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POPULATION ECOLOGY

Factors Influencing Dispersal in Neonate Gypsy Moths
(Lepidoptera: Lymantriidae)

MARK C. ERELLI1 AND JOSEPH S. ELKINTON1, 2

Environ. Entomol. 29(3): 509Ð515 (2000)

ABSTRACT We studied the effects of date of hatch, maternal population quality, larval density,
air temperature, and host foliage on the dispersal of neonate gypsy moths, Lymantria dispar (L.),
under Þeld conditions. Larval dispersal signiÞcantly increased with date by nearly fourfold, but
neither maternal population quality nor crowding had a signiÞcant effect on dispersal activity.
Neither variation in air temperature or length of egg chill were related to the increase in dispersal
with date; this trend was best explained by the combined effects of foliar changes during leaf
expansion and declines in host quality because of induced plant defenses. Our results indicate that
environmental factors in the current generation, such as leaf expansion after budburst, have a much
larger inßuence than maternal population quality on the dispersal of neonate gypsy moths under
natural conditions.

KEY WORDS Lymantria dispar, dispersal, population quality, maternal effects, density

DISPERSAL CAN BE deÞned as the movement of organ-
isms away from centers of high density, resulting in at
least a partial scattering of the original population
(Elton 1947). Insects are generally categorized as be-
ing either “actively” or “passively” involved in the
dispersal process (Southwood 1962). Many larvae of
forest Lepidoptera are placed in the latter category,
with no control over their direction or destination
while borne aloft on wind currents or “ballooning” on
silken threads (Lance and Barbosa 1979). The gypsy
moth, Lymantria dispar (L.), is one such species
whose larvae disperse via ballooning in early spring
during the period of budburst (McManus 1973,Doane
and McManus 1981). The majority of early-instar dis-
persal of gypsy moth occurs between eclosion and the
Þrst feeding event; thus, all of the energetic require-
ments of ballooningmust bemet by the yolk resources
allocated to the egg by the mother (Diss et al. 1996).

As an economically important, introduced forest
insect, the gypsy moth has been the central focus of
several previous studies investigating the effects of
maternal population quality and environmental inßu-
ences on insect dispersal. Leonard (1967, 1968, 1970,
1971a, 1971b) studied how variation in maternal pop-
ulation quality affects phenotypic traits central to
gypsy moth population dynamics, such as neonate
dispersal tendency. He found females from “stressed”
maternal populations (population subject to food
shortages caused by high larval densities and high
defoliation levels) typically lay egg masses with a
higher percentage of smaller eggs (Leonard 1971a).

The resulting offspring from these stressed mothers
had a longer prefeeding stage (presumably an index of
increased dispersal probability, see Leonard 1971b)
than larvae from unstressed populations. Gypsy moth
females lay all of their eggs in a singlemass, and studies
on how variation in individual quality of larvae from a
single egg mass affects dispersal tendency indicate
that larvae from larger eggs dispersedmore frequently
than those from smaller eggs (Capinera and Barbosa
1976). More recently, Rossiter (1991) demonstrated
that neonate gypsy moths had a longer prefeeding
stage when their mothers had been reared on foliage
with high tannin levels typically associated with out-
break conditions. In contrast, Diss et al. (1996) com-
pared larvae from stressed and unstressed populations
and found offspring of females from nearly or com-
pletely defoliated sites had a slightly lower tendency
to balloon in a wind tunnel. Thus, although maternal
provisioning can potentially affect critical life history
parameters of gypsy moths such as dispersal, the di-
rection and magnitude of these effects remain equiv-
ocal.

