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FOREWORD

In July of 1989 representatives of Forest Service-Research (FS-R), Animal and Plant Health
Inspection Service (APHIS), and Agricultural Research Service (ARS) began regular meetings to
discuss opportunities for improving cooperation among the agencies conducting research on gypsy
moth. Representatives from the Cooperative State Research Service (CSRS) and Forest Service-
State & Private Forestry (FS-S&PF) were added over the next few months. The group is known
a.;») the USDA Gypsy Moth Research and Development Coordinating Group and has the following
objectives:

a. To monitor the progress of Service programs and any breakthroughs which
may influence USDA policies;

b. To keep the Services and the Gypsy Moth Working Group appraised of
progress in research and methods development;

¢. To identify research and methods development issues and concemns;
d. To set priorities;

¢. To maximize use of current resources as well as to provide appropriate
rationale to justify increased resources.

The Coordinating Group resolved at its initial meeting that a combined interagency review of gypsy
moth research and development activities would add immeasurably to better communication as well
as provide a comprehensive overview of ongoing research. Members of the Coordinating Group
also agreed that a proceedings should be published following the meeting.

These proceedings document the efforts of many individuals: those who made the meeting
possible, those who made presentations, and those who compiled and edited the proceedings. But
more than that, the proceedings illustrate the depth and breadth of studies being supported by the
agencies and it is satisfying, indeed, that all of this can be accomplished in a cooperative spirit.

USDA Gypsy Moth Research and Development Coordinating Group
R. Bram, ARS
C. Schwalbe, APHIS
R. Riley, CSRS
T. Hofacker, FS-S&PF
M. McFadden, FS-R, Chairperson
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SAMPLING LOW-DENSITY GYPSY MOTH POPULATIONS

William E. Wallnerl, Clive G. Jones?, Joseph S. Elkinton3, and Bruce L. Parker?
1USDA Forest Service, Northeastern Forest Experiment Station,
51 Mill Pond Rd., Hamden, Connecticut 06514
Znstitute of Ecosystem Studies, The New York Botanical Garden
Mary Flagler Cary Arboretum, Box AB, Millbrook, New York 12545
3University of Massachusetts, Department of Entomology, Ambherst, Massachusetts 01003
4University of Vermont, Department of Plant & Soil Science, Burlington, Vermont 05402

ABSTRACT

The techniques and methodology for sampling gypsy moth, Lymantria dispar L., at low densities,
less than 100 egg masses/ha (EM/ha), are compared. Forest managers have constraints of time and
cost, and need a useful, simple predictable means to assist them in sampling gypsy moth
populations. A comparison of various techniques coupled with results of recent habitat research
studies indicates that a series of burlap banded trees can be utilized to monitor egg-mass density
change over time. Egg masses beneath bands accurately reflect densities on unbanded trees, yet
are easier to deploy and use as well as being less costly than other conventional methods. Habitat
does not seem to be a major factor in determining the distribution of gypsy moth €gg masses;
however, forest stands selected for banding should have a major oak component. Predicting a 2-
year lead time to outbreak is possible based upon two consecutive years with an increase of one
order of magnitude or greater of egg-mass density beneath bands.

INTRODUCTION

Gypsy moth is capable of an increase of more than 1-1/2 orders of magnitude in a generation. The
problem for managers in assessing egg-mass density counts is the inability to track increase trends
and predict 1-2 years in advance the need for suppression. Successful forecasting of pest

densities, whether for management or research purposes, relies on dependable sampling
methodology. For the gypsy moth, Lymantria dispar L., we do not know enough about its
dynamics to be able to predict outbreak occurrences. This has necessitated reliance on sampling,
with a lead time of no more than one generation to provide the necessary information. For
example, if gypsy moth is capable of increasing 1-2 orders of magnitude/year and if defoliation can
oceur at 104 egg masses/ha (EM/ha) or higher, then it is necessary to detect 101 to 10 EM/ha in
order to predict defoliation during the next 2-3 year period. Trend prediction at low densities
(<100 EM/ha) to detect population change requires more intensive sampling with inherent higher
costs. The researcher has different demands for sampling than the forest manager and will utilize a
technique or combination of techniques to suit the research. The forest manager, on the other
hand, generally requires less detailed information, must assess populations over large areas of
variable habltgt, and sampling activity is constrained by economics. Several methods for
population estimation have been developed but no consistent approach has been utilized by
managers that permits comparisons and evaluation over a broad geographic region. Recent

Tesearch indicates that such a procedure is feasible for the manager and may or may not be useful
for the researcher.

