. 79).

Lindquist, E. E. and W. D. Bedard. 1961. Biology and taxonomy of mites
of the genus Tarsonemoides (Acarina: Tarsonemidae) parasitizing
eggs of bark beetles of the genus Ips. Canadian Entomologist
93: 982-999.

Massey, C. L. and N. D. Wygant. 1954. Biology and control of the
Engelmann spruce beetle in Colorado. Washington, D.C., 35 p. (U.S.
Department of Agriculture. Forest Service, Circular no. 944).



McCainbridge, W. F. 1967. Nature of induced attacks by the Black Hills
beetle, Deridroctorius ponderosae (Coleoptera: Scolytidae). Annals
of The Entomological Society of America. 60:920-928.

McGhehey, J. H. and W. P. Nagel. 1966. A technique for rearing larvae
of Medetera aldrichii (Diptera: Dolichopodidae). Annals of the
Entomological Society of America 59:290-292.

Mccowan, V. F. and J. A. Rudinsky. 1958. Biological studies on the
Douglas-fir bark beetle. Millicoma Forest Tree Farm, Coos Bay,
Oregon: a progress report. Centralia, 21 p. (Weyerhaeuser Timber
Company. Forest Research Center).

Miller, J. M. and F. P. Keen. 1960. Biology and control of the western
pine beetle: a summary of the first fifty years of research.
Washington, D.C. (U.S. Department of Agriculture. Forest Service.
Miscellaneous Publication 800).

Mime, A. 1957. Theories of natural control of insect populations.
Cold Spring Harbor Symposium. Quantitative Biology 22:253-271.

Morris, R. F. 1965. Contemporaneous mortality factors in population
dynamics. Canadian Entomologist 97:1173-1184.

Nicholson, A. J. 1950. Population oscillations caused by competition
for food. Nature 196:476-477.

Northwest Forest Pest Action Council. 1953. An evaluation of forest
insect and disease research needs in Oregon arid Washington.
Portland,, Oregon (unpublished manuscript) 27 p.

Person, H. L. 1940. The clerid Thanasitnus lecontei (Wolcott) as a factor
in the control of the western pine beetle. Journal of Forestry
38:390-396.

Peterson, A. 1951. Larvae of insects. Part II. Coleoptera, Diptera,
Neuroptera, Siphonaptera, Mecoptera, Trichoptera. Ann Arbor,
Edwards Brothers, 416 p.

Pitman, G. B. and J. P. Vite. 1969. Aggregation behavior of Dendroc-
tonus ponderosae (Coleoptera: Scolytidae) in response to chemical
messengers. Canadian Entomologist 101 (2):143-149.

Reid, R. W. 1957a. The bark beetle complex associated with lodgepole
pine slash in Alberta. Part II. Notes on the biologies of
several hymenopterous parasites. Canadian Entomologist 89:5-8.

70



Reid, R. W. l957b. The bark beetle complex associated with lodgepole
pine slash in Alberta. Part III. Notes on the biologies of sev-
eral predators with special reference to Enoclerus sphegeus Fab.
(Coleoptera: Cleridae) 9:111-120.

Reid, R. W. 1957c. The bark beetle complex associated with lodgepole
pine slash in Alberta. Part IV. Distribution, population
densities, and effects of several environmental factors. Canadian
Entomologist 89:437-447.

Reid, R. W. l958a. Internal changes in the female mountain pine beetle,
Dendroctonus monticolae Hopk., associated with egg laying and
flight. Canadian Entomologist 90:454-468.

Reid, R. W. 1958b. The behavior of the mountain pine beetle, Dendroc-
tonus inonticolae Hopk., during mating, egg laying, and gallery
construction. Canadian Entomologist 90:505-509.

Reid, R. W. 1961. Moisture changes in lodgepole pine before and after
attack by the mountain pine beetle. Forestry Chronicle 37:368-375.

Reid, R. W. 1962a. Biology of the mountain pine beetle, Dendroctonus
monticolae Hopkins, in the East Kootenay Region of British Columbia.

Life cycle, brood development, and flight periods. Canadian
Entomologist 94:531-538.

Reid, R. W. 1962b. Biology of the mountain pine beetle, Dendroctonus
monticolae Hopkins, in the East Kootenay Region of British Columbia.

