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ABSTRACT To evaluate the potential of Podisus maculiventris (Say) (Heteroptera: Pentatomidae)
as a biological control agent against viburnum leaf beetle, Pyrrhalta viburni (Paykull) (Coleoptera:
Chrysomelidae), laboratory trials were conducted to measure prey consumption of P. maculiventris
over nymphal development. Field trials tested the impact of augmentative releases of P. maculiventris
nymphs on populations of P. viburni, using both open shrubs and caged branches of Viburnum
trilobum. In the laboratory,P.maculiventrisnymphs successfully developed while preying onP. viburni
larvae and adults. Each nymph consumed an average of 100.6 larvae or 16.9 adults. Immature
development duration was comparable between nymphs feeding on P. viburni adults and those given
Galleria mellonella (L.) (Lepidoptera: Pyralidae) larvae as prey. In Þeld trials, inundative releases of
30 P. maculiventris nymphs on naturally infested V. trilobum shrubs signiÞcantly reduced pest
defoliation on shrubs infested with �3,000 larvae but had no effect on shrubs with heavier infestations.
On caged branches, individual nymphs successfully developed when feeding only on P. viburni larvae.
These results show that P. viburni larvae and adults are suitable prey for P. maculiventris and this
predator could potentially be developed as a biological control agent against P. viburni.

KEYWORDS Podisus maculiventris, biological control, augmentative release, predation dynamics,
predator behavior

Predaceous heteropterans are abundant in many agro-
ecosystems and unmanaged habitats of North America
(Yeargan 1998) and are thought to be an important
component of natural control of various insect pests
(DeBach and Rosen 1991). In recent years, there has
been a growing interest in predatory bugs from both
ecological and applied perspectives. Some unique fea-
tures of their biology, such as facultative plant-feeding
and adaptation to conditions of food scarcity, have
brought into light some new theoretical approaches to
studies of trophic interactions and insectÐplant rela-
tions (Coll 1998, Legaspi and Legaspi 1998). More-
over, the potential of predatory bugs for controlling
economically important insect pests has been the sub-
ject of several reports (Hough-Goldstein 1998, Aldrich
and Cantelo 1999). Among predatory bugs, the spined
soldier bug,Podisusmaculiventris (Say) (Heteroptera:
Pentatomidae), has received extensive attention.
Feeding on at least 75 insect species in eight orders
(McPherson 1982) and considered a promising agent
for augmentation and conservation biological control
(Wiedenmann et al. 1996, Aldrich 1998), P.maculiven-
tris has been evaluated against various coleopteran
and lepidopteran insect pests. P. maculiventris is com-
mercially available as a biological control agent against

the Colorado potato beetle, the Mexican bean beetle,
and various caterpillars (Glenister 1998).
Pyrrhalta viburni (Paykull) (Coleoptera: Chry-

somelidae) is an invasive chrysomelid species native
to Eurasia Þrst detected in the United States in Maine
in 1994 (Anonymous 1996). This insect has now be-
come a major landscape pest in the northeastern
United States, causing extensive defoliation to vibur-
num shrubs. The shrubs attacked include native North
American forest understory species such as arrow-
wood viburnum, Viburnum dentatum (L.), and high-
bush cranberry viburnum, V. trilobum (aka V. opulus
variety americana) (Marsh.), as well as exotic vibur-
num species used as ornamentals. Plants in nurseries,
managed landscapes, and natural habitats are at risk
(Weston et al. 2001). A univoltine species, P. viburni
larvae appear in the Þeld in the northeastern United
States in early May and take 3Ð4 wk to fully develop.
Adults emerge from pupation from late June to early
July and usually remain in the Þeld for the whole
summer. Both larvae and adults are leaf-feeders and
can cause total defoliation of healthy shrubs. Infested
susceptible shrubs are killed after 2Ð4 yr of repeated
defoliation, because of depletion of their nutrient re-
serves (Weston et al. 2001).

Chemical control using broad-spectrum insecti-
cides is the most common pest management tactic1 Corresponding author, e-mail: gd53@cornell.edu.
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used against viburnum leaf beetle (Weston et al.
2007). Reducing the use of such chemicals would be
useful from an environmental perspective, especially
in integrated pest management (IPM) programs, and
evaluation of biological control as an environmentally
friendly alternative to the use of broad-spectrum in-
secticides is certainly desirable. The few natural en-
emies of P. viburni known in North America are gen-
eralist predators and include a few coccinellid
species, several predaceous pentatomids, and the
green lacewing Chrysoperla carnea (Stephens)
(Neuroptera: Chrysopidae). Among them, P. macu-
liventris shows the most promise as a biocontrol agent
because both nymphs and adults prey on larvae and
adults of P. viburni. Such cases of predation are com-
monly observed under Þeld conditions (Desurmont
2006), although their natural impact on P. viburni
populations is still unknown. Therefore, characteriz-
ing the predation ofP.maculiventris and the suitability
of P. viburni as a prey is an essential step for deter-
mining the potential of P. maculiventris as a biological
control agent against P. viburni in North America.

