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INTRODUCTION

The southern pine beetle (SPB)., Dendroctonus
Srontalis Zimmermann (Coleoptera: Scolytidae),
originally described by Dr. Charles Zimmermann in
1868 (1232), is the most destructive forest insect pest in
the southeastern United States and parts of Mexico and
Central America. Several bibliographies and reviews
have summarized southern pine beetle activity and
literature. A. D. Hopkins in 1899 (479) reported on
investigations to determine the cause of unhealthy pines
and spruce from 1890-1893 in West Virginia. Osgood
(777) prepared a bibliography of the SPB for informa-
tion through 1955. In 1960, Thatcher (985), reviewed D.
Sfrontalis literature. In 1972, Coulson et al. (251) con-
densed reports on the southern pine beetle from 1961-
1971, including beetle development, natural enemies,
behavior, survey and detection and economic aspects.
Payne et al., in 1974 (805), edited a symposium incorpor-
ating southern pine beetle population dynamics, life
history, economic impact and ecological role.

The compendium of the Expanded Southern Pine
Beetle Research Applications Program (ESPBRAP),
edited by Thatcher et al., 1980 (1001), included
summaries of research investigations on D. frontalis life
history; natural enemies; climate, site and stand factors,
population dynamics; sampling; impact guidelines for
reducing losses due to D. frontalis, and development of
integrated pest management strategies. Thatcher and
Wilson (1002) published a bibliography of the ESPBRAP
including articles, theses and dissertations supported by
the program.

The current Integrated Pest Management—Southern
Pine Bark Beetles Program (IPM) is implementing the
technology developed during the ESPBRAP. One of the
objectives of the IPM is to provide a reference library,
computerized literature file and annotated bibliography
of D. frontalis.

The reference library and computerized literature file
are maintained at Stephen F. Austin State University.
The computerized file, maintained on the Honeywell®
CP6 computer, is an interactive, user-friendly system
adapted from FAMULUS. FAMULUS, a personal
documentation system for indexing and crosslisting
reference articles, was developed specifically for
cataloging and retrieving citations from the reprint files
of research scientists (Burton el al. 1971). The version of
FAMULUS we used consisted of eight individual
computer programs written in FORTRAN. These
programs are:

1. EDIT The workhorse of FAMULIS, EDIT
performs the primary data-handling and
data-editing chores, including addition and
deletion of citations, corrections, and
changes in fields labels.

2. SEARCH Selects and prints citations using a
SEARCH request with the following
logical operators: OR, AND, and AND
NOT.

3. GALLEY Prints citations by fields or in a

bibliographic format.

Arranges citations into alphabetical or

numerical order by fields or combination of

4. SORT

fields.

5. MERGE Combines sorted citations in groups.

6. INDEX Produces an alphabetical list of words in
fields by citation number.

7. OSSIFY Produces card images of citations.

8. VOCAB Scans any field and compiles an
alphabetical list of terms occurring in the
field(s). These lists can be used for editing
or construction of SEARCH formulas.

This annotated bibliography, containing 1,235
articles, was prepared using the FAMULUS System and
transmitted via telecommunications to Lufkin, Texas,
for printing using a compugraphic Editwriter 777011.
Articles for the bibliography were obtained from the
IPM program, directly from authors, or through inter-
library loan at Steen Library, SFASU. The computer-
ized FAMULUS System can be used to either 1) store
and retrieve citations, or 2) prepare bibliographies for
use through publication or other outlets,

Citations entered in this annotated bibliography are
abbreviated following BIOSIS guidelines (Anonymous
1982), except United States Department of Agriculture,
abbreviated as USDA. Authors are entered as all capi-
tals for ease in computer searching. The order of fields
entered from FAMULUS are AUTH (author); YEAR
(date of publication), TITL (title of publication), SOUR
(source of citation), TAXO (taxonomy of D. frontalis and
its major associates), KEYS (keywords for indexing by
subject), and ABST (annotation of each citation). When
accessing FAMULUS, these fields may be searched
(SEARCH) separately or in combination with other
fields.

The bibliography contains three Indexes, AUTHOR
(AUTH feld), TAXONOMY (TAXO field), and KEYS
(KEYS or subject field). These indexes can be used to
reference articles either in the bibliography or the comp-
uterized FAMULUS file maintained at SFASU. Titles of
articles are reproduced exactly as found in the original
reference; therefore, for example, Zimmermann, often
spelled as Zimmerman, was not changed.

The annotated bibliography is currently maintained
and updated using the FAMULUS System at SFASU.
Periodic updates will be available upon request.
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DETECTION Characteristics of southern pine beetle attacks
are illustrated in color photographs.

ANDERSON W. W., BERISFORD C. W., KIMMICHR. H.,
1979. Genetic differences among five populations of the
southern pine beetle. Ann. Entomo). Soc. Am. 72:323-237.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus frontalis).
MISCELLANEQUS TECHNIQUES, GENETICS In five
separate populations of Dendroctonus fronialis six genes were
studied. In some populations, differences were found between
the males and females at both the GOT and PGI loci. Evidence
supports the idea that the Mexican and Arizonan populations
have split from the main body.

ANONYMOUS. 1892. October 6, 1892. Proc. Entomol. Soc.
Wash. 2(8):353-854. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus frontalis. CLERIDAE; Thanasimus
Sformicarius). PREDATOR A. D. Hopkins presents a paper on
the introduced clerid, Clerus formicarius, as a predator of
Dendroclonus frontalss. His concensus is that the clerid would
replace native clerids.

ANONYMOUS. 1893. Parasitic and predaceous insects in
applied entomology. USDA Div. of Entomol. Insect Life
6:138-141. (COLEOPTERA: SCOLYTIDAE; Dendroctonus
Srontalis. CLERIDAE: Thanasimus formicarius).
PREDATOR, ECOLOGICAL DISTRIBUTION, CONTROL-
BIOLOGICAL A discussion on the attempt to establish the
imported scolytid Clerus formicarius as a predator of the
southern pine beetle is presented. The author also discusses the
hazards of introducing imported species of insects and
pathogens into America.

ANONYMOUS. 1913. Report of the Secretary. USDA Yearb.
1912, p. 76-77, 148-149, (COLEOPTERA: SCOLYTIDAE;
Dendroctonus frontalis). CONTROL-CULTURAL, CONTROL-
LEGAL, SURVEY AND DETECTION The southern pine
beetle was checked through cutting and burning.

. ANONYMOUS. 1919. Southern pine beetle timber menace.

Am. Lumberman 2299:43. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus frontalis). CONTROL-CULTURAL, SURVEY
AND DETECTION Reports on southern pine beetle damage in
1916 in West Virginia. Mentions A. D. Hopkins’ work with
cultural control of the southern pine beetle.

ANONYMOUS. 1923. Protection of forest Jands. USDA Yearb.
1922. p. 161-163. (COLEQOPTERA: SCOLYTIDAE;
Dendroctonus frontalis, Dendroctonus brevicomis,
Dendroctonus ponderosae). SURVEY AND DETECTION,
MAPS General insect conditions in the United States.

ANONYMOUS. 1924a. Beetle working damage to yellow pine
in South. Natl. Lumberman 73:10. (COLEOPTERA.:
SCOLYTIDAE; Dendroctonus frontalis). SURVEY AND
DETECTION Describes 1921 outbreak of the southern pine
beetle; weather is one of the best controlling agents.

ANONYMOUS. 1924b. Dry weather aids beetle. South.
Lumberman 116(1508):40. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus frontalis). WEATHER RELATIONSHIPS Dry
weather assisted outbreaks of the southern pine beetle.

ANONYMOUS. 1927. The relation of insects to slash disposal.
USDA Dep. Cire. 411. 12 p. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus frontolis, Ips calligraphus, Ips ovulsus, Ips
grandicollis). IMPACT Southern pine beetles were not a
problem in slash.

ANONYMOUS. 1929. Tiny beetle has destroyed $50,000,000
worth pine timber. South. Lumber J. 33(17):37.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus fronlalis).
CONTROL-GENERAL, SURVEY AND DETECTION Briefly
summarizes southern pine beetle outbreaks and control
measures.

. ANONYMOUS. 1930a Current notes. J. Econ. Entomol.

23:478. (COLEOPTERA: SCOLYTIDAE; Dendroctonus

Srontalis). SURVEY AND DETECTION, WEATHER

RELATIONSHIPS An outbreak of southern pine beetle was
reported in eastern Tennessee in 1929. Low temperatures in
November killed most of the brood in the outer bark.
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ANONYMOUS. 1930b. Use deagq trees for fuel to prevent pine
beetle. Weekly News Notes. Clemson Agric. Coll. and USDA
Coop. 19(23):1 (COLEOPTERA: SCOLYTIDAE; Dendroctonus
frontelis). WOOD UTILIZATION Timber with beetles should
be harvested to prevent spread.

ANONYMOUS. 1932a. Beetles in Carolina. South. Lumberman
145(18338):21. (COLEOPTERA: SCOLYTIDAE; Dendroctonus
Sfrontalis, Ivs spp.). SURVEY AND DETECTION Southern
pine beetles are expanding due to lack of rain.

ANONYMOUS. 1932b. Pine beetle in Louisiana. South.
Lumberman 145(1833):21. (COLEOPTERA: SCOLYTIDAE;
Dendroclonus frontalis). SURVEY AND DETECTION
Guidelines for examining dead or dying pines for southern pine
beetles are given.

ANONYMOUS. 1933. Analysis of special jobs in farm forestry.
Fed. Board for Voc. Ed., Wash. D.C. pp. 29-32.
(COLEOPTERA: SCOLYTIDAE; Dendroclonus frontalis).
IMPACT Southern pine beetle causes losses in woodlot
production.

ANONYMOUS, 1939. Job XI.-Controlling the southern pine
beetle. U. S. Div. Votational Educ. Voeational Div. Bull. No.
196. p. 46-48. (COLEOPTERA: SCOLYTIDAE; Dendroctonus
Srontalis). LIFE HISTORY-GENERAL, CONTROL-
GENERAL Life history and control of southern pine beetles are
presented.

ANONYMOUS, 1943. Controlling pine beetles. Clemson Agric.
Coll. Circ. No. 240, Clemson, S. C. 4 p. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus frontalis). LIFE HISTORY-
GENERAL, CONTROL-CULTURAL Brief summary of life
history and direct control for the southern pine beetle.

ANONYMOUS. 1960a. Southern pine beetles do serious
damage in Texas. Naval Stores Rev. 60:30 (COLEOPTERA:
SCOLYTIDAE; Dendroctonus frontalis). IMPACT Reports on
the southern pine beetle outbreak in Texas.

ANONYMOUS. 1950b, Virginia forests as they relate to the
Virginia economy. Va. Advis. Counc. on Va, Econ. Comm. For.
p. 23-26. (COLEOPTERA: SCOLYTIDAE; Dendroctonus
Srontalis). LIFE HISTORY-GENERAL Southern pine beetle
outbreaks are briefly reviewed for Virginia.

ANONYMOUS. 1950c, Around the states. For. Farmer
10(1):13. (COLEQPTERA: SCOLYTIDAE; Dendroclonus
Srontalis). SURVEY AND DETECTION Summarizes
southwide southern pine beetle outbreaks for 1950.

ANONYMOUS. 1950d. Serious threat to timber. Gulf Coast
Lumberman 38(16):4. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus frontalis)). SURVEY AND DETECTION
Describes the southern pine beetle's threat to timber in East
Texas.

ANONYMOUS. 196la. Insects commonly attacking forest
trees and unseasoned timber in the southern states. For.
Farmer Many. Ed.,, Second Ed. p. 38-41. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus frontalis, Dendroctonus
terebrans, Dendroctonus valens, Ips avulsus, Ips calligraphus,
Ips grandicollrs). SURVEY AND DETECTION, CONTROL-
GENERAL, CONTROL-CHEMICAL A discussion of forest
insect detection and control is presented. A key to insects of
southern forests is included.

ANONYMOUS. 1951b. Losses caused by the southern pine
beetle in Texas during 1950. For. Farmer 11:11
(COLEOPTERA: SCOLYTIDAE; Dendroclonus fronlalis).
IMPACT The southern pine beetle caused major lasses in East
Texas.

ANONYMOUS. 1951c. Texas continues to suffer from bark
beetle epidemic. Naval Stores Rev. 61:2. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus frontolis). IMPACT Southern
pine beetle continued to be a problem in East Texas.

ANONYMOUS. 19564. Fighting the pine beetle. South.
Lumberman 188(2347):28. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus frontalis). CONTROL-GENERAL Cantrols for
bark beetles, including chemicals and cultured methods, are
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Syracuse Univ., Syracuse, N. Y. (COLEOPTERA:
SCOLYTIDAE; Dendrocltonus frontalis). STAND
CONDITIONS, LIFE HISTORY-GENERAL The southern
pine beetle occurs in overdense stands of pines. The beetle will
increase in numbers in these stands and reduce pine stocking.

BARKER W. J.. NETTLES W. C. 1954, Controlling pine
beetles in South Carolina woodlands. Clemson Agric. Coll. Cire.
239. (COLEOPTERA: SCOLYTIDAE; Dendroctonus
frontalis). CONTROL-CHEMICAL, CONTROL-GENERAL
BHC is a recommended control for the southern pine beetle.

BARRAS S. J. 1967. Thoracic mycangium of Dendroctonus
Sfromtalis (Coleoptera: Scolytidae) is synonymous with a
secondary female character. Ann. Entomol. Soc. Am. 60:486.
(COLEOPTERA: SCOLYTIDAE; Dendroclonus frontalis).
MORPHOLOGY AND PHYSIOLOGY This paper discusses
several morphological features of Dendroctonus frontulis. The
female possesses a transverse ridge across the anterior area of
the pronotum. This ridge represents the external evidence of a
mycangium, a fungus repository organ.

BARRAS 8. J. 1969. Penicillium implicatum antagonistic to
Ceratocystis minor and C. ips. Phytopathology 59:520.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus terebrans,
Dendroctonus frontalis. Ceratocystis minor, Ceratocystis ips,
Penicillium implicatum). COMMENSALISM AND
SYMBIOSIS Little is known of the interactions between
Penicillium spp. and other fungi associated with bark beetles.
Petri dish trials have shown that there is a significant
antagonistic reaction between P. implicalum and both C. minor
and C. ips.

BARRAS S. J. 1970. Antagonism between Dendroctonus
Sfrontalis and the fungus Ceratocystis minor. Ann. Entomol.
Soc. Am. 63:1187-1190. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus frontalis. Ceralocystis manor). VECTOR,
COMMENSALISM AND SYMBIOSIS, REARING The blue-
staining fungus Ceratocystis minor when acting alone is
detrimental to southern pine beetle development. However, the
growth of the fungus is inhibited in the phloem when it is
present with the beetle and other associated microorganisms.

BARRAS 8. J. 1972. Improved White’s solution for surface
sterilization of pupae of Dendroclonus frontalis. J. Econ.
Entomol. 65:1504. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus fromtalis). PUPAE, REARING,
MISCELLANEOUS TECHNIQUES The rearing of certain
insects on artificial diets requires the elimination of ectodermal
microbes. Antimicrobial agents are of little use because they
often kill many insects. A technique is described which increases
the survival of southern pine beetles through surface
sterilization of pupae.

BARRAS 8. J. 1973. Reduction of progeny and development in
the southern pine beetle following removal of symbiotic fungi.
Can. Entamol. 105:1295-1299. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus frontalis). LARVAE, LIFE
HISTORY-GENERAL, OVIPOSITION, FECUNDITY,
VECTOR, ECOLOGICAL DISTRIBUTION, EMERGENCE,
REARING, COMMENSALISM AND SYMBIOSIS Absence of
mycangial and ectodermal fungi in loblolly pine bolts caused 2
decrease in the number of progeny of Dendroctonus frontalis.
Absence of fungi had no effect on number of attacks, gallery
length, and number of egg niches; however, initial emergence of
progeny was delayed 13 to 24 days.

BARRAS S. J. 1975. Release of fungi from mycangia of
southern pine beetles observed under a scanning electron
microscope. Z. Angew. Entomal. 79:173-176. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus frontalis). VECTOR,
MORPHOLOGY AND PHYSIOLOGY The prosternum of
Dendroctonus frontalis is possibly a release site for mycangial
fungi. Another possible site is behind the edge of the
presternum where the opening of the mycangium wall js widest.
Several fungi and yeasts previously isolated from the mycangia
were found at the release sites.

BARRAS 8. J., HODGES J. D. 1969. Carbohydrates of inner
bark of Pinus taeda as affected by Dendroctonus fronlalis and
associated wmicroorganisms. Can. Entomol. 101:489-493.
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(COLEOPTERA: SCOLYTIDAE; Dendroctonus fromialis.
Ceralocystis minor). MISCELLANEQUS TECHNIQUES,
MORPHOLOGY AND PHYSIOLOGY, COMMENSALISM
AND SYMBIOSIS Glucose, fructose, and sucrose were detected
in inner bark treated with 2 southern pine beetle-microorganism
complex and two beetle-associated fungi. The treatment
lowered the reducing sugar level.

BARRAS S. J., HODGES J. D. 1974. Weight, moisture. and
Jipid changes during life cycle of the southern pine beetle.
USDA For. Serv. Res. Note S0O-178. 5 p. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus frontalis). LIFE HISTORY-
GENERAL, MORPHOLOGY AND PHYSIOLOGY Changes in
weight, moisture, and gross lipid of Dendroclonus frontalis
were examined at six developmental stages. The study was one
of a series on the nutritional relationships between the southern
pine beetle, its associated mycangial fungi, and toblolly pine
phloem.

BARRAS S. J., PERRY T. 1972. Fungal symbionts in the
prothoracic mycangium of Dendroclonus fronlalis (Coleopt.:
Scolytidae). Z. Angew. Entomol. 71:95-104. (COLEQOPTERA:
SCOLYTIDAE; Dendroctonus frontalis. Sporothriz sp.,
Ceralocystis minor, Penicillium spp.). ADULT, VECTOR,
ECOLOGICAL DISTRIBUTION, MISCELLANEOQUS
TECHNIQUES, COMMENSALISM AND SYMBIOSIS The
predominant fungi observed in the prothoracic mycangium of
Dendroctonus fronlalis were an vndescribed Sporothrix and a
basidiomycete. These were the predominant organisms found in
the mycangia of attacking females. Other organisms such as C.
minor and Penicillium spp. and yeasts occur during early adult
life.

BARRAS 8. J., PERRY T. J. 1975. Interrelationships among
microorganisms, bark or ambrosia beetles, and woody host
tissue: An annotated bibliography, 1965-1974. USDA For. Serv.
Gen. Tech. Rep. SO-10. 34 p. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus frontalis). REVIEW, COMMENSALISM AND
SYMBIOSIS The interrelationships of insects, microorganisms,
and host trees are the least under stood of the many factors that
influence the development of scolytids within woody hosts. The
symbiotic interactions of insects and microoganisms 2s well as
the woody tissue-microorganism associations often influence
insect development and survival. This bibliography is a
compilation of articles and abstracts concerned with biological,
ecological, and physiological parameters of symbiotic
associations.

BARRAS 8. J., TAYLOR J. I. 1973. Varietal Ceratocystis
manor identified from mycangium of Dendroctonus frontalis.
Mycopathol. Mycol. Appl. 50:293-305. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus frontalis. Ceratocysiis minor).
LARVAE, VECTOR, REARING, MISCELLANEOQUS
TECHNIQUES, COMMENSALISM AND SYMBIOSIS A
fungus (SJB 133) was observed reproducing amerosporous cells
in the mycangium of the adult female southern pine beetle. In
larval galleries it reproduced anascigerously and appeared to be
stimulated by the presence of beetle larvae. Studies conclude
that the mycangial fungus is 2 variety of Ceratocystis minor. A
detailed description of the fungus is presented.

BARRON E. H. 1970. Deterioration of trees killed by southern
pine beetles. M. For. Thesis, Stephen F. Austin State Univ.,
Nacogdoches, Tex. 58 p. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus frontalis). PATHOGENS, WOOD
UTILIZATION Describes southern pine beetle-killed pines
from initial infestation to six months. Blue-stain fungi had
penetrated the logs by four months in the summer and six
months in the winter. Termites were present in three months.
Moisture loss occurred during the first month (decreased 40%),
as did weight (decreased 30%), specific gravity continued to
decrease through six months (decreased 10%). Pathogens
infesting the irees are listed.

BARRON E. H. 1971. Deterioration of southern pine beetle-
killed trees. For. Prod. J. 21:57-69. (COLEOPTERA:
SCOLYTIDAE; Dé¢ndroctonus frontalis),. COMMENSALISM
AND SYMBIOSIS, ECONOMICS, IMPACT, WOOD
UTILIZATION Regression equations were developed from
measurements of specific gravity and moisture content of trees
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large-scale outbreaks of the southern pine beetle are active in
North and South Carolina, Tennessee, Georgia, Alabama, and
Mississippi. Large-scale control programs are currently being
carried out in many areas.

BONGBERG J. W. 1957. A status report on forest insects in
the United States, 1956. FAO Plant Prot. Bull. 5:120.
(COLEOPTERA: SCOLYTIDAE: Dendroctonus frontalis).
CONTROL-CHEMICAL, SURVEY AND DETECTION
Southern pine beetle populations were at epidemic levels in
many areas of the South and Southeast. Concentrated contro!
efforts have been successful in reducing beetle numbers in
several areas. Overall, populations have subsided from the 1956
level.

BORDEN J. H. 1974. Aggregation pheromones in the
Scolytidae. In, Pheromones., North-Holland Publ. Co.,
Amsterdam. p.136-160. (COLEOPTERA: SCOLYTIDAE).
PREDATOR, PARASITES, AGGREGATION, BEHAVIORAL
CHEMICALS, FLIGHT, HOST SELECTION General review
of aggregation pheromones in the Scolytidae.

. BORDEN J. H., STOKKINK E. 197). Setondary attraction in

the Scolytidae; an annotated bibliography. For. Res. Lab. Can.
For. Serv. Info. Rep BC-X-57. 77 p. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus frontalisfy,. BEHAVIORAL
CHEMICALS, ATTRACTANTS The authors annotate
secondary attraction in the Scolytidae, including Dendroctonus
JSrontalis.

BORDEN J. H.. VANDERSAR T. H., STOKKINK E. 1975,
Secondary attraction in the Scolytidae: An annotated
bibliography. Pest. Manage. Pap. No. 4. 97 p. (COLEOPTERA:
SCOLYTIDAE). REVIEW General review of secondary
attraction in the Scolytidae.

BOSWORTH A. B., EIKENBARY R. D., FLORA N. W,,
STURGEON E. E. 1968. Field key to beetles in pines. Okla.
State Univ. Ext. Facts No. 7164. 4 p. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus spp.. Ips spp.
CERAMBYCIDAE; Monochamus titillator,
PLATYPODIDAE; Platypus spp. BUPRESTIDAE; Buprestis
apricans. BOSTRICHIDAE; Xyleborus spp.). ADULT,
CONTROL-GENERAL, CONTROL-BIOLOGICAL,
CONTROL-CHEMICAL, SURVEY AND DETECTION A
description of the bark beetles and wood borers common to
southern yellow pines is presented. A pictorial key to both
beetles and their galleries is also presented. Brief information
on prevention and control is presented for educational purposes.

BOVING A. G.,, CHAMPLAIN A. B. 1920. Larvae of North
American beetles of the family Cleridae. Proc. U. S. Natl. Mus.
67:601-602,628-629. (COLEOPTERA: SCOLYTIDAE:
Dendroctonus frontalis. CLERIDAE; Thanasimus dubius,
Thanasimus formicarius). PREDATOR Describes larvae of
Thanasimus dubius and 7. formicarius, predators of
Dendroctonus frontalis.

BOZEMAN P. P. I11. 1977. Comparisons of several sources of
baseline data describing site and stand characteristics
potentially associated with southern pine beetle infestations. M.
For. Thesis, Stephen F. Austin State Univ., Nacogdoches. 65 p.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus frontalis).
STAND CONDITIONS, SAMPLING Baseline data collected by
ESPBRAP personnel were evaluated and compared to data
from various sources. There were no suitable sources of baseline
data to relate forest conditions to southern pine beetle
infestations. The necessary degree of sampling intensity by
field crews was investigated.

BRADY U. E.. BERISFORD C. W., HALL T. L.,
HAMILTON J. §. 1980. Efficacy and persistence of
chlorpyrifos, chlorpyrifos-methyl, and lindane for preventive
and remedial control of the southern pine beetle. J. Econ.
Entomol. 73:639-641. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus  frontalis). CONTROL-CHEMICAL Lindane
(20% EC), chlorpyrifos (Dursban 4EC), and chlorpyrifos-methyl
(Reldan 4EC) were compared in field efficacy tests on southern
pine beetle in standing, attacked loblolly pines. The persistence
of the three insecticides was compared to efficacy data. Results
indicated that lindane dissipated more rapidly than either of the
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other insecticides while 1% and 2% chlorpyrifos was
comparable to 0.5% lindane. Three reapplications of adjuvants
proved to improve persistence only slightly.

BRAMBLE W. C., HOLST E. C. 1935. Microorganisms
infecting pines attacked by Dendroctonus frontalis.
Phytopathology 25:7. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus frontalis. Ceratostomella pini).
COMMENSALISM AND SYMBIOSIS A basidiomycete, an
ascomycete (referred to as Ceratostomella pini), and a new
species of yeast are introduced into the bark of southern yellow
pines by Dendroctonus frontalis. Radial penetration into the
sapwood follows attack. Both the basidiomycete and the
ascomycete may be responsible for tree mortality when used for
inoculation.

BRAMBLE W. C., HOLST E. C. 1940. Fungi associated with
Dendroctonus frontalis in killing shortleaf pines and their effect
on conduction. Phytopathology 30:881-8%9. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus frontalis). ECONOMICS,
IMPACT, COMMENSALISM AND SYMBIOSIS Analysis of
shortleaf pine (Pinus echinata Mill.) revealed a variety of fungi
infecting the sapwood. Varying rates of penetration into the
sapwood are presented. Inoculation of fungi into apparently
healthy trees is discussed as is its affect on vigor. No
conclusions were drawn as to the effect on conduction.

. BRAND J. M., BARRAS S. J. 1977. The major volatile

constituents of a Basidiomyecete associated with the southern
pine beetle. Lloydia 40:398-400. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus frontalis). BEHAVIORAL
CHEMICALS, ATTRACTANTS, COMMENSALISM AND
SYMBIOSIS A fungus of the female of Dendroctonus frontolis,
designated SJB-122, was isolated from the mycangium of the
beetle. Three major volatile substances were extracted by
means of gas chromatography. Other fungi and their relation to
the southern pine beetle are discussed.

BRAND J. M., BRACKE J. W., BRITTON L. N.,
MARKOVETZ A. J.. BARRAS S. J. 1976. Bark beetle
pheromones: Production of verbenone by a mycangial fungus of
Dendroctonus Jrontalis. J. Chem. Ecol. 2:195-199.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus frontalis).
BEHAVIORAL CHEMICALS, COMMENSALISM AND
SYMBIOSIS Both trans-verbenol and verbenone are important
behavioral chemicals to the southern pine beetle. A mycangial
fungus of D. frontalis was found to transform trans-verbenol
into verbenone. This may have an important influence on beetle
behavior.

BRAND J. M., BRACKE J. W., MARKOVETZ A. J., WOOD
D. L.. BROWNE L. E. 1975. Production of varbeno!
pheromone by a bacterium isolated from bark beetles. Nature
254:136-137. (COLEOPTERA: SCOLYTIDAE; Dendroctonus
spp.. Ips spp. Bacillus cereus). BEHAVIORAL CHEMICALS,
ATTRACTANTS Discusses verbenone pheromone production
by Bactllus cereus, a bacterium isolated from bark beetles.

. BRAND J. M., SCHULTZ J., BARRAS S. J., EDSON L. J.,

PAYNE T. L., HEDDEN R. L. 1977. Bark beetle pheromones:
Enhancement of Dendroctonus frontalis (Coleoptera:
Scolytidae) aggregation pheromone by yeast metabolites in
laboratory bioassays. J. Chem. Ecol. 3:657-666.
(COLEOPTERA: SCOLYTIDAE; Dendroclonus frontalis).
BEHAVIORAL CHEMICALS, ATTRACTANTS,
COMMENSALISM AND SYMBIOSIS Evidence is presented
that certain metabolites of yeasts associated with the southern
pine beetle can enhance the aggregation pheromone. Three
yeasts were isolated and assayed.

BREMER J. E. 1967. Laboratory studies on the biology and
ecology of the southern pine beetle, Dendroctonus frontalis
Zimm. M.S. Thesis, Tex. A&M Univ.. College Station, Tex. 62 p.
(COLEOPTERA: SCOLYTIDAE: Dendroctonus fromtalis).
EGG, LARVAE, PUPAE, ADULT, LIFE HISTORY-
GENERAL, REARING Optimal temperatures for
Dendroctonus frontalis development was near 76 degrees F.
Four larval instars occurred; head capsule widths were: 1)
0.334; 2) 0.447,; 3) 0.601; and 4) 0.802 mm, respectively. Length
of the life cycle varied from about 35.6 days at 70 degrees F to
50.5 at 85 degrees F.
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BUNT W. D., COSTER J. E.. JOHNSON P. C. 1980.
Behavior of the southern pine beetle on the bark of host trees
during mass attack. Ann. Entomol. Soc. Am. 73:647-652.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus fromtalis.
CLERIDAE; Thanasimus dubius). BEHAVIOR Observation of
southern pine beetles during the first four days of mass attack
indicate that 22% of those landing on the bark eventually
entered the tree. Other beetles flew away (43%), dropped off
(32%), or were eaten (2%). Males spent less total time on the
bark than females.

BURKBART H. E., DANTELS R. F. 1980. Models for
southem pine beetle host dynamics. /n, Modeling Southern Pine
Beetle Populations-Symp. Proc. Feb. 20-22,, 1980. Asheville, N.
C. Stephen F. M., Searcy J. L., Hertel G. D., Eds. USDA For.
Serv. Tech. Bull. No. 1630. p. 167-163. (COLEQPTERA:
SCOLYTIDAE; Dendroctonus frontalis), STATISTICAL
METHODS, MODELING, MISCELLANEOUS
TECHNIQUES Stand models were developed for loblolly pine
using individual trees as the basic unit. The models provide a
means of evaluating silvicultural practices that might be useful
in control of southern pine beetle population levels .

. BUSHING R. W. 1965. A synoptic list of the parasites of

Scolytidae (Coleoptera) in North America north of Mexico. Can.
Entomol. 97:449-492. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus frontalis). TAXONOMY, PARASITES The
following parasites were associated with Dendroctonus
Sfrontalis: Coeloudes vissodis, Dendrosoter suleatus, Doryctes sp.
Ecphylus schwarzii, Spathius canadensis, Spathius pallidus,
Vipio rugator, Cecidostiba dendroctoni, Heydenia wuniea,
Liodontomerus sp., and Roptrocerus eccoplogastri.

CAIRD R. W. 1935. Physiology of pines infested with bark
beetles. Bot. Gaz. 96:709.733. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus fronlalis, Ips avulsus). LIFE
HISTORY-GENERAL, HOST SELECTION, SURVEY AND
DETECTION After initial bark beetle attack, rapid
physiological changes occur in the tree. A combination of bole
drying and fungus invasion causes tree decline.

CALLAHAM R. Z., SHIFRINE M. 1960. The yeasts
associated with bark beetles. For. Sci. 6:146-154.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus frontalis,
Dendroclonus brevicomis, Dendroctonus pseudotsugae,
Dendroctonus valens, Dendroctonus engelmanni, Ips
typographus, Ips pini, Ips grandicollis, Ips avulsus, Ips oregond,
Ips calligraphus, Ips emarginalus. Zygosaccharomyces pini =
Pichia pini ). REVIEW, COMMENSALISM AND SYMBIOSIS
The authors review the yeasts associated with bark beetles.

CAMORS F. B. JR., PAYNE T. L. 1972. Response of
Heydenia unica (Hymenoptera: Pteromalidae) to Dendroclonus
Srontalis (Coleoptera: Scolytidae) pheromones and a host-tree
terpene. Ann. Entomol. Soc. Am. 65:31-33. (COLEQPTERA:
SCOLYTIDAE; Dendroctonus frontalis,. HYMENOPTERA:
PTEROMALIDAE; Heydenia unica). LARVAE, PREDATOR,
PARASITES, BEHAVIORAL CHEMICALS,
ATTRACTANTS, HOST SELECTION Heydenia unica is a
larval parasite of Dendroctonus frontelis. It was attracted in
significant numbers to olfactometers baited with beetle
pheromones and host tree terpenes. The host tree terpene
atiracted more H. unica than did the individual pheromones.

CAMORS F. B. JR., PAYNE T. L. 1973. Sequence of arrival
of entomophagous insects to trees infested with the southern
pine beetle. Environ. Entomol. 2:267-270. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus frontalis). EGG, LARVAE,
PUPAE, ADULT, PREDATOR, PARASITES,
BEHAVIORAL CHEMICALS, ATTRACTANTS,
MISCELLANEOUS TECHNIQUES The sequence of arrival of
entomophagous insects may rely on the presence of beetle-
and/or host-produced odors. Five predators and six parasites of
the southern pine beetle (Dendroctonus fromtalis) were trapped
throughout all life stages of a southern pine beetle infested tree
to check the arrival sequence. Predators were found to arrive
early in the attack while parasites continued to increase as the
larval stages aged.

CAMPBELL J. B., SMITH K. E. 1978. Climatological
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forecasts of southern pine beetle infestations. Proc. 33rd Annu.
Meet. Southeast. Div. Assoc. Am. Geogr., Athens., Ga. Nov.
1978. (Abstr.) (COLEOPTERA: SCOLYTIDAE; Dendroctonus
Sfrontalis). WEATHER RELATIONSHIPS Weather variables
are used for southern pine beetle prediction in North Carolina
and Arkansas.

CAMPBELL 1. B.. SMITH K. E. 1980. Climatological
forecasts of southern pine beetle infestations. Southeast. Geogr.
20:16-30. (COLEOPTERA: SCOLYTIDAE: Dendroctonus
Sfrontalis). POPULATION DYNAMICS, MODELING,
WEATHER RELATIONSHIPS This study is taken from
selected data in North Carolina and Arkansas. Multiple
regression models are used to show relationships between the
location and severity of southern pine heetle infestations as well
as climate variations. The models developed are for small multi-
county regions using several previously unexamined variables.

CANN J. J. 1952. The beetle battle. A fight for survival in
Mississippi. South. Lumberman 185(2321):151-153.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus frontalis).
CONTROL-GENERAL During the 1952 outbreak of southern
pine beetle in southwestern Mississippi, a large control team
was established. Interagency cooperation was the key to
controlling the pest. This is explained in an easy-to-read story of
the events and conclusions.

CARRUTH H. 1941. Save the tree! Naval Stores Rev. 15 (19):6.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus frontalis).
SURVEY AND DETECTION A brief note describing
weakened pines as susceptible to southern pine beetles.

CARY A. 1932. On the recent drought and its effects. Naval
Stores Rev. 17:14-15; 18:14-15,20; 19:14-15.18.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus fronlalis).
WEATHER RELATIONSHIPS, SURVEY AND
DETECTION The southern pine beetle was epidemic
throughout the southeastern United States in 1931-1932.

CHAMBERLAIN W. J. 1939. Bark and timber beetles of
North America. Oregon State Coll. Coop. Assoc., Corvallis,
Oregon. 513 p. (COLEOPTERA: SCOLYTIDAE; Dendroctonus
frontalis, Ips avilsus, Ips calligraphus, Ips grandicollis).
TAXONOMY The bark beetles of southern pines are indexed
along with their natural enemies.

CHAPMAN H. H. 1942. Enemies of loblolly pine, p. 143-146.
In, Management of loblolly pine in the pine-hardwood region of
Arkansas and in Louisiana west of the Mississippi River. Yale
Univ. School For. Bull. 49. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus frontalis, Dendroctonus tlerebrans, Ips spp.
CERAMBYCIDAE; Monochamus titillator). LIFE HISTORY-
GENERAL, CONTROL-CULTURAL, REVIEW, FIRE,
LIGHTNING Reviews susceptibility of loblolly pine to
Dendroctonus frontalis. Pines attacked are usually stressed by
drought, lightning, fire, and windthrow. Brood may be
destroyed by felling infested trees and leaving them in the sun;
peeling will also kill the breod.

CHELLMAN C. W., WILKINSON R. C. 1975. Recent history
of the southern pine beetle, Dendroctonus frontalis Zimm.,
(Coleoptera: Scolytidze) in Florida. Fla. Entomol. 58:22.
(COLEOPTERA: SCOLYTIDAE; Dendrocionus frontalis).
LIFE HISTORY-GENERAL, DISTRIBUTION, ECONOMICS,
IMPACT, REVIEW In this short article, tree susceptibility is
discussed as well as recent losses and possible expected losses
caused by the southern pine beetle in Florida.

CHITTENDEN F, H. 1897. Insect injury to chestnut and pine
trees in Virginia angd neighboring States. USDA Div. Entomol.
Bull. No. 7. p. 67-76. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus frontalis). SURVEY AND DETECTION The
southern pine beetle was reported to be killing pine trees in
Virginia, West Virginia, and the District of Columbia in 1897.

CHITTENDEN F. H. 1899. Insect enemies of the white pine.
USDA Div. For. Bull. 22. p. 55-56. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus frontalis). SEASONAL
OCCURRENCE, POPULATION DYNAMICS,
DISTRIBUTION, CONTROL-CHEMICAL, CONTROL-
CULTURAL A report on the distribution and destructiveness
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flexible three-stage sampling design for mortality estimation
and a sampling design for periodic mortality estimation are
presented. It is hoped procedures developed here will be used on
an operational basis throughout the South. Aerial detection
methods using Avery’s volumeTree mortality must first be
evaluated in developing southern pine beetle impact surveys,
biological evaluations, and suppresion projects. A flexible three-
stage sampling design for mortality estimation and a sampling
design for periodic mortality estimation are presented. It is
hoped procedures developed here will be used on an operational
basis throughout the South.

COLEMAN V. R. 1976. Southern pine beetle control. Coop.
Ext. Serv. Univ. Ga. Coll. Agric., Athens, Ga. Leafl. 181. 4 p.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus frontalis).
REVIEW, CONTROL-GENERAL A brief guide to recognizing
a southern pine beetle infestation with guidelines for contro! is
presented. Included are sections on symptoms of attack, life
history, control, and pesticide precautions.

COOK S. P. 1982. Within-tree distributions and interspecific
competition between Dendroctonus frontalix Zimmermann, Ips
avulsus (Eichhoff), and I. calligraphus (Germar). M. S. Thesis,
Tex. A&M Univ., College Station, Tex. 99 p. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus fromtulis, Ips avuleus, Ips
ealligraphus). COMPETITION, DISTRIBUTION Competition
between the southern pine beetle and pine engraver beatles are
presented.

COOPER M. E. 1978. Parent adult re-emergence in southern
pine beetle populations. M.S. Thesis, Univ. Arkansas,
Fayetteville, Arkansas. 42 p. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus frontulis). POPULATION DYNAMICS,
EMERGENCE, SEX-RATIOS, MISCELLANEQUS
TECHNIQUES Shortleaf pines were sampled for southern pine
beetle parent adult reemergence during a 14 month period.
Logs were placed in the laboratory, reemerging adults were
counted and sexed, and data were collected on attack density,
gallery length, and numbers of reemergence holes. Analysis
revealed that 65% of attacking beetles reemerged.

COOPER M. E., STEPHEN F. M. 1978. Parent adult
reemergence in southern pine beetle populations. Environ.
Entomol. T7:574-577. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus frontalis). ADULT, LIFE BISTORY-
GENERAL, SEASONAL OCCURRENCE, ECOLOGICAL
DISTRIBUTION, POPULATION DYNAMICS The potential
for predicting parent adult reemergence of the southern pine
beetle by using more commonly measured variables such as
attack density, gallery length, and number of reemergence
holes was investigated. Parent adults were counted and sexed
after reemergence in laboratory logs. Attack density and
reemergence hole density were linearly related to the total
number of beetles reemerging.