Behavior in the host, fecundity, and internal changes in the
female. Canadian Entomologist 94:605-613.

Reid, R. W. 1963. Biology of the mountain pine beetle, Dendroctonus
monticolae, Hopkins, in the East Kootenay Region of British Colum-
bia. III. Interaction between the beetle and its host with
emphasis on the brood mortality and survival. Canadian Entomolo-
gist 95:225-238.

Rudinsky, J. A. 1962. Ecology of Scolytidae. Annual Review of Entomology
7: 327-348.

Rust, H. J. 1933. Many bark beetles destroyed by predaceous mites.
Journal of Economic Entomology 26:733-734.

Ryan, R. B. 1962. Durations of the immature stadia of Coeloides
brunneri (Hymenoptera: Braconidae) at various constant temperatures,
with descriptions of the five larval instars. Annals of the Ento-
mological Society of America 55:403-409.

71



72

Ryan, R. B. and J. A. Rudinsky. 1962. Biology and habits of the Douglas-

fir beetle parasite, Coeloides brunneri Viereck (Hymenoptera:
Braconidae), in western Oregon. Canadian Entomologist 94:748-763.

Sartwell, C., Jr. 1964. l4ountain pine beetle and Oregon pine ips:
Progress report on 1963 exploratory studies. Portland, 42 p.

(unpublished). (U.S. Forest Service. Pacific Northwest Forest

and Range Experiment Station).

Sartwell, C. 1969. Role of mountain pine beetle in the population
ecology of ponderosa pine. Bulletin of The Oregon Entomological
Society. 35:255.

Smith, R. H. 1965. A physiological difference among beetles of Dendroc-
tonus ponderosae (=D. monticolae) and D. ponderosae (=D. jeffreyi).
Annals of the Entomological Society of America 58:440-442.

Shepherd, R. F. 1965. Distribution of attacks by Dendroctonus ponder-
osae Hopk. on Pinus contorta Dougl. var. latifolia Engelm. Canadian

Entomologist 97:207-215.

Solomon, 14. E. 1949. The natural control of animal population. Journal

of Animal Ecology 18:1-35.

Struble, G. R. 1942a. Biology of two native coleopterous predators of
the mountain pine beetle in sugar pine. Pan-Pacific Entomologist

18:97-107.

Struble, G. R. 1942b. Laboratory propagation of two predators of the

mountain pine beetle. Journal of Economic Entomology 35:841-844.

Struble, G. R. 1957. The fir engraver, a serious enemy of western true
firs. Washington, D.C., 18 p. (U.S. Department of Agriculture.
Forest Service. Production Research Report no. 11).

Struble, G. R. and P. C. Johnson. 1955. The mountain pine beetle.

Washington, D.C., 4 p. (U.S. Department of Agriculture. Forest

Service. Forest Pest Leaflet 2).

Swaine, J. M. 1918. Canadian bark beetles, Part II: A preliminary class-
ification with an account of the habits and means of control. Ottawa,

143 p. (Canada Department of Agriculture. Bulletin no. 14).

Thomas, J. B. 1957. The use of larval anatomy in the study of bark
beetles (Coleoptera: Scolytidae) Ottawa, 45 p. (Canadian Encomolo-
gist. Supplement 5 to Volume 89).

Thomas, J. B. 1965. The immature stages of Scolytidae: the genus

Dendroctonus Erichson. Canadian Entomologist 97:374-400.



73

Townes, H. K. and M. Townes. 1962. Ichneuman-f lies of America north of
Mexico. 2. Subfamilies Ephialtinae, Xoridinae, Acaenitinae.
Washington, D.C., 676 p. (U.s. National Museum. Bulletin no. 216).

Vita, J. P. and R. I. Gara. 1962. Volatile attractants from ponderosa
pine attacked by bark beetles (Coleoptera: Scolytidae). Contri-
butions of the Boyce Thompson Institute of Plant Research 21:251-273.

Wood, S. L. 1963. A revision of the bark beetle genus Dendroctonus
Erichson (Coleoptera: Scolytidae). Great Basin Naturalist 23:1-117.