In this study, we conducted laboratory and Þeld
trials to evaluate P. maculiventris predation against P.
viburni and determine the potential ofP.maculiventris
as a biological control agent against this pest. The
objectives of the laboratory trials were to measure P.
maculiventris predation against P. viburni larvae and
adults and estimate life table parameters of P. macu-
liventris (survival, development duration) when feed-
ing only on P. viburni. In Þeld trials, our objectives
were to estimate the impact of augmentative releases
ofP.maculiventrisnymphs on the defoliation of shrubs
naturally infested withP. viburni larvae and to observe
the behavior, development, and predation rate of in-
dividual P. maculiventris nymphs preying only on P.
viburni larvae on caged branches.

Materials and Methods

Insects.All insects used in this study were reared at
22�C under a 12:12 (L:D) light regimen. Eggs of P.
maculiventriswere commercially purchased (Rincon-
Vitova, Ventura, CA) and reared until reaching the
appropriate stage for experimental purposes. Insects
arising from purchased eggs were used to study the
predation performance of P. maculiventris over
nymphal development with P. viburni larvae and for
the open shrub and caged branch Þeld trials. In ad-
dition to these purchased eggs, a colony of Þeld-col-
lected individuals was initiated to Þll our P.maculiven-
trisneeds for experiments. Traps baited with synthetic
aggregation pheromone provided by Dr. J. R. Aldrich
(USDAÐARS, Beltsville, MD) were installed in the
Þeld in mid-April, following the protocol and trap
design of Aldrich et al. (1984a). Adults collected from
traps (130 P. maculiventris individuals collected over
�3 wk) were reared in the laboratory until death, and
two successive generations were reared from the eggs
of these Þeld-collected individuals in rectangular
plastic containers (30 by 22 by 10 cm). We fed both
P. maculiventris nymphs and adults with larvae of

Galleriamellonella (L.) (Lepidoptera: Pyralidae) or
Tenebrio molitor (L.) (Coleoptera: Tenebrionidae)
larvae, purchased locally at a pet store, depending on
availability. Fresh plant material (generally V. denta-
tum or V. trilobum shoots) was provided to the colo-
nies at regular intervals, and moisture was provided on
cotton dental wicks. Individuals coming from our col-
ony of P. maculiventris were used to study predation
performance of P. maculiventris over nymphal devel-
opment with P. viburni adults.

A colony of P. viburni larvae was also reared for
experimental purposes. Larvae of P. viburni were ob-
tained from eggs collected in the Þeld during the
winter preceding the experiment. Egg-infested twigs
of V. dentatum were held at 5�C until needed and
transferred to a chamber at 22�C until hatch. Newly
hatched larvae were transferred toV. dentatum shoots
(collected in the Þeld) for rearing until completion of
the experiments. P. viburni adults used for experi-
ments were collected in the Þeld throughout summer.
Bioassay Arena. For the bioassays conducted in lab-

oratory, we used plastic containers (8.5 cm diameter
by 8.5 cm height) with lids that had a portion of the
plastic replaced with Þne polyester netting (�8 by 9.5
mesh/cm).
Predation Performance of P. maculiventris over
Nymphal Development. Predation efÞciency of im-
mature P. maculiventris against P. viburni larvae and
adults over nymphal development was measured by
placing a second-instar individual predator (Þrst-in-
star P. maculiventris are not predaceous and only re-
quire moisture to reach second instar) with 10 prey
items in a plastic container at 22�C under a 12:12 (L:D)
light regimen. A moistened Þlter paper disk and two
leaves of V. dentatum (food for the P. viburni larvae)
were placed in each container and replaced as needed.
The number of prey items consumed was recorded
daily, and consumed prey were replaced with new
ones coming from the colony so the total number of
prey in each container at the beginning of each day
was always equal to 10. In the Þrst trial, newly hatched
Þrst-instar P. viburni larvae were provided as prey at
the beginning of the experiment. The larvae in the
prey colony were grown under the same conditions as
the P. maculiventris nymphs. Therefore, there was
continuous development of the predator and the prey
during the experiment, and progressively older prey
were provided daily to progressively older predators.
Because synchrony of P. viburni larval molts was not
totally perfect, we decided to provide older prey to the
predators when at least 80% of P. viburni larvae had
molted to the next instar in our colony. When P.
viburni larvae started to pupate (18 d after the begin-
ning of the experiment), we stopped providing prey to
the predators and recorded the developmental stage
(instar) of the predators.