COPONY J. A., MORRIS €. L. 1972. Southern pine beetle
suppression with frontalure and cacodylic acid treatments. J.
Econ. Entomol. 65:754-757. (COLEOPTERA: SCOLYTIDAE:
Dendroctonus frontalis). BEHAVIORAL CHEMICALS,
ATTRACTANTS, CONTROL-GENERAL, CONTROL-
BIOLOGICAL, CONTROL-CHEMICAL, TRAPS AND
CAGES In a heavily infested stand in eastern Virginia, loblolly
pine trap trees were set up by baiting them with frontalure and
poisoning them with cacodylic acid (8. Werstar 510) in the
spring. Frontalure was successful in attracting beetles to trap
trees; cacodylic acid treatments resulted in a 3.5 fold increase in
aborted attacks and reduced the brood by 59.9%. Applications
earlier in the spring may be warranted.

COSTER J. E. 1967. Studies of the attack behavior of the
southern pive beetle Dendroctonus fromtalis Zimm. M. S,
Thesis, Tex. A&M Univ., College Station, Tex. 104 p.
(COLEOPTERA: SCOLYTIDAE; Dendroclonus frontalis).
ATTRACTANTS, DISTRIBUTION, BEHAVIORAL
CHEMICALS The southern pine beetle attack process was
investigated.

COSTER J. E. 1969. Observations on Platypus flavicornis
(Coleoprera: Plarypodidae) in southern pine beetle infestations.
Ann. Entomol. Soc. Am. 62:1008-1011. (COLEOPTERA:
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PLATYPODIDAE; Platypus flavicornis; SCOLYTIDAE;
Dendroctonus frontalis). LIFE HISTORY-GENERAL,
ATTRACTANTS, FLIGHT, HOST SELECTION The ambrosia
beetle, P. jlavicornis, attacks the lower stem of pines which
have been previously mass-attacked by the southern pine beetle.
Four to six days elapse from the time of attack by D. frontalis
until P. flavicornis lands on the trees. It is suggested that the
attacks are oriented primarily to odors produced by the host
tree.

COSTER J. E. 1970a. Certain aspects of pheromone release
and aggregalion behavior in the southern pine beetle
(Coleoptera: Scolytidae). Ph.D. Diss., Tex. A&M Univ., College
Station, Tex. 129 p. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus frontals). AGGREGATION, BEHAVIORAL
CHEMICALS, ATTRACTANTS Aggregation of D, fronatlisis
brought about by frontalin, trans-verbenol and host tree
volitles. Frontalin and (rams-verbenol were in greatest
quantities in unfed females. Hindguts of mated females that had
fed contained less frontalin and frans-verbenol than unmated
females. Beetles responding to host material containing virgin
females had a ratio of 1:0.8 (males:females). 1f crushed males
and females were used, the sex ratio changed o 1:1.6, possibly
due to verbenone. A series of events in host selection and
aggregation behavior of D. froatalis, using a sex ratio
regulator, was hypothesized.

COSTER J. E. 1970b. Production of aggregating pheromones
in re-emerged parent females of the southern pine beetle. Ann.
Entomol. Soc. Am. 63:1186-1187. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus frontalis). AGGREGATION,
BEHAVIORAL CHEMICALS, ATTRACTANTS Pheromone
production from reemerged attacking adult female southern
pine beetle differed qualitatively and quantitatively from that
produced by virgin attacking adult females. The ability of
reemerged females to produce the pheromone indicates its role
as an aggregating pheromone rather than a sex pheromone, and
coupled with estimated reemergence of 50-60% indicates that
reemerged females may play an important role in southern pine
beetle population dynamics.

COSTER J. E. 1972. Certain aspects of pheromone release and
aggregation behaviour in the southern pine beetle,
Dendroctonus frontalis Zimm. (Coleoptera: Scolytidae). Folia.
Entomol. Mex. 24:86-87. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus frontalis). AGGREGATION, BEHAVIORAL
CHEMICALS, ATTRACTANTS Two insect-produced
compounds, frontalin and trens-verbenol, along with host tree
oleoresins, are responsible for aggregations of the southern pine
beetle. Factors responsible for this principle are discussed.

COSTER lJ. E. 1977. Towards integrated protection from the
southern pine beetle. J. For. 75:481-484. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus frontalis). CONTROL-
GENERAL, INTEGRATED PEST MANAGEMENT Coster
discusses movement away from direct control of the southern
pine beetle toward indirect methods of southern pine beetle
control. Managing for resistant stands, biotic control agents,
manipulation of stand density, and cutting practices are all
discussed as indirect control methods. A discussion of
integrated pest management is included.

COSTER J. E. 1979. Developing a southern pine beetle
management system. In, Proc. 1978 Natl. Meet., Soc. Am. For.,
St. Louis., Mo. p. 281-283. (COLEOPTERA: SCOLYTIDAE:;
Dendroctonus frontalis). CONTROL-GENERAL, MODELING,
INTEGRATED PEST MANAGEMENT Coster discusses the
Expanded Southern Pine Beetle Research and Applications
Program within the framework of the Waters-Ewing integrated
pest management conceptual model. Specific discussion is
aimed at insect and host dynamics, impact, and treatments.
ESPBRAP contributions to detection,' prediction, and
suppression are discussed.

COSTER J. E. 1980. Chapter 11. Developing integrated
management strategies. /n, The southern pine beetle. R. C.
Thatcher, J. L. Searey, J. E. Coster, and G. D. Hertel, Eds.
USDA Expanded South. Pine Beetle Res. Appl. Prog. For.
Serv. Sci and Educ Admin. Tech. Bull. 1631. p. 195-203.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus fromtalis).
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INTEGRATED PEST MANAGEMENT The incorporation of
southern pine beetle management with resource management is
discussed in the context of integrated pest manangment.
Southern pine beetle decision support systems are presented.

COSTER J. E., GARA R. I. 1968. Studies on the atrack
behavior of the southern pine beetle. I1. Response to attractive
host material. Contrib. Boyce Thompson Inst. 24:69-75.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus frontalis).
ATTRACTANTS, FLIGHT, HOST SELECTION,
BEHAVIORAL CHEMICALS, POPULATION DYNAMICS,
DISTRIBUTION Flight, landing and gallery construction
activities of the southern pine beetle were investigated. Highest
frequencies of all activities occurred in the immediate vicinity of
host material due to olfactory stimuli. Under epidemic
conditions trees in the immediate vicinity were readily attacked;
under endemic conditions this behavior was restricted to the
original attraction center. Beetle flight terminated when wind
speeds exceeded 4.5 mph,

COSTER J. E., HERTEL G. D. 1980. New southern pine
beetle information. Consullant 26:35-37. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus frontalis). BEHAVIORAL
CHEMICALS, CONTROL-GENERAL, CONTROL-
CHEMICAL, CONTROL-CULTURAL, SURVEY AND
DETECTION, ECONOMICS, IMPACT, MODELING,
MISCELLANEOUS TECHNIQUES, WOOD UTILIZATION,
HAZARD/RISK RATING The Expanded Southern Pine Beetle
Research and Applications Program (ESPBRAP) is discussed.
A brief summary of practical findings is presented. Included are
sections on stand rating systems, utilizing southern pine beetle-
killed timber, soticeconomic guidelines, new insecticides and
improved spray systems, sampling methods and predictive
models, aerial survey and navigation systems, behavioral
chemicals, and integrated forest pest management strategies.

COSTER J. E., HICKS R. R. JR.. WATTERSTON K. G.
1978. Directional spread of southern pine beetle (Coleoptera:
Scolytidae) infestations in East Texas. J. Ga. Entomol. Soc.
13:315-321. (COLEOPTERA: SCOLYTIDAE; Dendroctonus
Sfrontalis). DISTRIBUTION, WEATHER RELATIONSHIPS
Direction of spread of the southern pine beetle was studied in
396 spots in East Texas. To determine this relationship to that
of wind direction, wind patterns were taken in Lufkin, Texas
where records were kept. Most infestations spread with the
prevailing wind (loward the Northwest).

COSTER J. E., JOHNSON P. C. 1979a. Characterizing flight
aggregation of the southern pine beetle. Environ. Entomol.
8:381-387. (COLEOPTERA: SCOLYTIDAE; Dendroctonus
Srontalis). AGGREGATION, TRAPS AND CAGES,
MODELING A comparison of five methods of characterizing
aggregation of flying southern pine beetles caught on a
systematic grid of sticky traps suggested that Iwao’s regression
of mean crowding on mean guagdrant density provides more
information than Taylor's power function, the coefficient of
dispersion, Lloyd's index of patchiness, or Morisita’s index of
dispersion. Lloyd's index (numerically equivalent to Morisita's)
is recommended for comparisons between daily catch patterns.
Use of 95% prediction limits about the mean-crowding/mean
regression enables comparisons of daily patterns to the species
norm.

. COSTER J. E., JOHNSON P. C. 1979b. Dispersion patterns of

Dendroclonus frontalis and its predator Thanasimus dubius:
Influence of behavioral chemicals. /n, Dispersal For. Insects.:
Evaluation, Theory, and Manage. Implications, IUFRO: Zurich,
Switzerland, Sept 4-2, 1978. Bull. Swiss Entomol. Soc.
52:309-322. (COLEOPTERA: SCOLYTIDAE; Dendroctonus
Srontalis). PREDATOR, PARASITES, AGGREGATION,
BEHAVIORAL CHEMICALS. STATISTICAL METHODS
Spatial aggregation patterns for the southern pine beetle are
discussed. Dendroctonus frontalis and a predator, Thanasimus
dubius, aggregation patterns were determined in five natural
infestations from 1974-1976. Index of patchiness and Iwao’s
technique of regressing mean crowding on mean density served
as qualifiers for aggregation patterns. Both species exhibited
clumped dispersion patterns. Aggregation of 7. dubius
populations was directly related to that of D. frontalis.
Probability of attack was inversely related to distance from
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previously attacked tree. Pheromonal control strategies are
discussed.

COSTER J. E., PAYNE T. L. 1974. Aggregation behavior of
the southern pine beetle and its associates. In, Southern Pine
Beetle Symp., Payne T. L., Coulson R. N., Thatcher R. C., Eds.,
March 7-8, 1974. Tex. Agric. Exp. Stn., College Station, Tex. p.
39-40. (COLEOPTERA: SCOLYTIDAE; Dendroctonus
Sfrontalis. CLERIDAE; Thanasimus dubius. OSTOMIDAE;
Temnochila virescens). BEHAVIORAL CHEMICALS,
ATTRACTANTS, TRAPS AND CAGES The authors discuss
the research aims of Stephen F. Austin State University, the
Texas State Agricultural Experiment Stadon, Texas A&M
University, and the USDA Forest Service Cooperative Project
initiated in 1971. Preliminary results of feld studies are
presented. Specific studies, briefly discussed, iovolve patterns
of response and attack, unidentified attractive and repellent
compounds, and response of associated insects. The role of
pheromones toward an integrated solution is emphasized.

COSTER J. E,, PAYNE T. L., EDSON L. J., HART E. R.
1978. Influence of weather on mass aggregation of southern
pine beetles at attractive host trees. Southwest. Entomo).
3:14-20, (COLEQPTERA: SCOLYTIDAE; Dendroctonus
frontaliz). AGGREGATION, FLIGET, WEATHER
RELATIONSHIPS Precipitation, relative wind velocity,
temperature, percent cloud cover and relative humidily were
observed for a period of 11 consecutive days on 12 trees
adjacent to a natural infestation of southern pine beetle. Wind
velocity was found to be the only parameter closely associated
with southern pine beetle numbers. At 0900 hours, all
parameters were significantly correlated. But at 1900, only
wind velocity and relative humidity were significant predictors.
None of the parameters were significant in the intervening
times. Increased wind velocity was generally associated with
reduced trap catches. Trap catches were significantly higher
during rainy periods.

COSTER J. E., PAYNET. L., HART E. R., EDSON L. J.
1977a. Aggregation of the southern pme beetle in response to
attractive host trees. Environ. Entomol. 6:725-731.
(COLEOPTERA: SCOLYTIDAE: Dendroctonus frontalis).
POPULATION DYNAMICS, AGGREGATION,
BEHAVIORAL CHEMICALS, FLIGHT Infested pine bolts
were used o attract southern pine beetles to shortleaf pines.
Sticky traps were suspended along the tree boles to monitor the
ensuing mass attack period. Mass attack was usually initiated
within 24 hours and traps at three to four meters above ground
caught the greatest number of beetles. Peak trap catch oceurred
on the third day of atlack and declined rapidly thereafter.

COSTER J. E., PAYNE T. L., HART E. R., EDSON L. J.
1977h. Seasonal variations in mass avtack behavior of southern
pine beetle. J. Ga. Entomol. Soc. 12:204-211. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus frontalis). ADULT,
AGGREGATION, DISTRIBUTION, SEX-RATIOS, TRAPS
AND CAGES Adults of southern pine beetle (Dendroctonus
Sfrontalis Zimm.), trapped on baited \rees adjacent to a natural
infestation, were observed from 1973 through 1974. Total
number and sex ratio did not differ between the seasons of
spring (May) and summer (July-August). However, rate of
arrival and occurrence at less than three meters abave ground
was greater in the spring. Flight activity peaked at 1700 hours
in bath seasons.

COSTER J.E.. PAYNET. L.. LORIO P. L. JR., HODGES J.
D. 1973. Southern pine beetle control techniques and strategies.
Southern pine beetle - A management challenge. Entomol. Soc.
Am. Natl. Meet, Dallas, Tex. 17 p. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus frontalis. CLERIDAE;
Thanasimus dubius), PREDATOR, VERTEBRATES,
CONTROL-GENERAL, CONTROL-BIOLOGICAL,
CONTROL-CHEMICAL, CONTROL-CULTURAL, REVIEW,
INTEGRATED PEST MANAGEMENT, STAND
CONDITIONS, NEMATODES, BACTERLA, LIGHTNING
Forest pest management must be extended and integrated into
resource management. Southern pine beetle applied controls,
including chemicals, and indirect control are reviewed as are
natural southern pine beetle controls (clerids, birds, bacteria,
fungi, nematodes, mites, and climatological factors). Host and
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took 16-20 days overall. Laboratory bioassays showed
reemerged parent adults responded to behavioral chemicals
respongible for mass aggregation. The potential role of
reemerged parent adults in population dynamics is discussed.

COULSON R. N., FARGO W. S., PULLEY P. E., POPE D.
N., FOLTZ J. L., BUNTING A. M. 1979. Spatia! and temporal
patterns of emergence for within-tree populations of
Dendroctonus frontalis (Coleoptera: Scolytidae). Can. Entomol.
111:273-287. (COLEOPTERA: SCOLYTIDAE; Dendroctonus
frontalis). POPULATION DYNAMICS, EMERGENCE,
TRAPS AND CAGES, MODELING Spatial and temporal
patterns of adult Dendroctonus frontalis emergence from host
trees are described using three and five parameter models.
Temporal emergence patterns were similar for all heights,
allowing emergence to be deseribed as an average process for
the whole tree. Peak emergence occurred on day seven of a 27
day process time span, Cumulative sex ratios were 1:1 with no
difference in spatial or temporal patterns of emergence
between sexes.

COULSON R. N., FELDMAN R. M., FARGO W. S,
SHARPE P. J. H., CURRY G. L., PULLEY P. E. 1979.
Evaluating suppression tactics for Dendroctonus frontalis in
infestations. /n, Evaluating Control Tactics for the Southern
Pine Beetle-Symp. Proc. Jan 30-Feb. 1, 1979. Many, La., Coster
J.E., Searcy J. L., Eds. USDA For. Serv. Tech. Bull. No. 1613.
p.- 27-44. (COLEOPTERA: SCOLYTIDAE; Dendroctonus
frontalis). TRAPS AND CAGES, STATISTICAL METHODS,
MODELING, POPULATION DYNAMICS, CONTROL-
GENERAL Three aspects involved in evaluating suppression
tactics for Dendroctonus frontalis are presented as follows: 1) 2
protocol for evaluating treatment efficacy; 2) an application of
the TAMBEETLE MODEL of D. frontalis population dynamics
for evaluating treatment efficacy; and 3) a procedural outline
for conducting field experiments to evaluate results of
simulated treatment strategies. A step-by-step approach to
evaluation of treatment procedures is discussed. Three
treatment tactics of the TAMBEETLE MODEL are simulated
and compared. The outlige of procedures for conducting field
experiments includes sampling and estimation technology,
procedures for collection of data, and laboratory processing of
field data.

COULSON R. N,, FOLTZ J. L., MAYYASI A. M., HAIN F.
P. 1976. Quantitative evaluation of frontalure and cacodylic
acid treatment effects on within-tree populations of the
southern pine beetle. J. Econ. Eontomol. 68:671-678.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus fronlalis).
EGG, LARVAE, PUPAE, ADULT, POPULATION
DYNAMICS, BEHAVIORAL CHEMICALS,
ATTRACTANTS, CONTROL-CHEMICAL. A life table
approach was used to compare population dynamics of southern
pine beetle attacking trees baited with frontalure, treated with
cacodylic acid, and untreated controls. Cacodylic acid reduced
attack density, decreased survival between egg-larva ang larva-
pupa-callow adult stages, suffered a greater total generation
mortality, and had 2 reduced generation increase ratio
compared to frontalure treated and control trees. No population
dynamics differences were found between frontalure treated
and control trees.

COULSON R. N., HAIN F. P., FOLTZ J. L., MAYYASI A.
M. 1975. Techniques for sampling the dynamics of southern
pine beetle populations. Tex. Agric. Exp. Stn. MP-1185, College
Stn., Tex. 18 p. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus frontalis). POPULATION DYNAMICS,
MODELING, MISCELLANEOUS TECHNIQUES,
AGGREGATION, ECOLOGICAL DISTRIBUTION
Procedures used to develop within-tree, within-infestation, and
area-wide estimates of southern pine beetle life stages are
presented including intensive, extensive, and proportional
sampling schemes.

COULSON R. N., HAIN F. P, PAYNE T. L. 1974. Radial
growth characteristics and stand density of loblolly pine in
relation to the occurrence of the southern pine beetle. Environ.
Entomo). 3:425-428. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus fromtalts). ECOLOGICAL DISTRIBUTION,
DISTRIBUTION, HOST SELECTION, HOST RESISTANCE,
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CONTROL-BIOLOGICAL, SURVEY AND DETECTION
Reduced radial growth (annual increment) and high stand
density (basal area) are associated with the incidence of
southern pine beetle infestation in southeast Texas. The close
spacing of trees appears to enhance growth of the infestations.

COULSON R. N., LEUSCHNER W. A.,, FOLTZ J. L.,
PULLEY P.E., HAINF. P.,, PAYNE T. L. 1980. Approach to
research and forest management for southern pine beetle
control. Chapter 14, In, New Technology of Pest Control. C. B.
Huffaker, Ed., John Wiey and Sons, N.Y. p. 449-469.
(COLEOPTERA: SCOLYTIDAE; Dendroclonus frontalis.
Monochamus titdlalor). EGG, LARVAE, PUPAE, ADULT,
POPULATION DYNAMICS, ECONOMICS, STATISTICAL
METHODS, MODELING, INTEGRATED PEST
MANAGEMENT, IMPACT, SAMPLING The authors discuss
the history and structure of the Integrated Pest Management
Program with special reference to the Expanded Southern Pine
Beetle Research and Applications Program. The concept of
insect impact and its ecological, economic, and philosophical
implications is discussed from the standpoint of southern pine
beetle damage to forested ecosystems. Database accumulation,
data-file management, functional descriptions and within-spot
sampling methodologies, and descriptions of within-tree
population processes are component activities associated with
the development of a population dynamics model and the
development of quantitative estimation procedures.

COULSON R. N,, MAYYASI A. M., FOLTZ J. L., HAIN F.
P. 1976a. Interspecific competition between Monochamus
btillator and Dendroclonus fromtalis. Environ. Entomol.
5:235-247. (COLEOPTERA: CERAMBYCIDAE; Monochamus
titillator. COLEOPTERA: SCOLYTIDAE; Dendroctonus
frontalis). COMPETITION, MODELING Interspecific
competition was hypothesized to exist between Dendroctonus
Sfrontalis and Monochamus titillator. The presence of M.
titillator may exert both interference and exploitation
competition on southern pine beetle. The process of competition
is substantiated by examining the within-sample distribution
and by quantitatively defining the influence of M. (itillator on
mortality and survivorship of D. fronfalis.

. COULSON R. N., MAYYASI A. M., FOLTZ J. L., HAINF.

P., MARTIN W. C. 1976b. Resource utilization by the southern
pine beetle, Dendroctonus frontalis (Coleoptera: Scolytidae).
Can. Entomol. 108:353-362. (COLEOPTERA: SCOLYTIDAE;
Dendroclonus frontalis). EGG, ADULT, HOST SELECTION,
STATISTICAL METHODS The pattern of rescurce utilization
as determined by the distribution of attacking adults along the
infested bole and the gallery length (thus eggs) per unit area
indicates a density dependent compensation resulting in a
uniform amount of food and space per individual.

. COULSON R. N., MAYYASI A. M,, FOLTZ J. L., PULLEY

P. E. 1976. Production flow systermn evaluation of within-tree
populations of Dendroclonus frontalis (Coleoptera: Scolytidae).

Environ. Entomol. 5:375-387. (COLEOPTERA:
SCOLYTIDAE; Dendrocionus frontalss). STATISTICAL
METHODS, MODELING, MISCELLANEOQUS

TECHNIQUES Application of production flow system methods
to modeling of Dendroctonus frontalis life stages is used as an
alternative to a life table format. Transition probabilities
between life stages for three years of study are included.

COULSON R. N., OLIVERIA F. L., PAYNE T. L.,
HOUSEWEART M. W. 1973a. Variables associated with use
of frontalure and cacodylic acid in suppression of the southern
pine beetle. 2. Brood reduction in trees treated with cacodylic
acid. J. Econ. Entomol. 66:897-899. (COLEOPTERA:
SCOLYTIDAE; Dendroclonus frontalis). DISTRIBUTION,
BEHAVIORAL CHEMICALS, ATTRACTANTS, CONTROL-
GENERAL, CONTROL-BIOLOGICAL, CONTROL-
CHEMICAL The manipulation of southern pine beetle
populations using frontalure in conjunction with cacodylic acid
treated trees is influenced by several variables including: size of
the original infestation, stage of brood development in the
originally attacked trees, tree size in the original infestation, the
number of trees baited with frontalure, and the number of
treated trees.
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dispersal distance from the source population.

FOLTZ J. L. 1979. Posttreatment tree mortality in southern
pine beetle spots as a measure of treatment effectiveness. /n,
Evaluating Control Tactics for the South. Pine Beetle-Symp.
Proc. Jan 30-Feb. 1, 1979. Many, La., Coster J. E., Searcy J. L.,
Eds. USDA For. Serv. Tech. Bull. No. 1613. p. 14-17.
(COLEOPTERA: SCOLYTIDAE; Dendroclonus fronlalis).
STATISTICAL METHODS, MODELING, CONTROL-
GENERAL Posttreatment tree mortality, as a measure of
efficacy of control treatments of the southern pine beetle,
Dendroctonus frontalis, is discussed. The Chi test of
independence of distribution, regression analysis, t-tests for
comparing means, and the nonparametric Wilcoxon rank sum
and signed rank tests are suggested as valid statistical tests
useful in analyzing posttreatment tree mortality for individually
treated spots. The suggestions given apply only to individual
spots, and not to larger geographic regions.

FOLTZ J. L., MAYYASI A. M., COULSON R. N., PULLEY
P. E., MARTIN W, C. 1976. Host-tree geometric models for
use in southern pine beetle population studies. Environ.
Entomol. 5:714-719. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus frontalis). EGG, POPULATION DYNAMICS,
STATISTICAL METHODS, MODELING Host-tree geometric
models can provide an easy and inexpensive estimation of host-
tree characteristics and habit occupied by bark beetles. This
paper discussed three uses of the models for testing the
hypothesis of southern pine beetle distribution, estimating
absolute population numbers, and describing tree
characteristics within population models.

FOLTZ J. L.. MAYYASI A. M., HAIN F. P., COULSON R.
N., MARTIN W. C. 1976. Egg-gallery length relationship and
within-tree analyses for the southern pine beetle, Dendroclonus
Srontalis (Coleoptera: Scolytidae). Can. Entomol. 108:341-352.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus frontalis).
EGG, POPULATION DYNAMICS, STATISTICAL
METHODS The functional relationships between egg gallery
length (GL) to infested bole height and egg density (E) are
described for epidemic southern pine beetle populations in
southeast Texas. The relationship, E = 1.69 GL, provides a
reasonable estimate of E at all infested bole heights.

FOLTZJ. L., PULLEYP. E., COULSONR. N,, MARTIN W.
C. 1977. Procedural puide for estimating within-spot
populations of Dendroctonus frontalis. Tex. Agric. Exp. Stn.,
College Station, Tex. MP-1316. 27 p. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus frontalis). POPULATION
DYNAMICS, STATISTICAL METHODS,
MISCELLANEQUS TECHNIQUES Two sampling procedures
(one a random sample of trees within strata based on life stage;
the other sampling of the largest diameter trees within the same
strata) are presented for estimation of within-spot southern
pine beetle populations. Tables are provided for setling
confidence intervals on the estimates.

FOLTZ J. L., PULLEY P. E., POPE D. N. 1980. Evaluating
the contribution of component processes in the dynamics of
southern pine beetle infestations. In, Modeling Southern Pine
Beetle Populations-Symp. Proc. Feb. 20-22., 1980. Asheville, N.
C., Stephen F. M., Searcy J. L., Hertel G. D., Eds. USDA For.
Serv, Tech. Bull. No. 1630. p. 109-118. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus fronialis). STATISTICAL
METHODS, MODELING, EMERGENCE A model is described
for simylating the number of new attacks that occur through
time in 2 defined geographic area. The relative effects of within-
tree reproduction, parental reemergence, brood mortality,
brood emergence, between-tree mortality, and migration on
spot growth are presented. The numbers of newly emerged
brood, reemerged parental females from within the infestation,
and immigrant females from other infestations are summed to
estimate attacking population during a given time period.
Simulation of the model shows those parameters which lead to
increasing, decreasing or stable population values.

FOLWEILER A. D. 1951. Southern pine bark beetle
epidemics. Forests and People 1(3):10. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus frontalis, Ips spp.). HOST
SELECTION Briefly summarizes factors leading to bark beetle
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outbreaks, including moisture stress.

FORBES R. D. 1930. Timber growing and logging and
turpentining practices in the southern pine region. USDA Tech.
Bull. No. 204. p. 103. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus fromtulis, Dendroctonus lerebrans). LIFE
HISTORY-GENERAL Briefly mentions southern pine beetle as
a potential problem in pines grown for turpentine.

FORD . E. 195). A new danger for tree farmers. Res. and
Farming 10(2):3-4, (COLEQOPTERA: SCOLYTIDAE;
Dendroctonus frontalis). LIFE HISTORY-GENERAL,
CONTROL-GENERAL, SURVEY AND DETECTION,
REVIEW, FIRE, LIGHTNING Reviews the southern pine
beetle outbreaks in the southeastern United States; gives the
life history of the southermn pine bectle. Beetle damage is
characterized, and causes of attack include dry weather, fire,
lightning, and wind damage. Controls include cold winter
temperatures, woodpeckers, benzene hexachloride, and
maintaining healthy stands.

. FOSTER D. 1982. A resource manager looks at integrated pest

management and the southern pine beetle. Iz, Increasing forest
productivity. Proc. 1981 Soc. Am. For. Natl. Meet., Orlando,
Fla. p. 175-177. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus frontalis). INTEGRATED PEST
MANAGEMENT, REVIEW, TECBNOLOGY TRANSFER
Foster defines IPM from an industrial point of view. Included is
the idea of cooperation between agencies and technology
transfer.

FOSTER J. H. 1912. Forest conditions in Louisiana. USDA
For. Serv. Bull. 114. p. 34. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus frontalss). IMPACT Louigiana pine timber is
susceptible to attack by the southern pine beetle, whose
populations can increase radically under favorable conditions.

FRANCKE-GROSMANN H. 1965. Ein Symbioseorgan bei
dem Borkenkafer Dendroctonus frontalis Zimm. (Coleoptera,
Scolytidae). Kurze Originalmitteilungen 6:143.
(COLEOPTERA: SCOLYTIDAE; Dendroclonus frontalis).
COMMENSALISM AND SYMBIOSIS The mycetangia of
Dendroctonus frontalis is described.

FRANCKE-GROSMANN H. 1966. Uber symbiosen von xylo-
mycetophagen und phloecophagen Scolytoidea mit
holzbewohnenden Pilzen. Holz und Org. Internal. Symp. Berlin-
Dahlem (1965) 1:603-622. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus frontalis, Dendroctonus brevicomis,
Dendroctonus mexicanus, Dendroctonus parallelocollis,
Dendroctonus adjunctus, Ips acuminatus, Hylurgops palliatus,
Hylastes aler, Hylastes cunicularius. Ceratocystis minor).
COMMENSALISM AND SYMBIOSIS, MORPHOLOGY AND
PHYSIOLOGY Labels some bark-inhabiting insects that have
mycetangia as phloeomycetophagous. Proposes Cerafocystis
minor as the main fungus of D. frontalis mycetangia.

FRANKLIN R. T. 1967. A technique for studying the insect
parasites of Dendroctonus frontelis and other bark beetles
(Coleoptera: Scolytidae). J. Ga. Entomol. Soc. 2:43-44.
(COLEOPTERA: SCOLYTIDAE; Dendroclonus frontalis).
PREDATOR, PARASITES, REARING, MISCELLANEQUS
TECHNIQUES Franklin discusses the possibility of using a
gallon glass jar to study insect parasites of Dendroctonus
Srontalis Zimm. A smal] pine bolt, infested with southern pine
beetles can then be put into the jar for observation. Suggestions
on maintaining suitable moisture requirements are presented.

FRANKLIN R. T. 1969a. Hymenopterous parasites of the
southern pine beetle in Georgia. J. Ga. Entomol. Soc. 4:119-122.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus frontalis).
LIFE RISTORY-GCENERAL, PREDATOR, PARASITES,
REARING Eight families and fifteen species of Hymenoptera,
suspected of being parasites of the southern pine beetle,
Dendroctonus frontalis, were studied through observation and
rearing in field and laboratory tests. Parasitism was observed in
six of the species on southern pine beetle larvae in naturally
infested trees. Of these, four species were observed to be
parasitic in laboratory tests of pine bolts infested with southern
pine beetle. Habits, life history, and abundance of parasitic
species are briefly presented.
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FRANKLIN R. T. 1969b. Southern pine beetle influences on
the pine-hardwoced forest in the Georgia Piedmont. In, Proc.
Tall Timbers Conf. Ecol. Animal Control by Habitat Manage. p.
117-125. (COLEQOPTERA: SCOLYTIDAE; Dendroclonus
Sfrontalis). LIFE HISTORY-GENERAL, EMERGENCE,
ECONOMICS, IMPACT, MISCELLANEQUS TECHNIQUES
Reviews the impact of the southern pine beetle on the pine-
hardwood forest of the Georgia Piedmont. Patterns of response
and attacks of southern pine beetle following baiting of pines
with fresh cut bolts showed that with the proper pheromone
concentrations and numbers of southern pine beetle adults, tree
infestations can occur continuously. Franklin suggests the
critical point in the beetle life history is the emergence of parent
beetles and the later emergence of beetles from the same tree.
Pheromone production drops during the winter; this has
important contro) considerations.

FRANKLIN R. T. 1970a. Southern pine beetle population
behavior. J. Ga. Entomol. Soc. 5:176-182. (COLEQOPTERA:
SCOLYTIDAE; Dendroctonus frontalis). AGGREGATION,
EMERGENCE, BEHAVIORAL CHEMICALS,
ATTRACTANTS, BEHAVIOR Ontbreaks of the southern pine
beetle can develop from a single tree. An aggregating
pheromone concentrates the population and assists in
sustaining the infestations. Reemergent adults essentially
double the time of pheromone production and number of
attacks. Patterns of southern pine beetle infestations in stands
are diagrammed.

FRANKLIN R. T. 1970b. Southern pine beetle population
behavior. I'n, Proc. Fifth For. and Dis. Control Wark Conf.,
Atlanta, Ga., Feb, 17-19, 1970, Div, For. Pest Contirol.
Soutbeast. Area, State and Priv. For., USDA For. Serv. p.
119-129. (COLEOPTERA: SCOLYTIDAE; Denrdroctonus
Sfrontalig). AGGREGATION, EMERGENCE, BEHAVIORAL
CHEMICALS, ATTRACTANTS, BEHAVIOR See Franklin
(1970a).

. FRANKLIN R. T. 1970c. Observations on the blue stain-

southern pine beetle relationship. J. Ga. Entomol. Soc. 5:33-57.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus frontalis.
Ceratocystis minor). LARVAE, ADULT, FECUNDITY,
VECTOR, COMMENSALISM AND SYMBIOSIS Franklin
concluded that blue-stain fungi are probably detrimental 1o the
survival of Dendroctonus fronlalis.

FRANKLIN R. T., GREEN H. J. 1965. Observations on clerid
predation of the southern pine beetle. J. Kans. Entomol. Soc.
38:202-203. (COLEOPTERA: SCOLYTIDAE; Dendroctonus
Srontalis. CLERIDAE; Thanasimus dubius). PREDATOR,
HOST SELECTION, CONTROL-BIOLOGICAL Clerids were
effechive predators of the southern pine beetle.

FRAZIER J. L.. NEBEKER T. E., MIZELL R. F.,
CALVERT W. H. 1981. Predatory behavior of the clerid beetle
Thanasimus dubius (Coleoptera: Cleridae) on the southern pine
beetle (Coleoptera: Scolytidae). Can. Entomol. 113:35-43.
(COLEOPTERA: SCOLYTIDAE; Dendroctomus frontalis.
CLERIDAE; Thanasimus dubius). PREDATOR, BEHAVIOR
The clerid beetle, T. dubius, preyed on D. frontalis. Palps were
most important in prey handling.

1942. Enemies of loblolly pine. Yale Univ.
School For. Bull. 49 p. 143-146. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus frontalis, Dendroctonus
terebrans. CERAMBYCIDAE; Monochamus titillator).
CONTROL-CULTURAL Cultural controls and stand eonditions
for the southern pine beetle are briefly outlined.

FRONK W. D, 1947. The southern pine beetle: Its life history.
Va. Agric. Exp. Stn. Tech. Bull. 108. 12 p. (COLEOPTERA:
SCOLYTTDAE Dendroctonus frontelis). LIFE HISTORY-
GENERAL, EGG, LARVAE, PUPAE, ADULT The biology of
Dendroctonus frontalis was investigated in field and laboratory
experiments. Eggs, larvae, pupze, and adults were described.
Head capsule measurements are given for the four larval
instars. Periods of maximum emergence are presented.
Average life span was 47 days. Optimum emergence of the
southern pine beetle oceors between moisture loss of 19 to 28
percent.
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GAGNE J. A. 1980. The effects of temperature on population
processes of the southern pine beetle, Dendroctonus frontalis
Zimmermann. Ph.D. Diss., Tex. A&M Univ., College Station,
Tex. 181 p. (COL.EOPI‘ERA SCOLYTIDAE Dendroctonus
Sfrontalis). EGG, LARVAE, PUPAE, ADULT, POPULATION
DYNAMICS, REARING, STATISTICAL METHODS,
MODELING, WEATHER RELATIONSHIPS The effects of
temperature on development and mortality of the southern pine
beetle were nvestigated. A model was developed to describe
mathematically the effects of temperatore on eggs, larvae,
pupae, callow adults, reemerging adults, and the longevity of
brood adults.

GAGNE J. A., COULSON R. N., FOLTZ J. L., WAGNER T.
L., EDSON L. J. 1980. Attack and survival of Dendroctonus
Sfrontalis io relation w0 weather during three years in East
Texas. Environ. Entomo). 9:222-229. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus frontalis). EGG,
EMERGENCE, WEATHER RELATIONSHIPS Seasonal
trends in Dendroctonus frontolis population dynamics were
examined for relation to temperature and rainfall. Survival of
egys to emerging beetles and survival of third and fourth instar
larvae to pupae were associated with temperature (day-degree)
and rainfall (proportion of infestation period when 0.6 cm. of
rain fell per day). Both were negatively correlated with the
weather indices.

GAGNE J. A., SHARPE P. J. H.. COULSON R. N,
WAGNER T. L. 1980. Modeling southern pine beetle
reemergence and emergence as functions of temperature. In,
Modeling Southern Pine Beetle Populations-Symp. Proc. Feb,
20-22., 1980. Asheville, N. C.. Stephen F. M., Searcy J. L.,
Hortel G. D., Eds. USDA For. Serv. Tech. Bull. No. 1630. p.
30-39. (COLEOPTERA: SCOLYTIDAE; Dendroctonus
Srontalis). EGG, LARVAE, PUPAE, ADULT. EMERGENCE,
STATISTICAL METHODS, MODELING, WEATHER
RELATIONSHIPS Before a comprehensive model of
reemergence and emergence of the southern pine beetle,
Dendroctonus frontalis, could be developed, a comprehensive
data base had to be developed, and models glossing over
temperature effects had to be modified. Here a two-component
model is described showing reemergence and emergence related
to temperature; the first component relates to temperature; the
second looks at calendar time.

GAGNE J. A, WAGNER T. L., PULLEY P. E., COVER J.
D., COULSON R. N. 1981. An analysis of estimators of trends
in southern pine beetle populations. Environ. Entomol.
10:31-38. (COLEOPTERA: SCOLYTIDAE; Dendroctonus
frontaliy). EMERGENCE, SAMPLING, MODELING,
STATISTICAL METHODS Two estimators (R and S) of
population wends of Dendroctonus fromlalis Zimm. were
evalvated from samples of Pinus taeda infested in 1977. R, the
brood increase ratio, denotes the number of brood beetles
emerging per parent. S, within-tree survival, denotes the
number of brood beetles emerging per egg. Descriptions of the
statistical distributions of each estimator are examined. Tests of
hypotheses are presented. Histograms are described using the
Weibull distribution. Reliability of estimates was discussed.
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COULSON R. N., FARGO W. S. 1982. Reemergence of
Dendroctonus fromtalis (Coleoptera: Scolytidae) at constant
temperatures. Environ. Entomol. 11:1216-1222,
(COLEOPTERA: Scolytidae; Dendroclonus frontalis).
EMERGENCE, MODELING, REEMERGENCE The southern
pine beetle reemerged between 12.5 and 33.5 degrees C. Adult
residence time and constant temperature formed a backwards
“J”-shaped curve. Adult residence time 12.5°C (46 days) and
least at 27°C (12 days). About 90% of the beetles reemerged at
temperatures between 12.5 and 30 degrees C. A two-component
model; incorporating reemergence rates as a function of
temperature and the reemerging poputation over physiological
time, was developed.

GAMMILL W. J. 1978. An evaluadan of chlorpyrifos used in
combination with frontalure and endo-brevicomin for
manipulation of southern pine beetle, Dendroctonus frontalis
Zimmerman. M.S. Thesis, Miss. State Univ., Miss. State, Miss.
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38 p. (COLEOPTERA: SCOLYTIDAE: Dendroctonus
Srontalis). TRAPS AND CAGES, BEHAVIORAL
CHEMICALS, ATTRACTANTS, MISCELLANEOUS
TECHNIQUES A slow release device for dispensing frontalure
was developed using inexpensive, readily available materials.
Loblolly pines were treated with a toxicant (chlorpyrifos), an
attractant (frontalure), and an inhibitor (endo-brevicomin) in
different combinations to evaluate their effectiveness m
preventing southern pine beetle attack. Toxicant treated trees
were protected for five months, and if also attractant treated,
they were attacked at this time. Inhibition treatments did not
appear to be effective in repelling southern pine beetles.

