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Abstract As the range of the invasive and highly

polyphagous gypsy moth (Lymantria dispar)

expands, it increasingly overlaps with forest areas

that have been subject to invasion by non-native

shrubs. We explored the potential for interactions

between these co-occurring invasions through a

gypsy moth feeding trial using the following three

highly invasive, exotic shrubs: honeysuckle (Loni-

cera maackii), privet (Ligustrum sinense) and burning

bush (Euonymus alatus). We compared these with

two native shrubs: spicebush (Lindera benzoin) and

pawpaw (Asimina triloba). We fed gypsy moth

caterpillars foliage exclusively from one of the five

shrubs and measured their relative consumptive rate

(RCR), relative growth rate (RGR), and development

time (DT). The RCR of gypsy moth was strongly

influenced by the species of foliage (F = 31.9; P \
0.0001) with little or no consumption of honeysuckle

and privet. Caterpillar RGR was influenced by the

shrub species (F = 66.2; P \ 0.0001), and those

caterpillars fed spicebush, honeysuckle or privet lost

weight over the course of the assay. Caterpillar DT

was also significantly (F = 11.79, P \ 0.0001)

influenced by the shrub species and those fed

honeysuckle, privet and spicebush died prior to

molting. Overall, our data suggest that honeysuckle,

privet, and spicebush could benefit (indirectly) from

the invasion of gypsy moth, while burning bush and

pawpaw could be negatively impacted due to direct

effects (herbivory). Similarly, invading gypsy moth

populations could be sustained on a shrub layer of

burning bush and pawpaw in the event of canopy

defoliation. Further field and laboratory analysis is

needed to clarify herbivore resistance of invasive

shrubs, and to investigate the potential interactions

among co-occurring insect and plant invasions.

Keywords Forest understory � Euonymus alatus �
Lonicera maackii � Lindera benzoin �
Asimina triloba

Introduction

Non-native, invasive plants pose a serious threat to a

variety of habitats and ecosystems (Mack et al. 2000;

Lovett et al. 2006). In forests, invasive woody shrubs

have been particularly difficult to manage (e.g.,

Luken and Thieret 1996). These species move

aggressively into natural areas creating a dense shrub
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canopy (monoculture) in some systems (Miller and

Gorchov 2004; Hartman and McCarthy 2007). An

invasive shrub layer in forests can negatively influ-

ence native plant communities in a variety of ways,

including the occlusion of light and allelopathic

inhibition of native species (Orr et al. 2005; McEwan

et al. in review). A growing body of evidence

suggests that invasive shrubs can reduce the growth

and fecundity of native herbs, shrubs, and trees

(Gould and Gorchov 2000; Collier et al. 2002;

Gorchov and Trisel 2003; Hartman and McCarthy

2007). We investigated their potential to influence

herbivore fitness.

The gypsy moth (Lymantria dispar L. Lepidop-

tera: Lymantriidae) is an exotic, invasive, polyphage

that feeds on [400 woody plant species (Mauffette

et al. 1983; Leibhold et al. 1995; Davidson et al.

1999; Shields et al. 2003). It has devastated large

tracts of deciduous forest in northeastern North

America and continues to spread west and south

(Campbell and Sloan 1977; Fajvan and Wood 1996;

Davidson et al. 1999). As this range expansion occurs

it increasingly overlaps with areas of extensive

invasion by exotic understory shrubs. Both types of

invasions have the potential to alter forest structure,

composition and function, and there is considerable

potential for interaction between these concurrent

invasions (Davidson et al. 1999; Jedlicka et al. 2004).

For instance, gypsy moth invasions generally

increase light at the forest floor, causing an increase

in the density and growth of non-host species, while

host species are suppressed or killed by the defoli-

ation (Fajvan and Wood 1996; Muzika and Liebhold

1999; Naidoo and Lechowicz 2001). If gypsy moth

successfully utilize exotic species and avoid natives,

feeding caterpillars could potentially retard an exotic

plant invasion. Conversely, if gypsy moth preferen-

tially feeds on native shrub species, its invasion could

facilitate plant invasions both by removing potential

native competitors and by increasing light

availability.

We tested for differences in gypsy moth caterpillar

performance when fed native and exotic shrubs. The

overall objective of this study was to assess the

species-specific resistance of native and non-native

shrubs to gypsy moth herbivory. Specifically, we

compared the influence of native and invasive shrubs

on gypsy moth caterpillar development time, leaf

consumption and growth rate.