Although several studies have examined how ma-
ternal population quality affects neonate dispersal in
gypsy moth (Capinera and Barbosa 1976, Rossiter
1991, Diss et al. 1996), environmental conditions also
play an important role in this process (see McManus
1988 for a review). For example, high densities of
conspeciÞcs in the current generation can trigger in-
creased dispersal in certain species (Haukioja et al.
1988). Semevsky (1971) suggested that contact with
even one other conspeciÞc larva on a branch may be
sufÞcient to elicit increased dispersal behavior in L.
dispar. High larval densities might also cause environ-
mental changes that inßuence dispersal tendency
through foliage quality. High levels of L. dispar her-

1 Program in Organismic and Evolutionary Biology, University of
Massachusetts, Morrill Hall, Amherst MA 01003.

2 Department of Entomology, University of Massachusetts, Fernald
Hall, Amherst MA 01003.

0046-225X/00/0509Ð0515$02.00/0 q 2000 Entomological Society of America



bivory may induce increased levels of foliar con-
densed tannins in outbreak populations (Schultz and
Baldwin 1982, but see DÕAmico et al. 1998). Lance et
al. (1991) found that levels of defoliation in the pre-
vious year did not inßuence L. dispar neonate dis-
persal, although dispersal tended to be slightly higher
on foliage from stands that had not been defoliated in
the previous year. Gypsy moth egg masses vary in the
degree towhich their hatch is synchronizedwith bud-
burst (Hunter 1992), with late-hatching larvae some-
times feeding on foliage that has already been dam-
aged by larvae that hatched earlier. At high larval
densities, this early season herbivory might be sufÞ-
cient to cause changes in foliage quality, and L. dispar
dispersal could increase as a response. Thus, density-
correlated changes in environmental quality in the
current generation may also have important conse-
quences for variation in individual and population
quality (Lance et al. 1986).

Most of the previous attempts to quantify balloon-
ing of Þrst-instar gypsy moths have measured phe-
nomena presumed to be representative of dispersal,
such as the length of prefeeding stage (Rossiter 1991)
or the amount of silk production in a petri dish (Leo-
nard 1967). Other studies have measured dispersal
behavior directly under laboratory conditions (Hunt-
er and Lechowicz 1992, Diss et al. 1996), but nearly all
of these studies have examined the effects of single
factors affecting dispersal in isolation from others. In
this study, we simultaneously examine many of the
factors believed to inßuence dispersal, and directly
measure the dispersal tendency of neonate gypsy
moths under natural conditions in the Þeld. We tested
the effects of date of hatch, maternal population qual-
ity, larval density, and foliage damage on dispersal.

Materials and Methods

Study Sites. Measurements of larval dispersal were
conducted in spring 1998 in Cadwell Memorial Forest
(Pelham, MA), when background densities of gypsy
moths in the area were relatively low ('36.8 egg
masses per hectare in another part of the same forest
(J.S.E. unpublished data). The canopy in this area was
dominated by red oak (Quercus rubra L.), with lesser
amounts of white oak (Q. alba L.), white pine (Pinus
strobus L.), and red maple (Acer rubrum L.). The
understory consisted of witch hazel (Hamamelis vir-
giniana L.) and mountain laurel (Kalmia latifolia L.),
and sapling oaks tended to grow only in openings in
the stand or along road cuts. Average daily tempera-
tureswerecollected fromasensor located1.0moff the
ground in an adjacent town (8 km away in Belcher-
town, MA). Additional studies examining the effect of
length of egg chill on dispersal tendency were con-
ducted at Otis Air National Guard Base, Falmouth,
MA. At this Cape Cod site, the forest canopy was
dominated by pitch pine (Pinus rigidaMill.) and black
oak (Q. velutina Lam.) and white oak.

Egg Mass Collection. Egg masses were collected
14Ð19 April 1998 from one stressed population (East
Lansing, Ingham County) and one unstressed popu-

lation (Romulus, Wayne County) in Michigan, USA.
Previous studies have shown that eggmass counts, egg
mass size, and defoliation history to be reliable indices
of larval density and maternal population quality
(Capinera andBarbosa 1977).The stressedpopulation
had experienced nearly total defoliation in at least the
year before collection, as determined by aerial pho-
tographs. Although densities in the unstressed popu-
lation were increasing, a 1997 census of the stand (egg
mass counts in eight 5-m-diameter plots along a
transect through the stand) failed to reveal any egg
masses or detectable defoliation. We measured the
length and width (centimeters) of 40 egg masses from
each population. Egg masses from unstressed popula-
tions were 46% longer and 35% wider than those from
stressed populations (t-tests, P , 0.0001 for both
length andwidth comparisons). Eggmasseswere then
scraped from trees, mixed together to minimize be-
tween-family differences within each population, and
surface sterilized for 1 h with 10% formalin. Before
each release, eggs were stored at 48C.