GAMMILL W. J.. FITZPATRICK G., NEEL W. W. 1978. A
dispenser for release of the aggregating pheromone of the
southern pine beetle. J. Ga. Entomol. Soc. 13:95-97.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus frontalis).
BEHAVIORAL CHEMICALS, TRAPS AND CAGES,
MISCELLANEOUS TECHNIQUES An efficient, inexpensive
dispenser for frontalure was described.

GARA R. I, 1966a. Results of research conducted on the
southern pine beetle. Am. Pulpwood Assoc. p. 28-29.
(COLEOPTERA: SCOLYTIDAE; Dendroclonus frontalis).
BEHAVIORAL CHEMICALS, HOST SELECTION, HOST
RESISTANCE, CONTROL-CHEMICAL, CONTROL-
CULTURAL, REVIEW Gara introduces the concept of ‘trap
spots’ for manipulation and control of southern pine beetles.
The idea of a dispersal flight in search of breeding material and
a concentration flight Jeading to colonization are discussed.

GARA R. 1. 1966b. What we have learned from new research
on the southern pine beetle. For. Farmer, March, 1966. p.
6-7,18-19. (COLEOPTERA: SCOLYTIDAE; Dendroctonus
Srontalis). POPULATION DYNAMICS, AGGREGATION,
ATTRACTANTS, HOST SELECTION., CONTROL-
CHEMICAL, REVIEW Discusses the role of the Southern
Forest Research Institute and cooperative efforts with the
Boyce Thompson Institute for investigating southern pine
beetle outbreaks. 1965 investigations included southern pine
beetle population dynamics and control tactics. The concept of
manipulating the insect with attractants in ‘trap-spots’ was
superior to ‘trap-trees.” BHC with an oil or water carrier
rendered trees immune to attack for up to two months.

GARA R. I. 1967a. A field olfactometer for studying the
response of the southern pine beetle to attractants. J. Econ.
Entomol. 60:1180-1181. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus frontalis). BEHAVIORAL CHEMICALS,
ATTRACTANTS, SURVEY AND DETECTION,
MISCELLANEOQOUS TECHNIQUES A new field olfactometer
for studying the response of Dendroctonus frontalis to
attractants is described. The sleeve olfactometer serves as a
bait trap since beetles attracted to the device ultimately fall into
a series of jars for collection.

GARA R. I. 1967b. Studies on the attack behavior of the
southern pine beetle. I. The spreading and collapse of
outbreaks. Contrib. Boyce Thompson Inst. Plant Res.
23:349-354. (COLEOPTERA: SCOLYTIDAE; Dendroctonus
Sfrontalis). EMERGENCE, BEHAVIORAL CHEMICALS,
ATTRACTANTS The influence of southern pine beetle brood
emergence synchronization with active pheromone production
within' an infestation on dispersal of emerging southern pine
beetle indicates that lack of synchronization results in dispersal
of the brood out of the infestation, thus contributing to the
collapse of the infestaion. Marking of emerging southern pine
beetle with fluorescent powder and subsequent recapture at
sleeve olfactometers around attacked trees in the vicinity of the
infestation indicate dispersal capabilities of at least one mile.

GARA R. 1., COSTER J. E. 1968. Studies on the attack
behavior of the southern pine beetle. III. Sequence of tree
infestation within stands. Contrib. Boyce Thompson Inst.
24:77-85. (COLEOPTERA: SCOLYTIDAE; Dendroctonus
Jrontalis, Dendractonus brevicomis, Dendroctonus ponderosae,
Dendroctonus pseudotsugae). POPULATION DYNAMICS,
AGGREGATION, BEHAVIORAL CHEMICALS, HOST
SELECTION, STAND CONDITIONS, ATTRACTANTS The
shifting of mass attack from an Initial stem to an adjacent stem
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18 governed by the distance between the two stems. Stems

closest to a source of atiraction will usually be attacked next
because of 2 higher level of olfactory stimuli that induce landing
and boring behavior. Trees farther than 25 feet from a source of
attraction are unlikely to be attacked in numbers sufficient for
colonization.

GARA R. 1., VITE J. P., CRAMER H. H. 1965. Manipulation
of Dendroclonus fronlalis by use of a population aggregating
pheromone. Contrib. Boyce Thompson Inst. Plant Res.
23:55-66. (COLEOPTERA: SCOLYTIDAE; Dendroctonus
Jrontalis). DISTRIBUTION, FLIGHT, HOST SELECTION,
TRAPS AND CAGES, BEHAVIORAL CHEMICALS Studies
of southern pine beetle dispersal associated with the presence of
aggregating pheromone suggest a two phase colonization
consisting of: 1) focused aggregation on a single freshly
attacked tree, and 2) mass aggregation in the general vicinity of
the original attack, including landing on vertical objects
regardless of their suitability as hosts. Experimentally induced
attacks of selected trees coupled with destruction of the
concentrated population is suggested as a potential control
technique for use with aggregation pheromones once they are
available.

GARGIULLO P. M. 1980. Effects of host density and bark
thickness on the densities of parasites of the southern pine
beetle. M. S. Thesis, Univ. Ga., Athens, Ga. 24 p.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus frontalis.
Roptrocerus xylophagorum, Dendrosoter sulcatus, Heydenia
unica, Coeloides pissodis, Cecidostiba dendroctoni, Spathius
pallidus, Eurytoma tomica, Eurytoma cleri). STATISTICAL
METHODS, MODELING, PARASITES, SAMPLING Relative
densities of parasites of the southern pine beetle are correlated
with host density and bark thickness. All parasites except
Spathius pallidus exhibited inverse density dependent
responses o southern pine beetle densities. No parasite
overcompensation was observed. All species’ densities
increased linearly with decreasing bark thickness .

GARGIULLO P. M., BERISPORD C. W. 1981. Effects of host
density and bark thickness on the densities of parasites of the
southern pine beetle. Environ. Entomol. 10:392-399.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus frontalbis.
PTEROMALIDAE; Rhopalicus sp. TORYMIDAE; Roptrocerus
zylophagorum). PARASITES, POPULATION DYNAMICS
The effects of southern pine beetle density and tree bark
thickness (BKTH) on eight hymenoptercus parasites of
Dendroctonus frontalis were studied. Rhopalicus sp. densily
showed a linear increase with southern pine beetle density and
decreasing BKTH. Roptrocerus aylophagorum density was
linearly related to southern pine beetle density and BKTH, and
showed a rough correlation with southern pine beetle densities
{from spot to spot. R. zylophagorum showed a marked
sensitivity to host density. and may be the most important
parasite of southern pine beetle.

GAUMER G. C. 1967. Effects of phloem temperature and
moisture content on survival of southern pine beetle broods. M.
For. Thesis, Stephen F. Austin State Univ., Nacogdoches, Tex.
50 p. (COLEOPTERA: SCOLYTIDAE; Dendroctonus
frontalis), CONTROL-CULTURAL, MISCELLANEOUS
TECHNIQUES The effects of phloem moisture content and
temperaure on development and survival of southern pine
beetle broods were investigated. Moisture-temperature
conditions were observed in standing green trees, a standing
severed tree, and a standing infested tree. Laboratory
experiments were designed which simulate field rearing
conditions to determine marginal and lethal phloem moisture-
temperature relationships for southern pine beetle brocd.

GAUMER G. C., GARA R. 1. 1967. Effects of phloem
temperature and moisture content on development of the
southern pine beetle. Contrib. Boyce Thompson Inst. Plant Res.
23:373-377. (COLEOPTERA: SCOLYTIDAE; Dendroctonus
frontalis). LARVAE, PUPAE, EMERGENCE, HOST
RESISTANCE, REARING, ECONOMICS, IMPACT,
MISCELLANEOUS TECHNIQUES The optimum rearing
environment for southern pine beetles from infested bolts
ranges from 20 to 22 degrees Celsius and relative humidity of
B0 to 60 percent. These conditions approach naturally accurring



317s.

376.

371.

3178.

379.

380.

infested-tree moisture content. After two weeks, bolts lose too
much moisture to produce new brood; older larvae have already
migrated into the bark.

GEER S. F. 1979. Effec1s of weather on flight of the southern
pine beetle, Dendroctonus frontalis Zirnm. (Coleoptera:
Scolytidae). M. S. Thesis, Stephen F. Austin State Univ.,
Nacogdoches. 89 p. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus frontalis). FLIGHT. WEATHER
RELATIONSHIPS The greatest influence of weather on
southern pine beetle daily flight activity occurred during the
winter. Low flight activity was associated with low temperaure
and low insolation. In the spring, flight was significantly
correlated (inversely) with daily precipitation. During the fall,
flight was correlated with relative humidity and insolation,
while in the summer there was no correlation between flight
and the four observed weather factors.

GEERS. F., COSTER J. E., JOBRNSON P. C. 1981. E ffects of
weather on flight activity of southern pine beetle. J. Ga.
Entomol. Soc. 16:272-282. (COLEOPTERA: SCOLYTIDAE:;
Dendroctonus frontalis). WEATHER RELATIONSHIPS,
FLIGHT Beetle flight activity was measured in 0.56 hectare
grids within four naturally occurring southern pine bectle
infestations in East Texas. Observations of solar insolation (I),
relative humidity (RH), precipitation (P), and temperature (T)
were taken concurrent with flight information. The association
of daily flight with weather factors was seasonally dependent.
During the summer, flight was independent of weather
conditions; in the fall, RH and I were correlated; during the
winter, only P was not correlated with flight activity and spring
flight was signiﬁcam]y correlated with daily P. It appears that
during winter months, weather plays its greatest role in beetle
flight activity. The greatest influence of weather on southern
pine beetle daily flight activity occurred during the winter. Low
flight activity was associated with low temperature and low
insolation. In the spring, flight was significantly correlated
(inversely) with daily precipitation. During the fall, flight was
correlated with RH and insolation, while in the summer there
was no correlation between flight and the four observed
weather factors, due to the generally favorable conditions.

GEILER H. 1976. Praxis der inegrierten
schadlingsbekampfung in agro-okosystemen. (Practical
integrated pest control in agricultural ecosystems). Biol.
Rundsch. 13:226-232. (COLEOPTERA: SCOLYTIDAE:
Dendroctonus ponderosae, Dendroclonus fromtalis,
Dendroctonus brevicomis). LIFE HISTORY-GENERAL,
CONTROL-GENERAL, ECONOMICS, IMPACT, REVIEW
Integrated pest management ig discussed.

GENT J. A. JR. 1977. The influence of site and stand factors on
the migration habit of the southern pine beetle. M. S. Thesis, N.
C. State Univ.,, Raleigh, N. C. 11} p. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus frontalis). HOST SELECTION,
BEHAVIOR, STAND CONDITIONS, OUTBREAKS Site and
stand characteristics were examined to determine possible
factors responsible for migration of southern pine beetle from
an infestation to an area nearby but separate from the
infestation in which they emerged. Soil analysis revealed no
significant differences between infestations and the 'skipped
over area' except that phosphorus concentration of the B2
horizon was higher in the areas skipped over. This nutrient may
have some connection with beetle migration.

GEORGIA FORESTRY COMMISSION. NO DATE. The
susceptible forest in the Upper Piedmont. Ga. For. Comm. 1 p.
(COLEOPTERA: SCOLYTIDAE; Derdroctonus jrontalis).
CONTROL-CULTURAL, HAZARD/RISK RATING One page
fact sheet relating southern pine beetle attack to stand, soil and
host tree characteristics. A hazard-rating model based on
checking yes/no for stand, tree and soil characteristics is given.
Cultural treatments recommended include favoring lobloly
pine, intermediate cuttings, mixed pine-hardwood stands, and
avoiding harvesting injuries.

GEORGIA FORESTRY COMMISSION. 1977. Decreasing
southern pine beetle level trend continues in 1977. Ga. For.
30(4):4. (COLEOPTERA: SCOLYTIDAE; Dendroctonus
Sromtalis). SURVEY AND DETECTION A preliminary
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October survey of Georgia showed a decrease in southern pine
beetle activity to the April Jevel. Beetle aclivity escalated
during the next three months. By July 1977 there were 1095
spots, Salvage operations resulted in the harvesting of 236,000
board feet of sawtimber and 4,402 cords of pulpwood.

. GEORGIA FORESTRY COMMISSION. 1980. Status report,

bark beetle infestations in Georgia. Ga. For. Comm. 14 p.
(COLEOPTERA: SCOLYTIDAE,; Dendroctonus frontalis,
Dendroctonus terebrans, Ips spp.). CONTROL-CULTURAL,
SURVEY AND DETECTION, WOOD UTILIZATION,
MPACT Southern pine beetle actlivity continued in a
downward trend since July of 1980. A total of 1,018,973 cords
of beetle-killed wood had been salvaged. A total of 2,603
southern pine beetle spots were detected in September. Control
is most effective in the winter. Maps are given for counties in
Georgia reporting southern pine beetle, Ips and black
turpentine beetle activity in September, 1980, Summaries by
counties for infeststions are given.

. GEORGIA FORESTRY COMMISSION. 19581. Entomologists

complete two county cut and leave project o control beetles.
Ga. For. Comm., March. p. 8-9. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus frontalis). LIFE HISTORY-
GENERAL, CONTROL-CULTURAL A project to determine
the effectiveness of cut-and-leave was demonstrated in Greene
and Taliaferro Counties of Georgia. Every spot that was cut in
Greene Coupty was picked up for salvage within one month. As
beetle populations were declining no valid impact could be
realized. A review of southern pine beetle biology is included.

GERHART G. A., AHLER E. E. 1949. Southern pine beetle
control on Norris Reservoir Jands. J. For. 47:636-639.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus fronlalis).
CONTROL-GENERAL, CONTROL-CHEMICAL, SURVEY
AND DETECTION, MISCELLANEOUS TECHNIQUES The
southern pine beetle killed a total of 231 acres of timber on a
16-mile course on Tennessee Valley Authority land in 1945. The
characteristics of the infestation, including costs, techniques,
and control measure effectiveness are included. Control
measures included fell, pile and burn, pile and fell, limb and
bucking up infested trees. Chemical treatments included
orthodichlorobenzene and kerosege. Timely control action is
recommended for TV A Jands.

GOEHRING C. B. 1980. In-grade flexural properties of
structural lumber harvested from a bark beetle infested
southern pine forest. M. S. Thesis, Va. Polytech. Inst. & State
Univ., Blacksburg, Va. 100 p. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus frontalis). WOOD
UTILIZATION An attempt was made to effectively measure
the utilization potential of beetle-killed timber which is usually
considered cull by visual stress grading methods. Twe-by-six
structural lumber was tested for actual strength and stiffness
properties as outlined by ASTM standards, SPIB grading rules
provide viable guides in establishing stress rated grades.
However, a utlization polential exists for beetle-killed lumber
in stress rated grade number three.

GOLD H. J.. MAWBY W. D., HAIN F. P. 1979. A framework
for modeling endemic-epidemic transitions in southern pine
beetle. Jn, Population Dynamics For. Insects At Low Levels,
Work Conf. Aug. 1979, N. C. State Univ., F. P. Hain, Ed. p.
27-32. (EOLEOPTERA: SCOLYTIDAE; Dendroctonus
Sfromtalis). POPULATION DYNAMICS, HOST SELECTION,
MODELING A framework for modeling the population
dynamics of the southern pine beetle, Dendroctonus frontalis, is
prezented based upon a hierarchy of four levels: individual tree,
local neighborhood, stand, and large geographic region. The
distinction is made between endemic and epidemic modes on an
individual tree basis. Other levels are considered on the basis of
which epidemic mode trees dominate respective levels.

GOLD H. J., MAWBY W. D., HAIN F. P. 1980. A modeling
hierarchy for southern pine beetle. In, Modeling Southern Pine
Beetle Populations-Symp. Proc., Feb. 20-22., 1980. Asheville,
N. C., Stephen F. M., Searcy J. L., Hertel G. D., Eds. USDA
For. Serv. Tech. Bull. No. 1630. p. 119-131.(COLEOPTERA:
SCOLYTIDAE; Dendroctonus frontalis). MODELING,
MISCELLANEOUS TECHNIQUES A description of the
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overall hierarchial modeling framework as a basis for which
methods are being developed for the studying of population
levels of the southern pine beetle is given. All levels, from the
individual tree to large geographical regions, are explored.
Statistical methods for population studies are presented.

GOLDEN M. S. 1975. The use of small scale imagery for the
location of pine infested by the southern pine beetle. Remote
sensing of earth resources. Univ. Tennessee, Tullahoma,
3:353-359. (COLEOPTERA: SCOLYTIDAE; Dendroclonus
Jrontalis). SURVEY AND DETECTION Color and color
infrared imagery at 1:120,000 scale and color infrared imagery
at 1:60,000 and 1:30,000 scales were vsed to located sonthern
pine beetle spots. Using 80x magnification, clusters of two or
more trees could be detected at 1:60,000 and clusters larger
than 25 foot diameter on the 1:120,000 scale. A 1:30,000 scale
could be used to distinguish between active and inactive spots.
Color IR was superior to color for detection.

. GOLDMAN 8. E., FRANKLIN R. T. 1977. Development and

feeding habits of southern pine beetle larvae. Ann. Entomol.
Soc. Am. 70:54-56. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus frontalis). EGG, LARVAE, PUPAE, ADULT,
LIFE HISTORY-GENERAL, COMMENSALISM AND
SYMBIOSIS The life cycle, feeding habits, and normal
mortality of the larvae of Dendroctonus frontalis under Georgia
Piedmont conditions were investigated in 1975, Larvae were
observed in all four instars and their habits were noted up to
pupation. Mortality was greatest in the first two instars.

GOYER R. A, FINGER C. K. 1980. Relative abundance and
seasonal distribution of the major hymenopterous parasites of
the southern pine beetle, Dendroctonus frontalis Zimmermann,
on loblolly pine. Environ. Entomol. 39:97-100. (COLEOPTERA;
SCOLYTIDAE; Dendroctonus frontalis). EGG, PREDATOR,
PARASITES, ECOLOGICAL DISTRIBUTION, SEASONAL
OCCURRENCE, ECOLOGICAL DISTRIBUTION Seasonal
distribution of the six most abundant southern pine beetle
parasitic Hymenoptera ingdicated a peak abundance between
April and June, with low levels present from December to
March. Bark thickness reduced population density for those
species ovipositing through the bark, but did not affect
Roptrocerus eccoplogastri, which enters the host galleries.

GOYER R. A., LENHARD G. J., NEBEKER T. E,
JARRARD L. D. 1980. How to identify common insect
associates of the southern pine beetle. USDA Comb. For. Pest.
Res. and Dev. Prog. Agric. Handb. No. 563. 33 p.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus frontalis).
COMPETITION, PREDATOR, PARASITES This guide
includes the most representative insect associates of
Dendroctonus frontalis. The descriptions are most useful in
distinguishing a species or species group. The handbook is
arranged by Order, Family, and the scientific name with the
authority. Color photographs and line drawings enhance the
usability of this excellent reference manual.

GOYER R. A., SMITH M. T. 198). The feeding potential of
Corticeus glaber and Corticeus parallelus (Coleoptera:
Tenebrionidae), facultative predators of the southern pine
beetle, Dendroclonus frontalis (Coleoptera: Scolytidae). Can.
Entomol. 113:807-811. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus frontalis. TENEBRIONIDAE; Corticeus glaber,
Corticeus purallelus). COMPETITION, PREDATOR Under
laboratory conditions, Corticeus glaber, and C. parallelus were
facultative predators of southern pine beetle eggs ang first and
second instar larvae.

GREENC. L., MCCARTYF. A., EDSONL.S,,PAYNET.L.
1980. Apparatus for sticky trap washing and insect recovery.
Southwest. Entomol. 5:19-21. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus fronlalis). TRAPS AND
CAGES, MISCELLANEOUS TECHNIQUES Recovery of
insects from sticky traps is facilitated by the use of an apparatus
for washing the traps.

GUNTER E. R. 1957. The southern pine beetle. La. For.
Comm. 6 p. (COLEOPTERA: SCOLYTIDAE; Dendroctonus
Srontalis). LIFE HISTORY-GENERAL, CONTROL-
CHEMICAL, SURVEY AND DETECTION Describes
Dendroclonus frorlalis as a menace to Louisiana’s pine forest.
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The 1957 outbreak was the first recorded outbreak in Louisiana
since 1918. Describes damage and generalized life bhistory.
Recommended controls include benzene hexachloride and diesel
fuel. Detection includes aerial survey, followed by checks on
ownership and identification of the beetle. Follow-up
inspections are needed.

HAIN F. P. 1980. Chapter 6. Sampling and predicting
population trends. The southern pine beetle. Iz, R. C. Thatcher,
J. L. Searcy, J. E. Coster, and G. D. Hertel, Eds. USDA
Expanded South. Pine Beetle Res. Appl. Prog. For. Serv. Sci.
and Educ. Tech. Bull. 1631. p. 107-135. (COLEQPTERA:
SCOLYTIDAE; Dendroctonus frontalis). SURVEY AND
DETECTION, POPULATION DYNAMICS, STAND
CONDITIONS Survey systems for southern pine beetle include
aerial systems augmented by Loran-C navigation systems.
Multistage sampling correlating aerial and ground surveys were
performed. Sampling to estimate southern pine beetle
populations include sampling within-tree populations, including
attackdng adults, eggs, emergence, and tree geometry models
(TG-PDF). Within-spot population's could be monitered with
TG-PDF. Area-wide population surveys include the
incorporation of spot-growth models in Texas and Arkansas.
Spot-growth models were developed in East Texas and in the
Georgia Piedmont. TAMBEETLE is 2 southern pine beetle
infestation dynamics model incorporating reproduction and
mortality of beetles in an infested spot. FRONSIM estimates
timber mortality from southern pine beetle over large areas.
DAMBUGS combines a spot growth model with a spot incidence
model.

HAIN F. P., DEMARS C. J.,, MCCLELLAND W. T,,
MAWBY W. D. 1979. Relating tree mortality to collapsing
beetle populations. /n, Evaluating Control Tactics for the
South. Pine Beetle-Symp, Proc. Jan 30-Feb. 1, 1979, Many, La.,
Coster J. E., Searcy J. L., Eds. USDA For. Serv. Tech. Bull.
No. 1613, p. b4-62. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus frontalis). POPULATION DYNAMICS,
SURVEY AND DETECTION A fast decline of a large southern
pine beetle spot was monitored using aerial photography and
within-tree population sampling. It is thought this decline
closely simulates what could be expected in a southern pine
beetle spot in which control measures had been applied.

HAIN F. P., MCCLELLAND W. T. 1979. Studies of declining
and low level populations of the southern pine beetle in North
Caralina. Iz, Population Dynamics For, Insects At Low Levels,
Work Conf. Aug. 1979, N. C. State Univ., F. P, Hain Ed. p.
9-26. (COLEOPTERA: SCOLYTIDAE; Dendroctonus
frontalis, Ips spp.). POPULATION DYNAMICS,
HAZARD/RISK RATING Environmental factors including a
rainfall deficit for eight years, dense stand stocking, high basal
area with markedly reduced growth rates, and very poor soil
drainage conditions typify stands in the Delmarva Peninsula of
Delaware, Maryland, and Virginia infested by the southern pine
beetle. Jn stands where these conditions exist a mixed pine-
hardwood management system is recommended.

HAIN F. P., MCCLELLAND W. T., POPE D. N, PULLEY
P. E.,, FOLTZ J. L., COULSON R. N. 1978. Standardized
within-tree sampling for populations of Dendroctonus frontalis.
Environ. Entomol. 7:157-164. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus frontalis). ECOLOGICAL
DISTRIBUTION, STATISTICAL METHODS Procedures for
sampling and estimating populations of southern pine beetle
developed in East Texas were evaluated for their applicability
for use in North Carolina. The within-tree distribution of
southern pine beetle in North Caralinz were not significantly
different from the Texas data base, despite differences in total
numbers. Tree geometry models were satisfactory for use in
North Carolina. The gquantitative sampling procedures
developed can be used in other regions of the southern pine
beetle range and under different population levels.

HAINES L. W., HAINES S. G., LILES F. T. JR. 1976.
Effects of fertilization on susceptibility of loblolly pine to the
southern pine beetle. School of For. Res., N. C. State Univ.,
Raleigh., Tech. Rep No. 58. 56 p. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus frontalis). ECOLOGICAL
DISTRIBUTION, HOST RESISTANCE, CONTROL-
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CULTURAL Since ounly four percent of areas surveyed had
active southern pine beetle infestations, the survey did not
substantiate the hypothesis. It was found that single suppressed
tree southern pine beetle infestations are common in
overstocked stands, while in thinned plots southern pine beetle
seems to be associated with the black turpentine beetle (D.
terebrans). So thinning which may be prescribed as a remedial
treatment for ‘southern pine beetle prone stands’ can actually
increase southern pine beetle activity.

HAMMERLE W. C. 1952. The forest insect problem in
southern pine. For, Farmer 11(7):8-9,13,16. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus frontalis, Dendroctonus
terebrans, Ips spp.). IMPACT Damage by the southern pine
beetle is discussed along with economic implications. The need
for research is stressed.

HANSON J. B., BAKER B. H.. BARRY P. J. 1978. Southern
pine beetle an the Delmarva Peninsula in 1971. J. Ga. Entomo).
Soc. 8:157-164. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus [frontalis). LIFE HISTORY-GENERAL,
ECOLOGICAL DISTRIBUTION, CONTROL-GENERAL,
CONTROL-CULTURAL, ECONOMICS, IMPACT, REVIEW
The southern pine beetle is a reoccurring problem on the
Delmarva Peninsula killing 55 million board feet of timber in
1970. Stand/site conditions included dense, overstocked stands,
poor soil drainage and rainfall deficit.

HANSON I. B., BARRY P. J., BAKER B. H. 1971. Southern
pine beetle evaluation on the Delmarva Peninsula-1971. USDA
For. Serv. Northeast. and Southcast. Areas, State and Priv.
For., For. Pest Manage., Environ. Prot. and [mprovement
Unit. 16 p. (COLEOPTERA: SCOLYTIDAE; Dendroctonus
Jrontalis),. SURVEY AND DETECTION, REVIEW,
HAZARD/RISK RATING Dendroctonus frontalis caused
serious losses to loblolly and Virginia pines on the Delmarva
Peninsula of Delaware, Maryland and Virginia in 1971. From
aerial photographs, 254 suspected spots were detected on
photographs; ground checks of 72 spots showed 2737 trees with
314 bhaving active brood. The typical stand attacked was
approximately 35 years old, densely stocked, with reduced
radial increment, on poorly drained soils, and had experienced
precipitation abnormalities. The survey represented 1.12
million acres.

HANSON S. 1940. The prevention of outbreaks of the pine
heetles under war-time conditions. Bull. Entomol. Res. 81. p.
247-251. (COLEOPTERA: SCOLYTIDAE; Dendroctonus
Srontalis). REVIEW The prevention of pine beetle outbreaks
under wartime conditions is discussed.

HAPP G. M., HAPP C. M., BARRAS S. J. 1971. Fine
structure of the prothoracic mycangium, a chamber for the
cullure of symbiotic fungi, in the southern pine beetle,
Dendroctonus frontalis. Tissue And Cell 8(2):295-308.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus frontalis).
OVIPOSITION, COMMENSALISM AND SYMBIOSIS,
MORPHOLOGY AND PHYSIOLOGY The ultrastructure of the
prothoracic mycangium of the female Dendroctonus frontalis is
presented in detail,

HAPP G. M., HAPP C. M., BARRAS 8. J. 1975. Bark beetle-
fungal symbiosis. IIl. Ultrastructure of conidiogenesis in a
Sporothriz ectosymbiont of the southern pine beetle. Can. J.
Bot. 53:2702-2711. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus frontalis. Ceratocystis minor; Sporothri).
COMMENSALISM AND SYMBIOSIS, VECTOR.
TAXONOMY An isolate of Ceralocystis mainor found in a
Sporothrix imperfect state as an ectosymbiont of Dendroctonus
Sfrontalis is described and called SJB 133. [n the yeast stage its
structure is similar to Sporotrichum schenekii but differs in
several ways: 1) the cell wall of SJB 133 in the yeast stage has a
low affinity for electron stains; 2) the cells of SJB 133 tend to be
pyriform not fusiform; and 3) SJB 133 has distinct paramural
pockets not found in the yeast phase of S. schenckii.

HAPP G. M., HAPP C. M., BARRAS S. J. 1976. Bark beetle-
fungal symbiosis: II. Fine structure of a basidiomycetous
ectosymbiont of the southern pine beetle. Can. J. Bot
54:1049-1062. (COLEOPTERA: SCOLYTIDAE: Dendroctonus
Srontalis). COMMENSALISM AND SYMBIOSIS Within the
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myecangium of the southern pine beetle a basidiomycetous yeast
(a dimorphic fungal ectosymbiont) grows. The yeast and
mycelial stages are described, and the morphology and fine
structure characterized.

HARRAR J. G., ELLIS R. P. 1940. The biology of a species of
Beauveria from the southern pine bark beetle. Va. Acad. Sa.
1:211. (COLEOPTERA: SCOLYTIDAE; Dendroctonus
Srontalis. Beauvaria). LARVAE, PATHOGENS Beauvaria sp.
was isolated from larvae of southern pine beetle.

HARRAR J. G.. MARTLAND J. G. 1940a. A fungous parasite
of the pine bark beetla. Phytopathology 30:8. (COLEOPTERA:
SCOLYTIDAE; Dendrootonus frontalis. Beawvaria).
PATHOGENS A species of Beauvaria was reared from
Dendroctonus frontalis.

HARRAR J. G., MARTLAND J. G. 1840b. The etiology of the
Beauveria disease of Dendroctonus frontalis. Va. Acad. Sci.
1:211. (COLEOPTERA: SCOLYTIDAE; Dendroctonus
Jrontalis. Beauvaria). PATHOGENS Isolates of Beauvaria sp.
from the southern pine beetle were used to inoculate the
southern pine beetle and other insects for infection studies.

HARRISON R. P. 1956. Pine bark beetles and their control in
Georgia. Ga. For. Res. Counc, Rep. No. 2. 8 p. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus frontalis, Dendroctonus
terebrans, Ips spp.). LIFE HISTORY-GENERAL, CONTROL-
GENERAL Gives life history and chemical control using BHC
for the southern pine bark beetle complex.

HASTINGS F. L., COSTER . E., EDS. 198). Field and
Jaboratory evaluations of insecticides for southern pine beetle
contro}. USDA For. Serv. Southeast. For. Exp. Stn. Gen. Tech.
Rep. SE-21, Asheville, N.C. 40 p. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus fronlalis). CONTROL-
CHEMICAL Insecticide evaluationg for southern pine beetle
control are summarized. Studies include screening tests,
efficacy studies for prevention and remedial effects, residue
studies, soil and litter studies, and phytotoxic investigations.

HASTINGS F. L.. JONES A. S. 1976. Contact toxicity of 29
insecticides to southern pine beetle adults. USDA For. Serv.
Res. Note SE-245. 4 p. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus frountalis). CONTROL-CHEMICAL Of 29
insecticides tested against southern pine beetle adults, 17 were
more toxic than the reference (lindane). The testing considered
four factors: 1) beetle living conditions, 2) easy beetle removal
for mortality observations, 3) excluding effects of temperature,
humidity, and possible fumigant action of the test pesticide; and
4) discouraging aggressive beetle behavior. Results indicate
that several tested insecticides might effectively replace lindane
and BHC. A method of successfully holding southern pine beetle
for laboratory studies is also described.

BASTINGS F. L., JONES A. S., FRANKLIN C. K.
1981a. Observations on phytotoxicity. In, Field and
laboratory evalbations of insecticides for southern pine
beetle control, Hastings, F. L. and J. E. Coster, Eds.
USDA For. Serv. South. For. Exp. Stn. Gen. Tech. Rep.
SE-21, Asheville, N. C. p. 18:19. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus srontalis). CONTROL-
CHEMICAL, MISCELLANEOUS TECHNIQUES,
BACTERIA Chlorpyrifos concenirations of 2%, 4% and
8% caused no phytotoxicity problems in southern pines.
Chlorpyrifos is unlikely to be harmful to soil microbes.
Fenitrothion caused no phytotoxic damage to southern
pines when applied in 4% and 8% concentrations. There
was no damage to soil fungi and bacteria,

HASTINGS F. L., JONES A, S.,, FRANKLIN C. K.
1981b. Screening tests. In, Field and laboratory
evaluations of insecticides for southern pine beetle
contro}, Hastings, F. L. and J. E. Coster, Eds. USDA
For. Serv. South. For. Exp. Stn. Gen. Tech. Rep. SE-21,
Asheville, N. C. p. 12, (COLEOPTERA: SCOLYTIDAE;
Dendroctonus frontalis). CONTROL-CHEMICAL,
MISCELLANEOUS TECHNIQUES Twelve insecticides
were bioassayed for contact toxicity to the southern pine
beetle. Four treatments were made, at 2, 1, 0.5, and 0.25
percent concentrations for each insecticide.
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1981c. Soil and litter mesofauna studies. In, Field and
laboratory evaluations of insecticides for southern pine
beetle control, Hastings, F. L. and J. E. Coster, Eds.
USDA For. Serv. South. For. Exp. Stn. Gen. Tech. Rep.
SE-21, Asheville, N. C. p. 15. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus frontalis). CONTROL-
CHEMICAL, MITES In field studies, the effects of
lindane and chlorpyrifos-methyl on litter and soil
organisms were evaluated. Litter organisms were the
most affected, especially the collembolans whose
populations were significantly decreased by both
insecticides. Soil organisms were not numerous and were
not severely affected by the insecticides.

HASTINGS F. L., JONES A. S., KISLOW C. J. 1977.
Outlook for new insecticides for bark beetle control. Iz,
Lightwood Res. GCoordinating Counc. Proc. Annu, Meet,

Jan. 18-19, 1977, Atlantic Beach., Fla.,, p. 25-32.
(COLEQPTERA: ' SCOLYTIDAE; Dendroctonus
Sfrontalis). CONTROL-CHEMICAL Contact toxicity data

are shown for 12 insecticides which are more toxi¢c than
lindane against the southern pine beetle. Results indicate
that Reldan (chlorpyrifos-methyl) at 0.5-1.0%
concentrations has potential in preventing new soathern
pine beetle outbreaks.

HASTINGS F. L., KISLOW C. .,
METZ L. J. 1981. Comparison of lindane and
chlorpyrifos-methyl for preventive control of the
southern pine beetle. J. Ga. Entomol. Soc. 16:396-407.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus
Sfrontlalis). CONTROL-CHEMICAL Both lindane and
chlorphyrifos-methy] provided preventative control for
the southern pine beetle.

HAY E. 1976. America’s 8 biggest forest lkllers. Am.
For. 82(4):21-23. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus  frontalis). SURVEY AND DETECTION
Briefly describes impact by forest insects.

HEDDEN R. L. 1978a. Host tree spatial pattern in a

JONES A. S,

southern pine beetle infestation. Soutbwest, Nat.
23(1)71-15. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus frontelis). HOST SELECTION,

STATISTICAL METHODS The host tree spatial pattern
of a southern pine beetle infestation was investigated.
Data obtained using distance to other host trees and
variance-to-mean ratios showed that the number of trees
in a sample plot was inversely related to average DBH.
The spatial pattern of trees in the area was repular.
When the heetles reached a plot where trees were spaced
at greater than 6.1 meters, the spot did not expand.

HEDDEN R. L. 1978b. The need for intensive forest
management to reduce southern pine beetle activity in
East Texas. South. J. Appl. For. 2:19-22.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus
frontalisg). CONTROL-CULTURAL, ECONOMICS,
IMPACT Forest land acreages in East Texas have
declined while demands on it continue to increase.
Southern pine beetle populations have increased because
of the increase in high density pine stands. This trend is
expected to continue. To minimize southern pine beetle
losses, intensive forest management, including care in
site selection and preparation, proper use of intermediate
treatments, angd early harvest cuts should be practiced.

HEDDEN R. L. 1979. Methods used for evaluating
southern pine beetle control tactics. /n, Evaluating
Control Tactics for the South. Pine Beetle-Symp. Proc.
Jan 30-Feb 1, 1979. Many, La., Coster J. E., Searcy J. L.,
Eds. USDA For. Serv. Tech. Bull. No. 1613. p. 1]-13.
(COLEOPTERA: SCOLYTIDAE; Dendroclonus
Srontolis), CONTROL-GENERAL, CONTROL-
BIOLOGICAL, CONTROL-CHEMICAL, CONTROL-
CULTURAL, MODELING A review of contro} tactics,
methods used to evaluate these tactics, problems
associated with these evaluations, and suggestions for
developing new methods of treatment evaluation of
southern pine beetle contro) strategies is presented.
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HEDDEN R. L., BARRAS S. J.,, COSTER J. E., EDS.
1981. Hazard-rating systems in forest insect pest
management. Symp. Proc. Athens, Ga. (July-August
1980). USDA For. Serv. Gen. Tech. Rep. WO0-27. 169 p.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus
frontelis). HAZARD/RISK RATING, STAND
CONDITIONS A symposium on hazard-rating systems in
forest insect pest management explored operational
systems in the United States.

HEDDEN R. L., BILLINGS R. F. 1977. Seasonal
variations in fat content and size of the southern pine
beetle in East Texas. Ann. Entomol. Soc¢c. Am.
70:876-880. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus fromtalis). ADULT, SEASONAL
OCCURRENCE, ECOLOGICAL DISTRIBUTION,
FLIGHT, MORPHOLOGY AND PHYSIOLOGY Fat

_content of southern pine beetles emerging during the

spring and fall was greater than that of beetles during
the summer and winter. Beetles were found to be
smallest during July, August, and September. Females
were larger and had higher fat contents than males,
regardless of season. Bark beetle dispersal and seasonal
behavior are discussed.

HEDDEN R. L., BILLINGS R. F. 1979. Southern pine
beetle: Factors influencing the growth and decline of
summer infestations in East Texas. For. Seci. 25:547-556.
(COLEQPTERA: SCOLYTIDAE; Dendroctonus
Srontalis). SEASONAL OCCURRENCE,
ECOLOGICAL DISTRIBUTION, POPULATION
DYNAMICS, STAND CONDITIONS Site and stand
factor effects on infestation expansion in southern pine
beetle infestations in East Texas indicated that the trees
killed/day (TK) was positively correlated to the number of
active trees in the infestation and the stand basal area.
Mean rates of infestation growth were also correlated
with area wide southern pine beetle population levels. A
hierarchy of control priorities is supplied based on the
findings.

. HEDDEN R. L., REED D. D. 1980. Southern pine

beetle: Factors influencing the growth and decline of
summer infestations. In, Modeling Southern Pine Beetle
Populations-Symp. Proc. Feb. 20-22., 1980. Asheville N.
C., Stephen F. M., Searcy J. L., Hertel G. D.. Eds. USDA
For. Serv. Tech. Bull. No. 1630. p. 145-151.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus
frontalis). STATISTICAL METHODS, MODELING,
STAND CONDITIONS A model was developed to
simulate the spread of southern pine beetle using stand
variables. This model consists of two principal functions:
1) a function which predicts rate of spread in trees killed
per day and 2) a prediction of the probability of a spot
becoming inactive. The mode! can simulate spot growth.

HEIKKENEN H. J. 1977. Southern pine beetle: A
hypothesis regarding its primary attractant. J. For.
75:412-418. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus fronialis). BEHBAVIORAL CHEMICALS,
HOST SELECTION A positive flight response of
southern pine beetle to dead loblolly pine trees was
observed during a period when the population was
endemic. Volatiles emitted by the pines are thought
responsible for the initial attack. It is hypothesized that
the beetle’s true role is a scavenger and its principal role
is to carry wood-~destroying fungi from tree to tree.