In the second trial, conducted later in the season,
the same protocol was repeated with P. viburni adults
as prey. This second trial was continued until P. macu-
liventris nymphs molted to adults. A total of 12 and 15
replicates were used with P. viburni larvae and adults,
respectively. Simultaneously to the second trial, a
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third trial was conducted following the same protocol,
using larvae of G. mellonella as prey. The goal of this
third trial was to measure survivorship and develop-
ment duration of P. maculiventris feeding on an opti-
mal diet. We chose G. mellonella as prey because this
insect is considered to be an optimal prey for P. macu-
liventris and often used for mass-rearing of the pred-
ator with low mortality and high nymphal develop-
ment rate (Warren and Wallis 1971). We could not
differentiate between G. mellonella larvae that died
from P. maculiventris attack and those that died nat-
urally, possibly from viral infections. Therefore, pre-
dation performance of P. maculiventris feeding on G.
mellonella was not recorded. This trial was continued
until P. maculiventris nymphs molted to adults. We
used 14 replicates for this trial.

Inßuence of the factor type of prey (P. viburni
larvae, P. viburni adults,G. mellonella larvae) on total
prey consumed, daily prey consumption, and devel-
opment duration were analyzed by one-way analysis
of variance (ANOVA). Means were compared with
the least signiÞcant difference (LSD) all-pairwise
comparison procedure (STATISTIX 8.0; Analytical
Software 2003). Inßuence of predator life stage on
total prey consumption, daily prey consumption, and
instar duration were also analyzed with one-way
ANOVAs. Means were compared with the LSD all-
pairwise comparison procedure (STATISTIX 8.0; An-
alytical Software 2003).
Open Shrub Experiment. Eighteen V. trilobum

shrubs naturally infested with P. viburni eggs were
selected in an experimental Þeld located in the Ithaca
area. V. trilobum is highly susceptible to P. viburni
feeding, and the shrubs selected had a history of in-
festation of at least 2 yr. Degree of infestation for each
shrub was estimated with the following method. The
total number of twigs on each shrub was counted, and
a sample of 5Ð10% of the total twigs was removed. All
egg masses present on each twig were counted, and
the average number of egg masses per twig for each
shrub was multiplied by the total number of twigs on
that shrub to estimate the total number of egg masses
on each shrub. Assuming an average of eight eggs per
egg mass (Weston et al., unpublished data), multiply-
ing the number of egg masses by 8 yields an estimate
of the maximum number of larvae expected on each
shrub, assuming 100% hatch rate. The height of each
shrub was also measured to the nearest centimeter.

On 12 May (4 d after the Þrst observation of P.
viburni larvae on the shrubs), 30 second-instar
nymphs of P. maculiventris were released on each of
12 of the 18 shrubs. Six shrubs remained untreated and
were used as the negative control. Every 3 d, all shrubs
were inspected, and defoliation of each shrub was
estimated. Defoliation was assessed by visually esti-
mating the amount of leaf tissue removed on plants in
the Þeld by both larvae and by adults. Defoliation was
estimated to the nearest percent from 5 to 95%; above
and below this range, defoliation was estimated as 0,
1, 2, 98, 99, and 100%. Two observers estimated defo-
liation, and the results were averaged. We have found
this to be a reliable method for quantifying defoliation.

The number, life stage, and activity of P. maculiventris
nymphs observed were recorded. The experiment
ended on 8 June, when larvae of P. viburni started to
leave the shrubs to pupate. The difference between
Þnal defoliation of treated and untreated shrubs in
each pest density category was compared using a one-
sample t-test, testing the hypothesis Ha: defoliation of
treated shrubs � defoliation of untreated shrubs
(STATISTIX 8.0; Analytical Software 2003). To facil-
itate analysis, shrubs were divided into two categories
of infestation: those with �3,000 larvae (8 shrubs rang-
ing from 920 to 2,668 larvae) and those with �3,000
larvae (10 shrubs ranging from 3,024 to 29,480 larvae).