LarvalReleases.Wereleased twodifferentdensities
of neonate Þrst instars onto trees in the Þeld, and
monitored subsequent dispersal. Larval releases in
Cadwell Forest were timed to coincide approximately
with the period of natural hatch, with six releases
conducted between 29 April and 26 May. We re-
strictedour releases todayswith lowprecipitation and
favorably high temperatures because neonate activity
is minimal during periods of cool temperature (,88C)
and rain (Leonard 1971). Larvae were released onto
22 sapling red oak trees at each of two transects ori-
ented in the samecompass direction along two logging
roads. The same set of 44 black oak saplings were used
for the Þrst Þve releases (29 AprilÐ18 May), and each
tree was separated from its nearest neighboring re-
lease trees by $5 m. On each transect, one tree per
maternal population type was designated a high den-
sity release, and 10more per population as lowdensity
release trees such that the number of larvae per den-
sity treatmentwas the same (50 larvae per treatment).
Larval density treatments were chosen to reßect re-
alistic extremes of neonate crowding under outbreak
and nonoutbreak conditions. Block effects were min-
imized by alternating population quality treatments
by every other tree within each transect. One branch
per release tree was ringed with Tanglefoot at its base,
to restrict larval movement and prevent access to the
release branches by predators. We also pruned away
contiguous vegetation from other trees such that lar-
vae could not escape the branch except by ballooning.

Two or three days before a release, subsamples of
eggs from each population type were placed in 60 mL
cups at 268C to induce hatch. Only larvae that eclosed
at least 10Ð12 h previously (larvae turned from light
beige to dark brown) were used for release. In the
hours before the release, larvae began to crawl around
the cups as they would on a branch under natural
conditions. Larvae of each population type were ran-
domly allocated to a high or low (50 versus Þve larvae
per branch) density treatment, and were placed in-
dividually onto the leaves and stems of the release
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branches ('40 leaves per branch) with a horsehair
paintbrush. All larval releases were completed before
1100 hours on the morning of a release day. The num-
ber of larvae remaining on each release branch were
counted 24 h later, and all remaining larvae were
cleared frombranches so that future countswould not
be contaminated by previously released larvae. Al-
though we did not remove larval silk, there was no
visible accumulation of silk on the release branches by
theendof the study. Inaddition,Þve sentinelbranches
(no larvae released)per transectweremonitoredwith
each release to ensure that there was a negligible
probability of ballooning larvae from adjacent release
branches contaminating estimates of dispersal.

Previous studies have documented changes in the
palatability of deciduous foliage to forest insect larvae
with leaf expansion and maturation (Rossiter et al.
1988, Hunter and Lechowicz 1992). On each of 15
release trees on each transect, we measured the ex-
pansion of one leaf selected at random from a nonre-
lease branch (n 5 30 leaves). Leaf lengths (base to tip,
centimeter) were measured every other day from 19
to 28 May.

Test of Induced Foliar Defenses on Dispersal. To
separate the direct effect of gypsy moth density on
dispersal from that of possible herbivory-induced
changes in host quality (Schultz and Baldwin 1982,
Rossiter et al. 1988), we selected an additional set of
44 trees (two additional transects of 22 red oaks each)
for a larval releaseon20Mayaccording to theprotocol
described above. In contrast to heavier damage on the
original release trees, we assumed these new trees had
only experienced a minimal amount of feeding dam-
age caused by low background densities of gypsy
moths and other foliage feeders throughout the forest.
On 26 May, additional larvae were deployed simulta-
neously on both the original release branches and an
additional novel set of 44 trees in the manner de-
scribedabove. Ifweobserved increaseddispersal from
branches with a history of increased herbivory, we
might conclude that anydensity-relateddifferences in
dispersal observed during our original releases (29
AprilÐ18 May) might be because of an induction re-
sponse on plants with higher larval densities.