APPENDICES



APPENDIX I. STAND CHARACTERISTICS OF THE FIVE STUDY AREAS. ALL STANDING TREES TALLIED, BOTH
DEAD AND ALIVE, WERE INCLUDED IN THE ANALYSIS OF STAND DENSITY.

Ponderosa Pine

All Species Combined

Round Harvey Long Wilson Ebell
Mountain Creek Lake Creek Creek

Total basal area/acre
(square feet) 312.6 147.6 148.7 156.-9 176.9

x Diameter
(trees 3-14 in. DBH)

Number stems/acre

7.5 4.4 4.9 4.9 5.3

(trees 3-14 in. DBH) 475 757 626 885 940

Number stems/acre
(trees larger than 14") 65 0 5 5 0

Total number of
stems/acre 770 1848 968 1565 1250

Other Species

Number stems/acre 25 393 236 45 25
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UNITED STATES DEPARTMENT OF AGRICULTURE
AGRICULTURAL RESEARCH SERVICE

ENTOMOLOGY RESEARCH DIVISION
BELTSVILLE. MARYLAND 20705

May 3, 1966

To: Pacific N. V. FOrest Experiment Station
P. 0. Box 3141, Portland, Oregon 97208

From: W. H. Anderson, Chief, Insect Identification and

Parasite Introduction Research Branch

Subject: Second Partial Report Lot No. 66-2433

The following determinations are a second partial report for the

material received in this office on February 2, 1966. A previous

report was made with our memorandum of March 14, 1966.

Nitidulidae
33522C Glischrochilus vittatus (Say) 1 adult

Det. by W. A. Connell

Colvdiidae
33515D Aulonium longuui LeG. 4 adults; kept 2

33515G Lasconotus complex LeG. 1 adult

Rhizophagidae
33515F, 33522B

Rhizophagus sculpturatus Mann. 7 adults; kept 3.

Det. by J. Ii. Kingsolver

Lonchaeidae
335l4B Lonchaea sp. 5

(Note: Until J. F. McAlpine publishes his
revision1 the specific determination 62
Lonchaea will not be feasible)

Dolichopodidae
33514A Medetera
335 14A Medetera

33523 Medetera

33513 Medetera

Det. by G. Steyskal

caerulescens Malloch 1

aldrichii Wheeler 2

aldrichii Wheeler 9

aldrichii Wheeler 15

76

. Tineidae
33514D Prob. Elatobia martinella (Wlk)

(too poor)

Det. by D. R. Davis

The specimens, except as noted kept, are being returned under separate

cover.

When additional determinations become available we will report again.

Separ*ite cover:
pecimen.



From:

Subject:

UNITED STATES DEPARTMENT OF AGRICULTURE
AGRICULTURAL RESEARCH SERVICE

ENTOMOLOGY RESEARCH DIVISION
ELTSVILLE, MARYLAND

March 111., 1966

To: Pacific II. U. Forest Experiment Station
P. 0. Box 3111.1, Portland, Oregon 97208

W. H. Anderson, Chief, Insect Identification and
Parasite Introduction Research Branch

Partial Report It lb. 662I33

The following determinations are a partial report for material
received In this office on February 2, 1956.

Tenebrionidae
53515-C - Corblceus sp. - 13; kept 11

Det. T. J. Spilman

Pteromalidae
33517 - Rotrocerus xylophagorum (Ratz.) - 1 2

(Note: The name Pachyceras has priority in
Rymenoptera, but the Geologi$ts claimed it
had been long used for an iiportant genus
of amrnonite, o we relinquished it, and
are now using Rootrocerus instead.. See
Bull. Zool. Nornencl. 1:2 for a Lu].]. state-
ment of the case.

Det. B. D. Barks

Braconidae
335111.-C - Chelonus sp. - 1, kept

Det. P. 14. Marsh

Ichneuzaonidae
33516 - Xorides (Xorides) insularis (Cress.) - 1 cf

(As identified in USNM Coll.)
(Would like for USIThI Coil.)

Det. L. 14. Walk].ey

335l8-A - Staphylinidae - No Specialist Available

33522-A - Staphylinidae - No Specialist Availab1 - 2

1hen additional reports become available, we will report again.
The speciniens, except as noted. kept, are being returned under
separate cover.

Separate cover:
Specimens
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