For a sampling regimen to be acceptable to the forest manager as a successful forecasting tool, it
must be simple, inexpensive, reliable and useful. A comparison of current sampling methods
provides insights into their relative usefulness to meet these criteria. The comparative features of
Togs cthod (Table 1) are based on specific studies (Kolodny-Hirsch 1986, Licbhold and Elkinton
8, Wallner and others 1989, Wilson and Fontaine 1978) as well as our consensus assessment
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of their past performance and accepted use. Sensitivity reflects the ability to detect gypsy moth life
stages at densities less than 100 EM/ha. Reliability of a method connotes its ability to consistently
perform in measuring a life stage. The cost of methodology includes both deployment of the
technique and subsequent observations, counting, and soon. Since the manager depends upon
predictability for planning and allocating resources, a chosen sampling approach should provide
not only insect density but also an assessment of defoliation prognosis. The greater the prediction
in time (that is, N + 2, N + 3), the more useful the method.

The pheromone trap has consistently demonstrated the highest level of male moth detection
sensitivity at minimal cost. However, it has not been possible to relate adult male capture to
subsequent egg-mass and larval densities or defoliation. Hence, its use for population monitoring
in generally infested regions is limited and is best suited for detecting and delimiting new, potential
infestations. Sampling egg masses has been the most accepted method for expressing population
densities, a luxury not provided by sampling adults or larvae. Additionally, egg masses can
furnish information on fecundity, density change between generations, phenology, and levels of
parasitism. Techniques such as fixed-radius and prism plots are most often used; their sensitivity
and reliability are good, but high cost and use in predicting defoliation are limitations. Other means
of quantifying egg masses such as timed walks and masses/stem are "quick fixes" lacking the
necessary essentials such as sensitivity, reliability, and defoliation prediction. The larval stage is
most difficult to sample at low densities and, with the exception of using burlap bands, tends to be
costly and provide limited predictive information beyond the current year. Frass and head capsule
counts are best suited to research on larval population dynamics because of cost of deployment,
collection and evaluation, and lack of sensitivity at the lower density ranges of gypsy moth. From
this comparison of methods, we conclude that egg-mass sampling is the method for predicting
long-term population trends by managers but a new modification should be used.
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. Figure 1. Mean egg-mass densities over time in burlap banded plots and adjacent unbanded plots

(A, B), and mean egg-mass densities in susceptible, transitional, and resistant forests (C,D).
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Table 1.--Comparison of techniques for sampling gypsy moth at low (<100 EM/HA) densities

Method Sensitivity Reliability Cost Predictability
Density  Defoliation
Pheromone traps ot ++ + + +
Egg mass
fixed radius +4++ 4 +44+ ++ +4++
prism ++ +++ +++ + +t
burlap band +4++ ++4 + +++ ++
stem + ++ ++ + ++
timed walk + + + + +
Larvae
burlap band +++ +++ + ++ ++
branch + + +++ + +
dislodgement + + +4++ + +
head capsule + + ++ + +
frass ++ ++ ++ + +

Lowest = +; Moderate = ++; Highest = +++

During the past 6 years, we conducted collaborative research on low-density gypsy moth
populations at the Harvard Black Rock Forest (New York), Bryant Mountain (Vermont), Cape
Cod Military Reservation (Massachusetts), and North Stonington, Connecticut, which provided us
with a new approach. It was essential that we quantify gypsy moth in different habitats at these
sites to verify the dynamics of low-density populations. Forests can be classified based upon their
susceptibility to defoliation by gypsy moth (Houston and Valentine 1977); we used this system in
selecting and classifying our plots. Using a series of 15-m-dia burlap banded plots and adjacent
unbanded plots, we measured density changes from less than 10 EM/ha in 1983 to greater than
10,000 EM/ha in 1989.