HELLER R. C., ALDRICH R. C., BAILEY W. F. 1959. An
evaluation of aerial photography for detecting southern pine
beetle damage. Photogram. Eng. 25:595-606. (COLEQOPTERA:
SCOLYTIDAE; Dendroctonus frontalis). SURVEY AND
DETECTION, MISCELLANEQOUS TECHNIQUES The
usefulness of special aerial photography to locate and appraise
insect-killed timber in North Carolina was evaluated. Several
films were screened and selection was narrowed to color and
panchromatic with a red filter; color film interpretations were
more accurate. Color film was also more accurate than sketch
rapping but was more expensive. Ground cruising proved too
costly and time consuming. It was concluded that color
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HAZARD/RISK RATING Soil moisture regime, texture and
landform are potentially useful for risk rating in eastern Texas.
Field foresters who have had little specialized training can
classify these characteristics, although soil texture may require
some special training.

. HICKS R. R. JR., COSTER J. E.. WATTERSTON K. G.

1979. Reducing southern pine beetle risks through proper
management planning. For. Farmer 38(7):6-7,18.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus frontalis).
LIFE HISTORY-GENERAL, CONTROL-GENERAL,
ECONOMICS, IMPACT, REVIEW, HAZARD/RISK RATING
Proper management of pine forests can effectively reduce
southern pine beetle damage. Conditions associated with high
susceptibility to southern pine beetle are pines growing on
chronically wet or water logged soils, and over crowded pine
stands. In wetlands, slash pine or a hardwood species could be
planted. Thinning is best applied in early fall or winter, or when
beetle activity is low.

HICKS R. R. JR., HOWARD J. E., COSTER I. E.,
WATTERSTON K. G. 1978. The vole of tree vigor in
susceptibility of loblolly pine to southern pine beetle. In, Proc.,
Fifth North Am. For. Biol. Workshop, Univ. Fla., Gainesville. p.
177-186. (COLEOPTERA: SCOLYTIDAE; Dendroctonus
Srontalis. Heterobasidion annosum). HOST SELECTION,
HOST RESISTANCE, STATISTICAL METHODS,
MODELING, PATHOGENS Samples were taken from 218
southern pine beetle infested and 209 non-infested loblolly pine
stands in East Texas. Five year radial growth was used as a
measure of tree vigor. By using discriminant analysis, 84% of
infested samples on excessively wet sites were correctly
classified. Samples on moist, dry, or droughty sites were not as
readily classified by baseline data. The most important variable
associated with radial growth was pine basal area per acre.

HICKS R. R. JR., HOWARD J. E., WATTERSTON K. G.,
COSTER J. E. 1980a. Rating East Texas stands for southern
pine beetle susceptibility. South. J. Appl. For. 5:7-10.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus frontalis).
MODELING, STAND CONDITIONS, HAZARD/RISK
RATING A stand rating model was developed which predicts
the probability of southern pine beetle attack over a 3-year
period in East Texas. The data required for the model is pine
basal area/ha, average tree height, and landform category. Data
were collected from over 900 infested and non-infested pine
stands in East Texas.

HICKS R. R. JR., HOWARD J. E., WATTERSTON K. G..
COSTER J. E. 1980b. Rating forest stand susceptibilivy to
southern pine beetle in East Texas. For. Ecol. and Manage .
2:269-283. (COLEOPTERA: SCOLYTIDAE; Dendroctonus
Jrontalis). POPULATION DYNAMICS, STATISTICAL
METHODS, MODELING, HAZARD/RISK RATING A stand
rating system was developed from 900 southern pine beetle-
infested and non-infested pine stands in East Texas. Given
certain geographical constraints and epidemic population levels,
a 3-year probability of southern pine beetle attack prediction
can be made. Three variables needed include: 1) pine basal area
per ha, 2) average tree height, and 3) a categorical evaluation of
land form. Stand rating models should be used in stand
management. This allows for the surveillance and control
tactics to be concentrated in high-hazard stands.

HICKS R. R. JR., MASON G. N. 1982. Southern pine beetle
hazard rating works in east Texas. Scuthwest. Entomol.
7:174-180. (COLEOPTERA: SCOLYTIDAE; Dendroctonus
Sfrontalis). HAZARD/RISK RATING, STAND CONDITIONS
Southern pine beetle damage occurred at five times the rate in
high hazard stands compared to low hazard stands in East
Texas,

HICKS R. R. JR., WATTERSTON K. G., COSTER J. E.,
HOWARD J. E. 1981. Gulf Costal Plain, eastern Texas. In,
Site, stand and host characteristics of southern pine beetle
infestations, J. E. Coster and J. L. Searcy, Eds. USDA Comb.
For. Pest Res. and Dev. Prog. Tech. Bull. 1612. p. 8-15.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus frontalis).
HAZARD/RISK RATING, STAND CONDITIONS,
LIGHTNING Site and stand characteristics of attacked and
baseline plots jn natural, undisturbed stands, Jandform, basal
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area, and stand disturbances were analyzed for hazard rating
for the southern pine beetle. One-third of the southern pine
beetle infestations were induced by disturbances, such as
lightning or logging unrelated to site, stand, or host
characteristics. The remaining spots were associated with low-
lying sites with over-stocked stands.

47. HINDS W. E. 1912, The southern pine beetle and its control.

Ala. Agric. Exp. Stn. Circ. No. 15 Post. Pub. Co., Opelika, Ala.
p. 46-58. (COLEOPTERA: SCOLYTIDAE; Dendroctonus
frontalis). LIFE HISTORY-GENERAL, CONTROL-
GENERAL, REVIEW, LIGHTNING Describes life history and
initial signs of southern pine beetle attack. including pitch
tubes, and s-shaped galleries. Conditions favoring injury include
lightning-struck trees and trees injured by storms. Southern
pine beetle-infested trees may be located by fresh boring dust,
faded tops, attack of sawyer beetles and bark beetle brood.
Methods of control include removing and burning infested bark,
or placing infested trees in water (note: cost of control should
not exceed an average of one to five cents per acre for pine-
covered land or two cents per cord for living timber).

448. HINES G. S. 1979. A simulation model for investigating the

population dynamics of Dendroclonus frontalis Zimm. Ph.D,
Diss., Univ. Arkansas, Fayetteville, Arkansas. 115 p.
(COLEOPTERA: SCOLYTIDAE; Dendroclonus frontalhis).
EGG, LARVAE, PUPAE, ADULT, STATISTICAL
METHODS, MODELING A computer model simulating the life
cycle of the southern pine beetle was developed. The model
produces predictions at weekly intervals of the number of dead
and infested trees as well as estimates of pulpwood and
sawtimber losses. A procedure for validating the model is
presented.

449. HINES G. S., STEPHEN F. M., TAHA H. A. 1980. Uses and

structure of a simulation model for investgating the dynamics
of a southern pine beetle. In, Proc. 1980 Summer Computer
Simulation Conf., Seattle, WA. Aug. 1980. p. 696-699.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus frontalis),
MODELING, POPULATION DYNAMICS A computer
simulation medel to simulate the life cycle of the southern pine
beetle was developed. The model produces weekly predictions of
the number of dead and dying trees and estimates of economic
loss for pulpwood and sawtimber.

430. HINES G. S., TAHA H. A., STEPHEN F. M. 1980. Model for

predicting southern pine beetle population growth and tree
mortality. /n, Modeling Southern Pioe Beetle Populations-
Syrap. Proc. Feb. 20-22,, 1980. Asheville, N. C., Stephen F. M.,
Searcy J. L., Hertel G. D., Eds. USDA For, Serv. Tech. Bull.
No. 1630. p. 4-12. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus frontalis). STATISTICAL METHODS,
MODELING A deterministic model for predicting southern
pine beetle population growth and tree mortality is presented.
Population growth is primarily a function of temperature, and
other variables affecting mortality and production rates,
thereby regulating growth. With this model one can predict at
weekly intervals the numbers of dead and infested trees, as well
as the expected monetary loss reflecting local stumpage prices.

451. HITCHINGS R. G., LEVI M. P. 1981. Southern pine beetle-

killed trees can be salvaged by kraft pulping. Pulp and Pap.
55:156-1539. (COLEOPTERA: SCOLYTIDAE; Dendroctonus
frontalis). WOOD UTILIZATION The effects of chips from
southern pine beetle-killed trees on kraft pulp quality were
, determined and are discussed here. More alkali is needed by
southern pine beetle-killed wood to attain the same screened
yield and koppa number as healthy wood.

452. HODGES J. D., BARRAS 8. J. 1974. Fatty-acid composition

of Dendroctonus fromtalis at various developmental stages.
Ann. Entomol. Soe. Am. 67:51-54. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus frontalis). EGG, LARVAE,
PUPAE, MORPHOLOGY AND PHYSIOLOGY The fatty acids
of the neutral lipid (NL) and phospholipid (PL) fractions of the
southern pine beetle were examined at the egg, inner-bark
larval, outer-bark larval, pupal, emerging adult and attacking
adult stages. The oleic fraction made up of 29-51% of fatty acids
in all life stages; palmitic acid was second most common at
16-24% except in the eggs and attacking females, which had a
higher linoleic content at 28 ang 24% respectively. In the eggs,
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short chain compounds accounted for more than one-half the
fatty acids.

HODGES J. D., BARRAS S. 1., MAULDIN J. K. 1968
Amino acids in inner bark of loblolly pine, as affected by rhe
southern pine beetle and associated micreorganisms. Can. J.
Bot. 46:1467-1472. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus frontalis). ECONOMICS, IMPACT,
MISCELLANEOUS TECHNIQUES, MORPHOLOGY AND
PHYSIOLOGY Infecting loblolly pine with two southern pine
beetle associated microorganisms resulted in no qualitative
changes in free amino acids and minor changes in protein-bound
amino acids. The concentration of free amino acids and soluble
nitrogen decreased and most protein-bound amino acids,
insoluble N, and total N increased. The fungi may influence
beetle development through changes in chemical compounds
other than amino acids.

. HODGES J. D.. BARRAS §. J.. MAULDIN J. K. 1968b. Free

and protein-bound amino acids in inner bark of loblolly pine.
For. Sei. 14:330-383. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus fromtalis). HOST SELECTION,
MISCELLANEOQUS TECHNIQUES This paper is part of 2
larger study looking at amino acids resulting from the activity
of microorganisms alone or in combination with the southern
pine beetle. Here the results of a preliminary study using an
amino acid analyzer in the inner bark of a loblolly pine (freshly
felled) are reported. Results showed 34 free amino acids (20
showed up ia the protein faction). Free acid concentration was
higher at the upper levela of the tree while the reverse was true
for protein-bound amino acids. Free acid oconcentrations
decreased over time, while protein-bound acids increased
overtime.

HODGES J. D., ELAM W. W., WATSON W. F. 1977.
Physical properties of the oleoresin system of the four major
southern pines. Can. J. For. Res. 7:520-525. (COLEQOPTERA:
SCOLYTIDAE; Dendroctonus frontalis). HOST SELECTION,
HOST RESISTANCE The four major southern pines (Pinus
elliottiy, P. palustris, P. taeda and P. echinata) were studied in
central Louisiana to determine the oleoresin viscosity, flow, and
rate of crystallization. Physical properties of the oleoresin and
tree morphological characteristics (dbh, growth rate, height,
etc.) were not strongly related in any of the four species. Slash
pine had a highly viscous oleoresin which erystallized slowly and
had a very slow rate of flow. Longleaf oleoresin was moderately
viscous and had a high yield with 8 high rate of flow. Loblolly
and shortleaf pine had oleoresin with low viscosity, a moderate
to low yield, a short flow duration, and a fast rate of
crystallization. This information is used to assess tree
susceptiblity to attack by the southern pine beetle.

HODGES J. D.,, ELAM W, W,, WATSON W, F,, NEBEKER
T. E. 1979. Oleoresin characteristics and susceptibility of four
southern pines to southern pine beetle (Coleoptera: Scolytidae)
attacks. Can. Entomol. 111:889-896. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus frontalis). ECOLOGICAL
DISTRIBUTION, HOST RESISTANCE Oleoresin from more
than 50 trees of each of the four major southern pine species
was tested for composition, amount of monoterpenes, resin
acids viscosity, flow (rate-duration and amount), and rate of
crystallization. Using discriminant function analysis, loblolly
and shortleaf pine trees were classified as to probable
resistance. Total flow, flow rate, viscosity, and time to
crystalize proved the most discriminating variables. After
infesting supposedly resistant and susceptible trees, the
chemical and physical properties of those surveved were
measured. It is concluded that resistance is strongly related to
physical properties of the oleoresin and can be predicted.

HODGES J. D., LORIO P. L. JR. 1968. Measurement of
oleoresin exudation pressure in loblolly pine. For. Sci. 14:75-76.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus frontalis).
HOST SELECTION, HOST RESISTANCE,
MISCELLANEOUS TECHNIQUES An inexpensive
disposable device for measuring oleoresin exudation pressure in
loblolly pine is described. The device consists of glass capillary
tubing inserted into a hole bored into the tree bole. Oleoresin
pressure ig a factor in repelling attacks.of bark beetles.

HODGES JI. D., LORIO P. L. JR. 1969. Carbohydrate and
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nitrogen fractions of the inner bark of loblolly pines under
moisture stress. Can. J. Bot. 47:1651-1657. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus frontalis). HOST SELECTION
Using 40 year old loblelly pines (one-half subjected to drought,
one-half control), reducing sugars, nonreducing sugars, total
carbohydrates, and starches were measured. Those trees
subjected to drought showed a marked increase in all but starch,
which showed a marked decrease. It is thought that the increase
in sugars is primarily the result of decreased growth rate and
not hydrolysis of starch. Trees stressed by flooding showed the
same symptoms: stress attributed to root failure. The increase
in sugars may be a major factor influencing population increases
in the soutbern pine beetle, as beetle populations increase
dramatically during extremes of moisture stress.

HODGES J. D.. LORIO P. L. JR. 1973. Comparison of
oleoresin composition in declining and healthy loblolly pines.
USDA For. Serv. South. For. Exp. Stn. Res. Note SO-158. 4 p.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus frontalis).
HOST SELECTION, HOST RESISTANCE Through gas
chromatography of the oleoresin of both declining and healthy
trees, no difference in monoterpene or resin acid composition
could be detected, 1t is hypothesized that the reduction in resin
production and a decreased oleoresin reservoir (and not its
composition) accounts for the tree’s increased susceptibility to
beetle attack. The decrease in physical resistance seems to be
the most probable predisposer. A list of monoterpenes and resin
acids is included.

HODGES J. D., LORIO P. L. JR. 1975. Moisture stress and
composition of xylem oleoresin in loblolly pine. For. Sci.
21:283-290. (COLEOPTERA: SCOLYTIDAE; Dendroctonus
Jfrontalis). HOST SELECTION, HOST RESISTANCE,
PATHOGENS Two tests in the Jower Gulf Coastal Plain and
one in the Upper Coastal Plain were carried out over a 3-year
period to determine the effect of moisture stress on xylem
oleoresin composition over a 3-year period. Stress decreased the
resin acid to monoterpene hydrocarbon ratio; most of the
change in resin acids was due to a decrease in levopimaric plus
palustric acid, while most of the change in monoterpene
hydrocarbons was due to an increase in alpha- and befz-pinene.
The greatest changes noted were the large loss of tree roots to
rootlet pathogens. It is believed the changes in oleoresin play a
large role in the attraction of bark beetles, especially the
southern pine beetle.

HODGES J. D., PICKARD L. S. 1971. Lightning in the
ecology of the southern pine beetle, Dendroctonus frontalis
(Coleoptera: Scolytidae). Can. Entomol. 103:44-51.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus frontalis).
LIFE HISTORY-GENERAL, HOST SELECTION, HOST
RESISTANCE, MISCELLANEOUS TECHNIQUES,
WEATHER RELATIONSHIPS, LIGHTNING Lightning
strikes are important in sustaining southern pine beetle
populations. The lightning struck tree offers a {avorable attack
and brood environment for the beetle. Lightning strikes reduce
oleoresin pressure, oleoresin flow, and relative water content of
inner-bark tissue. Sucrose levels are decreased and there is an
increase in the reducing-sugar content of the inner bark.

HODGES J. D., THATCHER R. C. 1976. Southern pine beetle
survival in trees felled by the cut and top-cat and leave method.
USDA South. For. Exp. Stn. Res. Note S0-219. 5 p.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus frontalis).
CONTROL-GENERAL, CONTROL-CULTURAL The cut-and-
top method used to control the southern pine beetle resulted in
lower beetle survival (17%) in both the hot and eold seasons.
Survival was evidently related to high inner-bark moisture
levels, 61% for cut-and-top trees and 51% for cut-and-leave.
Survival was greatest in September, and relatively low in June,
December and January. Most beetle mortality (74%) occurred
before larvae reached the mid-to-late larval stage for trees
felled in June and July. In December and January almost all
mortality occurred between late-larval stage and emergence.
Cutting and topping inlo an opening may decrease brood
survival, especially if the entire log is exposed to direct sunlight.

HOFFMANN C. H.. ANDERSON R. F. 1945. Effect of
southern pine beetle on timber losses and natural restocking. J.
For. 43:436-439. (COLEOPTERA: SCOLYTIDAE:
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Dendroctonus fronlalis). HOST SELECTION, HOST
RESISTANCE, ECONOMICS, IMPACT This paper presents
information obtained through 24 years of record keeping on the
Bent Creek watershed in the Appalachian Forest Experiment
Station. In formation on: 1) tmber losses, 2) vulnerability of
attack on pure versus mixed stand, and 3) natural restocking of
openings was considered. Small timber losses were observed
over the 24 year period. Mixed stands are less susceptible than
pure pine. Pine seedlings did not restock openings formed after
southern pine beetle attacks.

HOFFMANN C. H., ST. GEORGE R. A. 1949. Timber stand
improvement in the Southern Applachian Region. USDA Misc.
Publ. No. 693. p. 70-73. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus frontalis). LIFE HISTORY-GENERAL,
CONTROL-CHEMICAL Summarizes the life history and
control for the southern pine beetle, including chemical control
with orthodichlorobenzene.

HOLST E. C. 1936. Zygosaccharomyces pini, a new species of
yeast associated with bark beetles in pines. J. Agric. Res.
53:513-518. (COLEOPTERA: SCOLYTIDAE; Dendroctonus
Jrontalis, Dendroctonus brevicomis, Ips avulsus, Jps
grandicollis, Ips calligraphus), MISCELLANEOQUS
TECHNIQUES, COMMENSALISM AND SYMBIOSIS A
yeast (Zygosaccharomyces pint) is described as a new species
found in association with bark beetles; it has been identified in
association with Dendroclonus brevicomis, D. frontalis, D.
valens, Ips oregont, I. emarginatus, 1. avulsus, I. grandicollis,
and I, calligraphus. The genus was determined since ascospore
formation is preceded by a sexual process. The formation of hat-
shaped ascospores, along with the fact that only glucose,
fructose, and mannose are fermented make it necessary to
consider this yeast a new species.

HOLST E. C. 1937. Aseptic rearing of bark beetles. J . Econ.
Entomol. 30:676-677. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus frontalis, Ips calligraphus, Ips grandicollis).
EGG, LARVAE, PUPAE, REARING Bark beetle eggs were
removed and placed on malt agar slants, surface sterilized, and
transferred to phloem for rearing.

HOPKINS A. D. 1892a. Notes on a destructive forest tree
scolytid. Science 20:64-65. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus frontalis). LIFE HISTORY-GENERAL,
SURVEY AND DETECTION Hopkins states that
Dendroctonus frontalis attacks green healthy pines.

HOPKINS A. D. 1892b. The pine bectle of the Virginias.
Hardwood 2:7-8. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus frontalis). CONTROL-BIOLOGICAL Hopkins
summarizes his experience with Dendroctonus frontalis in the
Virginias. Included are notes on the importations of clerids for
biological control, and the rapid spread of the beetle in pine
stands.

HOPKINS A. D. 1893a. Catalog of WeslL Virginia Scolytidae
and their enemices with list of trees and shrubs attacked. W.
Va. Agric. Exp. Sm. Bull. 31. p. 121-168. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus jrowntaliz, Dendroctonus
terebrans. CLERIDAE; Thanasimus dubius.
HYMENOPTERA: BRACONIDAE; Bracon pissodis.
CHALICIDAE; Leonchites sp., Heydenia unica). PREDATOR,
PARASITES Hopkins lists the southern pine beetle and its
parasites and predators.

HOPKINS A. D. 1893b. Catalogue of West Virginia forest and
shade tree insects. Bull. No. 32 West Va. Agric. Exp. Stn.
3(8):170-251. (COLEOPTERA: SCOLYTIDAE; Dendroctonus
Srontalis). PREDATOR, PARASITES Refer to A. D. Hopkins,
1893 Bull. No. 82, Agric. Exp. Stn. for Dendroctonus frontalis
and associated predators and parasites.

HOPKINS A. D. 1893c. Catalogue of West Virginia Scolytidae
and their enemies. With list of trees and shrubs attacked. Bull.
No. 31 West Va. Agric. Exp. Stn. 3(7):120-168.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus frontalis.
CLERIDAE; Thanasimus dubtus, Thanasimus formicarius.
TENEBRIONIDAE; Hypophloeus parallelug.
HYMENOPTERA: BRACONIDAE; Bracon pirsodis.
CHALEIDIDAE; Lochites spp., Heydenia sp.). PREDATOR,
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PATHOGENS, PARASITES Hopkins catalogs the parasites
and predators reared from the southern pine beetle {rom
1890-1898.

BOPKINS A. D. 1893d. Damage to forests by the destructive
pine bark-beetle. USDA Div. Entomol., Insect Life
5(3):187-189. (COLEOPTERA: SCOLYTIDAE; Dendroctonus
JSrontalis). PREDATOR, PARASITES, CONTROL-
BIOLOGICAL, REVIEW, TAXONOMY A description of
damage, range, and proposed controls against Demdroctonus
Sfrontalis in the Virginias is presented in 1893.

HOPKINS A. D. 1893e. Destructive scolytids and their
imported enemy. Insect Life 6(2):123-129. (COLEQOPTERA:
SCOLYTIDASE; Dendroctonus fronlalis, Dendroctonus
terebrang. CLERIDAE; Cleris formicarius). PREDATOR,
CONTROL-BIOLOGICAL Hopkins discusses the probable role
of an imported clerid, Cleris formicarius.

HOPKINS A. D. 1893f. Report of entomologist. W. Va. Stn.
Rep. p. 29-48. (COLEOPTERA: SCOLYTIDAE; Dendroctonus
Sfrontalis, Dendrectonus terebrans. CLERIDAE; Thanasimus
Jormicarius). CONTROL-BIOLOGICAL A project was initiated
to establish imported Eurapean clerid beetles in southern pine
beetle infestations.

HOPKINS A. D. 1894. A serious trouble over. Hardwood V1, p.
270-271. (COLEOPTERA: SCOLYTIDAE; Dendroclonus
Jrontalis). SURVEY AND DETECTION Hopkins reports on
the southern pine beetle epidemic in the Virginias.

HOPKINS A. D. 1896. Some notes on insect enemies of trees.
Can. Entomol. 28:243-250. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus fronmtalis), SURVEY AND DETECTION
Discusses rapid decline of Dendroctonus frontalis in West
Virginiz in 1892.

HOPKINS A. D. 1898a. Insects detrimental and destructive to
timber products. Proc. Soc. Prom. Agric. Sei. 11:103-108.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus frontalis,
Dendroctonus simplex, Scolytus quadrispinosus). LIFE
HISTORY-GENERAL, ECONOMICS The habits and economie
importance of the southern pine beetle and other bark beetles
are discussed.

HOPKINS A. D. 1898b. Notes on Scolytidae, with descriptions
of new species. Proc. Entomol. Soc. Wash. 4:81-82,
(COLEOPTERA: SCOLYTIDAE; Dendroctonus frontalis,
Pityophthorus fromtalis, Pityophthorus fagi, Thysanoes
querciperda, Thysunoes obscurus). DISTRIBUTION,
CONTROL-BIOLOGICAL Hopkins reports on southern pine
beetle in 1897.

HOPKINS A. D. 1899. Report on investigations to determine
the cause of unhealthy conditions of the spruce and pine from
1880-1893. W. Va. Agric. Exp. Stn. Bdll. 56. i-iv, 197-461.
(COLEOPTERA: SCOLYTIDAE; Dendroctovius frontulis,
Dendroctomus lerebrans, Ips spp. CLERIDAE; Thanasimus
dubius, Thanasimus formicarius. HYMENOPTERA:
Heydenia wunica, Cecidostibn dendrocloni, Roplrocerus
eccoplogastri). CONTROL-BIOLOGICAL, PARASITES An
account of the investigation of the southern pine beetle as a
destructive agent on spruce and pine in West Virginia is
presented. Three thousand European clerid beetles were
imported and released into a southern pine beetle infestation to
investigate their effectiveness as a biological control. The
southern pine beetle spot had gone inactive shortly before the
inoculation so tests were inconclusive.

HOPKINS A. D. 1903. Forest-insect explorations in the
summer of 1902. Can. Entomol. 35:59-61. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus frontalis, Dendroclonus
ponderosae, Dendroclonus obesus, Dendroctonus valens,
Dendroctonus approximatus, Phloesinus punctatus). SURVEY
AND DETECTION Hopkins reviews his travels over 27 States
during 1902. The Dendroctonus fromtalis outbreak in the
Southern Appalachian region (Virginia and West Virginia) is
discussed.

HOPKINS A. D. 1903. Some of the principal insect enemies of
coniferous forests in the United States. Yearh. USDA 1902, p.
265-282. (COLEQPTERA: SCOLYTIDAE; Dendroclonus






499,

500.

501

502.

lightning-struck pines to southern pine beetles. Ser. in the Biol.
Sci. No. 9:1-44, West Ill. Univ. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus frontalis. Candida spp.
Penicilliwm spp. Bacillus spp.). ATTRACTANTS, HOST
SELECTION, PATHOGENS, BACTERIA, LIGHTNING,
LIGHTNING Southern pine beetle associations with pines
struck by lightning are reviewed. Yeasts and other
micreorganisms associated with southern pine beetle in these
trees were identified. A total of 118 cultures from beetle
galleries yielded 203 isolates of bacteria, yeasts and hyphal
fungi. A total of 42 cultures from wounds of eight lightning-
struck loblolly pines yielded 577 isolates of bacteria, yeasts and
hyphal fungi. Yeasts and bacteria were isolated most frequently
from samples in the first three weeks. After three weeks,
hyphal fungi predominated. These associated microoganisms
may enbance pine attractiveness to bark beetles.

HSE S. H. H. 1964. Biological studies of mites associated with
bark beetles. M.S. Thesis, La. State Univ., Baton Rouge, La. 31
p. (COLEOPTERA: SCOLYTIDAE; Dendroctonus frontalis,
Ips  avulsus, Ips calligraphus. ACARINA:
MACROCHELIDAE; Macrocheles n. sp. PARASITIDAE;
Eugamaosus n. sp. UROPODIDAE; Leiodinychus n. sp.).
PREDATOR, PARASITES, CONTROL-BIOLOGICAL,
TRAPS AND CAGES, MITES, NEMATODES Species of mites
associated with Dendroclonus frontalis included new species in
the Families Macrochelidae, Parasitidae and Cloropedidae.
Macrochelus n. sp. (Macrochelidae) fertilized eggs become
females while unfertilized eggs become males. Bugamasus n.
sp. (Parasitidae) preys on nematodes and mites found in beetle
galleries. Leiodinychus n. sp. (Uropodidae) deutonymphs are
attached to beetles by an anal pedicel; the pedicel is thought to
aid in dispersal. Life histories of the three mites are discussed.

HUGHES P. R. 1973. Dendroctonus: Production of
pheromones and related compounds in response to host
monoterpenes. Z. Angew. Entomol. 73:294-312.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus spp.).
BEHAVIORAL CHEMICALS, ATTRACTANTS The
production of Dendroctonus pheromones and related
compounds in response to host monoterpenes is deseribed. The
production of trans-verbenol was linearly related to the
exposure period of female D. brevicomis to alpha-pinene.
Ingestion of terpenes is not necessary for their production, and
a non-specific oxidation mechanism of cyclic compounds at the
allylic carbons, common in Dendroctonus. is suggested. The
volatiles produced by the beetles in the presence of host
monoterpenes are produets of terpene metabolism which are
eliminated from the body through excretion. The production of
pheromones in response to host compounds, feeding, and
mating is discussed.

HUGHES P. R. 1975. Pheromones of Dendroctonus: Origin of
alpha-pinene oxidation products present in emergent adults. J.
Insect Physiol. 21:687-691. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus frontalis, Dendroctonus terebrans).
EMERGENCE, BEHAVIORAL  CHEMICALS,
ATTRACTANTS Experimentation showed that larvae and
adults of Dendroctonus fronlalis and D. terebrans metabolize
alpha-pinene, to produce oxidation products including lrans-
verbenol; this was not found in the pupal stage. However, all
pupae do conjugate some form of the terpene molecule which is
later metabolized by the adult to produce previously identified
oxidation products found in emergent beetles. Male D. frontalis
also are capable of producing verbenone from alpha-pinene, a
possible evolutionary specialization in the field of chemical
communication in bark beetles. It is possible that other terpenes
are metabolized in the same manner in other D. spp. and related
genera,

HUGHES P. R. 1976. Response of female southern pine beetles
to the aggregation pheromone frontalin. Z. Angew. Entomol.
80:280-284. (COLEOPTERA: SCOLYTIDAE; Dendroctonus
Srontalis). SEX-RATIOS, BEHAVIORAL CHEMICALS,
ATTRACTANTS, TRAPS AND CAGES A large trapping
surface angd slow pheromone release were used in a sex ratio
study to determine differential rates of attraction. The ratio
obtained through frontalin baiting showed nearly equal
numbers of males and fernales; this is similar to what occurs
under natural conditions. Differences occurred in the distance
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orientation of the two sexes with males landing close to the
pheromone source and females at a distance. When sampling
sex ratios, it is important to pay special attention to trap size,
rate of pheromone release, and the average threshold for
response to landing stimuli.

HUNTER P. E., MOSER J. C. 1968. Pseudoparasitus
thatchert n. sp. (Acarina: Dermanyssidae, Laelapinae)
associated with southern pine beetles. Fla. Entomol.
51(2):119-123. (COLEOPTERA: SCOLYTIDAE; ACARINA:
DERMANYSSIDAE; LAELAPINAE; Psuedoparasilus
thatchert). ADULT, PREDATOR, PARASITES,
COMMENSALISM AND SYMBIOSIS, MITES Taxonomic
deseriptions of adult and nymphal stages of Pseudoparasitus
thatcheri, a mite in Louisiana which is associated with several
bark beetles, are given. Possible generic placement is discussed.
Brief portions of the life cycle are included.

HURLBUTT H. W. 1967. Digamasellid mites associated with
bark beetles and litter in North America. Acarologia 9:497-534,
(COLEOPTERA: SCOLYTIDAE; Dendroctonus frontalis
ACARINA: DIAMASELLIDAE; Digamasellus spp.,
Longoseius spp.). TAXONOMY, MITES Eight new species of
Digamasellidae from North America are described and figured.
Many species were from Dendroctonus frontalis galleries.

HYCHE L. L. 1965. Chemicals in forest insect control -
(insecticides, chemosterilants, attractants). Fourteentb Annu.
For. Symp.: Insects in South. For., 1965 La. State Press. Baton
Rouge, La. 73-72. (COLEOPTERA: SCOLYTIDAE;
Dendroclonus frontalis). BEHAVIORAL CHEMICALS,
ATTRACTANTS, CONTROL-GENERAL, CONTROL-
CHEMICAL, REVIEW Attractants as control agents are
presented.

RYCHE L. L. 1975. The southern pine beetle. Ala. Agric. Exp.
Stn. Highlights Agric. Res, 22:14. (COLEOPTERA:
SCOLYTIDAE, Dendroctonus frontalis). LIFE HISTORY-
GENERAL, REVIEW Southern pine beetle damage,
taxonomic characteristics of all life stages, a brief life history,
host-insect selection, and some control methods are outlined.

HYCHE L. L. 1976. Southern pine beetle - a formidable foe.
Ala. For. Prod. 19(7):11-13. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus frontalis). REVIEW Brief description of the
southern pine beetle problem.

HYCHE L. L. 1977. Vigorous trees may “pitchout” attacking
southern pine beetles. Ala. Agric. Exp. Stn. Highlights Agric.
Res. 24:6. (COLEOPTERA: SCOLYTIDAE; Dendroctonus
Srontalis). HOST RESISTANCE, SURVEY AND
DETECTION Southern pine beetle spot expansion in a 12 year
old loblolly pine stand in Lee County, Alabama, is deseribed.

HYLAND J. 1971. Southern pine beetle in Alabama. Ala. For.
Prod. 15:5-6. (COLEOPTERA: SCOLYTIDAE; Dendroctonus
Sfrontalis). LIFE HISTORY-GENERAL, SURVEY AND
DETECTION, CONTROL-CULTURAL, WEATHER
RELATIONSHIPS The southern pine beetle was first epidemic
in central Alabama in 1960-1961. The epidemic was stopped by
an extremely cold winter. Describes life history and damage of
southern pine beetle. The southern pine beetle first attacks
weakened damaged trees and spreads over large areas.
Recommends salvaging beetle spots and cutting a buffer strip of
40 to 70 feet; this reduces the possibility of ‘breakouts.

HYNUM B. G. 1980. Changes in the sex ratio of Dendroctonus
frontalis (Coleoptera: Scolytidae) on Pinus taeda during the
attack process. Can. Entomol. 1]12:1317-1318.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus frontalis).
SEX-RATIOS, TRAPS AND CAGES The ratio of attacking
females to males decreased as pines were colonized.

HYNUM B. G. 1980. Models of the attack process of the
southern pine beetle on individual loblolly pines. In, Modeling
Southern Pine Beetle Populations-Symp. Proc. Feb. 20-22.,
1980. Asheville N. C., Stephen F. M., Searcy J. L., Hertel G. D,
Eds. USDA For. Serv. Tech. Bull. No. 1630. p. 94-97.
(COLEQOPTERA: SCOLYTIDAE; Dendroctonus frontalis).
ATTRACTANTS, MODELING, MISCELLANEQUS
TECHNIQUES Two simple mathematical models showing the
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characteristics of the attack process of the southern pine beetle
(Dendroctonus frontalis} are given. One relates new attacks to
cumulative old attacks; the second relates attraction to
cumulative old attacks. Three parameters were used in model
development. They are peak number of landing beetles per
gallery start, peak gallery initiation rate, and final attack
density. Factors which may influence parameter values are

IFJU G., FERGUSON P. C., ODERWALD R. G. 1977.
Pulping and papermaking properties of southern pine harvested
from beetle-infested forests. 1977 TAPPI For. Biol. Wood
Cbemn. Conf. June 20-22, Madison, Wisconsin. p. 169-176.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus frontalis).
ECONOMICS, IMPACT, WOOD UTILIZATION Seventy-five
bark beetle-infested trees cut and chipped, from the Virginia
Piedmont Coastal Area were evaluated for use as pulp and
paper products. Trees were segregated according to the time
they had been left dead on the stump. Kraft pulp yield was not
affected by allowing the trees to remain on the stump for as
long as three years. Canadian Standard Freeness was found to
increase sxgmf' cantly, at high beating times as deterioration
increased. However, tearing resistance decreased as soon as six
months. Tensile slrength increased slightly after six months
and then began to decrease significantly. In general, utilization
for pulp and paper appears to be feasible for as long as 24
months after standing dead on the stump.

IFJU G., ODERWALD R. G., FERGUSON P. C,
HEH(KEN'EN H. J. 1979. Evaluatlon of beetle-killed southern
pine as raw material for pulp and paper. TAPPI 62:77-80.
(COLEOPTERA: SCOLYTIDAE; Dendroclonus frontalis).
ECONOMICS, IMPACT, WOOD UTILIZATION Bark beetle-
infested trees, eut ang chipped, from the Virginia Piedmont and
Coastal Region, were evaluated for use as pulp and paper
products. Trees were segregaied according Lo the time they had
been left dead on the stomp. No drop in kraft pulp yield was
found as compared to hezlthy green trees. Tearing resistance
was found to decrease from zero to six months, Tensile strength
increased only slightly, then increased past six months. Trees
were observed to be feasible for utilization as long as 24 months
standing dead on the stump.

. JACKSON L. W. R., THOMPSON G. E., LUND H. 0. NO

DATE. Forest diseases and insects of Georgia's trees, Ga. For.
Comm. 40 p. (COLEOPTERA: SCOLYTIDAE; Dendroctonus
Srontelis, lps avulsus, Fps calligraphus, Ips grandicollis).
SURVEY AND DETECTION The insect and disease pests of
forest trees in Georgia are summarized.

JACOBSON M. 1972. Insect sex pheromones. Acad. Press,
New York. p. 73-74,90,1]10,146,198-199,236,251-253,281.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus frontalis).
BEHAVIORAL CHEMICALS, REVIEW Reviews pheromones
in Dendroctonus frontalis, including frontalin.

JOHNSON P. C. 1977. Sex-ratio estimation, sequential
sampling, and the programmable pocket calculator. Bull.
Entomol. Sce. Am. 23:251-254. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus frontalis). STATISTICAL
METHODS, SEX-RATIOS Sequential sampling was an
efficient technique for estimating in a binomial population.
Johnson adapted graphs for sequential sampling for a
programmable calculator.

. JOHNSON P. C., COSTER J. E, 1978, Probability of attack by

southern pine beetle in relation to distance from an attractive
host tree. For. Sci. 24:674-580. (COLEQOPTERA:
SCOLYTIDAE; Dendroctonus frontalis). POPULATION
DYNAMICS, ATTRACTANTS, FLIGHT Patterns of southern
pine beetle attack for two infestations (one large with many
simultaneous pheromone sources, the other intermediate in size
with few simultaneous sources of pheromone) indicate an
exponential decrease in probability of attack (PA) of host trees
as a function of distance (X) from active pheromone sources
(trees currently under attack). The slope coefficients and
correlating coefficients for log transformed linear regressions
of PA or X are related to the size of the infestation and the
number of simultaneous pheromone sources.

1979. Techniques for

38

519.

520.

521.

522.

523.

evaluating the influence of behavioral chemicals on dispersion of
the southern pine beetle within infestations. In, Evaluating
Control Tactics for the South. Pine Beetle-Symp. Proc. Jan
30-Feb 1, 1979. Many, La., Coster J. E., Searcy J. L., Eds.
USDA For. Serv. Tech. Bull. No. 1613. p. 18-26.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus frontalis).
TRAPS AND CAGES, STATISTICAL METHODS The
parameters of mean crowding (MC) and mean quadrant density
(M) can be estimated to provide a means for comparison to
evaluate the influence of behavioral chemicals on southern pine
beetle within infestations. Trapping grids are used to estimate
the two parameters. The parameters are then used to quantify
experimentally induced dispersion ag a means of estimating
control effectiveness. Daily dispersion patterns are quantified
by utilizing the index of patchiness (MC/M). Limitations on
experimental design and cost effectiveness are also discussed.

JOANSON P. C., COSTER J. E. 1980. Seasonal and
behavioral chemical effects on dispersion of the southern pine
beetle within infestations. In, Proc. Second IUFRO Conf. On
“Dispersal of For. Insects.: Eval. Theory and Manage
Implications.” Sandpoint, Idaho, Aug. 1979, A. A. Berryman
and L. Safranyik, Eds. p. 173-193. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus frontalis). SEASONAL
OCCURRENCE, ECOLOGICAL DISTRIBUTION,
AGGREGATION, BEHAVIORAL CHEMICALS,
STATISTICAL METHODS, MODELING Dispersion of the
southern pine beetle, Dendroctonus fromtalis, was monitored
within infestations by means of sticky traps and was quantified
by comparison of mean crowding (M) to mean (M) regressions.
Appregation of dispersion patterns is compared on a seasonal
basis. The introduction of behavioral chemicals was shown to
have no apparent effect (96% prediction limit) on the M-M
comparison.