Test of Length of Egg Chill on Dispersal. For the
Cadwell Forest releases, larvae in the later releases
came from eggs that had been in cold storage for 1 mo
longer than those released on 29April. To separate the
effect of leaf maturation on dispersal tendency from
that of the egg chilling period, we conducted an ad-
ditional three releases onOtis Air Base from4 JuneÐ22
June 1998. Because of a shortage of labor, these re-
leases could not be conducted earlier in the season
while our other tests were underway.

Eggs chilled for different lengths of time were cho-
sen from the laboratory colonies of the NJSS strain
maintained at USDA-APHIS Otis Methods Develop-
ment Center (Otis Air National Guard Base, MA).
Two samples of eggs were used for all three releases,
with the eggs in the Þrst release in chill for either 192
or 162 d (long versus short chill). For each treatment,
eggs were collected from 25 different mothers and

mixed thoroughly to minimize between-family differ-
ences. Previous studies have shown that laboratory-
reared neonates disperse readily in the Þeld (Mastro
et al. 1985, Hunter and Elkinton 2000).

For this study, we selected 44 black oak saplings
spaced 5Ð10 m apart along a single transect, identiÞed
release branches, and pruned away any surrounding
vegetation on other trees as in previous releases. Be-
cause of minimal damage to foliage by larvae after the
Þrst release, we used the same set of 44 trees for all
three releases. Larval deployment was similar to the
method described above. Chilling period treatment
designation alternated every other tree, and high-
density treatmentswere separated fromeach other by
10 low-density trees. For all releases, larval dispersal
was monitored at 24 h as above. If larvae with an egg
chill period of 192 d were more likely to disperse than
thosechilled for 162d, thismight explain the increased
dispersal of larvae released toward the end of our
original set of larval releases.

StatisticalAnalyses.Toseparate thecollinear effects
of temperature from date, we estimated the effect of
temperature on dispersal tendency (arcsine square-
root transformed proportions of larvae dispersing off
a branch in a 24-h period) with a simple linear re-
gression. The residuals from this regression served as
the dependent variable for a three-way analysis of
variance (ANOVA) testing the main effects of mater-
nal population quality (stressed versus unstressed),
larval density (50 versus Þve per branch), and date for
the six dates on which larvae were released on the
same original 44 trees (29 AprilÐ26 May). Data were
similarly transformed for the three releases conducted
on new trees for each date (29 April, 20 May, 26 May)
and analyzed with a three-way ANOVA that included
maternal populationquality, larval density, anddate as
main effects.

Two additional analyses were run with the arcsine
square-root transformedproportionsof larvaedispers-
ing in a 24-h period as the dependent variable. The
simultaneous larval release on new and old trees on 26
May were analyzed separately with a three-way
ANOVA,which includedmaternal population quality,
larval density, and branch type (used for previous
releases versus newbranch). The effect of egg chill on
dispersal tendency was analyzed with a three-way
ANOVA with population quality, larval density, and
chill length (long versus short) asmain effects. ToÞnd
the most parsimonious model for all the analyses
above, three-way, full-factorial models were run Þrst,
with insigniÞcant interaction terms excluded from
subsequent analyses. Regressions and ANOVAs were
calculated using the SAS general linear models pro-
cedure (SAS Institute 1990) and JMP (SAS Institute
1996).

Results

The mean proportion of larvae dispersing per
branch increased uniformly across all treatments by
nearly fourfold from 29 April to 26 May (Fig. 1). This
trend paralleled the maturation of red oak foliage,
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which had fully expanded by 26 May (Fig. 1). In
contrast, air temperature did not systematically in-
crease with date (F 5 0.50; df 5 1, 6, P 5 0.509; R2 5
0.0912; Fig. 1), in part because we performed our
experiments intentionally on warm days. Neverthe-
less, there was a statistically-signiÞcant positive rela-
tionship between temperature and larval dispersal
(y 5 [0.0537 3] 2 0.4450; P , 0.0001; R2 5 0.118).
However, after removing the collinear effects of tem-
perature on dispersal (see Materials and Methods),
there remained a highly signiÞcant effect of date on
dispersal (Table 1; Fig. 1). For the three dates on
which we released larvae on different sets of trees (29
April, 20 and 26 May), similar signiÞcant increases in
dispersal were still observed over the three dates de-
spite use of different release trees on each date (Fig.
1; Table 1).