During our shrubs inspections for the duration of
the experiment, we recorded the presence of other
natural enemies of P. viburni. Harmonia axyridis (Pal-
las) (Coleoptera: Coccinellidae) larvae were the only
predator of P. viburni observed and were found on
only two shrubs: these shrubs were excluded from the
analysis to avoid unexpected inßuence of these pred-
ators on reduction of P. viburni larval populations on
the shrubs.
Caged Branch Experiment. On six V. trilobum

shrubs, four branches naturally infested with P.
viburni eggs were selected. One week after the Þrst
observation of P. viburni larvae on the shrubs (8 May),
all larvae present on each branch were counted, and
one P. maculiventris second-instar nymph was placed
on three of the four selected branches of each shrub.
The fourth branch did not receive a predator and
served as a negative control. After application of the
nymphs, all the branches were caged individually us-
ing a sleeve net (70 by 30 cm), the open end of which
was closed around the branch with a rubber band.
Each cage was intended to exclude visiting insects and
birds and conÞne P. viburni and P. maculiventris in-
dividuals.

Every 5 d, the sleeve nets were opened, and all the
larvae present on each branch were counted. The
status (alive, missing, or dead) and life stage of the P.
maculiventris nymphs inside the cages were also re-
corded every 5 d. Three distinctive activities of the
nymphs also were observed and recorded: resting
(hiding in a refuge or under a leaf and not moving),
wandering (when predators were moving), and pre-
dation (eating a P. viburni larva). The experiment was
terminated on 8 June because P. viburni larvae had
started to pupate.

The number of P. viburni larvae consumed by each
P. maculiventris nymph was estimated by the differ-
ence between counts of the Þnal and initial larval
populations inside treated and untreated cages for
each shrub. Data were analyzed using a total random-
ized block design (ANOVA; SAS Institute 1997), with
each shrub counting as a block.

Results and Discussion

Predation Performance of P. maculiventris over
NymphalDevelopment. Pyrrhalta viburni larvae com-
pleted their development under laboratory conditions
at 22�C in 18 d. At this point, P. maculiventris nymphs
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had not completed their development and were still in
the Þfth instar; therefore, we were not able to record
data concerning total duration of nymphal develop-
ment with P. viburni larvae as prey. P. maculiventris
nymphs had a similar duration of development to the
adult stage when feeding on P. viburni adults (22.1 �
1.2 [SD] d) and G. mellonella larvae (22.1 � 0.9 d;
model development duration � prey type; F1,25�0.01;
P � 0.98; Table 1).

During their development, individual P. maculiven-
tris nymphs killed an average of 40.7 � 4.5 Þrst-instar,
29.2 � 2.5 second-instar, and 30.6 � 7.7 third-instar P.
viburni larvae, for a total of 100.6 � 10.4 larvae per P.
maculiventris nymph (Table 1). The daily consump-
tion rate per nymph was 5.6 � 0.6 larvae.

When provided adult P. viburni as prey, P. macu-
liventris nymphs consumed far fewer individuals, av-
eraging 16.9 � 9.2 beetles during their development
and 0.7 � 0.1 beetles per day (Table 1). These sub-
stantial differences in total predation performance
and daily prey consumption were statistically signiÞ-
cant (model total predation � prey type, F1,20 � 778,
P� 0.0001; model daily predation � prey type, F1,20 �
843, P� 0.0001, respectively) and are likely caused by
differences in size and weight between P. viburni
larvae and adults. In previous trials, we found the
weight of P. viburni larvae to average 0.22 � 0.15 mg
for Þrst instar, 1.49 � 0.76 mg for second instar, and
10.72 � 4.76 for third instar, whereas P. viburni adults
averaged 13.45 � 2.9 mg (Desurmont 2006). De-
creased attack success rates and longer handling time
are also likely to have had an impact; fast moving,
hard-bodied P. viburni adults are harder to catch for
P.maculiventrisnymphs compared with the slow-mov-
ing, soft-bodied larvae, and handling time of P. macu-
liventris nymphs was found to be longer for adult prey
than for Þrst- and second-instar larvae (Desurmont
2006).