JONES A. S., HASTINGS F. L. 1981. Soil microbe studies. I»,
Field and Jaboratory evaluations of insecticides for southern
pine beetle control, Hastings, F. L. and J. E. Coster, Eds.
USDA For. Serv. South. For. Exp. Stn. Gen. Tech. Rep. SE-21,
Asheville, N. C. p. 13-14. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus frontalis). CONTROL-CHEMICAL,
MISCELLANEOUS TECHNIQUES Studies were conducted
to test the effect of chlorpyrifos and fenitrothion on soil
microbial populations, metabolism of fenitrothion by forest soil
fungi, and metabolism of chlorpyrifes by pure cultures of forest
soil fungi.

JONES A. 8., HASTINGS F. L.. KISLOW C. J. 1980.
Evaluation of 12 insecticides for remedial efficacy against
southern pine beetle adults. J. Econ. Entomol. 73:736-738.
(COLEOPTERA: SCOLYTIDAE: Dendroctonus fronlalis).
CONTROL-CHEMICAL Twelve insecticides were tested for
their effectiveness against the southern pine beetle. At 1 and
2% chlorpyrifos, chlorpyrifos-methyl, fenitrothion, pirimiphos-
ethyl, etrimphis, and a microencapsulated form of phosmet
were better than the currently recommended insecticide,
lindane, at its registered dose. All insecticides tested (except
carbophen othion) were at least as good as lindane. Only 61% of
emerging southern pine beetles were killed by lindane, whereas
six test treatments killed more than 90% of emerging southern
pine beetles.

JONES G. D., FORD J. E. 1953. Southern pine beetle. N. C.
State Coll. Ext. Folder No. [00. (COLEQPTERA:
SCOLYTIDAE: Dendroctonus frontalis, Dendroctonus
terebrans, Ins spp.). LIFE HISTORY-GENERAL, CONTROL-
GENERAL Briefly summarizes life history and contral of the
southern pine beetle. Chemical control by BHC is
recommended.

JOYE L. G. 1976. Incidence of Contortylenchus brevicomi
(Massey) Rhum in southern pine beetle populations from the
southeastern United States. M. S. Thesis, Univ. Fla,,
Gainesville, Fla. 29 p. (COLEOPTERA: SCOLYTIDAE:
Dendroctonus frontalis. Contortylenchus brevicomi,
Contortylenchus lerebranus). EGG, LARVAE, PUPAE,
ADULT, FECUNDITY, CONTROL-BIOLOGICAL,
PARASITES, NEMATODES Southern pine beetle populations
from 17 locations were examined for infection by nematodes.
Contortylenchus brevicomi was present in 15 of the locations.
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Rate of infection for most populations was 10-20%. Mature
southern pine beetles contained adult parasitic females, larvae,
eggs, and some individuals contained thousands of larvae and
eggs. The southern pine beetle is probably infected during its
pupal stage.

JOYE L. G., PERRY V. G. 1976. Incidence of Contortylenchus
spp. in southern pine beetle populations from the southeastern
United States. J. Nematol. 8:291. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus frontalis. NEMATODAE:
Contortylenchus spp.). PREDATOR, PARASITES,
NEMATODES Adult, larval and pupal southern pine beetles
were examined for the presence of internal nematode parasites
of the genus Contortylenchus in the southern United States. In
large samples incidence ranged from 12-24% in small samples
incidence was only noted. Two species were noted parasitizing
with the numbers of each increasing with beetle age.

JUMP B. J., TSAO C. H. 1972. Effectiveness and efficiency of
controlling the southern pine beetle by spraying standing trees
with BHC. Bull. Ga. Acad. Sei. 30:55. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus frontalis). CONTROL-
CHEMICAL Two methods of spraying trees infested with the
southern pine beetle are discussed; one method involves
spraying BHC and fuel oil on standing trees, the other involves
felling the tree and then spraying. Control was found to be only
seven percent better when the trees were felled. Averaging
man hours needed and gallons of insecticide used showed that
spraying standing trees was 21 times more efficient than felling
first.

JUMP B. J., TSAO C. H. 1973. Control of southern pine
beetles by spraying standing and felled trees with BHC. J. Ga.
Entomol. Soc. 8:203-209. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus frontalis). CONTROL-GENERAL, CONTROL-
CHEMICAL Two methods of controlling the southern pine
beetle chemically using BHC are discussed. One is simply to
spray standing trees; the other includes felling then spraying.
Both methods gave more than 99% control. Treating standing
trees was 16 times faster but required about twice as much
chemical.

KALKSTEIN L. 8. 1974a. A method to determine
relationships between climate and outbreaks of the southern
pine beetle (Dendroctonus frontalis Zimm.). Ph.D. Diss., La.
State Univ., Baton Rouge, La. 130 p. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus frontalis). SEASONAL
OCCURRENCE, WEATHER RELATIONSHIPS Two models
were developed to evaluate the relationship between southern
pine beetle outbreaks and temporal changes in climatic
variables, In most cases southern pine beetle activity was
related to moisture surplus and late winter evapotranspiration.
Activity was inversely related to moisture deficit and summer
evapotranspiration.

KALKSTEIN L. S. 1974b. The effect of climate upon
outbreaks of the southern pine beetle. C. W. Thornthwaite
Assocs. Lab. of Climatology, Elmer, New Jersey, Publ. in
Climatology 27(3):1-65. (COLEOPTERA: SCOLYTIDAE:
Dendroclonus  frontalis). WEATHER RELATIONSHIPS
Kalkstein hypothesized that the frequency and severity of
outbreaks of the southern pine beetle are regulated by temporal
variations in climate. A technique designed by C. W.
Thornthwaite was more satisfactory in identifying climate
components than was a technigue by T. C. R. White.
Advantages of Thornthwaite’s technique were: 1) use of soil
moisture, 2) inclusion of actual evapotranspiration estimates, 3)
evaluation of moisture surplus and deficits, and 4) evaluation of
site information related to poorly drained sites A final
statistical model suggested these relationships: 1) excessive
moisture appears to increase the probability of a southern pine
beetle outbreak; 2) moisture surpluses have a greater effect on
southern pine beetle outbreaks in East Texas than Louisiana; 3)
moisture deficit is of lesser significance than surplus; 4) as the
deficit value increases, southern pine beetle activity decreases;
5) winter potential evapotranspiration values above normal
appear to promote conditions necessary for intense southern
pine beetle activity the following summer; and 6) intense
summer heat is detrimental to southern pine beetle activity.
Kalkstein makes recommendations for use of weather data and
integrated research.
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KALKSTEIN L. S. 1976. Effects of climatic stress upon
outbreaks of the southern pine beetle. Environ. Entomol.
5:653-658. (COLEOPTERA: SCOLYTIDAE; Dendroclonus
Sfrontalis. STATISTICAL METHODS, MODELING,
WEATHER RELATIONSHIPS Monthly tabulations of
southern pine beetle activity in East Texas were correlated with
various climatic conditions derived from the Thornthwaite
water balance to develop a predictive insect activity technique
based upon climatic conditions of the past. Generally, the
intensity of insect activity is directly related to moisture surplus
and deficit, and inversely related to summer potential
evapotranspiration. The model worked in predicting a July 1973
southern pine beetle outbreak, It is thought that models like this
are most important for future silvicultural planning.

. KALKSTEIN L. S. 1981a. An improved technique to evaluate

climate-southern pine beetle relationships. For. Sci. 27:579-589.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus fromialis).
STATISTICAL METHODS, MODELING, WEATHER
RELATIONSHIPS The effect of climate on the southern pine
beetle was evaluated on 18 years of data in East Texas. Three
water balance variables and three weather variables acepunting
for climatic extremes were included. Southern pine
beetle/climate models were constructed for individual months.
An important lag time differential between climate and spring
versus summer month outbreaks was uncovered. The developed
mode] predicted variations in outbreaks for 1958-1960 and
1979-1980,

. KALKSTEIN L. S. 1981b. Differential response of loblolly

pines to climatic stress. Prof. Geogr. 33:122-128.
(COLEOPTERA: SCOLYTIDAE: Dendroctonius frontalis).
DISTRIBUTION, WEATHER RELATIONSHIPS Differences
in the interregional response of loblolly pines to moisture stress
is examined. Pines in Texas are weakened and increasingly
susceptible to southern pine beetle attack during periods of
extreme moisture surplus. Louisiana pines are rendered more
susceptible to attack during periods of extreme moisture
deficits. Intraspecies response to climatic stress appears Lo be
dependent on frequency of the climatic event and also spatially
variable.

KEEN F. P. 1950. Pine bark beetles. USDA Yearb. of Agric.
1949. p. 427-432. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus fromtalis, Dendroctonus brevicomis,
Dendroctonus monlicolae, Dendroctonus ponderosae,
Dendroctonus jeffreyi, Dendroclonus valens, Dendroctonus
terebrans, Ips spp.). LIFE HISTORY-GENERAL,
ECOLOGICAL DISTRIBUTION, HOST SELECTION, FIRE,
REVIEW, WEATHER RELATIONSHIPS, STAND
CONDITIONS A review of the life history and habits of the
bark beetles.

KELLY M. W., BAREFOOT J. E., SWINT W. H., LEVI M.
P. 1982. Utilization of southern pine beetle-killed trees for
hardboard and particleboard. For. Prod. J. 32(3):33-39.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus frontalis).
WOOD UTILIZATION Products from beetle-killed trees can be
made if there is 2 mix of wood from healthy trees to minimize
effects. Hardboards from beetle-killed pines met industry
standards except for linear expansion.

KERR E. 1957. Battle of the beetle. Foresis and People,
Second Quarter, p. 36-38. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus frontalis). LIFE HISTORY-GENERAL,
SURVEY AND DETECTION Describes survey and detection
for southern pine beetle, Control measures include cutting down
infested timber and spraying logs with benzene hexachloride
and No. 2 diesel oil solution. Southern pine beetle was just
building up in Lovisiana.

. KETCHAM D. E. 1964a. Aerial survey plan for sampling bark

beetle populations. Proc. Third Annu. Work Conf., 1964. USDA
For. Insect and Dis. Conf., Div. State and Priv. For., Atlanta,
Ga. p. 81-101. (COLEOPTERA: SCOLYTIDAE; Dendroctonus
frontalis), SURVEY AND DETECTION Aerial survey plans
for bark beetle populations include flight plans, proper detection
methads, and coordination with ground check personnel.

KETCHAM D. E. 1964b. Southern pine bark beetles. Int.
Shade Tree Conf. Proc. p. 56-60. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus frontalis). LIFE HISTORY-
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GENERAL Ketcham describes life history and chemical
controls (BHC) far the southern pine beetle.

. KETCHBAM D. E., SHEA K. R. 1977. USDA Combined Forest

Pest Research and Development Program. J. For. 75:404-407.
(COLEOPTERA: SCOLYTIDAE; Dendroctonius frontalis).
CONTROL-GENERAL, REVIEW, INTEGRATED PEST
MANAGEMENT The authors present a brief overview of the
USDA Combined Forest Pest Research and Development
Program. Organization of the administration, planning, and
funding of the program is discussed. Progress and
accorplishments are briefly presented.

. KETCBAM D. E., SHEA K. R. 1982. Research decision-

making in a concerted research program--USDA's combined
forest pest program. In, Increasing forest productivity. Proc.
1981 Soc. Am. For. Natl. Meet., Orlando, Fla. p. 808-310.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus frontalis).
INTEGRATED PEST MANAGEMENT The program planning
and organization of Jarge-scale pest management programs are
reviewed.

KING E. W, 1972. Rainfall and epidemics of the southern pine
beetle. Environ. Entomol. 1:279-285. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus frontalis). SEASONAL
OCCURRENCE, ECOLOGICAL DISTRIBUTION,
POPULATION DYNAMICS, DISTRIBUTION, WEATHER
RELATIONSHIPS Monthly rainfall preceding known
epidemics of the southern pine beetle in Texas, Mississippi,
Alabama, Georgia, Florida, South Carolina, and North Carolina
was compared to that of non-epidemic years, for the period
1910-1962. Epidemic years were characterized by: 1) high
winter rainfal) in Texas, 2) low summer rainfall in Georgia, and
3) high spring and low early summer rainfall in North and South
Carolina, Statistics for other states were not conclusive.
Rainfall after an epidemic did not affect the epidemic.

KINN D. N. 1976. Key to mites commonly associated with the
southern pine beetle. USDA Res. Note SO0-214. i1 p.
(COLEOPTERA: SCOLYTIDAE: Dendroctonus frontalis).
PREDATOR, PARASITES. CONTROL-BIOLOGICAL,
MITES A method for preparing mites for microscopic
examination is given along with a simple illustrated key to
identify the 15 most commeon species of mites usually associated
with the southern pine beetle. This is a guide to identification
for research workers untrained in Acarology.

KINN D. N. 1978. Diel emergence patterns of the southern pine
beetle (Dendroctonus fromtalis Zimm.). J. Ga. Entomol. Soc.
13:80-85. (COLEOPTERA: SCOLYTIDAE;: Dendroctonus
Srontalis). SEASONAL OCCURRENCE, ECOLOGICAL
DISTRIBUTION, EMERGENCE, WEATHER
RELATIONSHIPS Bolts of loblolly pine infested with the
southern pine beetle were kept under controlied and ambient
conditions to determine diel emergence patterns; it appeared
southern pine beetle is governed by an endogenouns rhythm.
During the spring and summer months emergence peaked in
mid-afternoon but was not influenced by temperature or
relative humidity. Winter emergence was found to be
temperature dependent. It is thought that barometric pressure
may influence emergence.

KINN D, N. 1979. Three methods of sampling mites phoretic on
bark beetles: A comparison. Can. Entomol. 111:491-494.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus frontalis).
PREDATOR, PARASITES, TRAPS AND CAGES,
MISCELLANEOUS TECHNIQUES, MITES When sampling
phoretic mites on bark beetles inhabiting large trees,
emergence traps provide more reliable mite counts than either
removal of the bolts or removal of bark discs. When a large
sample from a small tree is required, bolt removal is preferred.
Emergence traps or bolts are preferable because: 1) mites are
not left on the xylem, 2) fewer die from desiccation during
rearing, 3) fewer non-phoretic stages accumulate in the
collecting medium and 4) fewer mites are lost during
transportation and rearing.

KINN D. N. 1980. Mutualism between Dendrolaelaps
neodisetus and Dendroctonus frontalis. Environ. Entomol.
9:756-758. (COLEOPTERA: SCOLYTIDAE; Dendroctonus
Jrontalis. Dendrolaelaps neodisetus, Conlortylenchus
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brevicomi). RADIOGRAPHY, MITES, NEMATODES The
relationship between D. frontalis and Dendrolaelaps neodisetus
is apparently mutuaalistic. The mite uses the beetle to escape a
deteriorating habitat and reach a fresh food source. In turn, the
beetle benefits by the removal of the nematode C. brevicomi.

. KINN D, N., MILLER M. C. 1981. A phloem sandwich unit for

observing bark beetles, associated predators, and parasites.
USDA South. For. Exp. Stn. Res. Note SO-269 South. For.
Exp. Stn., New Orleans, La. 3 p. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus jrontelis). TRAPS AND
CAGES, REARING A phloem sandwich that permits
observation of parent beetles, their brood, and their associated
parasites or predators is described. Multiple beetle pairs may be
introduced.

KINN D. N.,, STEPHEN F. M. 1981. The incidence of
endoparssitism of Dendroctonus frontalis Zimm. (Coleoptera:
Scolytidae) by Contortylenchus brevicomi (Massey) Ruhm
(Nematoda: Sphaerulariidae). Z. Angew. Entomol. 91:452-458.
{COLEOPTERA: SCOLYTIDAE; Dendroctonus frontalis.
NEMATODA; Contorylenchus brevicomi). NEMATODES,
PARASITES, FLIGHT, SEASONAL OCCURRENCE Adults
of Dendroctonus fromtalis emerging from lower and middle
sections of infested bolts usually had a higher incidence of
endoparasitism by Contortylenchus brevicomi than beetles
emerging from the upper bole. Endoparasitism was greater in
emerging females than males.

KINN D. N., WITCOSKY J. J. 1977. The life cycle and
behaviour of Macrocheles boudreauzi Krantz. Z. Angew.
Entomol. 84:136-144. (ACARINA: MESOSTIGMATA;
Macrocheles boudreauri; COLEOPTERA: SCOLYTIDAE;
Dendroctonus frontalis), EGG, LARVAE, PREDATOR,
PARASITES, COMMENSALISM AND SYMBIOSIS, MITES
Macrocheles boudreauxi Krantz has phoretic association with
bark beetles, including the southern pine beetle. This paper
describes the larval stages, diet, and life cycle of M. boudreauri.
Taxonomy is included for all stages,

. KINN D.'N., WITCOSKY J. J. 1978. Variation in southern

pine beetle attack height associated with phoretic uropodid
mites. Can. Entomol. 110:249-251, (COLEOPTERA:
SCOLYTIDAE; Dendroctonus frontalis). PREDATOR.
PARASITES, MITES, FLIGHT Frontalin-baited bucket traps
were placed at three, six, and nine meters on the boles of loblolly
pines to investigate southern pine beetle-uropodid mite
relationships. A total of 8475 beetles were caught; 36.3% of all
caught carried uropodids or their pedicels. Since beetles caught
at lower points on the tree generally carried more pedicels, it is
thought beetle Qight is influenced by the presence of phoretic
mites. It is noted that reemerging parent beetles can be
differentiated from brood adults by the color of the mite
pedicels they carry.

KINZER G. W., FENTIMAN A. F.,, PAGE T. F., FOLTZ R.
L.. VITE J. P., PITMAN G. B. 1969. Bark beetle attractants:
Identification, synthesis and field bioassay of a new compound
isolated from Dendroctonus. Nature (Lond.) 221:477-478.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus frontalis,
Dendroctonus brevicomis). AGGREGATION, BEHAVIORAL
CHEMICALS, ATTRACTANTS, CONTROL-BIOLOGICAL,
MORPHOLOGY AND PHYSIOLOGY The chemical isolation
and actual field responses by beetles to the organic compound
1,5-dimethyl-6,.8-dioxabicycio [3,2,1] octane, which is found
naturally in the hindguts of both southern pine beetle
(Dendroctonus frontalis) and D. brevicomis. This compound
seems to be principally responsible for mass aggregation of the
southern pine beetle. The trivial name ‘frontalin’ was proposed.

KIRBY J. 1954. Death sirikes the woods. For. Farmer
13(6):5,10-11. (COLEOPTERA: SCOLYTIDAE; Dendroctonus
Srontalis, Dendroctonus terebrans, Ips spp.). CONTROL-
GENERAL, CONTROL-BIOLOGICAL, CONTROL-
CHEMICAL Discusses 1952 southern pine beetle epidemic in
southwest Mississippi. The epidemic developed following an ice
storm. The storm killed most of the woodpeckers. Ips and black
turpentine beetles were also present. Products were salvaged
and areas were chemically treated with benzene hexachloride.
Southern pine beetles were most destructive in heavy, dense
stands of pure pines.
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laboratory technique for testing bark beetle attractants.
Contrib. Boyce Thompson Inst. 22:283-290. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus fronlalis). BEHAVIORAL
CHEMICALS, MISCELLANEOUS TECHNIQUES A
technique is described for testing the attractiveness and
arrestive potential of chemicals isolated from bark beetle
infested pines. A sophisticated olfactometer chamber is
described in which light, temperature, and humidity can be
controlled. Each species of beetle tested preferred the
attractant of its own species. A moist atmosphere was most
conducive for beetle response.

KNELL J. D., ALLEN G. E. 1978. Morphology and
ultrastructure of Unikaryon mimudum sp. n. (Microsporida:
Protozoa), a parasite of the southern pine beetle, Dendroctonus

Sfrontalis. Acta Protozoologica 17:271-278. (COLEOPTERA:

SCOLYTIDAE; Dendroctonus frontalis. Unikaryon
minutum). PREDATOR, PARASITES, PATHOGENS A new
species of microsporida, Unikaeryon minutum, collected from
the southern pine beetle (Dendroctonus frontalis) is described.
Spores were observed to be uninucleate arising from sporonts
(in insolation) through binary fission. As is characteristic of
microsporidium, there was an absence of a cyst, xenoma, and
parasitophorous vesicle. The microsporidium infects the muscle,
malphigian tubules, fat bodies and the midgut tissue.

KNOX K. A., SCHROEDER W. L. 1963. Pine beetle outbreak.
Va. For. 81:8-9,18. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus frontalis). LIFE HISTORY-GENERAL A
general description and review of the life history of the southern
pine beetle is discussed along with recommendations for
controlling infestations. Historic outbreaks of the beetle in
Virginia are discussed and current conditions (1962) and the
possibility of future outbreaks are assessed.

. KNULL J. W. 1934. The southern pine beetle in Pennsylvania

(Dendroctonus frontalis Zimm.). J. Econ. Entomol. 27:716-718.
{COLEOPTERA: SCOLYTIDAE; Dendroctonus frontalis).
LIFE HISTORY-GENERAL, ECOLOGICAL
DISTRIBUTION, SEASONAL OCCURRENCE,
POPULATION DYNAMICS, AGGREGATION,
DISTRIBUTION, SURVEY AND DETECTION,
VERTEBRATES Knull comments on the general occurrence of
southern pine beetle infestations in Pennsylvania during the
years 1930 through 1933. Climawlogical records were cited and
briefly related to infestations possibly caused by tree stress.
Examinations of several infestatons throughout the state
revealed that southern pine beetle attacked pitch pine, shortleaf
pine, table mountain pine, white pine, and Virginia scrub pine.
Woodpeckers were noted to have severely reduced developing
brood populations of southern pine beetle. Acanthocinus
nodosus larvae were observed to be unusvally abundant at the
basal portion of many thick-barked hard pines infested by
southern pine beetle.

KOENIGS J. W., BEERS W. L. JR. 1980. Integrated forest
pest management-an industrial perspective. In, For. Pest
Manage. 12th Spring Symp., Fla. Sec., Soc. Am. For., June 34,
1980, Univ. Fla. p. 79-94. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus frontalis, Dendroctonus terebrans, Ips spp.).
CONTROL-GENERAL, INTEGRATED PEST
MANAGEMENT The authors define IFPM, relating the
program to user groups, and several pests of southern pines,
including fusiform rust, annosus root-rot, brown-spot needle
blight, littleleaf disease, pine bark beetles, Pales weevil and tip
moth. Control options are discussed.

. KOWAL R. J. 1950. Insects commonly attacking forest trees

and unseasoned timber in the southern states. For. Farmer
9(5):28-31. (COLEOPTERA: SCOLYTIDAE; Dendroctonus
Jrontalis, Dendroctonus terebrans, Ips avulsus, Ips
calligraphus, Ips grendicollis). SURVEY AND DETECTION
A discussion of insects affecting the southern forest is
presented. Tables of insects along with their damage and
controls are included.

. KOWAL R. J. 1953. Insects~forest enemy No. 1? For. Farmer

12(10):5-7. (COLEOPTERA: SCOLYTIDAE; Dendroctonus
Sfrontalis, Dendroctonus terebrams, Ips spp.). A pgeneral
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discussion of damage caused by southern pine beetle, black
turpentine beetle and the /ps beetles is presented. Methods of
control are given.

KOWAL R. J. 1955, Where we stand in our fight against forest -
insects. For. Farmer 14(10):4-6. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus frontalis). SURVEY AND
DETECTION, ECONOMICS, IMPACT A general review of
forest conditions in the South with regard to insect losses in the
early 1950’s is presented. The article points out the severity of
losses and emphasizes that forest protection from insects is far
below the required effort. The author recommends fundamental
research in forest entomology, at federal and state levels and at
educational institutions, pointed Loward determining the cause
of insect pest epidemics.

. KOWAL R. J. 1956. Insects commonly attacking forest trees

and products in the south. For. Farmer Manu. Ed. Fourth Ed.
p. 22-29. (COLEOPTERA: SCOLYTIDAE; Dendroctonus
Sfrontalis, Dendroctonus terebrans, Ips avulsus, Ips
calligraphus, Ips grandicollis). CONTROL-CHEMICAL, LIFE
HISTORY-GENERAL A general discussion of major forest
pests i3 presented with attention given to control. A key of

southern pine insects is inctuded. See also Third Ed. p. 22-29.

KOWAL R. J. 1957. We can check the silent killers! For.
Farmer 17(3):6-7,12,18. (COLEOPTERA: SCOLYTIDAE;
Dendroclonus fronlalis, Dendroctonus lerebrans, Ips spp.).
CONTROL-CHEMICAL, REVIEW Controls for the southern
pine beetle include the chemical, benzene hexachioride (0.25 to
0.50%) in No. 2 diesel fuel and prompt salvage.

KOWAL R. J. 1958. Meeting the problem of tree killing insects.
For. Farmer Manu. Ed. 18(7):38-46. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus frontalis, Dendroctonus
terebrans, Ips avulsus, Ips calligraphus, Ips grandicollis.
CERAMBYCIDAE; Monochamus titillator). CONTROL-
CHEMICAL, LIFE HISTORY-GENERAL A general
discussion of major forest pests is presented with attention
given to research needs and control. A key of southern pine
insects is included.

KOWAL R. J. 1960. Southern pine beetle. USDA For. Serv.
For. Pest Leafl. No. 49. 7 p. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus frontalis). LIFE HISTORY-GENERAL,
CONTROL-CHEMICAL Life history and controls (BHC, felling
and peeling) are summarized.

KOWAL R. J. 1961. Common bark beetle found in the
Southern States. For. Bull. No. 657:1-2. (COLEOPTERA:
SCOLYTIDAE; Ips spp., Dendroctonus spp.). LIFE HISTORY-
GENERAL, CONTROL-GENERAL General key to bark
beetles in the southern United States.

KOWAL R. J. 1962. Forest insects - the problem and how to
meet it. For. Farmer Manu. Ed. 21(7):64-71. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus fromtals, Dendroctonus
terebrans, Dendroctonus valens, Ips avulsus, Ips calligraphus,
Ips grandicollis). CONTROL-GENERAL, SURVEY AND
DETECTION A general discussion of major forest insect
detection and control. A key to insects attacking southern pine
is included.

KOWAL R. J. 1964. Forest insects - the problem and how to
meet it. For. Farmer Manu. Ed. 23(7):25-31. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus frontalis, Dendroctonus
terebrans, Dendroctonus valens, Ips avulsus, Ips calligraphus,
Ips grandicollis). CONTROL-GENERAL, SURVEY AND
DETECTION A general discussion of major forest insect
detection and control. A key to insects attacking southern pine
is included. See also 14(7):98-105, 20(7):70-77.

KOWAL R. J., EBEL B. H. 197]. Insects attacking forest
trees in the South. For. Farmer Manu. Ed. 30(7):89-95.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus frontalis,
Dendroctonus terebrans, Dendroctonus valens, Ips avulsus, Ips
calligraphus, Ips grandicollis). LIFE HISTORY-GENERAL,
IMPACT, SURVEY AND DETECTION A brief discussion of
pest problems is given along with a key to insects attacking
southern forest trees.

KOWAL R. J., EBEL B. H. 1977, Insects attacking forest
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trees in the South. For. Prod. Dir. 77 ed. p. 137-143.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus frontalis,
Dendroctonus terebrans, Dendroctonus valens, Ips spp.). LIFE
HISTORY-GENERAL The authors list in chart form the
insects attacking forest trees in the southern states. The chart
headings include: name of insect, host, type of damage, habits
and life history, and means of recognition of injury and insect.

KOWAL R. J., ROSSELL H. 1958. Beetles in your pines? How
good cutting practices and management stop beetles from
klling your timber. USDA For. Serv. Southeast. For . Exp.
Stn., Asheville, N. C. 28 p. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus fronlalis, Ips avulsus, Ips calligraphus, Ips
grandicollis). CONTROL-CULTURAL, CONTROL-
CHEMICAL Cultural and chemical controls for bark beetles are
presented in an easy-to-read manual.

KRANTZ G. W. 1966. A new species of Maerocheles (Acarina:
Macrochelidae) associated with bark beetles of the genera Ips
and Dendroctonus. J. Kans. Entomol. Soc. 38:145-153.
(COLEOPTERA: SCOLYTIDAE; Ips spp. Dendroclonus spp.
ACARINA: MACROCHELIDAE; Macrochelus boudreauxt).
ECOLOGICAL DISTRIBUTION, DISTRIBUTION,
TAXONOMY, COMMENSALISM AND SYMBIOSIS, MITES
The male and feale protonymph and deutonymph of
Macrocheles boudreauzi are described. Those described were
collected from bark beetles and bark beetle galleries in the
southern United States. Intraspecific variation and sculpturing
of the female sternal shield and sculpturing in the armature of
leg TV in the male are discussed. Diagrams are given. The
gpecies is believed to be a member of the species-group
subbadius.

KROLL J. C., CONNER R. N., FLEET R. R. 1980.
Woodpeckers and the southern pine beetle. USDA Comb. For.
Pest Res. and Dev. Prog. Apric. Handb. No. B64. 23 p.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus frontalis).
PREDATOR, PARASITES, VERTEBRATES, CONTROL-
BIOLOGICAL Four species of woodpeckers, (Picoides villosus,
Picoides pubescens, Dryocopus pileatus, Melanerpes carolinus),
commonly associated with southern pine beetle, Dendroctonus
Sfrontalis Zimm,, infestations are presented. Identification and
habits of each are described. Impact of these woodpeckers on
pine beetle populations is discussed. An integrated approach to
management practices that favor higher populations of
predacious woodpeckers is presented.

KROLL J. C., FLEET R. R. 1979. Impact of woodpecker
predation on over-wintering within-tree populations of the
southern pine beetle (Dendroctonus frontalis). In, The Role of
Insectivorous Birds In Forest Ecosystems, Dickson, J.G.,
Conner, R.N., Fleet, R.R., Kroll, J.C., and Jackson, J.A., Eds.
Acad. Press, Inc., N.Y. p. 269-28]1. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus frontalis). PREDATOR,
PARASITES, VERTEBRATES, POPULATION DYNAMICS,
CONTROL-BIOLOGICAL, CONTROL-CULTURAL
Woodpecker predation was studied on within-tree populations
of southern pine beetles from November 1975-February 1976.
Results indicated that significant impact on pupal and brood
adult, stages occwrred, and feeding was centered around the
mid-bole. Woodpecker feeding paralleled increases in southern
pine beetle predators and parasites. Downy, hairy and pileated
woodpeckers seemed particularly attracted to beetle areas. It is
concluded that woodpeckers zaffect beetle populations to a
greater extent than any other known agent and should be
considered in any integrated pest management system.

KROLL J. C., REEVES H. C. 1978. A simple model for
predicting annual numbers of southern pine beetle infestations
in East Texas. South. J. Appl. For. 2:62-64.
(COLEOPTERA:SCOLYTIDAE; Dendroctonus fronlalis).
POPULATION DYNAMICS, WEATHER RELATIONSHIPS
From 1966-1976 eleven climatic variables were recorded and
used to develop a multiple linear regression model for
predicting southern pine beetle outbreaks in East Texas. Four
variables were significantly related; these were: 1) mean
temperature for February of the current year, 2) total rainfall
for the previous summer, 3) total rainfall for the previous fall,
and 4) total rainfall for the previous spring. Of the yearly
southern pine beetle infestation variation, 90.7% was accounted
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for by the regression analysis.

KU T. T.. SHELBURNE V. B., SWEENEY J. M. (979.
Preventing damage from the gouthern pine beetle through
better forest management. Univ. Arkansas at Monticello,
Arkansas For. Comm., USDA, For. Serv. Southeast. Ares,
State and Priv. For., 6 p. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus frontalis). CONTROL-CULTURAL, SURVEY
AND DETECTION, HAZARD/RISK RATING, LIGHTNING
Southern pine beetle infestations were described for Arkansas.
Lightning strikes and poor logging practices occurred in many
of the infested stands. Natural conditions associated with beetle
attack included high stand density, slow radial growth, young
age, small diameter trees, and thin bark. Shortleaf pine was
more susceptible to attack than lobloly pine. Recommendations
for control included keeping basal area below 100 square feet
per acre, reducing forest disturbances, and planting loblolly
instead of shortleaf, Susceptibility to southern pine beetle can
be predicted from total basal area, stand age, average radial
growth in the last ten years, and hardwood basal area.

KU T. T., SWEENEY J. M., SHELBURNE V. B. 1976.
Preliminary evaluation of site and stand characteristics
associated with southern pine beetle infestations in Arkansas.
Arkansas Farm Res. 25:2. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus frontalis). HOST SELECTION, HAZARD/RISK
RATING, STAND CONDITIONS In 17 southern Arkansas
counties southern pine beetle-attacked trees/stands were found
to have: 1) poor vigor, 2) higher stand densities, and 3) a higher
incidence of stand disturbance. Preliminary results indicate: 1)
beetle incidence was greater in stands of high density, 2)
southern pine beetle-infested stands were younger than
uninfested, 3) beetle-attacked plots had more pine stems/acre
than control plots and 4) attacked plots were usually on drier
sitegs with a higher sand content than control plots.

KU T. T., SWEENEY J. M., SHELBURNE V. B. 1977.
Average site ang stand conditions of the South Arkansas pine
resource. Ark. Farm Res. 26:2. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus frontalis). HAZARD/RISK
RATING, STAND CONDITIONS Pine stands are characterized
in southern Arkansas. This will assist managers in
characterizing southern pine beetle-infested stands.

KU T. T.,, SWEENEY J. M., SHELBURNE V. B. 1980. Site
and stand conditions associated with southern pine beetle
outbreaks in Arkansas--A hazard-rating system. South. J. Appl.
For. 4:103-106. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus frontalis). HOST SELECTION, CONTROL-
CULTURAL, SURVEY AND DETECTION, HAZARD/RISK
RATING, LIGHTNING The southern pine beetle steadily
spread through 24 southern Arkansas counties between 1969
and 1980. Analysis of 984 infested plots showed that stressed
trees (small crowns, thin bark, and slow growth) were generally
attacked while healthier trees escaped. In another study, 509
trees were studied and it was found that infestations oceurred
more commonly in plots with stressed trees. Disturbance (i.e.,
lightning, logging) increased stand susceptibility to southern
pine beetle attack. Agents causing reduced radial growth
predisposed stands to southern pine beetle attack: high stand
density was the most significant factor. A workable hazard
rating system is presented. Recommendations for silvicultural
management are included.

KUT.T., SWEENEY J. M., SHELBURNE V. B. 1981a. Gulf
Costal Plain, southern Arkansas. In, Site, stand and host
characteristics of southern pine beetle infestations, J. E. Coster
and J. L. Searcy, Eds. USDA Comb. For. Pest Res. and Dev.
Prog. Tech. Bull. 1612. p. 16-22. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus frontalis). HAZARD/RISK
RATING, STAND CONDITIONS Disturbances may predispose
stands to attack but inherent stand conditions lead to Jarger and
more devastating infestations. Basal area is the major factor
leading to competition and a weakened stand condition that
results in increased susceptibility to southern pine beetle attack.

KU T. T., SWEENEY J. M., SHELBURNE V. B, 1981b.
Hazard rating of stands for southern pine beetle attack in
Arkansas. Jn, Hazard-rating Systems in Forest Insect Pest
Management: Symp. Proc., Athens, Georgia, 31 July - 1 August
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1930, R. L. Hedden, S. J. Barrasand J. E. Coster, Tech. Coords.
USDA For. Serv. Gen. Tech. Rep. WO0-27. p. 145-148,
(COLEOPTERA: SCOLYTIDAE; Dendroctonus frontalis).
HAZARD/RISK RATING, STAND CONDITIONS,
LIGHTNING A southern pine beetle hazard-rating model for
Arkansas used the variables total basal area per acre, hardwood
basal area per acre, stand age, and radial growth in 10 years.
Southen pine beetle attacks were also related 1o stand
disturbances including lightning and logging activities.

KUCERA D. R. 1969. Marketing bark beetle infested southern
pine trees. South. Lumberman, Dec. 1969. p. 101-102.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus frontalis).
HOST SELECTION, CONTROL-CHEMICAL, CONTROL-
CULTURAL, MISCELLANEOUS TECHNIQUES Timber
management with regard to southern pine beetle suppression is
reviewed. Silvicultural control techniques and the importance of
prompt salvage operations are discussed.

KUCERA D. R., BARRY P. 1. 1973. Southern pioe beetle at
epidemic proportions. For. Farmer 33(2):16-17,34.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus frontalis).
CONTROL-GENERAL, CONTROL-BIOLOGICAL,
CONTROL-CULTURAL, SURVEY AND DETECTION Since
the loss of sawtimber in 1973 to the southern pine beetle could
exceed 580 million board feet, prompt harvesting is a must. If
some areas are inaceessible or the timber is unmerchantable,
chemical controls may be used. Preventive measures include
wide-spacing, using good seed stock, and thinning young, dense
stands.

KUCERA D. R.. PLERCE D. A. 1974 Current U. S. Forest
Service efforts in cooperative southern pine beetle control. I,
Southern Pine Beetle Symp., Payne T. L., Coulson R. N.,
Thatcher R. C., Eds. March 7-8, 1974, Tex. Agric. Exp. Stu.,
College Station, Tex. p. 52-53. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus frontalis). CONTROL-
GENERAL, CONTROL-LEGAL With the passage of the
Forest Pest Control Act, the Secretary of Agriculture has the
authority to provide both financial and technical assistance on
Federal and non-Federal lands. State and Private Forestry, the
action arm of the USDA Forest Service, is responsible for
supplying research knowledge to Federal and non-Federal
organizations. Southern pine beetle evaluations for project
requests must be submitted during the spring. These
evaluations are made to determine location and severity of the
outbreak. Decisions for prevention are based on the economic
and environmental impacts, benefit costs, and potential threats.
Suppression is considered only as a last resort. Several southern
pine beetle suppression methods are available for cost sharing:
1) salvage, 2) piling and burning, and 3) chemical treatment.

KUDON L. . 1979. Studies on the host preferences of some
Hymenopterous parasites of the southern pine beetle
(Dendroctonus frontalis). Ph.D. Diss., Univ. Ga., Athens, Ga. 59
p. (COLEOPTERA: SCOLYTIDAE; Dendroctonus frontalis,
Ips avulsus, Ips calligraphus, Ips grandicollis, Ips pin,
Phloesinus dentatus. Heydenia wunica, Roptrocerus
xylophagorum, Coeloides pissodis, Dendrosoter sulcatus,
Ceeidostibn dendroctoni, Spathius pallidus, Spathius impus).
ATTRACTANTS, TRAPS AND CAGES, REARING,
WATERSHED, MISCELLANEOUS TECHNIQUES,
PARASITES Adults of Hymenopterous parasites which attack
several species of bark beetles showed a strong preference for
logs containing larvae of the same host species from which they
were reared. An olfactometer is described that was used to test
bark beetle parasite response to various host odors. Gas liquid
chromatography was used to determine lipid composition of
parasites. Lipid composition of parasites usually matched that
of their host.

KUDON L. H., BERISFORD C. W. 1980. Influence of brood
hosts on host prefereoces of bark beetle parasites. Nature
283:288-290. (COLEOPTERA: SCOLYTIDAE; Dendroctonus
Srontalis, Ips avulsus, Ips grandicollis, Ips calligraphus, Ips
pini, Phloesinus dentatus). PREDATOR, PARASITES,
POPULATION DYNAMICS Several species of Hymenopterous
parasites attack the southern pine beetle (Dendroctonus
Srontalig), the most common of these algo parasitize other bark
beetles. Since southern pine beetle tends to have a cyclic
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population, other beetles may be the key to maintaining
reservoirs of parasites. Parasite-host preference comparing D.
Sromtalis, Ips grandicollis and Phloesinus dentatus is reported.
Tt was found that non-host specific parasites tend to prefer the
hosts they were reared on but are able to use available hosts.