Study organisms

Gypsy moth caterpillars were exclusively fed foliage

from one of five deciduous shrub species. Two of

these shrubs were the native spicebush (Lindera

benzoin (L.) Blume.) and pawpaw (Asimina triloba

(L.) Dunal.). These species are frequently found in

mesic forest understoreys. The final three species

were the problematic invasives honeysuckle (Loni-

cera maackii (Rupr.) Maxim.), privet (Ligustrum

sinense Lour.) and burning bush (Euonymus alatus

(Thunb. Siebold). These three species were originally

introduced to North America for use as an orna-

mental, for wildlife cover, and to control soil erosion

(Luken and Thieret 1996; Miller 2003). Like other

plant invaders, these species are encroaching into

natural areas, usurping habitat space at the expense of

native species (Hutchinson and Vankat 1998; Collier

et al. 2002; Miller and Gorchov 2004) and have

proliferated rapidly in eastern North America in the

past 30 years (Luken and Thieret 1996; Miller 2003).

Methods

Field and laboratory methods

Six individuals of each shrub species growing in

second-growth woodland at the University of Ken-

tucky Arboretum in Lexington, Kentucky were

selected to provide leaf material for the feeding

assays. Three branches were selected from the south-

facing side of each individual shrub at approximately

1.5 m in height. Leaves were collected from each

branch and immediately inserted into water in a

florists’ water pick and stored on ice. In the labora-

tory, whole leaves from each branch were excised,

the petiole was inserted into a small florists’ water

pick, and the leaf was placed in a 7 9 21 cm clear

plastic rearing box. Leaves from each branch were

fed exclusively to one gypsy moth caterpillar for the

duration of the fourth stadium, resulting in 90

experimental units (5 plant species 9 6 individuals

9 3 branches). Newly molted fourth instar gypsy

moth larvae (Otis Air Force Base, MA, USA)

previously reared on wheat-germ based artificial diet,

were starved for 24 h, weighed, and added individ-

ually to a randomly chosen assay box containing a

leaf from one of the five species (N = 18 per shrub
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species). Assays were stored in a growth chamber

with a 15:9 (L:D) photoperiod at 23�C in the

University of Kentucky Forest Entomology Quaran-

tine Facility (Rieske et al. 2002, 2003) and monitored

at 12 h intervals. Plant material was replenished as

needed (2–3 day intervals minimum), using foliage

from the same branch. Insects that molted were

immediately removed from the assay box, weighed,

and frozen. Insects that died were also removed from

the assay box and weighed. As each assay box was

retired, all contents were removed, oven dried at

60�C for 5 days, and then weighed.

Analyses

Caterpillar survival through the fourth instar was the

ultimate test of foliar suitability. Other measures

included relative consumption rate (RCR = amount

of leaf materials consumed � (initial caterpillar wt.

(mg))-1 � (time (day))-1), and relative growth rate

(RGR = caterpillar biomass gained (mg) � (initial

caterpillar wt. (mg))-1 � (time (day))-1). We also

calculated development time (DT: duration of fourth

instar in day) as a measure of caterpillar performance

and foliar suitability for insects fed each shrub species.

Multivariate analysis of variance (MANOVA) was

used to assess herbivore performance using shrub

species as the main effect. Data were tested for

normality prior to analysis. Caterpillar relative con-

sumption rate and relative growth rate were used as

herbivore response variables. The Wilks’ lambda test

statistic was used to assess overall significance of the

multivariate model, which was followed by a univar-

iate analysis of variance (ANOVA) of individual

performance parameters using a fixed effects model,

with initial caterpillar weight as a covariate. Following

each ANOVA, the Tukey-Kramer Multiple Compar-

ison test was used to analyze pairwise comparisons. All

analyses were conducted in NCSS (Hintze 2004).

Results

The multivariate analysis of caterpillar performance

parameters (RCR, RGR, and DT) indicated strong

differences in herbivore performance between the five

plant species (Wilks’ Lambda; F = 12.62; P\0.0001).

Leaf consumption by gypsy moth caterpillars was

highly species-specific (Fig. 1; F = 31.9; P\0.0001).

Pawpaw and burning bush were equally consumed

(Fig. 1). There was some consumption of spicebush

(Fig. 1); however insects that consumed this species

exhibited severe intestinal malfunction (based on visual

observations of the excrement), followed by death.

There was minimal visual evidence of honeysuckle

consumption, and most striking was privet which

exhibited no evidence of any consumption (Fig. 1).

The lack of caterpillar consumption of the three

unpalatable shrubs was reflected in correspondingly

negative relative growth rates (Fig. 2). Caterpillars

fed pawpaw and burning bush demonstrated a

positive relative growth rate (RGR), and were

statistically separated from the other three species,

and also differed from one another (Fig. 2). Con-

sumption of the leaves from the other three species

was so low that caterpillars lost weight over the

course of the assay (Fig. 2).