Burlap bands consistently mirrored egg-mass densities of unbanded plots. While bands tended to
give higher values of masses/ha, they did accurately reflect density trends (Fig. 1A, B). Habitat
potential (susceptible, transition, resistant forests) has been used to classify potential forest stand
defoliation (Houston and Valentine 1977). Irrespective of habitat, equal numbers of egg masses
were found in all habitats (Fig. 1C, D). Thus, burlap banded trees (> 7 cm) gave accurate, yearly
estimates of egg masses and permitted us to predict defoliation in 1989 based on the dramatic
increase in egg-mass density from 1986 through 1988. While we have not evaluated different
sampling schemes for the manager, we believe that a series of burlap-banded oaks in clusters of 10
trees, with each cluster separated from the next by 100 m, can provide a reasonable estimate
(<10% error). Arraying burlap-banded tree clusters on a square grid is recommended. This
permits starting and ending at the same point, thus saving time and maximizing effort.

-
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Figure 2 illustrates that larval densities beneath bands do not necessarily predict subsequent egg-
mass densities. New York had a relatively consistent 10 mean larvae/tree from 1984 to 1989, yet
ege masses and eggs/tree were extremely low in 1985 and 1986 but accelerated for two
consecutive years in 1987 and 1988. Conversely, in Vermont the larval/egg-mass values appeared
to track one another more closely. Explanations for these differences include larval immigration
from adjacent infestations in New York and not in Vermont and differences, between sites in rates
of predation or parasitism.

These same burlap-band counts of egg masses in New York and Vermont showed increases in
density of more than one order of magnitude for two consecutive years. This presaged defoliation
in 1989, which was forestalled only by an epizootic of Entomophaga maimaiga. We believe that
managers can use this burlap banding of trees on a permanent basis to monitor density changes
over time. Given two consecutive years of egg-mass density, increases of more than one order of
magnitude should alert managers to expand sampling to other forested regions. It is not clear what
role fecundity plays in such a prediction scheme. A simple method based on measuring the lengths
of egg masses can be used to compute fecundity (Moore and Jones 1987). Our data suggest
fecundity plays an important role at very low densities (<20 EM/ha) but may be unimportant as
densities increase.

LARVAL AND EGG MASS DENSITIES

NEW YORK VERMONT
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Figure 2. Mean number of eggs, larvae, and egg masses per tree for fifteen 15-m-dia plots in
Vermont and New York for the period 1984-1989.

The possibility of using a series of individually burlap-banded trees (oaks, 20-30 m apart) or
clusters of trees (20/cluster) on a permanent sentinel basis is suggested. The advantages of
transects of individual trees is that it permits extensive sampling across heterogeneous habitat at
minimal cost for set up and monitoring. It is not clear whether single-tree transects will be more
efficient than transects containing clusters of trees. Egg-mass counts from the same tree clusters
in Massachusetts, 15-m-dia plots in Vermont, and individually burlapped trees in New York have
been used for several years with good success. However, we need to evaluate this further, not
only in regions of general infestation but also in areas recently infested.

—
—
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Past experience with egg mass density as a predictor of defoliation has been erratic. In most
instances, samples were niot taken in the same area year after year nor did they consider forest
susceptibility to defoliation. The intent in using long term monitoring of egg masses under burlap
banded trees is to detect shifts in density and predict the length of time before a defoliation event
likely will occur. In our studies, the low-density equilibrium point is about 10 EM/ha. Campbell
and Sloan (1978) state that at <25 EM/ha gypsy moth is in the innocuous phase and that once the
population exceeds 25 EM/ha it is in the outbreak phase. We determined that gypsy moth was in
an outbreak mode once densities exceeded 100 EM/ha. The outbreak was triggered when densities
were 10 to 25 EM/ha. If we could identify more accurately the causal mechanism(s), our ability to
predict outbreaks would increase. The most plausible explanation of the release mechanism is
small mammal predators, which are important regulating mechanisms at low densities (Smith
1988). At the time when gypsy moth populations were lowest (1985-86, Fig. 2), small mammal
densities were at a 20-year high for New England (Smith, personal communication). Certainly this
relationship requires further clarification. However, we believe that managers should not delay
using permanent burlap banded trees since they will provide useful information in assessing
management decisions for gypsy moth.
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ENTOMOPHAGA MAIMAIGA PANZOOTIC IN
NORTHEASTERN GYPSY MOTH POPULATIONS