. KUDON L. H., BERISFORD C. W. 198la. An olfactometer

for bark beetle parasites. J. Chem. Ecol. 7:359-366.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus frontalis, Ips
Spp., Phloesinus dentatus. Heydenia unica). ATTRACTANTS,
PREDATOR, PARASITES, MISCELLANEOUS
TECHNIQUES The design and utilization of an 'H'-type
olfactometer to test the response of parasites of bark beetles to
different beetle and host tree odors is discussed. Its advantages
over the other types of olfactometers are described, and
parasites which were tested showed strong positive responses
to air drawn over beetle-infested logs and uninfested logs.

. KUDON L. H., BERISFORD C. W. 1981b. Identification of

host origin of parasites of bark beetles (Coleoptera: Scolytidae)
by fatty acid composition. Can, Entomol. 113: 205-212.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus frontalis).
OVIPOSITION, PREDATOR, PARASITES, MORPHOLOGY
AND PHYSIOLOGY The lipid composition patterns of the
southern pine beetle, Dendroctonus fronlalis, and other bark
beetles were determined by gasJiquid chromatography. Peak
heights and retention times are presented. The lipid patterns of
parasites were compared to bark beetle hosts. Lipid
composition of field collected parasites was compared to
possible bark beetle hosts to determine origin. Coefficient of
distance was used to compare host and parasite lipid patterns.
Parasites ovipositing on a host were found to have lipid patterns
similar to the host. Approximately 20% of the parasites that had
attempted to parasitize D. frontalis had apparently developed
on other hosts.

. KUSHMAUL R. J., CAIN M. D. 1981. Gulf Costal Plain,

southern Mississippi, Louisiana, and eastern Texas. [n, Site,
stand and host characteristics of southern pine beetle
infestations, J. E. Coster and J. L. Searcy, Eds. USDA Comb.
For. Pest Res. and Dev. Prog. Tech. Bull. 1612. p. 40-49.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus frontalis).
HAZARD/RISK RATING, STAND CONDITIONS,
LIGHTNING Characteristics of southern pine beetle-infested
plots included flatter slopes, lower pH, higher pine and total
basal area, heavier understory, higher stand density, higher site
index, thicker bark, and slower radial growth. Infestations were
often associated with recent logging activities and lightning
strikes. Chemical brush control apparently has a long-term
beneficial effect. A decline in vigor, possibly caused by
excessive competition, often precedes beetle attack.

KUSHMAUL R. J.,, CAIN M. D, ROWELL C. E.,
PORTERFIELD R. L. 1979. Stand and site conditions related
to southern pine beetle susceptibility. For. Sci. 25:656-664 .
(COLEOPTERA: SCOLYTIDAE; Dendroctonus frontalis).
ECOLOGICAL DISTRIBUTION, HOST RESISTANCE,
CONTROL-CULTURAL. HAZARD/RISK RATING A
comparison of stand/site data was made between southern pine
beetle-infested stands and the general forest area. Increased
southern pine beetle activity usually occurs in stands with high
basal area, high stand density, high proportion of pines, reduced
radial growth, low soil pH, high site index, increased under-
story vegetation, and thicker bark of potential host trees.
Discriminant models were derived from these data and a
ranking system was constructed for southern pine beetle
susceptibility.

LANDGRAF A. E. JR. 1966. Southern and Southeastern
States. USDA For. Serv. For. Insect Conditions in the U. S.
1966. p. 31-32. (COLEOPTERA: SCOLYTIDAE; Dendroctonus
Sfrontalis, Dendroctonus terebrans, Ips spp.). SURVEY AND
DETECTION The southern pine beetle populations were at
epidemic levels in many areas of the South and Southeast in
1966. Critical conditions existed in East Texas, Louisiana,
Mississippi, and South Carolina. Beetle populations in
Tennessee, and Alabama apparently collapsed because of low
winter temperatures.

. LANE L. L. 1976, Management information system for

southern pine beetle research. Ph.D. Diss., Univ. Arkansas,
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Fayetteville, Arkapsas. 176 p. (COLEQOPTERA:
SCOLYTIDAE; Dendroctonus fronialis). LIFE HISTORY-
GENERAL, STATISTICAL METHODS The author describes
a management information system which was designed to store,
update, retrieve, and provide analysis of data collected during
southern pine beetle research projects. Three basic programs
are described: 1) creation of an indexed sequential data file, 2)
addition of laboratory test data, and 3) access to file for
summarization and statistical analysis. Examples of data forms,
flow charts, programs, test outputs, etc. are included within the
dissertation.

LANIER G. N. 198]. Cytotaxonomy of Dendroctonus. I,
Applieation of Genetics and Cytology in Insect Systematics and
Evolution, Proc. Symp., M. W. Stock, Ed., Natl. Meeting of the
Entomol. Soc. Am. Atlanta, Dec. 1-2; 1980. For., Wildl. and
Range Exp. Stn., Univ, of Idahs, Moscow. p. 33-66.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus frontalis).
GENETICS Lanier divides the genus Dendroctonus into six
groups based on cytotaxonomy. Dendroctonus frontalis is
placed in Group VI with apporimatus, brevicomis, mericanus
and vitei. The synonomy of D. arizonicus with D. frontalis is
corroborated.

LARA R. R. 1966. El combate directo de Dendroctonus
Jrontalis Zimm. por derribo, descortezamiento y quema de la
corteza de los arboles infestados. Bosques 3:8-11.
(COLEOPTERA: SCOLYTIDAE: Dendroctonus frontalis).
LIFE HISTORY-GENERAL, CONTROL-CHEMICAL,
TAXONOMY. STAND CONDITIONS A layman’s description
of the bioclogy and life cycle of the southern pine beetle in
Mexico. Chemical control is recommended as a temporary
emergency control. Silvicultural wmanipulation offers a less
expensive long range control technique.

LASHOMB J. H., NEBEKER T. E. 1979. Ipvestigations of
egp niches, eggs, and rate of ovipogition for Dendroctonus
Jrontalis (Coleoptera: Scolytidae). Can. Entomol. 111:435-438.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus frontalis).
OVIPOSITION, POPULATION DYNAMICS The ratio of eggs
to gallery length was found to be essentially the same and was
less than 1.0 for all height strata of measured trees. An average
of 36% more egg niches than eggs was evident in all strata. Egg
deposition appears greater in the center of the bole than at its
upper and lower extremes.

LASSEN L. E. 1975. What's ahead in research. For. Farmer
35(2):8-9,38-40. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus frontalis). REVIEW Reviews research efforts to
coatrol the soutbern pine bectle.

LEE R. E. 1954a. Much East Texas damage caused by forest
insects in recent years. Tex. For. News 33(4):5-6
(COLEOPTERA: SCOLYTIDAE; Dendrocionus jronlalis).
CONTROL-GENERAL, REVIEW Reviews status of the
southern pine beetle in East Texas for 1951-1954, and states
that outbreaks should be reported to the Texas Forest Service.

LEE R. E. 1954b. Skidway inspections aid bark beetle
research. J. For. 52:767,770. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus frontalis). SURVEY AND DETECTION Lee
recommends examining log decks for evidence of Dendroctonus
Srontalis.

LEUSCHNER W. A. 1979a. Elements of a typical IPM system:
The socio-economic and decisionmaking model. Proc. 1978 Soc.
Am. For. Natl. Meet., St Louis., Mo. Oct., 1978. p. 263-267.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus frontalis).
ECONOMICS, IMPACT The importance of economics in
making management decisions is discussed in the context of an
IPM model for southern pine beetle management.

LEUSCHNER W. A. 1979b. Impact analysis, interpretation
and modeling. /n, Current Topics in For. Entomol., XV. Int.
Congr. Entomol., Waters W, E., Ed., Wash. D. C. Aug., 1976.
p. 50-53. (COLEOPTERA: SCOLYTIDAE; Dendroctonus
frontalis). IMPACT, MODELING. ECONOMICS Leuschner
examines southern pine beetle impact in the context of forest
resource management.

LEUSCHNER W. A. 1980. Chapter 7. Impacts of the southern
pme beetle. In, The southern pine beetle. R. C. Thatcher, J. L.
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Searcy, J. E. Coster, and G. D. Hertel, Eds. USDA Expanded
South. Pine Beetle Res. Appl. Prog. For. Serv. Sci. and Edue.
Tech. Bull. 1631. p. 137-151. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus fromtalis). ECONOMICS, IMPACT Impacts of
the southern pine beetle include timber, recreation, aesthetics,
wildlife, water and grazing. A present pet worth model is
presented for timber. Recreational impacts are based on
demand before and after attack. Aesthetic impact is based on
loss to recreation primarily. Impact on water and wildlife is
either zero or positive. Impact on timber and timber
deterioration, and recreation ig negative.

LEUSCHNER W. A,, BURKHART H. E., SPITTLE G. D.,
RAGENOYICH 1. R., COULSON R. N. 1976, A descriptive
study of host and site variables associated with the oceurrence
of Dendroctonus frontalis Zimm. in East Texas. Southwest.
Entomo}. 1:141-143. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus frontalis). HOST SELECTION, HOST
RESISTANCE, CONTROL-CULTURAL, ECONOMIGCS,
IMPACT, STAND CONDITIONS Data were collected (rom 477
spots attacked by the southern pine beetle (Dendroctonus
Jronialis) on the Trinity District of the Davy Crockett National
Forest. The parameters of height, DBH, basal area, soil
drainage class, and spot size were measured and are presented.
Some correlation with the above parameters and the habits of
the southern pine beetle are suggested.

LEUSCHNER W. A., MAINE J. D. 1980, Estimating the
southern pine beetle’s grazing impact. Bull. Entomol. Soc. Am.
26:117-120. (COLEOPTERA: SCOLYTIDAE: Dendroctonus
Srontalis). VERTEBRATES, ECONOMICS,
MISCELLANEOUS TECHNIQUES, IMPACT D. frontalis
increases the prazing capacity by opening up the forest canopy
and increasing the amount of herbage. This study showed that
this grazing impact may be ignored when making southern pine
beetle management decisions.

LEUSCHNER W. A., MATNEY T. G., BURKHART H. E.
1977. Simulating southern pine beedle activity for pest
management decisions. Can. J. For. Res. 7:138-144.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus frontalis).
ECONOMICS, IMPACT, MODELING FRONSIM, a simulation
model developed to estimate the number of spots in a year,
applies a frequency distribution to the number of trees per spot,
and estimates the number of trees in each dbh class. Dollar
values are applied to present net worth of a perpetual series of
stands. A FRONSIM estimate for damages incurred in 1974 is
compared to an estimate of the Texas Forest Service.

LEUSCHNER W. A., MAXT. A.. SPITTLE G. D., WISDOM
H. W. (978. Estimating southern pine beetle timber darmages.
Bull. Entomol. Soc. Am. 24:29-34, (COLEOPTERA:
SCOLYTIDAE; Dendroctonus frontalis). ECONOMICS,
IMPACT, STATISTICAL METHODS, MODELING Leuschner
examines traditional methods of appraising timber damage and
suggests a new method of present net worth employing 2 0.10
discount rate. Utilizing this method to determine damage of
Dendroctonus frontalis on the Trinity District of the Davy
Crockett National Farest, damage from July 1974 through June
1975 was estimated 1o be $5,764 for the 479 spots measured.

LEUSCHNER W. A., NEWTON C. M., NEAL R. B. 1974.
Impact of the southern pine beetle in East Texas-1971 and
1972. In, Southern Pine Beetle Symp., Payne T. L., Coulson R.
N., Thatcher R. C., Eds., March 1-8, 1974, Tex. Agric. Exp.
Stn., College Station, Tex. p. 22-25. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus frontalis). ECONOMICS.
IMPACT Costs and budget appropriations are given for survey
and detection and research expenses related to the southern
pine beetle in East Texas for the years 1971 through 1972.
Sourtes of funding are presented.

LEUSCHNER W. A., SHORE D. G., SMITH D. W. 1979.
Estimating the southern pine beetle’s bydrologic impact, Bull.
Entomol. Soc. Am. 25:147-150. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus frontalis). ECONOMICS,
IMPACT Estimates of nine different forested sites, within the
southern United States, indicate that water yield changes,
caused by Dendroctonus frontalis, are generally considered to
be insignificant. Affects on water quality, in terms of sediment,



604.

605.

606.

607.

608.

609.

610.

nutrient content, and water temperature, are considered to be
insignificant. Economie impact on water yield is discussed and it
was concluded that water has no market price in the economic
sense. However, special cases may exist where an infestation
may result in an economic loss in water yield or quality.

LEUSCHNER W. A.,, THATCHER R. C.. PAYNE T. L..
BUFFAM P. E. 1977. SPBRAP-An integrated research and
applications program. J. For. 75:478480. (COLEQPTERA:
SCOLYTIDAE; Dendroctonus frontalis). CONTROL-
GENERAL, MISCELLANEOUS TECHNIQUES,
INTEGRATED PEST MANAGEMENT Leuschner discusses
the problem of the southern pine beetle in light of its destruction
to timber in the South. In response to the problem, the USDA
has initiated the Soutbern Pine Beetle Research and
Applications Program. The administrative coordination of the
program is briefly discussed. An outline of the three phases of
the program is presented.

LEUSCHNER W. A., YOUNG R. L. 1978. Esumating the
southern pine beetle’s impact on reservoir campsites. For. Sci.
24:527-537. (COLEOPTERA: SCOLYTIDAE; Dendroctonus

[frontalis). ECONOMICS, IMPACT, AESTHETICS Demand

functions were estimated using the Hotelling-Clawson-Knetsch
(HCK) method and a gravity potential model and applied to
selected recreation sites on the Sam Rayburn and B. A.
Steinhagen Reservoirs m 1973. The independent variable,
percent of pine crown, was varied in order to simulate the
effects of the southern pine beetle. Dollar values of damages are
presented.

LEVI M. )978. Blue-flecked pine panelling: A new market for
southern pine beetle-killed trees? South. Lumberman
237(2944):70-71. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus frontalis). ECONOMICS, IMPACT, WOOD
UTILIZATION Levi explores the possibility of utilizing
southern pine beetle-killed wood as decorative panelling. The
effects of the stain fungi are discussed. Two Jimitations on
utilization are presented.

LEVI M. P. 1981. A guide for using beetle-killed southern pine
based on tree appearance. USDA Comb. For. Pest and Dev,
Prog. Agric. Handb. No. 572. 19 p. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus jfrontalis). WOOD
UTILIZATION Levi discusses the use of southern pine beetle-
killed timber. Included are appearances of Class A (some
needles present, twigs still attached) and Class B (twigs
missing, decay and insect-damaged wood apparent) pines.
Utilization guidelines for beetle-killed trees are included for
lumber, posts, plywcod, hardboard, pulp and fuelwood.
Properties of wood products are listed. Included is a photograph
of a den decorated with southern pine beetle-killed timber.

LEVI M. P. 1982. Utilization of beetle-killed southern pine
based on tree appearance. Southern pine beetle fact sheet
number 25. USDA For, Serv. For, Pest Manage. For. Bull, SA-
FB/P 44. 2 p. (COLEOPTERA: SCOLYTIDAE; Dendroctonus
Jrontalis). WOOD UTILIZATION Pines killed by southern pine
beetle can be used if processed soon after attack.

LEYI M. P., DIETRICH R. L. 1976. Utilization of southern
pine beetle-killed timber; a survey of attitudes and available
information. For. Prod. J. 26{4):4248. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus frontalis). ECONOMICS,
IMPACT, REVIEW, WOOD UTILIZATION In North Carolina,
632 buyers of pine were sent questionnaires regarding their
purchase and utilization of southern yellow pine beetle-killed
trees. Of those responding, aimost 50% of pole, piling, and post
buyers stated that they would not purchase beetle-killed trees.
Only 5% of the pulpwood buyers refused to accept such trees.
Ten to 22% of the manufacturers of lumber and dimension stock
refused Lo accepl dead trees. Most respondents stated that they
paid a reduced price for beetle-killed wood. However, two-thirds
of the pulpwood buyers did not. In general, the survey indicates
that insect-attacked yellow pine can be economically utilized.
The authors suggest a need for greater knowledge pertaining to
the rate of deterioration and its affect on utilization.

LEWIS K. R. 197). The terpenes of Virginia pine (Pinus
virginiana Mill.) with investigation of their attractancy to the
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southern pine beetle. Ph. D. Diss., Va. Polytech. Instit. and
State Univ., Blacksburg, Va. 85 p. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus frontalis). HOST SELECTION
Terpenes of Virginia pine are attractive to the southern pine
beetle.

LEWIS K. R. 1973. Tree killers...pine bark beetles. Tex. Agric.
Ext. Serv. Fact Sheet No. L-921. 4 p. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus frontalis, Dendroctonus
terebrans, Ips avulsus, Ips calligraphus, Ips grandicollis).
LIFE HISTORY-GENERAL, CONTROL-CHEMICAL Life
history and habits of the bark beetle complex of southern pines
are reviewed. Signs of attack, prevention of infestations, and
chemical controls are outlined.

LEWIS K. R., PAYNE T. L., COULSON R. N. 1973. Forest
entomology in Texas. Tex. Agric. Exp. Stn., Tex. Agrie. Prog.
19:16-19. (COLEOPTERA: SCOLYTIDAE; Dendroctonus
Sfrontalis). REVIEW The authors review the problem of the
southern pine beetle in Texas forests, briefly discuss methods of
control, and evaluate the status of current research p sof
the Texas Agricultore Experiment Station at Texas A&M
University with particular mention to the work with
pheromones. A brief proposal for a sound entomology program
is given.

LINDQUIST E. E. 1969. Mites and the regulation of bark
beetle populations. Proc. Second Int. Congr. Acarology, 1967.
p. 389-399. (COLEOPTERA: SCOLYTIDAE; Dendroctonus
spp., Ips spp., Tomicus spp., Scolytus spp. ACARINA).
PREDATOR. PARASITES. HOST SELECTION,

COMMENSALISM AND SYMBIOSIS, MITES Lindquist
briefly reviews past published works of mites associated with
scolytids from 1923 to the present. He also discusses current
progress coordinated by J. C. Moser on Dendroctonus frontalis
Zimm., and suggests a course of future research.

LINDQUIST E. E., HUNTER P. E. 1965. Some mites of the
Genus Proctolaelaps Berlese (Acarina: Blattisociidae)
associated with forest insect pests. Can. Entomol. 97:15-32.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus frontalis,
Dendroctonus terebrans). TAXONOMY, MITES Proctolaclaps
dendroctoni, a new species of mite, was collected and described
from galleries of Dendroctonus frontalis.

5. LINIT M. J. 1981. The natural enemy component of within-tree

southern pine beetle mortality. Ph.D. Diss., Univ. Arkansas,
Fayetteville, Ark. 45 p. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus frontalis. Scolopscelis mississippensis, Medelera
bistriala, Roplrocerus xylophagorum, Coeloides pissodis,
Heydenia wuniea, Dendrosoter sulcalus). PARASITES,
PREDATOR, COMPETITION Southern pine beetle parasites
and predators were mechanically excluded from the bark of
infested pine trees io order o investipate natural enemy
component mortality. Mean baseline beetle mortality was
69.48% Mortality when predators and parasites were not
excluded was 94.40%. The parasite-predator complex caused
24.92% of the within-tree mortality. Predator density exceeded
parasite density for all reatments.

LINIT M. J., STEPHEN F. M. 1978. Comparison of methods
for estimation of attacking adult populations of Dendroctonus
frontalis. J. Econ. Entomol. 71:732-735. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus frontalis). RADIOGRAPHY,
MISCELLANEQUS TECHNIQUES, POPULATION
DYNAMICS Three methods of estimating the parameter of
attacking bark beetle populations were examimed from disc
samples taken from the mid-bole of attacked loblolly pines
(Pinus taeda). Results indicate that the three methods of X-ray
analysis, dissection for attacking adults, and determination of
attack site (multiplication by two was necessary to account for
the presence of both male and female of species) were found to
be equally reliable estimators.

LINIT M. J.,, STEPHEN F. M. 1982. Observations on trees
resisting southern pine beetle attack. J. Ga. Entomol. Soc.
17:351-356. (COLEOPTERA: SCOLYTIDAE; Dendroctonus
Sfrontalis). HOST RESISTANCE Mean attack density for
resistant trees was 13.5 and 9.8 attacks per square meter for
two loblolly pines successfully attacked. A resistant tree had a
mean attack density of 419 per square meter.
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Gardening 2:292, (COLEOPTERA: SCOLYTIDAE;
Dendroctonus frontalis. CLERIDAE; Thanasgimus
Jormicarius). PREDATOR Discusses a clerid, Cleris
Jormicarius, as a predator of the southern pine beetle.

LOOK M. 1976. Improved synthesis of endo-brevicomin for the
control of bark beetles (Coleoptera: Scolytidae). J. Chem. Ecol.
2:83-86. (COLEOPTERA: SCOLYTIDAE; Dendroctonus
frontalis, Dendrocltonus brevicomis). ATTRACTANTS,
CONTROL-CHEMICAL A new method for synthesizing the
compound endo-brevicomin is presented. No ero-isomer is
present in this compound.

LORIO P. L. JR. 1966. Phytophthora cinnamomi and Pythium
species associated with loblolly pine decline in Louisiana. Plant
Dis. Rep. 50(8):596-597. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus frontalis. Phytophthora cinnamoms, Phythium
sp.). PATHOGENS, HOST SELECTION, HOST
RESISTANCE, STAND CONDITIONS Declining trees
probably serve as bark beelle brood trees.

LORIO P. L. JR. 1968. Soil and stand conditions related to
southe)n pine beetle activity in Hardin County, Texas. J. Econ.
Entomol. 61:565-566. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus frontalis). ECOLOGICAL DISTRIBUTION,
HOST SELECTION, HOST RESISTANCE. STAND
CONDITIONS Texas Forest Service surveys of southern pine
beetle activity between 1958 and 1963 were correlated with soil
and stand variables at the site of infestation initiation. Variables
included were elevation. percent slope, aspect, soil-drainage
class, texture, structure. consistency, tree basal area, age.
radial growth (last ten years), height, DBH, and site index. The
general association of site-stand factors to infestation
occurrence is discussed, but no rigorous analysis is provided.

LORIO P. L. JR. 1973. Declining pines associated with bark
beetle activity in Allen Parish, La. USDA For. Serv. Res. Note
S0-163. 3 p. (COLEOPTERA: SCOLYTIDAE; Dendroctonus
Jrontalis, Dendroctonus terebrans, Ips spp.). HOST
SELECTION, HOST RESISTANCE, POPULATION
DYNAMICS From June 1969 through November 1971,
southern pine beetle activity was found on five of 100 0.1-acre
plots that had declining trees. This study lends credence to the
idea that declining pines are important in the maintenance of
southern pine beetle populations during endemic periods.

LORIO P. L. JR. 1978. Developing stand risk classes for the
southern pine beetle. USDA For. Serv. Res. Pap. SO-144. 9 p.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus jrontalis).
ECOLOGICAL DISTRIBUTION, CONTROL-CULTURAL,
STAND CONDITIONS, IMPACT, HAZARD/RISK RATING
The results of studies in the Gulf Coastal Plain indicate that
southern pine beetle (Dendroctonus frontalis Zimm.)
infestations tend to oeccur in stands that are in or near
culmination of the mean annual increment. Lorio indicates that
easily aceessible data such as forest type, Lree size and age,
basal ares, and zite index can be used to develop a southern pine
beetle risk classification system.

LORIO P. L. JR. 1980a. Chapter 8. Rating stands for
susceptibility to SPB. In, The southern pine beede. R. C.
Thatcher, J. L. Searcy, J. E. Coster, and G. D. Hertel. Eds.
USDA Expanded South. Pine Beetle Res. Appl. Prog. For.
Serv. Sci. and Educ. Tech. Bull. 1631, p. 153-163.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus frontalis).
STAND CONDITIONS, HAZARD/RISK RATING Stands
susceptible to the southern pine beetle were hazard rated using
discriminant function analysis and qualitative risk rating
systems. In the Coastal Plain, landform, basal area pine/acre,
and tree height ranked stands for hazard to southern pime
beetle. A CISC system using USDA Forest Service data was
developed in Louisiana. In the Georgia Piedmont. a system
based on stand, tree and soils was developed. Aerial photos
were used to develop hazard rating systems in Texas. Basic
needs include further site/stand investigations to understand
host and southern pine beetle dynamics.

LORIO P. L. JR. 1980b. Loblolly pine stocking levels affect
potential for southern pine beetle infestation. South. J. Appl.
For. 4:162-165. (COLEOPTERA: SCOLYTIDAE:
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Dendroctonus frontalis). CONTROL-CULTURAL,
MODELING, HAZARDI/RISK RATING, STAND
CONDITIONS When untended loblolly stands were stocked
more than 80% of normal, individual trees became more
susceptible to southern pine beetle attack. Basal area growth
declined, oleoresin reservoirs were reduced, and severe
moisture deficits were more commonly observed. The guides
and recommendations are presented to reduce susceptibility to
southern pine beetle attacks and damage.

LORIO P. L. JR., BENNETT W. H. 1974. Recurring southern
pine beetle infestations near Qakdale, Louisiana. USDA For.
Serv. Res. Pap. S0-95. 6 p. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus frontalis, Dendroctonus terebrans). HOST
SELECTION, HAZARD/RISK RATING, LIGHTNING This
study, conducted on 31,500 acres near Oakdale, Louisiana,
revealed the relationship between southern pine beetle
(Dendroctonus frontalis Zimm.) attacks and stand density,
proportion of pine sawtimber, nearness to an earlier infestation,
and lightning strikes incidence.

LORIO P. L. JR.. HODGES J. D. 1968a. Microsite effects on
oleoresin exudation pressure of large loblolly pines. Ecology
49:1207-)210. (COLEOPTERA: SCOLYTIDAE; Dendroctonus
Srontalis). HOST SELECTION, HOST RESISTANCE
Changes in OEP affaect host resistance to bark beetles.

LORIO P. L. JR., HODGES J. D. 1968b. Oleoresin exudation
pressure and relative water content of inner bark as indicators
of moisture stress in loblolly pines. For. Sci. 14:392-398.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus frontalis).
HOST SELECTION, HOST RESISTANCE This study
measured the effects of artificially induced moisture stress on
the oleoresin exudation pressure (OEP) and relative water
content (RWC) of the inner bark of loblolly pine in a well-
stocked, 40 year old stand in Allen Parish, Louisiana. Single
early morning measurements of OEP did not reflect soil
moisture stress. RWC reflected changes in soil moisture and
diameter growth. Trees that were continuously flocded showed
the most dramati¢ reduction in OEP and RWC, and were
attacked and killed by bark beetles in the spring and summer of
1967.

LORIO P. L. JR., HODGES J. D. 1371. Microrelief, soil water
regime, and loblolly pine growth on a wet, mounded site. Soil
Sci. Soc. Am. Proc. 35(5):795-800. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus fromtalis. PINACEAE). HOST
SELECTION, STAND CONDITIONS Microrelief and soil
characteristics in a 40-year old loblolly pine (Pinus taeda) stand
on 2 mounded area in Allen Parish, Louisiana, were related to
diameter and height growth responses. Water retention and
depletion were also compared on the two sites. Results indicate
greater growth rates on flats. However, the soil water regime
on flats indicates instability that alfects tree rooting and may
eventually affect susceptibility to bark beetle attack.

LORIO P. L. JR., HODGES J. D. 1974, Host and site factors
in southern pine beetle infestations. /n, Southern Pine Beetle
Symp., Payne T. L., Coulson R. N., Thatcher R. C., Eds., March
78, 1974. Agric. Exp. Stn., College Station, Tex. p. 32-34.
(COLEOPTERA: SCOLYTIDAE; Dendroctanus frontalis,
Dendroctonus terebrans). HOST SELECTION, HOST
RESISTANCE, WEATHER RELATIONSHIPS,
HAZARD/RISK RATING A review in the work of host
response to stress, soil, and site and stand conditions that may
contribute to infestations of the southern pine beetle
(Dendroctonus frontalis Zimm.), suggests that current
knowledge may be used to develop southern pine beetle risk
raling systems.

LORIO P. L. JR., HODGES J. D. 1977. Tree water status
aifeets induced southern pine beetle attack and brood
production. USDA For. Serv. Pap. SO-135. 7 p.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus frontalhis.).
HOST RESISTANCE, POPULATION DYNAMICS A study
conducted from 1973 to 1975 in the West Gulf Coastal Plain,
examined susceptibility to attack of loblolly pine (Pinus taeda)
by the southern pine beetle as trees were put under artificially
induced moistwe stress conditions. Initial attack and brood
development were studied. Results indicate a shifted
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physiological status that offered minimal resistance to initial
attack or brood development.

LORIO P. L. JR.,, HOWE V. K., MARTIN C. N. 1972.
Loblolly pine rooting varies with microrelief on wet sites.
Ecology 53:1134-1240. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus frontalis). HOST RESISTANCE,
MORPHOLOGY AND PHYSIOLOGY, STAND CONDITIONS
Deficiencies in tree rooting, associated with excess water,
probably contribute to premature tree decline and susceptibility
to bark beetle attack.

LORIO P. L. JR., MASON G. N., AUTRY G. L. 1982. Stand
rigk rating for the southern pine beetle: Integrating pest
management with forest management. J. For. 80:212-214.
(COLEQPTERA: SCOLYTIDAE; Dendroctonus frontalis).
HAZARD/RISK RATING, STAND CONDITIONS Two
methods for hazard-rating stands for southern pine beetle are
presented. The authors stress the idea of using resource
mventory data for making forest management decisions.

LORIO P. L. JR., SOMMERS R. A. 198]a. Gulf Costal Plain,
central Louisiana. In; Site, stand and host characteristics of
southern pine beetle infestations, J. E. Coster and J. L. Searcy,
Eds. USDA Comb. For. Pest Res. and Dev. Prog. Tech. Bull.
1612. p. 23-39. (COLEOPTERA: SCOLYTIDAE; Dendroctonus
Srontalis). HAZARD/RISK RATING, STAND CONDITIONS
Forest type, stand condition class, site index and age of stands
reported on Continuous Inventory of Stand Conditions (CISC)
data on USDA Forest Service Jands in Louisiana showed
consistent associations with southern pine beetle infestations.
Loblolly pine type, immature and mature sawtimber, on sites
with an index of 80 or higher and older than 35 years comprised
the great majority of infestations.

LORIO P. L. JR.. SOMMERS R. A. 1981b. Use of available
resource data to rate stands for southern pine beetle risk. n,
Hazard-rating Systems in Forest Insect Pest Management:
Symp. Proc., Athens, Ga. 31 July - 1 August 1980, R, L.
Hedden, S. J. Barras and J. E. Coster, Eds. USDA Tech. Rep.
WO0-27. p. 75-78. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus fromtalis). HAZARD/RISK RATING A risk-
rating system based on CISC (Continuous Inventory of Stand
Conditions) data is used to hazard rate USDA For. Serv. lands
in Louisiana. The system uses the variables forest type, stand
condition, method of cut, operability, and site index to rate
stands as low, medium, or high risk to the southern pine beetle.

LORIO P. L., YANDLE D. O. 1978. Distribution of lightning-
induced southern pine beetle infestations. South. Lumberman,
Jan,, p. 12-13. (COLEOPTERA: SCOLYTIDAE; Dendroctonus
Srontelis). ATTRACTANTS, HOST SELECTION, WEATHER
RELATIONSHIPS, LIGHTNING Lightning-induced
infestations occurred most frequently in mid- to late summer.
Southern pine beetle infestations related to lightning strikes
may be related to stand conditions and local beetle populations.

LYON R. L. 1958. A useful secondary sex character in
Dendroctonus bark beetles. Can. Entomol. 90:582-584.
(COLEOPTERA: SCOLYTIDAE; Dendroclonus spp.). SEX-
RATIOS, TAXONOMY The seventh abdominal tergite was
uged to separate the sexes.

MACANDREWS A. H. 1926. The biology of the southern pine
beetle. M. S. Thesis, New York State Coll. of For., Syracuse,
New York. 121 p. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus frontalis). LIFE HISTORY-GENERAL,
COMPETITION, PREDATOR, PARASITES, ECOLOGICAL
DISTRIBUTION, SEASONAL OCCURRENCE,
AGGREGATION, DISTRIBUTION, HOST SELECTION,
HOST RESISTANCE, REARING, REVIEW,
MISCELLANEOUS TECHNIQUES This paper represents
some of the original work done on southern pine beetle biology.
The general life history of the insect is discussed, as well as
observations of host-tree resistance and moisture-temperature
relationships.

MACGOWN M. W_, NEBEKER T. E. 1977. Observations on
Cryturgus aleutaceus Schwartz (Coleoptera: Scolytidae), an
associate of the southern pine beetle. Entomol. News 88:61-66.
(COLEOPTERA: SCOLYTIDAE: Cryptlurgus aleulaceus;
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Dendroctonus fronlelis). COMPETITION, ECOLOGICAL
DISTRIBUTION, MORPHOLOGY AND PHYSIOLOGY
Crypturgus aleutoceus was recorded for the first time as an
associate of the southern pine beetle in Mississippi. SEM
photographs pointed out antennal morphology.

MACGUIDWIN A. E. 1979. Biology of Contortylenchus
brevicomt (Nematoda: Sphaerulariidae) and its effect on gallery
construction and fertility of Dendroctonus frontalis
(Coleaptera: Scolytidae). M. S. Thesis, Univ. Fla., Gainesville,
Fla. 59 p. (COLEOPTERA: SCOLYTIDAE; Dendroctonus .
Srontalis. Contoriylenchus brevicomi, Unikaryon minulum).
EGG, ADULT. OVIPOSITION. REARING, PARASITES
Southern pine beetles were field collected and intreduced into
loblolly pine bolts. Beetles were then collected at one, two, and
three week maturation. These were examined for internal
parasites, particularly Conloriylenchus brevicomi (Nematoda:
Sphaerulariidage). This parasite was found in 25% of all beetles.
It was found that C. brevicoms affects beetle ‘vigor’, reducing
gallery construction, female egg niche construction, and the
number of eggs per unit of gallery. Data on progeny survival is
given. Life table construction is discussed.

MACGUIDWIN A. E., SMART G. C. JR., WILKINSON R.
C., ALLEN G. E. 1980. Effect of the nematode
Contoriylenchus brevicomt on gallery construction and
fecundity of the southern pine beetle. J. Nematologica.
12:278-282. (COLEOPTERA: SCOLYTIDAE; Dendroctonus
frontalis). CONTROL-BIOLOGICAL, PARASITES,
NEMATODES The nematode reduced southern pine beetle
fecundity and gallery construction.

MACGUIDWIN A. E., SMART G. C., ALLEN G. E. 1980.
Redescription and life history of Contortylenchus brevicomi, a
parasite of the southern pine beetle, Dendroctonus frontalis. J.
Nematologica. 12:207-212. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus frontalis). CONTROL-BIOLOGICAL,
PARASITES, NEMATODES The nematode infested the
southern pine beetle and reduced populations.

MAGNUS P., ROY G. 1978. A short synthesis of
(f)-(+)frontalin and latia luciferin using new organosilicon
reagents. Chem. Soc. Chem. CONNUN 7:257-298.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus frontalis).
BEHAVIORAL CHEMICALS The synthesis of (f)-( +)-frontalin
is presented.

MAINE J. D. 1979. A qualitative analysis of the southern pine
beetle’s (Dendroctonus frontelés Zimm.) impact on wildlife,
wildfire, and grazing. M. S. Thesis, Va. Polytech. Inst. & State
Univ., Blacksburg, Va. 133 p. (COLEOPTERA:
SCOLYTIDAE; Dendroclonus frontalis). VERTEBRATES,
FIRE, MODELING, IMPACT, FIRE A qualitative model
indicated that the southern pine beetle had a positive impact on
woodpeckers, quail, rabbits, deer, small mammals, and other
birds. No negative impacts were found for any wildlife group.
Fire intensity and rate of spread are increased in southern pine
beetle spots, however, since spots are small and Qispersed, total
impact on fire is small. Grazing impacts were too small to be
considered in southern pine beetle control decisions.

MAINE J. D., LEUSCHNER W. A, 1978. The economic
impact of the southern pine beetle on wildlife habitat and
populations. Va. J. Sei. 29:42, (Abst.) (COLEOPTERA:
SCOLYTIDAE; Dendroctonus frontalis). IMPACT Southern
pine beetle had a positive impact on wildlife.

MAINE J. D., LEUSCHNER W, A., TIPTON A. R. 1980. A
qualitative analysis of the southern pine beetle’s wildlife impact.
Va. Polytech. Inst. & State Univ. School For. Wildl. Resour.,
Pub). No. FWS-1-80. 48 p. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus frontalis). VERTEBRATES, WATERSHED,
IMPACT Change in forage production was estimated at 366
pounds per acre of southern pine beetle spot. Southern pine
beetle was estimated to increase the linear edge by 2,000 feet
per acre of southern pine beetle spot. Spots also provided snags
for nesting birds. Southern pine beetle had a positive effect on
woodpeckers, quail, rabbits, deer, small mammals, and other
birds. Increases in edge and food were most of the positive
impacts; however, these impacts are small. More than 25 acres
of southern pine beetle spots are needed to increage the
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carrying capacity of one deer.

MAKI T. E., HAZEL D. W., HALL J. R. 1981. Piedmont-
North Carolina. In, Site, stand and host characteristics of
southern pine beetle infestations. J. E. Coster and J. L. Searcy,
Eds. USDA Comb. For. Pest Res. and Dev. Prog. Tech. Bull.
1612. p. 74-81. (COLEOPTERA: SCOLYTIDAE: Dendroctonus
Srontalis. Phytophthora cinnamomi). BAZARD/RISK
RATING, STAND CONDITIONS In the Piedmont, shortleaf
pines are more prone to attack by southern pine beetie. This
may be due to the association with lictleleaf disease
(Phytophthora cinnamom?).

1976. Worldwide
introduction and establishment of bark and timber beetles
(Coleoptera: Scolytidae and Platypodipae). Pestology Manage.
Pap. No. 6, Pestology Centre Dep. Bjol. Sci., Simon Fraser
Univ., Burnaby B. C. Can. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus frontalis). SURVEY AND DETECTION Rates
Dendroctonus frontalis as an aggressive bark beetle, but not
established on new hosts.

MARLATT C. L. 1930. Report of the Chief of the Bureau of
Entomology. USDA Bur. Entomol. p. 4748. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus frontalis)) WEATHER
RELATIONSHIPS Excess moisture (rainfall) in April and May
resulted in decreased southern pine beetle populations.

MARLATT C. L. 1931. Report of the Chief of the Bureau of
Entomology. USDA Bur. Entomol. p. 59. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus jrontalis). WEATHER
RELATIONSHIPS Southern pine beetles were correlated with
deficiency in precipitation.

MARLATT C. L. 1933. Report of the Chief of the Bureau of
Entomolegy, 1933. USDA Bur. Entomol. p. 29.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus frontalis).
SURVEY AND DETECTION A destructive southern pine
beetle outbreak destroyed 7,500,000 board feet of timber in the
Southeast.

MARLER J. E., BARRAS S. J. 1978. A simple method for the
production of microbe-free southern pine beetles. J. Ga.
Entomol. Soc. 13:121-124. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus frontalis). MISCELLANEQUS TECHNIQUES,
COMMENSALISM AND SYMBIOSIS, REARING Microbe-
free southern pine beetles were produced by first surface
sterilizing field collected pupae using a modified White's
Solution. Adults emerging from these pupae were fed an
artificial diet containing these antimicrobial compounds: sorbie
acid, gentimyein sulfate, and clotrimazole. Microbe-free beetles
were produced within five days and lived up to two weeks.

MASK R. A. 1982, Bark beetle risk and hazard rating for
outdoor recreation areas in East Texas. M. S. For. Thesis,
Stephen F. Austin State Univ., Nacogdoches, Tex. 59 p.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus frontalis,
Dendroctonus lerebrans, Ips colligraphus). RECREATION,
HAZARD/RISK RATING, STAND CONDITIONS A
classification system was developed for pines attacked by Ips
and BTB in recreation areas in East Texas. A southern pine
beetle hazard rating system indicated low or moderate hazard in
the recreation areas.