The relative predatory efÞciency of different instars
of P. maculiventris nymphs also varied with the pred-
ator life stage. Against P. viburni larvae, second- and
third-instar nymphs killed more prey than fourth and

Þfth instars (Fig. 1). Against P. viburni adults, Þfth-
instar nymphs killed more prey than the others instars,
the second-instar nymphs being the least efÞcient.
The size differential between P. viburni larval instars
likely explains why second- and third-instar P. macu-
liventrisnymphs had higher predation rates than older
nymphs; second- and third-instar nymphs fed on Þrst-
and second-instar P. viburni larvae, which are signif-
icantly smaller than third-instar larvae, whereas
fourth- and Þfth-instar nymphs were provided mostly
third-instar larvae (Fig. 2). Moreover, the experiment
was stopped when the nymphs were early Þfth instar
because of prey pupation; therefore, the predation
potential of Þfth-instar nymphs was not fully realized
by the end of the experiment. With P. viburni adults,
the prey size and weight were approximately constant.
Second-instar nymphs needed only one or two prey
items to develop to the next instar, whereas older
nymphs needed more prey to develop. Although the
daily consumption rates were similar among third,
fourth, and Þfth instars, the total number of prey
consumed by Þfth-instar nymphs was higher, likely
because of the extended duration of the Þfth nymphal
instar (Fig. 1).

The time course of development of P. maculiventris
nymphs was similar regardless of the life stage of the
prey, and duration of instars was similar for nymphs
fed on larval and adult P. viburni (Fig. 2). The patterns
of predation dynamics during development of the
nymphs were extremely consistent (Fig. 2): a peak of
predation was observed after each molt of the pred-
ator, and nymphs ceased feeding for a period whose
duration could vary between 24 and 48 h before the
next molt. This pattern was expected and is consistent
with previous Þndings (De Clercq 2000). The ampli-
tudes of predation rates were very different, however,
depending on whether nymphs were feeding on P.
viburni larvae or adults.

In previous studies quantifying predation perfor-
mance of P. maculiventris nymphs during nymphal
development of other pests, Gusev et al. (1983) re-
ported that P. maculiventris nymphs consumed an av-
erage of 293 eggs, 4.5 late instars, or 5 adults of the
Colorado potato beetle, Leptinotarsa decemlineata
(Say) (Coleoptera: Chrysomelidae). Waddill and
Shepard (1975) found an average consumption of 160
eggs, 100 second instars, 15 fourth instars, or 18 pupae
of the Mexican bean beetle,Epilachna varivestis (Mul-
sant) (Coleoptera: Coccinellidae). De Clercq and
Degheele (1994) found that P. maculiventris nymphs
consumed an average of 1,200 eggs, 150 second instars,
25 Þfth instars, or 20 pupae of the beet armyworm,
Spodoptera exigua (Hübner) (Lepidoptera: Noctu-
idae). Finally, Coppel and Jones (1962) showed that
P. maculiventris nymphs ate an average of 13.4 larvae
of the pine sawßy, Diprion similis (Hartig) (Hyme-
noptera: Diprionidae). Our own trial with P. viburni
larvae as prey differed from these experiments in that
we gave different larval instars of the prey to the
predator during its development. This choice was dic-
tated by the desire to simulate a realistic prey/pred-
ator development situation. In the Þeld, given the

Table 1. Development (from second instar) and predation per-
formance of P. maculiventris on P. viburni larvae and adults and G.
mellonella larvae at 22°C under a 12:12 (L:D) light regimen

Prey species

P. viburni
larvae

P. viburni
adults

G.
mellonella

N 12 15 14
Nymphal survivorship 90% 87% 100%
Total prey consumed 100.6 � 10.4a 16.9 � 9.2b Ñ
Range of no. of prey

consumed
87Ð114 10Ð20 Ñ

Daily prey consumption 5.6 � 0.6a 0.7 � 0.1b Ñ
Duration of development

(d)
Ña 22.1 � 1.2a 22.1 � 0.9a

Values are means � SD.
Means between columns followed by the same letter are not sig-

niÞcantly different (P� 0.05, one-way ANOVA and LSD all-pairwise
comparisons).
a The experiment was terminated before adult emergence.
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short duration of the development of P. viburni larvae,
it is very unlikely that P. maculiventris nymphs will
encounter only larvae of a single instar during their
development. By having synchrony between the de-
velopmentof thepredator and theprey inour trial, our
measured predation rates more accurately reßect
those likely to occur under Þeld conditions.