Ann E. Hajek! and Joseph S. Elkinton?2
IUSDA, ARS, Plant Protection Research Unit, Boyce Thompson Institute, Ithaca, NY 14853
2Department of Entomology, University of Massachusetts, Amherst, MA 01003

ABSTRACT

The fungal pathogen causing extensive mortality in gypsy moth larval populations during the 1989
field season has been identified as Entomophaga maimaiga. Identification was based on
morphology and in vitro culture requirements, as well as results from allozyme and restriction
fragment linked polymorphism analyses. E. maimaiga is well known to cause spectacular
epizootics in Japanese gypsy moth populations but has not been reported from North America
previously.

Entomophaga maimaiga was found in 7 contiguous states in the northeastern U.S. during late June
and early July. Populations of late instar larvae in central Massachusetts sustained 60-88%
mortality due to E. maimaiga in four forest stands. It is important that at the time of the panzootic,
gypsy moth populations were increasing in the northeast and E. maimaiga caused significant
mortality in low level as well as more abundant populations. In contrast, the commonly occurring
nucleopolyhedrosis virus (LAMNPYV) generally causes epizootics only in outbreak populations.
The E. maimaiga panzootic was associated with high levels of May and June rainfall. We
hypothesize that lack of adequate rainfall limited appearance of this pathogen in northern VT, NY,
and NH. However, it is clear that E. maimaiga is not coextensive with the gypsy moth; in the
southern and western areas of the gypsy moth distribution, which gypsy moth populations have
colonized more recently, rainfall was abundant but E. maimaiga did not occur.

It is most likely that the presence of E. maimaiga in North America is due to biological control
introductions made in 1910 and 1911 in the Boston area. This fungal pathogen may have escaped
detection over the past 78-79 years, as it increased in distribution because (a) cadavers are similar
in appearance to cadavers of LAMNPV-killed larvae, and (b) it is probable that this pathogen is not
a major mortality factor every year. In conclusion, this panzootic had several major impacts: 1.
extensive larval and pupal mortality occurred, 2. in many areas, defoliation was prevented, 3. large
numbers of resting spores (the overwintering stage of E. maimaiga) were deposited in the
environment, and 4. with the extensive activity of E. maimaiga in the northeast, there is great
potential that this fungus increased in distribution even further.
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GENERAL AND SPECIFIC GYPSY MOTH PREDATORS

Ronald M. Weseloh )
Department of Entomology, Connecticut Agricultural Experiment Station, New Haven, CT 06504

ABSTRACT

General larval predators of low-density gypsy moth, Lymantria dispar (L.), populations have been
assessed by exposing caterpillars tethered by threads. Most mortality occurred on tree trunks and
in leaf litter. Small mammals were responsible for 80% of the predation and brown wood ants of
the Formica fusca group for the remainder. Almost all of the ant predation occurred in the litter.
Predation accounted for practically all of the larval mortality. Predation by ants was investigated
further because even slight increases in predation rates of low-density populations may influence
gypsy moth numbers. Neonate larvae were seldom preyed upon, but first instars that had fed and
2nd instar larvae were especially vulnerable. These instars spend most of their time in trees, so
ways of encouraging ants to climb trees should increase mortality of small gypsy moth larvae. It
was found that ants could be induced to climb trees and attack gypsy moth larvae there by spraying
sugar solutions on tree trunks, and this might be helpful for increasing control of the pest.

Investigations have also been carried out on predation by Calosoma sycophanta L.., a large

i carabid beetle that is quite specific to the gypsy moth. Previous work shows that about
300 beetles per ha are able to produce enough progeny to destroy about half of gypsy moth pupae
during an outbreak. Furthermore, adults disperse little, even though they are strong fliers. These
characteristics suggest that small scale field releases of the beetle may be effective, and these have
recently been done with some success. This beetle has a potential for being an important
controlling factor of high gypsy moth populations.