MASON A. B. 1911. Southern logging superintendents. South.
Lumberman 64(836):35. (COLEOPTERA: SCOLYTIDAE;
Dendroctonuz frontalis), SURVEY AND DETECTION Briefly
describes meeting of logging superintendents discussing
southern pine beetle and other problems.

. MASON A. B. 1912. The southern pine beetle and its control.

N. C. Geol. and Econ. Survey Press Bull. 60. 4 p.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus frontalis).
LIFE HISTORY-GENERAL, CONTROL-GENERAL Brief
surnmary of the southern pine beetle.

MASON G. N. 1979. Small scale aerial photo stand
susceptibility rating for southern pine beetle in East Texas. In,
Proc. of the Seventh Biennial Workshop on Color Aerial
Photography in the Plant Sci. Univ. Cal. Davis, May 15-17,
1979. p. 125-135. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus frontalis). SURVEY AND DETECTION,
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MODELING, HAZARD/RISK RATING By using existing
resource photography, effective hazard rating and
implementation may be best approached through aerial
photographic stand classification. Five of the ten most
definitive variables significant in ground investigations (BAJ/A.
species, DBH, height and landform) could be assessed with good
accuracy by utilizing traditional forest photo interpretation
procedures. A system is presented which uses small seale aerial
photos for habitat type classification, hazard assignment, and
verification of research models.

MASON G. N. 1980. Texas southern pine beetle hazard rating
guide. Stephen F. Austin State Univ., Schoo!l of For.,
Nacogdoches, Tex. (COLEOPTERA: SCOLYTIDAE:
Dendroctonus frontglis). POPULATION DYNAMICS, HOST
SELECTION, MISCELLANEOUS TECHNIQUES,
HAZARD/RISK RATING A hazard rating guide for southern
pine beetle using basal area pine, landform and tree height is
incorporated onto a circular chart. The guide is based on data
from over 1100 southern pine beetle-infested and non-infested
plots in East Texas.

. MASON G. N., HICKS R. R. JR.,, BRYANT C. M. V.,

MATHEWS M. L., KULBAVYY D, L., HOWARD J. E. 198].
Rating southern pine beetle hazard by aerial photography. I,
Hazard-rating systems in forest insect pest management:
Symp. Proc., Athens, Georgia, 31 July - August 1980, R. L.
Hedden, S. J. Barras and J. E. Coster, Tech. Coords. USDA
For. Serv. Gen. Tech. Rep. WO0-27. p. 109-114.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus fromtalis).
HAZARD/RISK RATING Model development and verification
Yor hazard rating for southern pine beetle are presented. The
variables used included basal area (pine) per acre, dominant or
codominant tree height and landform. Southern pine beetle
spots were restricted to very high hazard types during endemic
years, but not in epidemic years.

MASON G. N., HOWARD 1. E. 1980. A test of small-scale
aerial photo susceptibility ratings for southern pine beetle in
East Texas. Workshop on practical applications of remote
sensing to timber inventory, Edmonton, Alberta, Canada.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus frontalis).
HAZARD/RISK RATING Diseriminant function analysis of 898
samples in infested and uninfested host stands for southern pine
beetle resulted in a predictive model for susceptibility to
southern pine beetle attack.

MASON G. N., JONES J. L. I11. 1969. Forest pest activity in
Texas 1969. Tex. For. Serv. Circ. No. 201. 12 p.
{(COLEOPTERA: SCOLYTIDAE; Dendroclonus fronlalis).
DISTRIBUTION, ECONOMICS, IMPACT, CONTROL-
CULTURAL, CONTROL-CHEMICAL The southern pine
beetle killed 1.7 million cubic feet of merchantable pine timber
in 1969 in East Texas. The epidemic covered about 6.3 million
acres. Southern pine beetle was controlled with either salvage
or cut-and-leave. Results with cacodylic acid resulted in 97%
brood reduction.

MASSEY C. L. 1957. Four new species of Aphelenchulus
(Nematoda) parasitic in bark beetles in the United States.
Helminthol. Soc. Wash. Proc. 24:29-34. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus Jrontelis). PARASITES,
NEMATODES High mortality of southern pine beetle occurs
from nematodes in certain cases.

MASSEY C. L. 1974. Biology and taxonomy of nematode
parasites and associates of bark beetles in the United States.
USDA Agric. Handb. No. 446. 233 p. WNEOTYLENCHOIDEA;
Contortylenchus reversus. COLEOPTERA: SCOLYTIDAE;
Dendroctonus frontalis, Dendroclonus lerebrans, Ips evulsus,
Ips calligraphus, Ips grandicollis). LARVAE, PREDATOR,
PARASITES, TAXONOMY, NEMATODES The biclogy and
taxonomy of 32 nematode parasites and 114 nematode
associates of 45 species of bark beetles are presented.

MATHEWS M. L. 1978. Forest stand mapping from
LANDSAT and aircraft imagery to assess southern pine beetle
susceptibility. M. S. Thesis, Stephen F. Austin State Univ.,
Nacogdoches, Tex. 56 p. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus frontalis). SURVEY AND DETECTION.
HAZARD/RISK RATING, STAND CONDITIONS A multi-
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stage sampling method was used to identify site, stand and tree
variables associated with southern pine beetle infestations.
Level [ used 1:250,000 LANDSAT imagery; Level 11 used high
altitude 1:60,000 NASA photography supplemented with 35mm
low altitode photography. Variables associated with southern
pine beetle infestations included pine stocking, basal area,
crown closure, DBH, and height.

. NATTOON W, R. 19]5a. Life-history of shortleaf pine. USDA

Bull. No. 244. p. 35. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus frontalis). LIFE HISTORY-GENERAL,
REVIEW The southern pine beetle is the most immportant insect
pest of shortleaf pine. Serious outbreaks of the insect occurred
in 1890, 1893, and 1910.

. MATTOON W. R. 1915b. Shortleaf pine: Its economic

importance and forest management. USDA Bull. No. 308. p.
25-26. (COLEOPTERA: SCOLYTIDAE; Dendroctonus
Jrontalis), LIFE HISTORY-GENERAL, CONTROL-
GENERAL, REVIEW The southern pine beetle is an important
enemy of shortleaf pine. This article details the evidences of
infestation by southern pine beetle and outlines various
methods of contral.

MATTOON W. R. 1926. Longleal pine primer. USDA
Farmers’ Bull. No. 1486. p. 21. (COLEOPTERA:
SCOLYTIDAE; Dendroctonug frontalis). LIFE HISTORY-
GENERAL, SURVEY AND DETECTION Briefly describes
southern pine beetle.

MATTOON W. R. 1954, Shortleaf pine. USDA Farmers' Bull.
No. 1671. p. 4243. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus fronlalis. CERAMBYCIDAE; Afonochamus sp.).
IMPACT Damage by the southern pine beetle is briefly
described.

MAWBY W. D. 1980. Development of an upper echelon
submodel for the southern pine beetle hierarchy. Ph. D. Diss.,
N. C. State Univ, Raleigh, N. C. 170 p. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus frontalis). STATISTICAL
METHODS. MODELING A four level hierarchial model which
specifies variables and dynamics for three level to level
transition submodels was constructed. The key concepts of tree,
neighborhood, patch, and region are specified. Nonparametric,
multivariate, and time-space series methods of statistics are
surveyed. The uses of the model in forest management
surveillance and control are discussed.

. MAYYASI A. M., COULSON R. N,, FOLTZ J. L., HAIN F.

P., MARTIN W. C. 1976. Functional description of within-tree
larval and progeny adult populations of Dendroctonus frontalis
(Coleoptera: Scolytidae). Can. Entomol. 108:363-372.
(COLEOPTERA: SCOLYTIDAE; Deéndroctonus frontalis).
LARVAE, ADULT, DISTRIBUTION, STATISTICAL
METHODS, POPULATION DYNAMICS The larval
digtribution of southern pine beetles within sample units (100
em. bark disks) and the distribution of larvae and progeny
ndults along the infested bole were examined for 50 trees.
Larvae were uniformly distributed within disks, and a nonlinear
model was successfully fitted to the distribution of larvae and
progeny adults on the normalized infested bole height. Larval
distribution peaked just below mid-bole, while adult distribution
peaked just above mid-bole.

MAYYASI A. M., COULSON R. N., FOLTZ J. L., HARVEY
A. E. 1975. A quality control approach to the evaluation of
survey sampling procedures for the southern pine beetle. J.
Econ. Entomol. 68:336-338. (COLEOPTERA: SCOLYTIDAE;
Dendroctonius  fronialis). SURVEY AND DETECTION,
STATISTICAL METHODS Operating characteristics curves
based on aerial estimation of the size of southern pine beetle in
festations as compared to ground inventories of the same
infestations indicate unacceptably large errors. An average
error of 149% (actnal infestation size 2.49 x the aerial estimate)
was found.

MAYYAS! A. M,, PULLEY P. E.. COULSON R. N.,
DEMICHELE D. W., FOLTZ J. L. 1976. Mathematical
description of within-tree distributions of the various
developmental stages of Dendroctonus frontalis Zimm.
(Coleoptera: Scolytidae). Res. Popul. Ecol. 18:136-145.
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(COLEOPTERA: SCOLYTIDAE; Dendroctonus fromtalis).
POPULATION DYNAMICS, STATISTICAL METHODS
Probability density functions for the various within-tree
developmental life stages of Dendroctonus frontalis are
derived. Differences between some distributions are discussed.
The possibility of the existence of a negative feed-back
mechanism which enables the beete to make optimum
utilization of the available resources is proposed. The concept of
an optimum location on the infested bole (where maximum
survivorship occurs) is advanced.

MCCAMBRIDGE W. F.. KOWAL R. J. 1957. Forest insect
conditions in the Southeast during 1956. USDA For. Serv.
Southeast. For. Exp. Stn. Stn. Pap. No. 76, Asheville, N. C. 7 p.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus frontalis,
Dendroctonus terebrans, Ips spp.). CONTROL-CHEMICAL.,
CONTROL-CULTURAL. SURVEY AND DETECTION,
IMPACT The southern pine beetle killed an estimated six
million board-feet of pine during 1956, Over 2.75 million board-
feet were salvaged. lmpact was greatest in the Southern
Appalachian regions of western North Carolina, and South
Carolina. The main control program was cutting and spraying
with BHC.

MCCAMBRIDGE W. F., NAGEL W. P., KOWALR. J. 1958.
Forest insect conditions in the Southeast during 1957, USDA
For. Serv. Southeast. For, Exp. Stn. Stn. Pap. No. 93,
Asheville, N. C. 9 p. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus frontalis, Dendroclonus terebrans, Ips spp.
CLERIDAE; Thanasimus dubius). CONTROL-CHEMICAL.,
SURVEY AND DETECTION, WEATHER
RELATIONSHIPS, IMPACT Southern pine beetle epidemics
were confined mainly to the Southern Appalachians in western
North Carolina, eastern Tennessee, northeastern Georgia, and
northwestern South Carolina. About 95,000 trees (2.33 million
board-feet of pine) were killed. Direct control included felling
and spraying with BHC or burning. Cold December weather
may have killed much of the southern pine beetle population.
Thanasimus dubius larvae survived better than southern pine
heetle during the winter. Infestations are estimated by state.

MCCAMBRIDGE W, F., ROSSELL H. 1957. Recommended
procedures for control of the southern pine heetle. USDA For.
Serv. Southeast. For. Exp. Stn., Asheville, N. C. 12 p.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus frontalis).
CONTROL-CULTURAL, CONTROL-CHEMICAL Procedures
for controlling the southern pine beetle on forest service lands
are summarized.

MCCARTY F. A., BILLINGS P. M., RICHERSON J. V.,
PAYNE T. L., EDSON L. J. 1980. Response of the southern
pine beetle to behavioral chemicals in the laboratory. J. Ga.
Entomo). Soe. 15:307-317. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus frontalis). BEHAVIORAL CHEMICALS Both
sexes of Dendroctonus frontalis responded to frontalin, elpha-
pinene, and frontalure. Male response was significantly greater
to both frontalin and frontalure. Males were attracted to
verbenone, females were not. At higher verbenone
concentrations, the response of both sexes to attractants was
inhibited.

MCCLELLAND W. T., HAINF. P, 1973. Survival of declining
Dendroctonus fronlalis populations during a severe and
nonsevere winter. Environ. Entomol. 8:231-235.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus frontalis).
SEASONAL OCCURRENCE, ECOLOGICAL
DISTRIBUTION, POPULATION DYNAMICS, WEATHER
RELATIONSHIPS A comparison of brood survival in declining
southern pine beetle infestations between severe and mild
winters in North Caroline showed an extreme difference in
survival, but no net effect on population trends. Infestations did
not survive or proliferate following either mild or severe
winters. Emergence and subsequent dispersal mortality on
warm days were believed to contribute to high overall
population mortality during the mild winter.

MCCLELLAND W. T., HAIN F. P., MAWBY W. D. 1979.
Comparison of within-tree distributions and population
estimation procedures for declining populations of
Dendroclonus frontalis colonizing loblolly and shortleaf pine.
Environ. Entomol. 8:1037-1040. (COLEOPTERA:
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SCOLYTIDAE; Dendroctonus frontalis). POPULATION
DYNAMICS, DISTRIBUTION A comparison of southern pine
beetle life stage distribution between loblolly and shortleaf pine
in declining southern pine beetle infestations showed no
difference in within-tree distribution. Similar accuracy in life
stage estimation resulted from both intensive (ten sample
heights/tree) and nonintensive (three sample bheights/tree
selected from the ten samples/tree in the intensive program)
samopling procedures.

MCCELLAND W. T., HAIN F. P., DEMARS C. J. JR,,
FARGO W. S.. COULSON R. N.. NEBEEKER T. E. 1978.
Sampling bark beetle emergence: A review of methodologies, a
proposal for standardization, and a new trap design. Bull.
Entomol. Soc. Am 24:137-140. (COLEQOPTERA:
SCOLYTIDAE;  Dendroctonus frontalis). EMERGENCE,
REVIEW, MISCELLANEOUS TECHNIQUES, TRAPS AND
CAGES Various techniques used to estimate bark beetle
emergence are reviewed and their inherent advantages and
disadvantages are discussed. A standard procedure is proposed
in order to minimize bias and facilitate comparison of data
among workers. A new emergence trap is introduced which
should be useful for studies of bark beetles and other bark
inhabiting species.

MCGRAW G. W., HEMINGWAY R. W. 1977. 6,8-dihydroxy-
3-hydroxymethylisocoumarin, and other phenolic metabolives of
Ceratocystis minor. Phytochemistry 16:1315-1316.
(COLEOPTERA: SCOLYTIDAE; Dendroclonus Jrontalis.
Ceratocystis minor). PATHOGENS, HOST RESISTANCE,
COMMENSALISM AND SYMBIOSIS Three major phenolic
metabolites of Ceratocystis minor grown on malt agar were
indicated by PC and TLC of EtOAc extracts of culture filtrates.
Spectral properties indicated 6,8-dihydroxy-3-methyl-1H-2-
benzopyran-1-one (compound 2) and scytalone (compound 3)
were present,

1969. Mites of the
superfamily Parasitoidea (Acarina: Mesostigmata) associated
with Dendroctonus and Ips. N. C. Agric. Exp. Stn. Tech. Bull.
No. 192. 162 p. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus spp., Ips spp. ACARINA: MESOSTIGMATA).
MITES, TAXONOMY Keys and descriptions of 35 mites
associated with Dendroctonus and /ps beetles are presented for
the southeastern United States.

MCMINN J. W. 1965. Bark beetle on rampage in Virginia. For.
Farmer 34(6):10. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus frontalis). SURVEY AND DETECTION An
outbreak of the southern pine beetle in Virginia is discussed.

MCNEW G. L. 1970. The Boyce Thompson Institute Program
in forest entomology that Jed to the discovery of pheromones in
bark beetles. Contrib. Boyce Thompson Inst. 24:251.262.
(COLEQPTERA: SCOLYTIDAE; Dendroctonus frontalis, Ips
spp.). BEHAVIORAL CHEMICALS, REVIEW Reviews the
role of the Boyce Thompson Institute in the discovery of bark
heetle pheromones. Included are discussions of host physiology,
selection of susceptible trees by bark beetles, identification of
bark beetle pheromones, the role of the host-factor in attracting
beetles, the natural antagonism of response to pheromones, and
the future use of pheromones in bark beetle control.

MEAD R. A.. SMITH J. L.. WARD J. G. D., GHENT J. B.
1979, Development of a system for regional assessment of
timber volume loss due to the southern pine beetle using color
infrared aerial photography. In, Proc. TTH Biennial Workshop
on Color Aerial Photography in the Plant Sciences and Related
Fields. Am. Soc. Photo. p. 137-150. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus frontalis). SURVEY AND
DETECTION, IMPACT Timber volume loss due to southern
pine beetle was assessed using color infrared aerial
photography.

. MERKEL E. P. 1954. Southern pine beetle conditions on the

Cherokee National Forest and adjoining private lands. USDA
For. Serv. Southeast. For. Exp. Stn. For. Pest Survey Rep. 2. 4
p. (COLEOPTERA: SCOLYTIDAE; Dendroctonus frontalis).
SURVEY AND DETECTION In the southern Appalachians,
oubreaks of the southern pine beetle usually originate on ridges
or dry sites.
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MERKEL E. P. 1956. Bark beetle epidemics and rainfall
deficiency in the Southeast. (Abstract). Assoc. South. Agrie.
Worker's Proc. b3:130. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus frontalis)). WEATHER RELATIONSHIPS
Periodicity of bark beetle epidemics is reviewed; abstract only.

MERKEL E. P., KOWAL R. J. 1956. Forest insect conditions
in the Southeast during 1955. USDA For. Serv. Southeast. For.
Exp. Stn. Stn. Pap. No. 67, Asheville, N. C. 9 p.
(COLEOPTERA: SCOLYTIDAE; Dendroctomus frontalis,
Dendroctonus terebrans, Ips spp.). CONTROL-CHEMICAL,
SURVEY AND DETECTION, IMPACT, MAP The southern
pine beetle was destructive during 1955 in western North
Carolina and eastern Tennessee. It was in the northern counties
of South Carolina and Georgia for the first time. Fifteen and
one-half million board-feet of pine sawtimber and 42,000 cords
of pole timber were killed by the southern pine beetle southwide
in 1955, Control programs include benzene hexachloride. An
outbreak map is given.

MERKEL E. P., KULMAN H. M. 1955. Beetle conditions in
north-central South Carolina. South. Lumberman
190(2389):60,62. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus frontalis, Ips avulsus, Ips calligraphus, Ips
grandicollis). CONTROL-CHEMICAL, CONTROL-
CULTURAL, SURVEY AND DETECTION Aerial and ground
surveys in South Carolina showed approximately 720 acres of
loblolly and shortleaf pine infested amounting to a volume loss
of 1,000,000 board feet over 4,000 square miles.
Recommendations for control include periodic inspections,
salvage, felling and burning, or spraying with 0.25% BHC in
No. 2 fuel oil.

. MERKEL E. P., KULMAN H. M. 1955. Southern pine beetle

and pine engraver beetle conditions in north-central South
Carolina. USDA For. Serv. Southeast. For. Exp. Stn. For.
Ingect Survey Rep. 4. 4 p. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus frontalis, Ips avulsus, Ips calligraphus. Ips
grandicollis). SURVEY AND DETECTION Southern pine
beetle losses in South Carolina are documented.

MICHAEL R. R., RUDINSKY J. A. 1972. Sound production in
Scolytidae: Specificity in male Dendroclonus beetles. J. Insect
Physiol. 18:2189-2201. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus frontalis, Dendroctonus pseudolsugae,
Dendroctonus brevicomis, Dendroctonus ponderosue,
Dendroctonus valens, Dendroctonus rufipennis).
BEHAVIORAL CHEMJCALS, MORPHOLOGY AND
PHYSIOLOGY The wmale stridulatory apparatus of six
Dendroctonus bark beetles is described. Responses to
pheromones and host terpenes were tested for D. pseudolsugas
and D. ponderosae.

MIDDLETON W. 1924, Insects injurious to white pine. Bull.
Green Sect. U. S. Golf Assoc. 4:148-150. (COLEOPTERA:
SCOLYTIDAE: Dendroctonus frontalis). CONTROL-
GENERAL Discusses general controls for southern pine
beetles on golf courses.

MILLER J. M. 1929. The relation of windfalls to bark-beetle
epidemics. Fourth Int. Congr. Entomol. Trans. 2. p. 992-1002.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus spp.). STAND
CONDITIONS Two large windfall areas in California were
studied from an entomological aspect. In most wind-thrown
trees, part of the root system remains in the soil and some
moisture is retained in the inner bark, thus producing a
weakened tree with favorable conditions for bark beetle artack
and brood development. When large numbers of trees are wind-
thrown, conditions are favorable for massive increases in bark
beetle populations. This large population usually leads to a
subsequent attack on standing green trees around the windfall
area.

MILLER M. C. 1979a. Development of a specific anti-adult
southern pine beetle serum. Entomol. Socc. Am. Misc. Publ.
11:35-53. (COLEOPTERA: SCOLYTIDAE; Dendroctonus
frontalis, Dendroctonus lerebrans, Ips avulsus, Ips
grandicollis, Ips calligraphus). BEHAVIORAL CHEMICALS,
CONTROL-CHEMICAL, MISCELLANEOUS TECHNIQUES
Antibody titer values for Dendroctonus fromtalis Zimm., D.
terebrans (Olivier), and three Ips species are compared to
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suggest the presence of a specific adult southern pine beetle
antigen. Specific anti-adult southern pine beetle serum was
produced which was genus specific in double diffusion tests, and
showed no cross reactions with Ips antigens.

MILLER M. C. 1979. Preparatory immunodiffusion for
production of specific anti-adult southern pine beetle serum.
Ann. Entomol. Soc. Am. 72:820-825. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus frontalis, Dendroctonus
lerebrans, Ips wvulsus, Ips calligrpahus, Ips grandicollis).
PREDATOR, PARASITES, MISCELLANEOUS
TECHNIQUES Preparatory immunodiffusion was used to
produce an antiserum specific for the southern pine beetle,
Dendroctonus frontalis, and the black turpentine beetle, D.
terebrans (Olivier). The specific antiserum did not cross react
with Ips avulsus, 1. calligraphus, or I. grandicollis when tested
at high antigen concentrations. The antiserum was genus
specific in all tests, and species specific when run in the agar gel
double diffusion test against a standard Dendroctonus antigen.
This antiserum can distinguish between D. fromtaiis and D.
terebrans if it was used in an A600 test agrinst a standard
antigen. ;

MILLER M. C. 1981. Evaluation of enzyme-linked
immunosorbent assay of narrow-and broad-spectrum anti-adult
southern pine beetle serum. Ann. Entomol. Soc. Am.
74:279-282. (COLEQPTERA: SCOLYTIDAE; Dendroctonus
frontalis, Dendroctonus lerebrans, Ips avulsus, Ips
calligraphus, Ips grandicollis)) MORPHOLOGY AND
PHYSIOLOGY An enzyme-linked immunosorbent assay
(ELISA) was conducted with broad-spectrum and specific anti-
adult Dendroctonus frontalis sera against two-fold dilutions of
7.0 mg/m). antigens prepared from adult southern pine beetles,
black turpentine beetle, and the three Ips species. The broad-
spectrum and specific sera differentiated between the genera
and all five species. ELISA was more sensitive than agar-gel
double diffusion or counter-immunoelectrophoresis with low-
titer anti-ingect sera.

MILLER M. C., CHAPPELL W. A., GABLE W., BRIDGES
J. R. 1979. Evaluation of immunodiffusion and
immunoelectrophoretic tests using a broad spectrum anti-adult
southern pine beetle serum. Ann. Entomol. Scc. Am. 72:99-104.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus fronialis).
ECOLOGICAL DISTRIBUTION, MISCELLANEOQUS
TECHNIQUES A brood-spectrum anti-adult southern pine
beetle rabbit serum was evaluated using these test systems:
agar gel double diffusion, rocket electroimmunodiffusion, and
counter immunoelectrophoresis. The most sensitive and rapid
method was counter immunoelectrophoresis; however, ¢rossed
electroimmunodiffusion quantified and separated individual
antigen-antibody systems. Laboratory and field applications of
each procedure are discussed.

MILLER M. C., CHAPPELL W. A., GAMBLE W. C,,
BRIDGES J. R. 1978. Antiserum preparation for
immunodiffusion in southern pine beetle predation studies.
USDA South. For. Exp. Stn. Res. Note S0-233. 5 p.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus frontalis,
CLERIDAE; Thanasimus dubius). PREDATOR,
PARASITES, CONTROL-BIOLOGICAL, MISCELLANEOUS
TECHNIQUES An anti-adult Dendroctonus frontalis serum
was produced by subcutaneous injection of rabbits with
southern pine beetle adult antigen. Initial tests demonstrated
that the anti-adult southern pine beetle serum can detect adult
southern pine beetle antigen in the bedy of the adult predator,
Thanasimus dubius. Cross reactivity was found between the
anti-aduJt serum and extracts of immature stages of
Dendroclonus fronlalis Zimm., adult D. terebrans (Olivier), Ins
grandicollis (Eichoff), and 1. calligraphus (Germar).

MIZELL R. F. IIL 1977 Developmental biology of the
southern .pine beetle, Dendroctonus fromtolis Zimmerman
(Coleoptera: Scolytidae). M. S. Thesis, Miss. State Univ., Miss.
State, Miss. 70 p. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus frontalis). RADIOGRAPHY, EGG, LARVAE,
LIFE HISTORY-GENERAL A guide developed to
differentiate the instars of southern pine beetle was tested
statistically by subjects with varying experience in reading
radiographs. All subjects were successful in differentiating the
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four larval instars. Three methods for estimating the
developmental rate of the southern pine beetle were tested. At
high temperatures the methods were found to agree. Depending
on temperature, the egg stage lasted 8 to 27 days, the larval
stage from 10-62 days, and the pupal stage from 7-25 days.

MIZELL R. F. Ul. 1980. Thanasimus dubius (F.): Some
behavioral factors affecting its predatory role. Ph. D. Diss.,
Miss. State Univ., Miss. State, Miss. 160 p. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus frontalis, Ips avulsus.
CLERIDAE; Thanastmus dubius). EGG, OVIPOSITION,
PREDATOR, POPULATION DYNAMICS, SEX-RATIOS,
ATTRACTANTS, REARING, MODELING,
MISCELLANEOUS TECHNIQUES, MORPHOLOGY AND
PHYSIOLOGY, BEHAVIOR Within-tree distribution of
Thanasimus dubius pupation sites is deseribed by regression
models. T. dubius responded to several pheromones of southern
pine beetle and Ips spp., including frontalin, ipsdienol, alpha-
pinene, and trans-verbenol. Ips avulsus was preferred as prey
over southern pine beetle and southern pine beetle was
preferred over Bruchids. Peak activity periods for T. dubius
were early morning and late afternoon. The longer the Jength of
predator starvation the more prey the predator consumed.

MIZELL R. F. III.,, NEBEKER T. E. 1978. Estimating the
developmental time of the southern pine beetle Dendroctonus
frontalis as a function of field temperatures. Environ. Entomol.
7:592-595. (COLEOPTERA: SCOLYTIDAE; Dendroctonus
frontalis). LIFE HISTORY-GENERAL, SEASONAL
OCCURRENCE, ECOLOGICAL DISTRIBUTION,
POPULATION DYNAMICS, EGG, LARVAE, PUPAE The
developmental time of the southern pine beetle in the field was
estimated by comparing results of three methods. At bigh
temperatures the estimates by each of the three methods were
found to agree. The egg stage lasted 8-27 days, larval stage
10-62 days, and pupal stage 7-26 days. Field temperatures
observed ranged between four degrees and twenty-eight
degrees Celsius.

MIZELL R. F. II1.,, NEBEKER T. E. 1979a. Differentiating
the life stages of the southern pine beetle from radiographs. J.
Ga. Entomol. Soc. 14:229-238. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus jrontalis). RADIOGRAPHY,
LARVAE Larval instar determinations of Dendroctonus
fromtalis oo radiographs of pine bark is presented. Pictures of
radiographs are included.

MIZELL R. F. IIl.,, NEBEKER T. E. 1979b. Number of
instars of the southern pine beetle (Coleoptera: Scolytidae)
some comparisons of head capsule widths. Ann. Entomol. Soc.
Am. 72:313-316. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus frontalis). LARVAE, LIFE HISTORY-
GENERAL, MORPHOLOGY AND PBYSIOLOGY Larval
head capsule widths, and the number of instars of the southern
pine beetles found during the summer and winter in Mississippi,
were compared with those of beetles from Texas, Georgia, and
Virginia. Four instars occurred in all populations. Head
capsules of winter larvae in Mississippi are significantly larger
than those of summer larvae. In addition, summer larvae from
Mississippi were significantly smaller than those of beetles from
Texas, Georgia, and Virginia. Several reasons are discussed for
the greater size at lower temperatures.

MIZELL R. F. I1L, NEBEKER T. E. 1981. Within-tree
distribution of the pupae of Thanasimus dubius (Coleoptera:
Cleridae), a predator of the southern pine beetle (Coleoptera:
Scolytidae). Can. Entomol. 113:387-394. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus frontalis. CLERIDAE;
Tharasimus dubius). PUPAE, PREDATOR, STATISTICAL
METHODS, MODELING Within-tree pupal distributions of
Thanasimus dubius are characterized by use of regression
models. Loblolly pine contained more pupae per hundred
centimeters squared of bark area than did shortleaf pine. Peak
densities occurred at one to four meters height.

MIZELL R. F. IT1., NEBEKER T. E. 1982. Preference and
oviposition rates of adult Thanasimus dubius (F.) on three prey
species. Environ. Entomol. 11:139-143. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus frontalis, Ips avulsus.
CLERIDAE; Thanasimug dubius. BRUCHIDAE;
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Callosobruchus wmaculatus). PREDATOR, FECUNDITY
Thanasimus dubius preferred the southern pine beetle and /ps
avulsus in feeding tests. Egg viability was lower on 7. dubius
reared on SPB.

MIZELL R. F. II1., NEBEKER T. E., FRAZIER J. L. 1981.
A new electro-optical activity monitor for determining
locomotor activity of Thanasimus dubius (F.) in the laboratory.
J. Ga. Entomol. Soc. 16:479-484. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus frontolis. CLERIDAE:
Thanasimus dubius). PREDATOR, BEHAVIOR An electro-
optical system is described. Results with the system indicate
Thanastmus dubtius has a diurnal activity patiern.

MIZELL R. F. I11., NEEL W. W,, LASHOMB J. H. 1981.
Field evaluation of fenitrothion for prevention of tree mortality
from southern pine beetle attack. J. Econ. Entomol. 74:30-32.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus frontalis).
CONTROL-CULTURAL A 2% concentration of fenitrothion
was as effective as 0.5% lindane in prevention of southern pine
beetle attack; a 1% concentration was not.

MOODY C. W. 1980. Latest developments in southern pine
beetle prevention and control. For. Farmer 39(9):22.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus frontalis).
CONTROL-CULTURAL The Alabama Forestry Commission is
using detection flights combined with private consulting
foresters working with the Commission to contset landowners
with beetle-attacked timber. Salvage is started, or if not
economically feasible, then trees are cut and left in place.

MOON D. F. C. 1977. Nutrient evaluation of soils associated
with southarn pine beetle infestations in the Upper Coastal
Plains of East Texas. M. S. Thesis, Stephen F. Austin State
Univ., Nacogdoches, Tex. 62 p. (COLEQPTERA:
SCOLYTIDAE; Dendroctonus frontalis). HOST SELECTION,
SURVEY AND DETECTION A greater percentage of clay was
found in the surface soil of infested plots than was found in
baseline plots. Infested plots were characterized by a large
percentage of sand in the subsoil. Moisture availability was
significantly lower in infested plots than the baseline plots. A
significant difference was found between infested baseline soil
analysis in zinc content and percentage base saturation.

MOORE G. E. 1970a. Isolating entomogenous fungi and
bacteria, and tests of fungal isolates against the southern pine
beetle. J. Econ. Entomol. 63:1702-1703. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus frontalis. Beauvaria bassiana.
Asperyillus flavus. Penicillium sp. Fusarium solani).
PREDATOR, PARASITES, PATHOGENS, CONTROL-
GENERAL, CONTROL-BIOLOGICAL, REARING,
MISCELLANEOUS TECHNIQUES, BACTERIA Moore
describes a method to eliminate saprophytic fungal overgrowth
so that internal and nonsporulating organisms can be detected
in diseased insects. Ultraviolet radiation generally eliminates
surface contaminants of Dendroctonus frontalis, as well as
treatment with Hyamine 10X.

. MOORE G. E. 1970b, Dendroctonus frontalis infection by the

DD-136 strain of Neoaplectana carpocapsas and its bacterium
complex. J. Nematol. 2({4):341-344. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus frontalis. NEMATODA:
Neoaplectana carpocapsag). PREDATOR, PARASITES,
CONTROL-GENERAL, CONTROL-BIOLOGICAL.,
ECONOMICS, IMPACT, WEATHER RELATIONSHIPS,
NEMATODES The DD-136 strain of the nematode,
Neoapleclana carpocapsae Weiser (Steinernematidae) after
spray appl.\cahon to pine bark in 0.1% formalin plus wetting
agent, entered pine bark beetle Lunnels and killed 44% of the
brood and adults of Dendroctonus frontalis Zimm. at 18 and 26
degrees Celcius, 60% relative humidity, and at ambient
temperatures and humidities. The DD-136 nematode needs a
moist environment to survive in. It primarily parasitizes mature
beette larvae.

MOORE G. E. 1971. Mortality factors caused by pathogenetic
bacteria and fungi of the southern pine beetle in North Carolina.
J. Invertebr. Pathol. 17:28-37. (COLEOPTERA:

SCOLYTIDAE; Dendroctonus frontalis). PREDATOR,
PARASITES, PATHOGENS, MISCELLANEOUS

TECHNIQUES, BACTERIA Phytologic agents were isolated
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from the broods of Dendroctonus frontalis collected in
1966-1968 in North Carolina. Twenty-two and one-third perceat
of the beetles contained pathogenic bacteria and funga
OTganisSms.

MOORE G. E. 1972a. Southern pine beetle mortality in North
Carolina caused by parasites and predators. Environ. Entomol.

1:58-65. (COLEOPTERA: SCOLYTIDAE; Dendroctonus
Sfrontalis, Thanasimus dubius, Scoloposcelis mississippensis,
Roptrocerus zylophagorum, Coeloides pissodis). PREDATOR,

PARASITES A survey condueted in five geographical areas of
North Carolina indicated that an average of 24% of
Dendroctonus frontalis brood were parasitized and preyed
upon. The more effective predators were woodpeckers,
Thanasimus dubius, and Scoloposcelis mississippensis.
Roptrocerus xylophagorum and Coeloides pissodis were the two
parasites that made the greatest contribution to total mortality.
Clerids (Thanasimus dubius) exhibit a density-dependent
response and are the most important of the control agents.

MOORE G. E. 1972b. Microflora from the alimentary tract of
healthy southern pine beetles, Dendroctonus frontalis
(Scolytidae), and their possible relationship to pathogenicity. J.
Invertebr. Pathol. 19:72-75. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus frontalis). LARVAE, ADULT., VECTOR,
ECOLOGICAL DISTRIBUTION, DISTRIBUTION,
CONTROL-GENERAL, CONTROL-BIOLOGICAL.
MISCELLANEOUS TECHNIQUES, TAXONOMY.
COMMENSALISM AND SYMBIOSIS, BACTERIA
Acrobacter acrogenes, Alcaligenes facealis, and Serralia
marcescens were the principal species of bacteria, and
Aspergillus spp. and Penicilliwm spp., Segnncipal genera of
fungi, recovered from aseptically exci fore-, mid- and
hindguis of Dendroctomus frontalis. Seven species recovered
were identical with facultative or conditional pathogens
recovered from diseased beetles in other investigations.

MOORE G. E. 1972¢. Pathogenicity of ten strains of bacteria to
larvae of the southern pine beetle. J. Invertebr. Pathol.
20:4145. (COLEOPTERA: SCOLYTIDAE; Dendroctonus
Srontalis). PREDATOR, PARASITES, PATHOGENS,
CONTROL-GENERAL, CONTROL-BIOLOGICAL,
BACTERIA Ten strains of bacteria were tested for
pathogenicity to larvae of Dendroctonus frontalis. The Bacillus
spp. (B. cereus, B. thuringiensis var. thuringiensis and B.
thuringiensis var. kenyae, and Pseudomonad aeruginosa, P.
Sluorescens and Serratia marcescens), all from diseased beetles,
were pathogenic.

MOORE G. E. 1973. Pathogenicity of three entomogencus
fungi to the southern pine beetle at various temperatures angd
humidities. Environ. Iintomol. 2:54-57. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus frontalis. Beauvaria bassiana,
Aspergillus flavus, Fusarium soluni). ADULT, PATHOGENS,
ECOLOGICAL DISTRIBUTION, SEASONAL
OCCURRENCE, ECOLOGICAL DISTRIBUTION,
CONTROL-GENERAL, CONTROL-BIOLOGICAL.
MISCELLANEQUS TECHNIQUES Three entomogenous
fungi, Beauvaria bassiana, Aspergillus flavus, and Fusarium
solani, were tested on adult Dendroctonus fronlalis at
temperatures rangmg from 5 to 30 degrees Celsius and relative
humidities of 55, 75, and 95 percent. The fungi were most
pathogenic at temperatures regimes between 12 and 25 degrees
C. Variation in humidity did not significantly affect mortality.

MOORE G. E. 1977. Predation and parasitism of the southern
pine beetle. J. Elisha Mitchell Sci. Soc. 93. 1 p.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus frontalis.
CLERIDAE; Thanasimus dubius. OSTOMIDAE; Temnochila
virescens, Coeloides pissodis, Roptrocerus zylophagorum).
PREDATOR, PARASITES, VERTEBRATES, POPULATION
DYNAMICS While populations of Dendroctonus frontalis
increased threefold from 1973-1974, parasites and predators
increased only 12%. Proportion of total southern pine beetle
mortality by the clerid, Thanasimus dubius, was density
independent. Woodpeckers consumed about the same number of
beetles as clerids.

MOORE G. E. 1978. Factors for determining population trends
in southern pine beetle spots. Environ. Entomol. 7:335-342.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus fromtalis).
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POPULATION DYNAMICS, CONTROL-GENERAL,
SURVEY AND DETECTION The primary predictive factor for
predicting population trends of Dendroctonus frontalis in North
Carolina and South Carolina was the attack:emergence ratio.
Five secondary factors were used on static spots. The value of
the technique is that it permits predictions in advance to plan
and budget control tactics.

MOORE G. E. 1380. Protecting against southern pine beetles.
For. Farmer 23rd Manual Ed. 39(5):96,100. (COLEOPTERA:
SCOLYTIDAE: Dsndroctonus frontalis). CONTROL-
GENERAL Controls are outlined for southern pine beetle.

MOORE G. E. 1981. Southern pine beetle fact sheet number
22: Setting control priorities using emergence:attack ratios - A
research update. USDA For. Serv. For. Bull. SA-FB/P 41. 2 p.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus frontalis),
CONTROL-GENERAL, SAMPLING Emergence:attack ratios
are used to set control priorities for the southern pine beetle.

MOORE G. E., HERTEL G. D.,, BHATTACHARYYA H. T.
1980. Emergence: attack ratio as a predictor of southem pine
beetle-caused tree mortality. Iz, Modeling Southern Pine Beetle
Populations-Symp. Proc. Feb. 20-22., 1980. Asheville N. C,,
Stephen F. M., Searcy J. L., Hertel G. D., Eds. USDA For.
Serv. Tech. Bull. No. 1630. p. 169-17). (COLEOPTERA:
SCOLYTIDAE; Dendroctonus jrontalis). STATISTICAL
METHODS, MODELING Several predictive population models
based on emergence: attack ratios are developed in order to
estimate the 4-month tree mortality in individual spots. One
linear and four logarithmic models were derived, and the
logarithmic models gave the best fit.