Laboratory experiments concerning predation and
predator/prey relationships are highly artiÞcial, and
their results cannot generally be directly extrapolated
to the Þeld (Wiedenmann et al. 1996). However, such
experiments can be used to evaluate the suitability of
a particular prey. In our case, one of the objectives of
the laboratory trials was to determine whether P.
viburni larvae and adults were suitable prey for P.
maculiventris by comparing life table parameters in-
cluding survival and development duration of nymphs
reared on P. viburni larvae and adults and on nymphs

reared on larvae of the greater wax mothG.mellonella.
Our results showed that nymphs exhibited similar sur-
vivorship and instar durations with the three prey.
Total duration of nymphal development was also con-
sistent and similar between nymphs reared on P.
viburni adults and G. mellonella larvae. These results
show that P. viburni larvae and adults are suitable prey
for P. maculiventris and that nymphs are likely to
successfully develop on these two prey items with
high survival rates under Þeld conditions. In the fu-
ture, it would be useful to examine other life table
parameters (such as weight and fecundity of adults,
number of eggs laid, viability of eggs, and size of
offspring) to determine whether feeding on P. viburni
adults and larvae affects Þtness of P. maculiventris.
Because P.maculiventris has two to three generations
per year in the northeast, optimal suitability of P.
viburni as prey would lead to successive generations of

Fig. 1. Predation performance and development of P.maculiventrisnymphs on P. viburni larvae and adults. Means (�SD)
followed by the same letter are not signiÞcantly different (P � 0.05, one-way ANOVA, LSD all-pairwise comparison
procedure).
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this predator feeding on P. viburni on Viburnum
shrubs after an augmentative release.
Open Shrub Experiment. The 18 shrubs selected

showed various levels of P. viburni infestation, ranging
from 920 to 29,480P. viburni larvae. There was a strong
positive correlation (F � 47.51, P � 0.0001) between
the size of the shrub and the level of infestation (linear
models, linear regression, STATISTIX 8.0; Analytical
Software 2003).

Treated shrubs with an infestation of �3,000 larvae
exhibited a mean Þnal defoliation of 50.4 � 19.24%. All
untreated shrubs in both infestation categories and
treated shrubs with infestations of �3,000 larvae were
totally defoliated by the end of the experiment. The
t-test showed that defoliation of treated shrubs with an
infestation of �3,000 larvae was signiÞcantly reduced
compared with untreated shrubs in this category (t�
�2.56, P � 0.031). No signiÞcant differences were
found in defoliation reduction for shrubs infested with
�3,000 larvae(t��1,P�0.36).Defoliationdynamics

of the shrubs selected for this experiment are shown
in Fig. 3.

Defoliation byP. viburni larvae was reduced only on
shrubs with an infestation level of �100 P. viburni
larvae per P. maculiventris nymph, but not at lower
predator/prey ratios (Fig. 3). It is likely that the pred-
ators on shrubs with high levels of infestation had no
visible effect on defoliation because the prey were too
numerous and saturated the functional response of the
predator; although the predators may have eaten sub-
stantial numbers of P. viburni larvae, they did not eat
enough to signiÞcantly impact the pest populations on
those shrubs.

During the experiment, eggs of H. axyridis were
discovered on some of the shrubs and were destroyed
to avoid any unexpected effect of another predator on
P. viburni larval populations. However, H. axyridis
larvae were found late in the experiment on 2 of the
18 V. trilobum shrubs and were actively preying on P.
viburni larvae. Those two shrubs, which had estimated

Fig. 2. Developmental and predation dynamics of P. maculiventris nymphs preying on P. viburni larvae and adults. Upper
and lower vertical lines indicate when 80% of the insects molted to the next instar for P. maculiventris (PM) nymphs and P.
viburni (VLB) larvae, respectively.
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P. viburni infestations of 1,112 and 17,801 larvae, were
not included in the Þnal analysis, but their defoliation
was recorded until the end of the experiment. The
shrub with the lighter infestation was an untreated
shrub and showed a Þnal defoliation of 10%, whereas
the heavily infested shrub, which was treated, was 85%
defoliated by the end of the experiment (Fig. 3). This
was the lowest level of defoliation we observed for V.
trilobum shrubs having an infestation level of �3,000
larvae, treated or not. Of course, we cannot draw Þrm
conclusions from observations made on only two
shrubs, but these data suggest that the signiÞcant re-
duction in defoliation observed on these two shrubs
may be caused by predation by H. axyridis larvae. On
the treated shrub, the delay in defoliation and the
reduction in Þnal defoliation may be the result of an
additiveeffectofP.maculiventrisnymphsandH.axyri-
dis larvae in decreasing P. viburni larval populations.
Although positive interactions between the two spe-
cies are an exciting prospect, we have to keep in mind
that negative interactions between the two species
might also occur. Intraguild predation by P. macu-
liventris adults and nymphs on H. axyridis adults and
larvae has been documented (Hough-Goldstein et al.
1996). De Clercq et al. (2003) studied, under labora-
tory conditions and on caged plants, interactions be-
tween P. maculiventris and H. axyridis. These authors
observed that intraguild predation by P. maculiventris
occurred but that H. axyridis adults were rarely at-
tacked. It was hypothesized that H. axyridis larvae
were likely to be suboptimal prey. De Clercq et al.
(2003) concluded that, under Þeld conditions, intra-
guild predation may be an issue when prey popula-
tions are low. Evidence of intraguild predation of P.
maculiventris on two other coccinelids, Coleomegilla
maculata (DeGeer) and Coccinella septempunctata