The tendency of neonate gypsy moth larvae to dis-
perse was not signiÞcantly affected by the quality of

the maternal population, regardless of whether dif-
ferent sets of trees were used for each release (Figs.
1 and 2; Table 1). In addition, maternal population
qualityhadnoeffecton thedispersal of larvae released
simultaneously on both trees used in previous releases
and a novel set of 44 trees (F 5 1.47; df 5 1, 84; P 5
0.229; Fig. 2). Similarly, the density of larvae on a
release branch had no signiÞcant effect on the pro-
portion dispersed in a 24-h period (Table 1; Figs. 1 and
2). However, the previous level of feeding damage to
leaves on release branches had a signiÞcant effect
upon dispersal tendency (F 5 21.27; df 5 1, 84; P ,
0.0001; Fig. 2). Larvae tended to disperse more fre-
quently from branches that had experienced feeding
by Þrst instars for four weeks across Þve previous
releases than from branches on novel trees (Fig. 2).
We found no larvae on our sentinel branches; there-
fore, dispersal estimates were not contaminated by
ballooning larvae from adjacent release branches.

Fig. 1. Air temperature and the tendency of gypsy moth
larvae from stressed and unstressed maternal populations to
disperse from oak saplings on six dates in 1998. Dispersal
tendency was measured as the proportion of larvae that
dispersed froma release. Solid lines indicate that the same set
of trees were used for each larval release, dotted lines indi-
cate different trees used for each release date (29 April, 20
and26May).Eachdatapoint represents themeanproportion
of 100 larvae per treatment dispersing in the 24 h after each
release. Leaves at top represent the expansion of black oak
foliage (Quercus velutina), which was complete by 26 May
1998

Fig. 2. The tendency of gypsy moth larvae from stressed
and unstressed maternal populations to disperse from oak
saplings on 26 May 1998. Dispersal tendency was measured
as the proportion of larvae that dispersed from a release
branch in a 24-h period after release in the Þeld. Leaves on
“old” branches experienced varying degrees of herbivory in
previous releases, whereas “new” branches had not been
used in a release before 20 May. Each bar represents the
mean proportion of larvae dispersed out of 100 larvae per
treatment.

Table 1. ANOVA of the effects of maternal population quality,
density, and date (after removing the collinear effects of temper-
ature) on dispersal of neonate gypsy moths

Source
Same trees Different trees

F df P-value F df P-value

Population quality 0.7175 1 0.3798 1.3306 1 0.2509
Density 0.5019 1 0.4793 0.8583 1 0.3560
Date 55.9678 5 ,.0001 18.7071 2 ,.0001
Error 256 127

The Þrst analysis examines dispersal of larvae from the same set of
44 trees over Þve dates in early spring. The second analysis examines
larval dispersal from three different sets of trees over three dates in
early spring. Corresponds to data in Fig. 1.
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There was no signiÞcant effect of length of the egg
chilling period (F 5 0.77; df 5 1, 126; P 5 0.383) on
tendency to disperse, although the data suggest that
larvae chilled for one month longer (192 d) were less
likely to disperse on average (Fig. 3). The effect of
chill was complicated by a signiÞcant chill 3 density
interaction (F 5 3.89; df 5 1, 126; P 5 0.051; Fig. 3).
Larvae chilled for a longer period (192 d) had a 20%
higher tendency to disperse when crowded, while the
converse was true for larvae from eggs chilled for only
162 d (Fig. 3).