IMPACT OF SMALL MAMMAL PREDATORS ON GYPSY MOTH

Joseph S. Elkinton!, Harvey R. Smith?, and Andrew M. Liebhold?
Department of Entomology, University of Massachusetts, Amherst, MA 01003
2USDA Forest Service, Northeastern Forest Experiment Station
51 Mill Pond Road, Hamden, CT 06514
3USDA Forest Service, Northeastern Forest Experiment Station
180 Canfield Street, Morgantown, WV 26505-4360

ABSTRACT

Research in western Massachusetts, on Cape Cod, and on Bryant Mountain in Vermont conducted
over the past decade has confirmed the importance of mortality during the late larval and pupal
stages to gypsy moth population dynamics. Predation by small mammals is the dominant source
of mortality during this period and the onset phase gypsy moth populations has been preceded by
decreases in the density of Peromyscus leucopus. These findings support earlier theories
concerning the importance of predation in the dynamics of the gypsy moth population system.
Predation rates are affected by alternate food supplies. Additional experiments have explored
whether predation is density dependent.

e
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THE EFFECTS OF TREE SPECIES AND SITE CONDITIONS ON
GYPSY MOTH SURVIVAL AND GROWTH IN MICHIGAN

John A. Witter!, Michael E. Montgomery?, Charley A. Chilcote!, and Jennifer L. Stoyenoff!
The University of Michigan, School of Natural Resources, Ann Arbor, MI 48109-1115
2USDA Forest Service, Northeastern Forest Experiment Station, Hamden, CT. 06514

ABSTRACT

In 1987, we began a study to determine the relationships between gypsy moth growth and survival
and forest site factors. The major objectives of this study were to determine the (1) relationships
between gypsy moth survival and growth and different ecosystem conditions, (2) relationships
among egg hatch, host phenology, and distribution of small larvae in the understory, (3) impact of

leaf development age on gypsy moth growth and survival, and (4) role of host switching on gypsy
moth growth and survival.

The research conducted in summer 1987 was to determine the variation in growth and survival of
gypsy moth larvae on common understory plant species. Fourteen different understory tree and
shrub species were studied at four different sites. Newly hatched larvae were caged on intact
foliage in the field and survival and growth were determined by weighing larvae, recording
mortality, and determining instar at 10 to 14 day intervals. Survival of small larvae and pupae
varied greatly by tree species. Early larval survival was highest on witchhazel, paper birch,
northern pin oak, and trembling aspen. Pupal weights varied considerably by sex and tree species,
with female pupal weights 1.5 to 2 times larger on aspen than oaks. Relative growth rates varied
by tree species; red oak decreased while white oak increased as the season progressed.

The effect of site on phenology of host tree and growth of gypsy moth larvae was emphasized in
1988. We studied the most common and most preferred host species: four oak species (red, white,
northern pin, black) and two aspen species (trembling, bigtooth). In Michigan, there is up to a six
week variation in date of leaf flush among aspen clones. Therefore, during 1988, detailed leaf
phenology was obtained on eight sites for the four species of oaks and two species of aspen.
During 1989, we continued gathering host phenology information for three species of oak and two
species of aspen on six sites. The major experiments in 1989 were conducted on one site and
emphasized: (1) the effect of host switching on gypsy moth growth and survival and (2) the impact
of aspen leaf flushing dates (clonal variation) on survival and growth of gypsy moth.