(L.), was also documented (Mallampalli et al. 2002).
In that study,P.maculiventriswas observed preying on
both adults and larvae ofC. septempunctatabut only on
larvae of C. maculata, and the authors suggested that
C. maculata adults may be unpalatable to P. macu-
liventris. In these reports, P. maculiventris was not
found to be the victim of intraguild predation, except
for cannibalism.

Observations of P. maculiventris nymphs on the
open shrubs were recorded over time. A total of 78
nymphs were observed throughout the duration of the
experiment on six of the treated shrubs, and none were
observed on the untreated shrubs. The nymphs were
observed on small shrubs whose size ranged from 0.52
to 0.91 m, which represented one half of the total 18
shrubs. Nymphs were never observed on larger
treated shrubs (up to 1.72 m). The records of P. macu-
liventris nymphs observed over time are shown in
parallel with development and activity of the nymphs
in Figs. 4 and 5, respectively. Resting and wandering
were the dominant behaviors of the nymphs (38 and
36% of observations, respectively). Direct predation
was observed in 26% of the observations. By the end
of the experiment, on 8 June, nymphs observed had
reached the Þfth instar (66%) or the adult stage (33%).

It is unlikely that a correlation exists between the
size of the plants and establishment of the nymphs. In
contrast to many crop systems in which P. maculiven-
tris has been evaluated (e.g., potatoes, tomatoes), the
structure of the host plant in this system (Viburnum
spp.) is more complex.Viburnum shrubs have a dense
assemblage of twigs and branches of various sizes. This
structure provides insects, including P. maculiventris,
numerous refugia for resting and hiding (e.g., dried
leaves, unexpanded leaves, bark crevices), making vi-
sual inspection difÞcult. It is especially true for shrubs

Fig. 3. Defoliation dynamics ofV. trilobum shrubs with different levels of infestation during P. viburni larval development
(mean � SE), comparing shrubs treated with P. maculiventris, untreated and single shrubs at each infestation level on which
H. axyridis was found.
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of larger dimensions, and it seems likely that the ab-
sence of observations of P. maculiventris nymphs on
larger shrubs may have resulted simply from failure to
detect the insects rather than failure of establishment
of the predators. Direct observations of the nymphs on
smaller shrubs during the experiment was a valuable
indicator that allowed us to conÞrm that some of the
released predators established and fed on prey on
treated shrubs. It did not, however, allow us to esti-

mate the percentage of these reclusive predators that
established on each shrub or the presence or absence
of predators on larger treated shrubs.
Caged Branch Experiment. Individuals of P. macu-
liventris were found alive inside the cages in 92.3% of
the observations (total number of observations: 92). In
the 7.7% remaining, the predator was missing. At the
end of the experiment, when P. viburni larvae had
completed their development, 88% of the nymphs had

Fig. 4. Frequency of observations and development of P. maculiventris nymphs in the Þeld (total numbers of nymphs
observed over time). *Open shrub experiment: on 12 May, a total of 30 nymphs per shrub were released on the treated shrubs.

Fig. 5. Frequency of observations and activity of P. maculiventris nymphs in the Þeld (total numbers of nymphs observed
over time). *Open shrub experiment: on 12 May, a total of 30 nymphs per shrub were released on the treated shrubs.
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reached theÞfth instar, and12%ofP.maculiventrishad
reached the adult stage.

In cages, resting was the dominant behavior of the
nymphs in our observations (57% of a total of 67
observations), followed by wandering (31%), and pre-
dation (12%) (Fig. 4). Although nymphs were not
released on the same date in the caged branch and
open shrub trials, nymphs in both cases had reached
comparable life stages at the end of these experiments
(most of the nymphs were Þfth instar and a few were
adults; Fig. 5), and development seemed faster in June,
possibly because of an increase in temperature in the
Þeld.