Differences in host suitability were most strikingly

portrayed by survivorship through the 4th instar and

successful molting (Fig. 3). Survivorship was 100%

for caterpillars fed pawpaw or burning bush, while

all of the caterpillars fed spicebush, honeysuckle, or

privet died (Fig. 3a). Differential survivorship

resulted in highly significant differences in assay

length (Fig. 3b; F = 11.79, P \ 0.0001).

Discussion

Gypsy moth caterpillars’ reaction to the native and

exotic species in our experiment was species-specific.
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Fig. 1 Relative (leaf) consumptive rate (RCR: see text for

formula) of gypsy moth caterpillars fed one of five shrub

species. Letters represent statistically significant differences

among treatments
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The invasive honeysuckle and privet appear to

display some level of antibiosis to gypsy moth, and

may produce defense compounds that confer resis-

tance to generalist insect herbivores. Extremely low

consumption of honeysuckle, and mortality following

consumption, suggest the presence of secondary

allelochemicals in this species; such compounds have

been documented in other species in the genus

Lonicera (Uesato et al. 1986; Penuelas et al. 2006).

Allelopathic inhibition by honeysuckle against other

plant species has also been reported (Dorning and

Cipollini 2006; McEwan et al. in review), but the

source of compounds conferring allelochemical

activity against either herbivores or plants is currently

unknown. Phytochemical analyses and feeding trials

with additional herbivores will shed more insight on

these interactions.

There was no evidence of privet consumption by

gypsy moth caterpillars, suggesting that the caterpil-

lars did not recognize it as a potential food source. A

primary function of plant secondary compounds in

insect-host relations is that they provide a ‘‘finger-

print’’ by which the insect recognizes the plant as a

food source (Jermy 1984). It is possible that the

gypsy moth caterpillars did not recognize privet as a

food source because they failed to recognize its

chemical fingerprint.

Spicebush, a native, exhibited some level of

herbivore resistance. There was some consumption

of spicebush foliage, but this consumption resulted in

100% mortality of caterpillars. This mortality may

have been due to the presence of sesquiterpenoids

such as nerolidol, which are present in spicebush and

known to inhibit gypsy moth (Anderson et al. 1992;

Miller and Feeny 1983; Doskotch et al. 1980), or

perhaps due to the presence of alkaloids, which are

known deterrents to feeding gypsy moths (Barbosa

and Krischik 1987).

The exotic burning bush and the native pawpaw

were both acceptable hosts for gypsy moth. Cater-

pillars fed burning bush or pawpaw all successfully

completed the 4th instar and molted. Caterpillars fed

pawpaw had the highest growth rates of the species

we tested, but there was no difference in development

time between burning bush and pawpaw.

Our data support the notion that interactions

among invasive pests and invasive plant species

may be complex and significant. For instance, the

movement of gypsy moth into forest areas with a

substantial invasion of honeysuckle or privet would

likely facilitate site dominance by these species.

Gypsy moth defoliation increases light at the forest

floor and promotes development of a shrub layer

(Fajvan and Wood 1996), which should benefit these

species (Luken et al. 1997), especially since they will

not suffer defoliation. In particular, honeysuckle has a

very strong positive growth response to increased

light (Luken et al. 1997), and will likely be

strongly favored by overstory mortality due to

repeated gypsy moth defoliation. Burning bush,

which was an acceptable host, may also benefit from
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the canopy-opening effect of gypsy moth defoliation,

but could also suffer damage from defoliators. In the

event of canopy loss due to extensive gypsy moth

feeding, a honeysuckle or privet understory would be

unable to sustain feeding gypsy moth populations,

whereas an understory of burning bush may be

sufficient.

The two native species, pawpaw and spice bush,

could respond very differently to extensive gypsy

moth populations. Spicebush was gypsy moth resis-

tant, but has a much lower capacity to respond to an

increased light environment, reaching maximum

response at only 25% of full sun (Luken et al.

1997). Thus, spicebush may benefit from a gypsy

moth invasion, but less so than more light responsive

species such as honeysuckle. The interaction between

gypsy moth and pawpaw is difficult to predict as

pawpaw could benefit from increased light, although

it may also be subject to herbivory from gypsy moth.

Field studies and additional experimentation are

needed to further our understanding of the feedbacks

among potentially concomitant invasions (Jedlicka

et al. 2004). Continued focus on the interactions

among invasive species (across phyla) is necessary as

the number, type, and extent, of invasions continue to

increase.
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