Discussion

Our results show that of all the factorsweexamined,
only date had a major impact on the dispersal of
neonate gypsy moths in the Þeld. Fluctuations in air
temperature were inadequate to explain the fourfold
increase in larval dispersal we observed with date, as
temperature did not increase uniformly during the
same period of time (Fig. 1). Our data were consistent
with those from a previous laboratory study on neo-
nate dispersal in L. dispar that also found increasing
dispersal with date (Hunter and Lechowicz 1992).
After budburst in early spring, foliage expansion of
many canopy tree species is characterized by declin-
ing foliar water and nitrogen levels (Haukioja et al.
1978, Mattson 1980, Scriber 1984), increasing Þber,
lignin, and tannins (Feeny 1970, Hough and Pimentel
1978, Rossiter et al. 1988). These changes in foliar
chemistry can result in an overall decline in quality as
a host for some herbivores (Schroeder 1986).

Neonate gypsy moth larvae tend to modify their
behavior when presented with poor quality host foli-
age (van der Linde 1971), with frequency of Þrst-

instar dispersal being inversely related to the accept-
ability of the host foliage of different tree species
(Lance 1983). In laboratory experiments, Hunter and
Lechowicz (1992) demonstrated this relationship be-
tween host acceptability and neonate dispersal for
nine tree species used by L. dispar. Our data indicate
a similar trend of increasing dispersal during the pe-
riod of foliage expansion, and as might be expected,
this effect is notably consistent across all maternal
population quality and larval density treatments (Fig.
1). In addition,weobserved increasing larval dispersal
with date even when different trees were used for
each release date, as would be predicted if a wide-
spread decline in host quality caused by foliage mat-
uration exerted a signiÞcant inßuence on dispersal
tendency.

Under natural conditions in the Þeld, we did not
observe consistent differences in the inßuences of
either maternal population quality or larval density on
the dispersal of neonate gypsy moths (Table 1; Fig. 1).
Although we found that larvae dispersed more fre-
quently under crowded conditions in a few cases, this
trend was not signiÞcant nor was it the main trend we
observed. Our study may have proven a more robust
test of the inßuence of maternal population quality on
offspring dispersal if we could have sampled from
multiple source populations of each type. However,
because of low densities of gypsy moth across the
eastern seaboard and the Midwest in 1997, we were
only able to Þndone stressed, high density population.
Nevertheless, we compared two populations that dif-
fered markedly with respect to their quality and pop-
ulation density, and we found no evidence that ma-
ternal population quality or larval density have a
signiÞcant effect on dispersal tendency in L. dispar
(Table 1; Fig. 1).

Previous research indicates that herbivory can in-
duce foliar changes (e.g., increased concentrations of
secondary compounds) that render hosts less desir-
able for herbivores (Schultz and Baldwin 1982,
Haukioja and Neuvonen 1985). Because we used the
same set of 44 red oak trees for the majority of the
releases, it is possible larvae might have induced in-
creased defenses in the foliage and were more likely
to disperse in response to declining host quality. We
did Þnd signiÞcantly more larval dispersal from
branches used in previous releases than from novel
branches when we released larvae simultaneously on
bothbranch types(Fig. 2), and inducedplantdefenses
in response to herbivory is the most plausible expla-
nation for this result. However, the potential impor-
tance of this effect in nature is unclear because hatch
is typically synchronized to within a few days within
gypsy moth populations (Mason and McManus 1981).
Although induced defenses have been demonstrated
for gypsy mothÐoak interactions (Schultz and Bald-
win 1982), amore recent studyhas failed to repeat this
observation (DÕAmico et al. 1998). Furthermore,
when we conducted three releases using entirely new
trees on each date, the same trend of increased dis-
persalwas evident (Fig. 1). Thus, our data suggest that
althoughherbivory-inducedhostplantdefensesmight

Fig. 3. The tendency of gypsymoth larvae chilled as eggs
for 192 (long) versus 162 d (short) to disperse from oak
saplings over three dates in June 1998. Dispersal tendency
was measured as the proportion of larvae that dispersed from
release branches in 24 h after release in the Þeld. Each data
point represents the mean proportion of larvae dispersed out
of 100 larvae per treatment.
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inßuence larval dispersal, they cannot explain the pro-
nounced and uniform seasonal increases in dispersal
we observed.