The major results to date are: (1) survival and growth of gypsy moth larvae varied by tree species,
year, and location, (2) the heaviest pupae were always produced on both aspen species, (3)
drought has a major effect on overall pupal weights; pupal weights during the drought of 1988
were smaller for all species tested except red oak, which expressed no difference between the two
years, (4) variability in insect growth and survival may be linked to the phenological development
of individual trees, (5) phenological development of host plant varies by tree species and site, (6)
red oak and trembling aspen had significantly faster leaf development than either northern pin oak,
white oak, or bigtooth aspen, (7) host quality during the first two weeks of larval feeding has a
major influence on overall size of mature larvae and pupae, (8) insects that fed on aspen during the
first two weeks produced the heaviest larvae and pupae, no matter which host they were moved to,
(9) all experiments involving gypsy moth growth and survival studies should use neonate larvae
and natural hosts, because survival and growth during the first two weeks is extremely critical to
understanding the interactions between gypsy moth survival and performance and host tree
species, and (10) all experiments involving gypsy moth/host/tree interactions should consider host
phenology, because host phenology has a major effect on gypsy moth growth and survival.

—— e e e
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PERFORMANCE OF GYPSY MOTH LARVAE ON HOSTS FROM THE DEEP SOUTH:
SURVIVAL, DEVELOPMENT AND HOST PREFERENCES

C. Wayne Berisford], Todd J. Lanigan!, and Michael E. Montgomery?
Department of Entomology, University of Georgia, Athens, GA 30602
2ZUSDA Forest Service, Northeastern Forest Experiment Station,

51 Mill Pond Road, Hamden, CT 06514

ABSTRACT

Survival, development time and pupal weights of gypsy moth, Lymantria dispar L., which had fed
on southern tree hosts were determined. Five species of oaks, Quercus spp.; sweetgum, Liquidambar
styraciflua 1..; and river birch, Betula nigra L., were found to be acceptable hosts. Survival and female
pupal weights were significantly higher and development times were significantly shorter for larvae fed on
water oak, Q. nigra L., than for any other species.

There were no clear host preferences by larvae in any instar among all possible paired combinations «
oaks and sweetgum. The inclusion of water oak in any pairing increased gypsy moth survival, reduced
development time and generally produced heavier pupae, indicating that water oak is a superior host.

When lobolly pine, Pinus taeda L. was paired with hardwood hosts, gypsy moth larvae always fed ¢
hardwoods. However, most larvae pupated in the pine foliage. When larvae were placed on loblolly pine at
different developmental stages, first instars did not survive, second instar survival was 21 percent and survi-
instars 3-5 exceeded 95 percent. Development times (egg hatch to pupation) and pupal weights from larvae {
pine were similar to those on most good hardwood hosts regardless of when they were transferred to the pir

It appears that the availability of acceptable hosts will not be a limiting factor for gypsy moth in the
deep South. Loblolly pine stands with a high hardwood component may be at some risk for defoliation but
pure pine stands probably will not be seriously affected.

DEVELOPMENT OF APPROPRIATE METHODOLOGIES FOR SAMPLING GYPSY MOTH
POPULATIONS IN MODERATELY SIZED URBAN PARKS AND OTHER WOODED
PUBLIC LANDS

K. W. Thorpe, R. L. Ridgway, and R. E. Webb
Insect Chemical Ecology Laboratory, Agricultural Research Service, USDA, Beltsville, MD 20705

ABSTRACT

Egg mass survey data from operational gypsy moth (Lymantria dispar L.) management programs
in five Maryland county parks and the Beltsville Agricultural Research Center (BARC) have
demonstrated that improved survey protocols are needed to increase the precision and accuracy of
the surveys. Despite an intensive 300-m survey grid, estimates of egg mass numbers within
survey blocks containing at least 5 survey points had associated 90% confidence intervals ranging
from 23 to 173% of the mean, with only 12% of the confidence intervals falling within 50% of the
mean. Sampling of young larvae within the lower canopy shows promise as a supplementary
survey tool on which to base management decisions.

R—— ——
1990 USDA Gypsy Moth Research Review 48



LEADING EDGE GYPSY MOTH POPULATION DYNAMICS

M. R. Carter!, F. W. Ravlin!, and M. L.. McManus?
Department of Entomology, VPI and SU, Blacksburg, VA 24061

ZUSDA Forest Service, Northeastern Forest Experiment Station
51 Mill Pond Road, Hamden, Connecticut 06514

ABSTRACT

Leading edge gypsy moth populations have been the focus of several intervention programs
(MDIPM, AIPM). Knowledge of gypsy moth population dynamics in leading edge area is crucial
for effective management. Populations in these areas tend to reach outbreak levels (noticeable
defoliation) within three to four years after egg masses are first detected. Pheromone traps have
proven effective for detection and estimating population density in building populations.
However, after populations have reached outbreak levels the utility of pheromone traps is
decreased, primarily due to trap saturation. The emphasis of our research has been to investigate
several aspects of gypsy moth biology with the objective of identifying characteristics that would
be useful to monitor populations. We have focused on quantifying the impact of defoliation on
several life history attributes.