MOORE G. E., LAYMAN H. F. 1978. Attemnpts to increase
resistance of loblolly pines to bark beetles by fertilization.
USDA For. Serv. Res. Note SE-260. 4 p. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus Jfrontalis, Dendroctonus
terebrans). HOST RESISTANCE, CONTROL-CHEMICAL,
CONTROL-CULTURAL Applications of 10-10-10 fertilizer
(1000 Ibs./acre) did not signifcantly increase the resistance of 9-
to 11-year old loblolly pines to attack by Dendroctonus frontalis
or D. lerebrans.

. MOORE G. E., TAYLOR J. F. 1976. Tagging of the southern

pine beetle with Phosphorus 32. Environ. Entomol.
5:1065-1067. (COLEOPTERA: SCOLYTIDAE; Dendroctonus
JSrontalis). FLIGHT, RADIOGRAPHY, TRAPS AND CAGES,
MISCELLANEOUS TECHNIQUES A technique for tagging
southern pine beetles with a radioisotope is discussed. An
aqueous glycerine suspension of 32P was applied to the bark of
infested bolts before beetle emergence. Emerging beetles
picked up the isotope and carried it to the new host bolt where it
was detected in the pitch tube.

MOORE G. E., TAYLOR J. F., SMITH J. 1979. Tracing
dispersion of southern pine beetles from felled brood trees with
Phosphorus 32. J. Ga. Entomol. Soc. 14:83-87.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus fronlalis).
FLIGHT, HOST SELECTION, MISCELLANEOQUS
TECHNIQUES Radio-tagging with *P was used o trace
southern pine beetles dispersing from one infestation 1o
another. Infestation of nearby trees was heavier with the cut-
and-top as compared to the cut-and-leave method. Beetles
dispersed vp to 365 m.

MOORE G. E.. THATCHER R. C. 1973a. Epidemic and
endemic populations of the southern pine beetle. USDA For.

Serv. Res. Pap. SE-111. 11 p. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus frontalis). POPULATION
DYNAMICS, CONTROL-GENERAL, WEATHER

RELATIONSHIPS The differences between epidemic and
endemic populations of Dendroclonus frontalis in two distinctly
different geographical areas are defined and the varied beetle
activity in these areas is discussed. Factors that favor epidemic
beetle populations are prolonged moisture stress in trees, slow
growth and dense stands, poor drainage, low soil fertility, and
excessive damage to residual stands. Factors that favor
endemic populations are weather conditions that promote long-
term gmw!.h of trees, pathogens, intraspecific and interspecific
competition, and the production of natural attractants out of
phase with emergent brood adults.
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MOORE G. E., THATCBER R. C. 1973b. How safe are your
pines from bark beetles? For. Farmer 32(3):12-13,13.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus frontalis).
HOST SELECTION, CONTROL-GENERAL, SURVEY AND
DETECTION, MISCELLANEOUS TECHNIQUES,
WEATHER RELATIONSHIPS Moore and Thatcher provide
answers to questions about southern pine bark beetle
controlsithreats for pines. They provide basic information for
the layman on 1) identification of attacked pines, 2) the
importance of timing control cycles with the beetle’s life cycle,
and 3) the status of the southern pine beetle in 1972.

MOORE K. R. 1979. Distributions of three species of Ips bark
beetles within southern pine beetle infestations. M. S. For.
Thesis, Stephen F. Austin State Univ., Nacogdoches, Tex. 87 p.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus fromtalis, Ins
avulsus, Ips calligraphus, Ips grandicollis). DISTRIBUTION,
FLIGHT, AGGREGATION Distribution patterns of three
species of Ips bark beetles and the southern pine beetle were
characterized within southern pine beetle infestations. All four
species exhibited aggregation within their spatial distributions.
The southern pine beetle and [ps calligraphus showed no
significant difference in their diurnal distribution with peak
flight activity occurring around 1700 hours. The most active
flight activity for /. grandicollis occurred in late afternoon and
evening. Low morning activity with a peak at 1600 hours
characterized the flight activity of 1. avulsus.

MOORE L. M. 1977. Effects of the phloem-mobile systemic
insecticide acephate on the southern pine beetle, Dendroctonus
Sronlalis Zimmerman, populations in loblolly pines, Pinus taeda
L., in Grant and Rapides Parishes, Louisiana. M.S. Thesis Univ.
Mich., Ann. Arbor, Mich. 84 p. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus  frontalis). CONTROL-
CHEMICAL The effects of systemic acephate on the southern
pine beetle were tested.

MORI K. 1975. Synthesis of optically active forms of frontalin:
The pheromone of Dendroctonus bark beetles. Tetrahedron
31(11/12):1381-1384. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus frontalis). BEHAVIORAL CHEMICALS,
ATTRACTANTS, MISCELLANEOUS TECHNIQUES
(R)(+)-Frontalin (1) and its antipode (1) were synthesized from
(RH + )-2-hydroxy-2-methylpentane-1,5-dioic acid 5 - 2 lactone
(2) and its antipode (2’), respectively. This synthesis established
the absolute enantiomeric configuration of frontalin.

MORI K. 1976. A stereoselective synthesis of (3 )-endo-
brevicomin, a pheromope inhibitor produced by Dendroctonus
bark beetles. Agric. Biol. Chem 40:2499-2600. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus frontalis, Dendroctonus
trevicomis). BEHAVIORAL CHEMICALS, ATTRACTANTS
Mori describes a new and highly stereoselective synthesis of
endo-Brevicomin, a pheromone inhibitor produced by
Dendroctonus bark beetles,

MORI] K., KOBAYASHI S., MATSUI M. 1975. A synthesis of
(4 )frontalin, the pheromone of Dendroctonus bark beetles.
Agrie. Biol. Chem. 39:1889-1890. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus frontalis). ATTRACTANTS
Discusses the synthesis of (+) frontalin.

MORRIS C. L. 1979. Southern pine beetle control: Needs and
expectations of the small forest landowner. In, Evaluating
Control Tactics for the South. Pine Beetle-Symp. Proc. Jan
30-Feb. 1, 1979. Many, La., Coster J. E., Searcy J. L., Eds.
USDA For. Serv. Tech. Bull. No. 1613. p. 5-7. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus frontalis). ECONOMICS,
IMPACT The problems, needs, and expectations of small forest
landowners are discussed in relation to attempts to implement
certain management practices on their woodland acreage. The
role of industrial, Federal, State and private forests in this
implementation are discussed.

MORRIS C. L., COPONY J. A. 1974. Effectiveness of
intensive salvage in reducing southern pine beetles in Virginia.
J. For. 72:572. (COLEOPTERA: SCOLYTIDAE; Dendroctonus
frontalis). POPULATION DYNAMICS, CONTROL-
CULTURAL Intensive salvage p reduced southern
pine beetle populaticns on the Cumberland State Forest in
Virginia in 1973-1974.
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Ann. Entomol. Soe. Am. 64:266-268. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus frontalis). MISCELLANEOUS
TECHNIQUES, MORPHOLOGY AND PHYSIOLOGY
Antennal olfactory responsiveness by Dendroctonus frontalis is
recorded through electroantennogram readings. Both male and
female antennae responded equally as female aggregating
pheromone was used in increasing concentrations. Since
frontalin produces electrophysiological and behavioral
responses from both the male and female equally, it is believed
that frontalin is an aggregation and not a sex pheromone,

PAYNE T. L. 1973a. Pheromone and host odor-stimulated
potentials in Dendroctonus. Experientia 30:509-510.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus frontalis,
Dendroctonus brevicomis). BEHAVIORAL CHEMICALS,
MISCELLANEOQOUS TECHNIQUES, MORPHOLOGY AND
PHYSIOLOGY, BEHAVIOR Two species of Dendroctonus, D.
Srontalis and D. brevicomis, displayed antennal raising and
orientation movements when stimulated by the pheromones
frontalin and exs-brevicomin and the host tree terpenes alpha-
pinene and 3-carene.

PAYNE T. L. 1973b. The southern pine beetle is alive and
smelling. For. Farmer 82(11):14. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus frontalis). BEHAVIORAL
CHEMICALS, CONTROL-CHEMICAL The use of
pheromones for manipulation of southern pine beetle
populations is discussed.

PAYNE T. L. 1974a. Olfactory perception by the southern pine
beetle. In, Southern Pine Beetle Symp., Payne T. L., Coulson R.
N., Thatcher R. C., Eds. March 7-8, 1974. Tex. Agric. Exp. Stn.,
College Station, Tex. p. 41-44. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus frontalis). BEHAVIORAL
CHEMICALS, MORPHOLOGY AND PHYSIOLOGY The
olfactory perception system is explained. Diagrams showing
sensilla and response monitoring are included. Pheromone and
host volatiles as well as aggregation and inhibition are also
discussed.

PAYNE T. L. 1974b. Pheromone perception. /n, Pheromones..
Chapter LI, M. C. Birch, Ed., p. 3561. BEHAVIORAL
CHEMICALS, ATTRACTANTS, MORPHOLOGY AND
PHYSIOLOGY Pheromone perception in bark beetles is
reviewed.

PAYNE T. L. 1975. Bark beetle olfaction. IIl. Antennal
olfactory responsiveness of Dendroctonus frontalis Zimmerman
and D. brevicomis Le Conte (Coleoptera: Scolytidae) to
aggregation pheromanes and host tree terpene hydrocarbons. J.
Chem. Eecol. 1:233-242. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus frontalis, Dendroctonus brevicomis).
BEHAVIORAL CHEMICALS, ATTRACTANTS,
MORPHOLOGY AND PHYSIOLOGY Using
electroantennograms, no significant differences in threshold
concentration for response could be found for either sex of
Dendroctonus frovdalis or D. brevicomis when dilutions of exo-
brevicomin, frontalis, and the host terpene hydrocarbons
3-carene and alpha-pinene were used. Antennal olfactory
responses to the compounds did not correlate to published data.
Results indicate that both frontalis, and exo-brevicomin share
the same receptors on the antennae of D. frontalis, and that
terpene hydrocarbons share some but not all of the receptors.

. PAYNE T. L. 1979. Pheromone and host odor perception in

bark beetles. In, Neurotoxicology of Insecticides and
Pheromones, Narahasi, T., Ed. Plenum Publ. Corp. p. 27-57.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus frontalis).
BEHAVIORAL, CHEMICALS, REVIEW, MORPHOLOGY
AND PHYSIOLOGY Olfactory perception in bark beetles is
discussed, particularly as it relates to bark beetle behavior, Both
EAG and single cell techniques were used in elucidating
mechanisms of olfactory perception. Organs of perception are
described and discussed. Various aspects of perception
(transduction, thresholds, antennal olfactory response,
pheromone and host odor aceeptors, specificity and odor
discrimination, and informational coding) are discussed. An
understanding of the events occurring at the antennal olfactory
sensilla level provides insights which are important in the
development of behavioral chemicals for use in pest

management.
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PAYNE T. L. 1980a. Chapter 2. Life history and habits. /n, The
southern pine beetle. R. C. Thatcher, J. L. Searcy, J. E. Coster,
and G. D. Hertel, Eds. USDA Expanded South. Pine Beetle
Res. Appl. Prog. For. Serv. Sci. and Educ. Tech. Bull. 1631. p.
7-28. (COLEOPTERA: SCOLYTIDAE; Dendroctonus
Sfrontalis, Dendroctonus arizonicus, Dendroctonus mericanus,
Bostrichus frontalis). EGG, LARVAE, PUPAE, ADULT,
LIFE HISTORY-GENERAL, AGGREGATION,
DISTRIBUTION, EMERGENCE, BEHAVIORAL
CHEMICALS, ATTRACTANTS, REVIEW, TAXONOMY,
MORPHOLOGY AND PHYSIOLOGY, GENETICS,
INTEGRATED PEST MANAGEMENT, MAPS Distribution of
Dendroctonus frontalis infestations are mapped for 1960-1979.
Taxonomy of D. frontalis is outlined. Zimmermann originally
described D. frontalis; in 1963, Stephen Wood synonymized D.
arizonicus and D. mexicanus with D, frontalis. Rose (1966
unpublished) suggested distinct differences between D.
Sfrontalis and D. mericanus. In 1974, Vite and others (1974)
provided conclusive evidence that D. fromtalis and D.
mezicanus were two distinct species. Wood (1974) reinstated D.
mericanus as a valid species. The range of D. fronlalis is
mapped, extending down into Nicaragua and Honduras,
through Mexico and Arizona across the southern United States.
Pine hosts are listed. The life stages of the southern pine beetle
are pictured and described; generation times range from 24 to
56 days and are seasonally dependent. Host selection, including
initial attacks, seasonal behavior, aggregation, behavioral
chemicals, olfactory receptor systems, and behavioral events
are summarized. Colonization, including mating, egg laying,
reemergence, and instar development are pictured and
described.

PAYNE T. L. 1380b. Southern pine beetle fact sheet number 9.
Use of behavioral chemicals for southern pine beetle
suppression—-a research update. USDA For Serv. Southeast.
Area State aopd Priv. For. For. Bull. SA-FB/P21. 2 p.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus frontalis).
BEHAVIORAL CHEMICALS Behavioral chemicals can be
used for spot disruption of the southern pine beetle. Other
management implications are discussed.

. PAYNE T. L. 198]. Disruption of southern pine beetle

infestations with attractants and inhibitors. In, Manage. of
Insect Pests with Semiochemicals, E. R. Mitchell, Ed. Plenum
Pub. Corp., New York, New York. p. 365-383. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus fromtalis, Ips avulsus, Ips
calligraphus. CLERIDAE; Thanasimus dubius).
BEHAVIORAL CHEMICALS, ATTRACTANTS, HOST
SELECTION, CONTROL-GENERAL, REVIEW A discussion
and review of studies dealing with southern pine beetle chemical
attractants and inhibitors. Two attractant studies indicate the
feasibility of using attractants to disrupt spot dynamics to the
extent that expansion is slowed or stopped altogether.
Inhibition studies were less successful, possibly due to a
coincidental burst in beetle activity, inclement weather
conditions during testing, and subsequent rise in Ipx
populations.

PAYNE T. L., COSTER J. E.. JOHNSON P. C. 1977. Effects
of slow-release formulation of synthetic endo- and exo-
brevicomin on southern pine beetle flight and landing behavior.
J. Chem. Ecol. 3:133-141. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus frontalis). BEHAVIORAL CHEMICALS,
ATTRACTANTS, FLIGHT A slow release formulation of the
bark beetle pheromones, endo- and exo-brevicomin, significantly
reduced landing of southern pine beetles on host trees. The
pheromones were released a 600mg/ha/day.

PAYNE T. L., COSTER J. E., JOHNSON P. C. 1979.
Development and evaluation of synthetic inhibitors for use in
southern pine beetle pest management. In, Current Topics in
For. Entomo). Selected papers from the XVth Internatl. Congr.
of Entomol., Wash., D.C., August 1976, W. E. Waters, Ed.
USDA For. Serv. Gen. Tech. Rep. WO-8, p. 139-143.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus frontalis).
BEHAVIORAL CHEMICALS, FLIGHT, CONTROL-
CHEMICAL Since endo- and ero-brevicomin were shown to
reduce the attractiveness of frontalure with alpha-pinene, field
tests were carried out to evaluate the continual presence of
endo- and exo-brevicomin on flight and landing activities of the
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GENERAL, CONTROL-GENERAL, CONTROL-CHEMICAL
Briefly summarizes life history and control of the southern pine
beetle; applications for lindane and BHC are given.

ROBINSON J. V. 1981. Pine bark beetles. Tex. Agric. Ext.
Serv., Tex. A&M Univ.,, L-921. 4 p. (COLEOPTERA;
SCOLYTIDAE; Dendroctonus frontalis, Dendroctonus
terebrans, Ips avulsus, Ips calligraphus, Ips grandicollis).
LIFE HISTORY-GENERAL, CONTROL-CHEMICAL
Summarizes the life history and control of the southern pine
beetle.

RODRIGUEZ L. R. 1966. Direct control of Dendroctonus
Srontalis Zimm. by destroying, debarking and burning infested
trees. Bosques 3:8-11. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus fromtalis). CONTROL-CULTURAL Cultural
controls for Dendroctonus frontalis are summarized.

. ROSE W. E. 1966a. The biology and ecology of Dendroctonus

valens, and the biology, ecology, and control of Dendroctonous

Jrontalis in Central Mexico. Ph.D. Diss., Univ. Mass. 243 p.

(COLEOPTERA: SCOLYTIDAE; Dendroctonus frontalis,

Dendroctonus valens). LIFE HISTORY-GENERAL,

ECOLOGICAL DISTRIBUTION, CONTROL-GENERAL The

l;}olo_gy of the southern pine beetle is presented for Central
exico.

ROSE W. E. 1966b. Control quimico del descortezador del pino
Dendroctonus frontalis (=mericanus) Zimm. en Mexico Central
(Coleoptera: Scolytidae). (Chemical control of the pine bark
beetle Dendroctonus frontalis (= mexicanus) Zimm. in Central
Mexico (Coleoptera: Scolytidae). Rev. Peru. Entomol. 9:10-15.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus frontalis
(=mexicanus). CONTROL-GENERAL, CONTROL-
CHEMICAL Four insecticides (BHC, Malathion, Carbaryl, and
EDB) were tested at different concentrations, in the laboratory
and field, against Dendroctonus frontalis. BHC and Malathion
were the most toxie of the four insecticides tested.

ROSE-CHAFFIN W. E. 1967. Pruebas sobre el control
quimico en el laboratorio y en el campo contra el descortezador
Dendroctonus frontalis (=mexicanus) Zimm. (Coleoptera:
Scolytidae) en Mexico Central. (Laboratory and field chemical
tests for the control of the bark beetle Dendroctonus frontalis
(=mexicanus) Zimm. (Coleoptera: Scolytidae), in Central
Mexico). Agrociencia 1(2):53-63. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus frontalis (=mericanus).
LARVAE, ADULT, CONTROL-GENERAL, CONTROL-
BIOLOGICAL, CONTROL-CHEMICAL Four insecticides
(BHC, Malathion, Sevin, and EDB) were tested at different
concentrations in the laboratory and field against Dendroctonus
Jrontalis, BHC and Malathion proved highly toxic to D.
JSrontalis, and were more toxic to adults than to larvae.

ROSE W. F., BILLINGS R. F., VITE J. P. 1981. Southern
pine bark beetles: Evaluation of non-sticky pheromone trap
designs for survey and research. Southwest. Entomol. 6(1):1-9.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus frontalis, Ips
avulsus, Ips calligraphus, Ips grandicollis. CLERIDAE;
Thanasimus dubius). BEHAVIORAL CHEMICALS, HOST
SELECTION, TRAPS AND CAGES Several types of
pheromone-baited traps were compared for practicality and
efficiency in attracting and capturing southern pine beetle. Non-
sticky flight barriers were superior t perforated cylinders.
However, the combination of a perforated cylinder with a flight
barrier captured the largest number of bark beetles.

ROSS W. A., MATTOON W, R. 1989. Farm Forestry. Timber
farming including woods management and forest tree planting.
U. S. Dep. Inter. Off. Educ. Voc. Div. Bull. No. 196. 68 p.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus frontalis,
Dendroctonus terebrans, Ips spp.). LIFE HISTORY-
GENERAL, PREDATOR, VERTEBRATES, CONTROL-
CULTURAL, SURVEY AND DETECTION Describes life
history and general control tactics for the southern pine beetle.
Controls outlined include removing weakened trees and
destroying beetle brood coupled with proper survey and
detection. Notes on Ips and black turpentine beetle are included.

ROTON L. M. 1978. Mites phoretic on the southern pine beetle:
When and where they attach. Can. Entomol. 110:567-558.
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(COLEOPTERA: SCOLYTIDAE; Dendroctonus frontalis.
ACARINA). PUPAE, PREDATOR, PARASITES,
EMERGENCE, MITES Ten loblolly pine trees naturally
infested with Dendroctomus frontalis were cut from heights of
4.5 to 9 m. into 1 m. bolt samples. Bark was removed from these
samples and 50 beetles each in the pupal, callow-adult, and adult
stages were examined for phoretic mites.

ROWELL C. E. 1978. Describing and predicting the
susceptibility of Gulf Coastal Plain stands associated with
southern pine beetle. M.S. Thesis, Miss. State Univ., Miss.
State, Miss. 115 p. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus frontalis). HOST SELECTION, SURVEY AND
DETECTION, HAZARD/RISK RATING, STAND
CONDITIONS Site and stand variables are evaluated for
infested and uninfested plots in the Gulf Coastal Plain.
Discriminant analysis and one way analysis of variance is done
for the overall Gulf Coastal Plain and by associated landforms.
Two models are developed which can correctly classify stands as
to infested status 75% of the time. Differentiating variables are
total pine cubie foot volume, basal area, slope, ten-year radial
growth, and bark thickness.

RUDINSKY J. A. 1962. Ecology of Scolytidae. Annu. Rev.
Entomol. 7:327-348. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus frontalis). REVIEW Two major groupings of the
family Scolytidae are the ambrosia beetles, which feed on
fungus in the woody tissue of the host, and the bark beetles,
which feed on the phloem. Each species exhibil a distinct
preference for trees or parts of trees with certain physical and
physiological characteristics. This preference can change with
an increase in beetle population accompanied by a depletion of
preferred host material. These conditions can resuit in a
secondary pest reaching primary pest status as in mass
outbreaks of Ips typographus populations on healthy trees. Bark
beetles locate their hosts by responding to odors from the host
itself, fermentation, yeast, and/or other beetles. The most
important factor in host resistance is resin pressure. Limiting
factors of scolytid population growth include availability of
suitable host material, high temperatures (42-50 degrees
Celsius) in the host, and sufficient rainfall, which contributes to
moisture content and resin pressure of the host. Parasites and
predators contribute greatly to beetle mortality, but their
effects do not prevent build-up of outbreak populations, when
host material is readily available. Factors favoring the growth
of bark beetle populations are those which weaken trees such as
high temperature, drought, snow and ice damage.

RUDINSKY J. A. 1973. Multiple functions of the southern pine
beetle pheromone verbenone. Environ. Entomol. 2:511-514.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus fronlalis).
ADULT, POPULATION DYNAMICS, BEHAVIORAL
CHEMICALS, ATTRACTANTS, CONTROL-GENERAL,
CONTROL-BIOLOGICAL In laboratory arrestment tests, high
concentrations of the pheromone verbenone inhibits male
Dendroctonus frontalis responses. Low concentrations elicited
signmificantly more male arrestant when mixed with attractants.
Male stridulation chirps also differed, low verbenone
concentrations produced an ‘attractant’ chirp, and medium
concentrations produced a ‘rivalry’ chirp characteristic of male
fighting. Since females produce small quantities and males
produce large quantities of verbenone, these different effects
are related to sexual behavior.

RUDINSKY J. A., MICHAEL R. R. 1974. Sound production in
Scolytidae: ‘Rivalry’ behaviour of male Dendroctonus beetles. J.
Insect Physiol, 20:1219-1230.(COLEOPTERA: SCOLYTIDAE;
Dendroctonus spp.). AGGREGATION, BEHAVIORAL
CHEMICALS, ATTRACTANTS, MISCELLANEOUS
TECHNIQUES Comparison of stridulation chirps by male
Dendroctonus frontalis evoked by nataral and synthetic
chemostimulents confirmed that myrtenol is part of the female
attractant, that verbenone functions are dependent on its
concentration, and that endo-brevicomin has a rivalry function
as well as an anti-aggregative effect. Oscillograms of typical
acoustical chirps are pictured in the article.

RUDINSKY J. A, MORGAN M. E., LIBBEY L. M.,
PUTNAM T. B. 1974. Antiaggrepative-rivalry pheromone of
the mountain pine beetle and 8 new arrestant of the southern
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ecpsystem dynamics.

SCHOWALTER T. D., COULSON R. N., CROSSLEY D. A.
JR. 1981. Role of southern pine beetle and fire in maintenance
of structure and function of the southeastern coniferous forest.
Environ. Entomol. 10:821-825. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus frontalis). FIRE,
ECOLOGICAL DISTRIBUTION, A hypothesis is proposed that
southern pine forests, the southern pine beetle, and fire
interacted historically in the Coastal Plain Region to shape the
structure and function of the coniferous forest. The southern
pine beetle acts on the system by thinning old or stressed
stands, providing concentrations of fuel to enhance the effect of
fire, and opening the canopy to enhance the effect of wind. The
interactions of fire and the southern pine beetle may have been
responsible for a higher community diversity and productivity,
reduced nutrient losses, and faster responge to disturbance.

SCHOWALTER T. D., POPE D. N., COULSON R. N.,
FARGO W. S, 1981. Patterns of southern pine beetle
(Dendroctonus frontalis Zimm.) infestation enlargement. For.
Sei. 27:837-849. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus frontalis). POPULATION DYNAMICS,
FLIGHT, SAMPLING Population dynamics of the southern
pine beetle as related to forest spatial structure are presented.
Eight infestations were examined. Three infestations with large
initial populations, grew ahbout 0.9 meters arc distance
traversed per day and had 0.4 trees attacked per day. Potential
interactions between pheromone dispersion and microclimatic
conditions in the forest are discussed. Flight distances for
southern pine beetle averaged eight meters for reemerged
beetles and 18 meters for emerged beetles. Direction of spread
was largely determined by the direction to the nearest
unattacked trees relative to trees under attack.

SCHREUDER H. T.. CLERKE W. H., BARRY P. J,
HOLLAND D. M. 1980. Two-stage stratified sampling with
regression to assess southern pine beetle damage. USDA South.
For. Exp. Stn. For. Serv. Res. Pap. SE-212, Asheville, N. C. 6
p. (COLEOPTERA: SCOLYTIDAE; Dendroctonus frontalis).
SURVEY AND DETECTION A field test of two-stage
stratified sampling with double sampling at the second stage is
described. First-stage stratification was based on timber type
and sketch maps; second-stage sampling was based on sketch
mapping and aerial photo estimates of spot sizes. Based on field
test data, recommendations are that heavily infested strata be
100% photographed and lightly infested strata either be sketch-
mapped or photographed. Highly trained interpreters with good
equipment should be used.

SCHROEDER W. J. 1965a. Personal interview with a
southern pine bark beetle. Va. For. 20(2):18-20,22.
(COLEOPTERA: SCOLYTIDAE; Dendroclonus fronialis).
LIFE BISTORY-GENERAL, SURVEY AND DETECTION,
IMPACT Impact of the southern pine beetle is discussed for
Virginia. Data on the 1964-1965 outbreak is presented.

SCHROEDER W. J. 1965b. Southern pine bark beetle. Va.
Forests 20(2):18-20,22. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus frontalis). LIFE HISTORY-GENERAL The life
history and impact of the southern pine beetle are summarized.

SEAL W. L. 1964. Highlights of insects conditions in the
United States in 1963. FAO Plant Prot. Bull 12:25-36.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus frontalis,
Dendroctonus terebrans). SURVEY AND DETECTION A
general decline in southern pine beetle populations in the South
and Southeast were noted in 1963. Serious epidemics still
persist but populations seem to be waning. No serious outbreaks
are expected in 1964.

SHAMOUN S. F. 1978. A chemical and microscopic study of
springwood and summerwood of beetle-killed loblolly pine. M. 8.
Thesis, N. C. State Univ., Raleigh, N. C. 43 p. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus frontalis). WOOD
UTILIZATION Chemical and microscopic properties of beetle-
killed wood differ from that of healthy, live loblolly pines.

SHORE D. G. 1978. The effects of southern pine beetle
(Dendroctonus frontalis Zimm,) epidemics on forest watershed
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dyvnamics: Will benefits justify control? M.S. Thesis, Va.
Polytech. Inst. & Univ., Blacksburg, Va. 91 p. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus frontaliz). WATERSHED,
IMPACT, ECONOMICS Southern pine beetle control programs
may include potential benefits for watershed quality. East
Texas southern pine beetle activity data was used in hydrologic
simulation models to estimate water quality components,
erosion, nutrient loss, and water temperature. Water yield and
water quality impacts were insignificant based on this data
Since water is generally a free good and has no market price,
southern pine beetle control program benefits usually will not
greatly affect watershed considerations.

SHORE D. G.. LEUSCHNER W. A. 1977. Modeling the
hydrologic impact of southern pine beetle attacks. Va. J. Sci.
28:55. (Abst.) (COLEOPTERA: SCOLYTIDAE; Dendroctonus
JSrontaliz). IMPACT, ECONOMICS, WATERSHED Southern
pine beetle impact on the water resource is modeled.

SHORE D. G., LEUSCHNER W. A. 1978. The economic
implications of southern pine beetle attacks upon the hydrologic
components of a forested watershed. Va. J. Sci. 29:47. (Abst.)
(COLEOPTERA: SCOLYTIDAE; Dendroctonus fromialis).
IMPACT, ECONOMICS, WATERSHED Southern pine beetle
had minor impact on water resources.

SIKOROWSKI P. P., PABST G. S., TOMSON 0. 1979. The
impact of diseases on southern pine beetle in Mississippi. Miss.
Agric. For. Exp. Stn. Tech. Bull. 99. 9 p. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus frontalis). LIFE HISTORY-
GENERAL, PATHOGENS, POPULATION DYNAMICS,
CONTROL-BIOLOGICAL, NEMATODES, BACTERIA The
incidence, identity and effect of disease on southern pine beetle
populations were investigated in Mississippi. Pathogens
detected included bacteria, fungi, nematodes, protozoa and
possibly a virus. More than one-fifth of 60,472 beetles collected
(larvae, pupae, and adults) from 175 sample trees were
diseased.

SILVERSTEIN R. M. 1970. Attractant pheromones of
Coleoptera. In, Chemicals controlling insect behavior, Academic
Press, M. Beroza, Ed. N.Y. 170 p. (COLEOPTERA:
SCOLYTIDAE; Dendrocionus frontalis). ATTRACTANTS,
BEHAVIORAL CHEMICALS Reviews pheromones of
Coleoptera.

SILVERSTEIN R. M. 1974. Collaborative studies of bark and
ambrosia beetle pheromones. In, Southern Pine Beetle Symp.,
Payne, T. L., Coulson R. N., Thatcher R. C., Eds. March 7-8,
1974. Tex. Agric. Exp. Stn., College Station, Tex. p. 45-47.
(COLEOPTERA: SCOLYTIDAE: Dendroctonus frontalis,
Dendroctonus brevicomis, Ips puraconfusus, Ips latidens, lps
pini, Trypodendron lineatum, Gnathotrichus suleatus).
BEHAVIORAL CHEMICALS Behavioral aspects of
pheromones of Ips paraconfusus, Dendroctomus brevicomis, D.
Srontalis, Trypondendron linentum and Gnathotrichus sulecatus
are discussed.

SINCLAIR S. A. 1978a. Utilization potential of beetle-killed
southern pine sawtimber. Ph. D. Diss., Va. Polytech. Inst. &
State Univ., Blacksburg, Va. 106 p. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus frontalis),. ECONOMICS,
WOOD UTILIZATION Twelve months after foliage has faded
the lumber grade recovery is significantly lower, and after 20
months it is drastically reduced. Decay and borer damage are
the leading causes of grade Joss when utilizing southern pine
beetle killed trees. Utilization may be profitable if harvesting is
economical, if it is not too heavily penalized by grading rules,
and if the market conditions are favorable.

SINCLAIR S. A. 1978b. Profits from beetle-killed pine? Yes!
Timber Process 1nd.3:31-33. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus frontalis), ECONOMICS, IMPACT, WOOD
UT}_L]ZATION Beetle-killed pine can be used for products at a
profit.

SINCLAIR S. A. 1979. A mill operator’s guide to profit an
beetle-killed southern pine. USDA Comb. For. Pest Res. and
Dev. South. Pine Beetle Handb. Agric. Handb. No. 555. 15 p.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus frontalis).
ECONOMICS, WOOD UTILIZATION Profit on beetle-killed
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computer systems to aid IPM, a portable sawmill, and
technology. Bark beetle research includes evaluation of trap
designs, pheromone response by bark beetle associates, and
baiting pines to induce [ps attacks. An insect and disease surv ey
indicated the southern pine beetle as the number one pest in
East Texas.

THATCHER R. C. 1960. Bark beetles affecting southern pines:
Review of current knowledge. USDA For. Serv. Oce. Pap. 180.
25 p. (COLEOPTERA: SCOLYTIDAE; Dendroctonis
Sromtalis, Dendroctonus terebrans, Ips spp.). REVIEW
Thatcher summarizes current knowledge of the southern pine
beetle.

THATCHER R. C. 1967. Winter brood development of the
southern pine beetle in sontheast Texas. J. Econ. Entomol.
60:599-600. (COLEOPTERA: SCOLYTIDAE; Dendroctonus
[frontalis, Dendroctonus terebrans, Ips calligraphus, Ips
grandicollis). SEASONAL OCCURRENCE, ECOLOGICAL
DISTRIBUTION, POPULATION DYNAMICS,
EMERGENCE, PREDATOR Brood development accelerated
during mid-January through February when daily temperatures
exceeded 50 degrees F. Emerging adults attacked basal stems
and lower crown areas of unattacked trees by February.
Woodpecker activity occurred only when southern pine beetle
brood had advanced (o the mid- and late-larval stages.

THATCHER R. C. 1971. Seasonal behavior of the southern
pine beetle in central Louisiana. Ph.D. Diss., Auburm Univ.,
Auburn, Ala. 102 p. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus frontalis, Ips spp. Phylophthora civnamomi,
Phythium spp.). SEASONAL OCCURRENCE, ECOLOGICAL
DISTRIBUTION, POPULATION DYNAMICS, FLIGHT,
HOST RESISTANCE, WEATHER RELATIONSHIPS,
LIGHTNING Mid- and upper-bole regions of trees were
attacked during cooler months, and the lower third of the bole in
summer. Brood survival was found to be highest from late fall
through early spring, with reduced survival in late summer.
Populations were highest in April through early June and also in
September and October. When beetle populations were at
reduced levels, lightning-struck trees often served as reservoirs
for developing infestations.

THATCHER R. C. 1973. The current southern pine beetle
situation. Southern pine beetle - A management challenge.
Entomol. Soc. Am. Natl. Meet., Dallas, Tex. 6 p.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus fromtulis,
Dendroctonus terebrans, Ips spp.). REVIEW, INTEGRATED
PEST MANAGEMENT, STAND CONDITIONS Thatcher
reviews the impact and oceurrence of the southern pine beetle,
including stand conditions, associated organisms, the
development of the International Biological Program, and
alternative forest management strategies. The paper provides a
conceptual framework for others at the Entomol. Soc. Am.
meeting.

THATCHER R. C. 1974. Past and present approaches to
southern pine beetle research-an overview. In, Southern Pine
Beetle Symp., Payne T. L., Coulson R. N., Thatcher R. C., Eds.,
March 7-8, 1974. Tex. Agnc Exp. Stn., (_ollege Station, Tex. p.
8-11. (COLEOPTERA: SLULYTIDAE Dendroctonus
Srontalis). PREDATOR, PARASITES, SEASONAL
OCCURRENCE, ECOLOGICAL DISTRIBUTION,
POPULATION DYNAMICS, ATTRACTANTS, SURVEY
AND DETECTION, REVIEW, WEATHER
RELATIONSHIPS Past and present research developments
and approaches to southern pine beetle study and control are
described.

THATCHER R. C. 1977. Status of the Expanded Pine Beetle
Research Program. For. Farmer 36(6):8-9. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus frontalis). ECONOMICS,
IMPACT, INTEGRATED PEST MANAGEMENT Reviews the
status of the Expanded Southern Pine Beetle Research and
Applications Program after its second field season. Three
phases of the program are outlined: During Phase 1, a stand
projection model was refined and a theoretical beetle attack
probability model developed; utilization, sampling, hazard-
rating, and relationship to diseases are included; Phase I1 was
concerned with bebavioral chemicals, toxicants, and stand
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manipulation; and Phase III included the integration and
technology transfer phase.

. THATCHER R. C. 1979 Impact of forest pests on multiple-

use management decisions. fn, Multiple-Use Manage. For.
Resour. Symp. Proc., Sept., 1979. Clemson., S. C., Hook D. D.,
Dunn B. A., Eds., p. 77-83. (COLEOPTERA: SCOLYTIDAE;
Dendroctonus frontalis). REVIEW, CONTROL-GENERAL
Thatcher summarizes southern pine beetle preventions and
controls.

THATCHER R. C. 1979b. Organization and implementation of
comprehensive research and development on the gypsy moth,
Douglas-fir tussock moth and southern pine beetle in the United
States. In, Current Topics in For. Entomol., Selected Pap. from
XVth Internatl. Congr. Entomol., Wash., D C. Aug., 1976., W.
E. Waters, Ed. USDA Gen. Tech. Rep. WO-8. p. 64-67.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus frontalis).
INTEGRATED PEST MANAGEMENT The organization of
the large-scale management programs are presented. Included
are goals and charts for running these programs.

THATCHER R. C. 1980u. Chapter 1. Introduction. In, The
southern pine beetle. R. C. Thatcher, J. L. Searcy, J. E. Coster,
and G. D. Hertel, Eds. USDA Expanded South. Pine Beetle
Res. Appl. Prog. For. Serv. Sci. and Educ. Tech. Bull, 1631. p.
14, (COLEOPTERA: SCOLYTIDAE; Dendroctonus frontalis).
INTEGRATED PEST MANAGEMENT Thatcher summarizes
the Expanded Southern Pine Beetle Research Applications
Program (ESPRBRAP) planning, organization, and
management. Management goals were to: 1) develop technology
to predict damage and population trends, 2) develop models for
managing beetle populations and forest stands to minimize
damage, and 3) integrate technology from the program.
Technology wransfer of results and post-program needs are
discussed.

THATCHER R. C. 1980b. Latest developments in southern
pine beetle prevention and control. For. Farmer 3%9):16,22.
(COLEOPTERA: SCOLYTIDAE; Dendroctonus frontalis),
REVIEW, INTEGRATED PEST MANAGEMENT Review of
the ESPBRAP program.

THATCHER R. C. 1982. The development of integrated
management strategies for the southern pine beetle. In,
Increasing forest productivity. Proe. 1981 Soc. Am. For. Natl.
Meet., Orlando, Fla. p. 177-184. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus frontalis). INTEGRATED
PEST MANAGEMENT, CONTROL-GENERAL Thatcher
reviews IPM and stresses the concept of southern pine beetle
management by contact between user groups,

THATCHER R. C., COSTER J. E., PAYNE T. L. 1978.
Southern pine beetles can kill your ornamental pine. USDA
Comb. For. Pest Res. and Dev. Prog., Home and Garden Bull.
No. 226. 15 p. (COLEOPTERA: SCOLYTIDAE; Dendroctonus
Jrontalis). LIFE HISTORY-GENERAL, CONTROL-
GENERAL An overview is given for the southern pine beetles
which may damage ornamental pines, including their
appearance and life cycles, associated beetles, damage,
symptoms, susceptible pines, prevention, and control.

THATCHER R. C., MASON G. N., HERTEL G. D., SEARCY
J. L. 1981. New combined program for management of forest
pests. For. Farmer 40(10):12. (COLEOPTERA:
SCOLYTIDAE; Dendractonus frontalis). SEASONAL
OCCURRENCE, ECOLOGICAL DISTRIBUTION,
WEATHER RELATIONSHIPS The accomplishments of the
[PM program are reviewed in detail by subject area.

THATCHERR. C., MASON G. N,, HERTEL G. D., SEARCY
J. L. 1982, Detecting and controlling the southern pine beetle.
South. J. Appl. For. 6:153-159. (COLEOPTERA:
SCOLYTIDAE; Dendroctonus frontalis). CONTROL-
CULTURAL, SURVEY AND DETECTION, REVIEW
Detection, evaluation, suppression and prevention of D.
Srontalis are reviewed. Preventative silvicultural guidelines are
also prescribed.

THATCHER R. C., BARRY P. J. 1982. Southern pine beetle.
USDA For. Serv. For. Insect and Dis. Leafl. 49. 6 p.
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