We performed the chill experiment to ensure that
the effect of date ondispersalwas not an artifact of our
experimental design. Larvae released in lateMaywere
kept in cold storage as eggs for nearly a month longer
than larvae released in late April, and may have more
readily dispersed as a result of increased cold storage.
We foundnoevidence that longperiodsof eggchilling
led to increased neonate dispersal (Fig. 3). Although
a longer egg chilling period may have led to higher
dispersal in high density treatments, the opposite
trend was observed at low densities (Fig. 3). Overall,
these results indicate that egg-chill did not account for
the general increase of larval dispersal with date we
observed across density treatments.

Predation is a possible alternative explanation for
thedisappearanceof larvae from the release branches.
For example, Weseloh (1998, 1989) found that ant
predation can be an important source of mortality for
neonate gypsy moths. However, ant predation occurs
primarily on the forest ßoor (Weseloh 1998), and we
took precautions to prevent arthropod predators from
crawling onto release branches by ringing the branch
baseswithTanglefoot. A previous study of gypsymoth
population dynamics at our Pelham site conducted by
Gouldet al. (1990)quantiÞedmortality fromall causes
(including predators) over the entire period encom-
passed by our study (4 May to 4 June). In that study,
gypsy moth were released as eggs on 4 May 1989 that
hatched over a period extending at least 10 d, thus
spanning the period from early to late hatch in our
study. Gould et al. (1990) reported a daily loss from all
sources of mortality (including predation) of '3%.
Nearly identical results were obtained the following
year at the same location (Ferguson et al. 1994). Thus,
it is unlikely thatpredationaccounted formuch, if any,
of the larval disappearance that we measured, where
daily rates of disappearance exceeded 70% late in the
study.

Many studies invoke variation in maternal popula-
tion quality as an explanation for differences in the
dispersal behavior of Þrst-instar gypsy moths (Leo-
nard 1967, 1970, 1971; Rossiter 1991; Diss 1996). Leo-
nard (1967, 1970, 1971a, 1970b) suggests that larvae
from high density maternal populations are more rest-
less, trail more silk during episodes of movement, and
have a longer prefeeding period; all of which render
them more likely to disperse than those from un-
stressed populations. In contrast, Rossiter (1991)
found that daughters from mothers who fed on foliage
with high condensed tannin levels (presumably as a
result of leaf damage at high population densities) had
a shorter prefeeding stage, suggesting that larvae from
stressed mothers may be less likely to disperse. Sim-
ilarly, Diss et al. (1996) found that '22% offspring of
females from defoliated sites (typical of stressed pop-
ulations dispersed in a wind tunnel), compared with
29% dispersal of larvae whose mothers had not expe-
rienced such nutritional stress. However, they found
only a marginal overall relationship between egg mass

size (an indicator of population quality) and the dis-
persal of larvae from stressed and unstressed popula-
tions (Diss et al. 1996). In a companion study, we
releasedgypsymotheggmasses collected fromseveral
stressed and unstressed populations, monitored neo-
nate dispersal, and found no differences in dispersal
with maternal population quality (Erelli and Elkinton
2000). Thus, previous studies have not demonstrated
anyconsistenteffectofmaternalpopulationqualityon
the dispersal tendencies of Þrst instar gypsy moths.

Although these and other studies measured phe-
nomena presumed to be indicative of dispersal under
laboratory conditions, we tested for differences in
dispersal by collecting eggs from stressed and un-
stressed populations and measuring dispersal directly
under natural conditions. Abiotic environmental con-
ditions (e.g., air temperature, length of egg chill)
surely have a large impact on the activity of poikilo-
thermic organisms such as gypsy moth larvae; how-
ever, they were insufÞcient to explain the seasonal
trends in dispersal we observed. Although maternal
population quality and larval density may also have an
effect on gypsymoth dispersal, we have demonstrated
that neither had as profound impact on larval dispersal
as did date. Changes in host quality, resulting from
foliage expansion in the month after budburst, most
likely account for the temporal patterns in neonate
gypsy moth dispersal documented in this study.
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