Seventeen sites were studied during 1988 and 1989. These sites had a range of population
densities and varying ecological characteristics (i.e., elevation, host species composition). Larval
phenology was compared using a stochastic phenology model developed from estimates of instar

occurrence and temperature data (in degree day form using a lower threshold of 7.65° C).
Inspection of model parameters indicate there are no observable trends in larval development (faster
or slower) due to density. However, parameters are not sufficiently consistent to suggest site
conditions do not influence development. Pupae from sites with significant defoliation (90 -
100%) generally developed in fewer julian days. The most distinctive difference in phenology
attributable to defoliation was a greatly shortened period over which pupation occurred (i.e.,
decreased variability).

Mortality was not explicitly measured, but field observations suggest mortality from NPV and
starvation were the most significant sources of mortality. Regardless of the causes of mortality,
high mortality is correlated with defoliation. Defoliation was found to have a significant effect on
fecundity, but only if the level of defoliation exceeded 40%. High mortality and low fecundity,
both defoliation related, were responsible for decreases in population density. Using larval density
and estimates of total leaf weight per ha we were able to fairly accurately estimate if defoliation
would exceed the 40% threshold. Sites with small egg masses (less than 300 eggs per mass),
regardless of egg mass density, were lightly defoliated.

The spatial dynamics of gypsy moths in Virginia were also studied using defoliation coverages of
the Northern District of the Shenandoah National Park and of the State of Virginia. Most areas
tended not to be defoliated two consecutive years. Areas that were defoliated two consecutive
years tend to be small patches the first year and part of large patches the second.
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ANALYSIS OF SPATIAL DENSITY DEPENDENCE IN GYPSY MOTH MORTALITY

Andrew Liebhold! and Joseph S. Elkinton?
1USDA Forest Service, Northeastern Forest Experiment Station,
180 Canfield St., Morgantown, WV 26505-4360
ZDepartment of Entomology, University of Massachusetts, Amherst, MA 01003

ABSTRACT

The gypsy moth is perhaps the most widely studied forest insect in the world and much of this
research has focused on various aspects of population dynamics. But despite this voluminous
amount of research we still lack a good understanding of which, if any, natural enemy species
regulate gypsy moth populations. The classical approach to analyzing insect population dynamics
is the collection of a series of life-tables, stratified over several generations at the same location(s).
This type of approach is valuable for detecting temporal density-dependent mortality and delayed
density-dependence but recent theoretical studies have shown that the classical approach fails to
quantify the relation of spatial heterogeneity in density and mortality and that this "spatial density-
dependence” may have profound effects on the regulatory role of a mortality agent.

In this study we collected life table information that included estimates of gypsy moth survival and
estimates of mortality due to specific causes. These life tables were spatiaily stratified within
stands which facilitated the analysis for spatial density-dependence. These data were collected in
stands where natural levels of spatial heterogeneity in gypsy moth densities existed and in stands
where artificial gradients in density were created by introducing several million gypsy moth eggs
into low-level populations. .

Analyses of several natural populations indicated that mortality due to parasitoids and pathogens
was largely independent of host gypsy moth density. In contrast mortality caused by three
parasitoid species, Cotesia melanoscela, Compsilura concinnata and Parasetigena silvestris,
appeared to be highly density-dependent in stands where artificial gradients of host gypsy moths
were created. In these stands the spatial heterogeneity in gypsy moth densities was much greater
than observed in any of the naturally occurring populations. Thus, these parasitoids probably
operate in a significantly spatially density-dependent fashion only when spatial heterogeneity in
host densities is great.
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