Concerning predation performance ofP.maculiven-
tris nymphs inside the cages, the results showed a
mean reduction of 10.4 � 28.1 individuals in the larval
population in treated cages and an augmentation of
31.5 � 33.5 individuals in the larval population in the
untreated cages. This difference was signiÞcant
(F1,17 � 9.98, P � 0.0057). The increase in number
of larvae in the untreated cages was unexpected
because cages were intended to be insect-tight;
therefore, larval populations should have been sta-
ble or decreased. Three hypotheses might explain
this observation.

The most likely explanation is that the initial larval
population inside the cages was underestimated. The
branches used in this experiment were naturally in-
fested, and the records of the original larval popula-
tions were made when larvae were still Þrst instar; P.
viburni Þrst-instar larvae are very small and can easily
hide in crevices of young leaves. Therefore, some
larvae might have been missed during the initial
counting.

An alternative explanation is that some late hatch-
ing of P. viburni larvae inside the cages may have
occurred. The cages were placed on branches on 15
May, 8 d after the Þrst observation of P. viburni larvae
on foliage in the Þeld. Earlier experiments in the lab-
oratory showed that all larval hatching occurred
within a range of 6Ð7 d (unpublished data). Therefore,
if Þeld emergence rates corresponded to laboratory
observations, all eggs should have hatched by the time
cages were placed over the infested branches. How-
ever, branches in the Þeld no doubt experienced tem-
perature ßuctuations and weather changes, which
may have delayed the hatching of some eggs until after
installation of the cages.

Finally, immigration of P. viburni larvae into the
cages may have occurred. Even though the sleeve
cages were intended to prevent passage of insects, we
cannot rule out the possibility that some larvae from
noncaged branches immigrated into our cages. Cages
were temporarily opened every 5 d to allow larval
counting and predator inspection. During those in-
spections, immigration of larvae from surrounding
branches may have occurred, although this seems un-
likely.

This unexplained augmentation of larval P. viburni
notwithstanding, results from this experiment conÞrm
that P. maculiventris nymphs can develop successfully
at a high survivorship rate (92.3%) inside sleeve nets,

suggesting that P. viburni larvae are a suitable prey for
P. maculiventris under Þeld conditions.

In both the open shrub and the caged branch ex-
periments, resting was the dominant behavior of the
predators. This signiÞcant proportion of time spent
resting has been documented for P. maculiventris in
previous studies (Wiedenmann et al. 1996), although
the nymph is believed to be an active searcher. In the
majority of the “caged branch” observations, predators
were hiding in refugia. This behavior seems likely to
be inßuenced by temperature. Indeed, records of Þeld
temperature and behavior of P. maculiventris nymphs
show that when temperature was low (�15Ð18�C),
nymphs were frequently resting, but when tempera-
ture increased over this threshold in early June,
nymphs switched to wandering behavior. The amount
of time spent capturing and consuming prey was small
and was independent of temperature (Fig. 4).

Although P. maculiventris nymphs showed an over-
all similar distribution of activities in both Þeld exper-
iments, it seems likely that the observations of the
caged branch experiment more accurately reßect the
normal behavior of P. maculiventris under Þeld con-
ditions. The nymphs observed during the open shrub
experiment were only those individuals more readily
seen; resting nymphs hiding in refugia are more dif-
Þcult to see than those wandering or feeding. There-
fore, the proportions of activities we found during this
experiment may be biased by our failure to detect all
the nymphs on the shrubs. This is also consistent with
the hypothesis that more nymphs may have been es-
tablished on the treated shrubs than we actually ob-
served.

From a pest control perspective, our study shows
that P. maculiventris has promising potential for con-
trolling infestations of P. viburni, provided that the
predators are released before pest populations build
up high densities (i.e., �3,000 larvae/shrub) and that
large enough populations of predators can be estab-
lished. P. viburni larvae and adults were found to be
suitable prey for P. maculiventris nymphs under both
laboratory and Þeld conditions. Augmentative re-
leases of P.maculiventrisnymphs on naturally infested
V. trilobum signiÞcantly reduced pest defoliation on
lightly or moderately infested shrubs (�3,000 larvae),
which, in our experiment, corresponded to a predator:
prey ratio �1:100. Total control of the pest might be
achieved by modifying release rates to increase the
predator: prey ratio, but this possibility remains spec-
ulative at this point. Our laboratory results also
showed that timing of release of the predator is a
critical factor when considering the use of P. macu-
liventris against P. viburni larvae. Because P. macu-
liventris nymphs consume fewer P. viburni larvae per
day as larvae grow, predators should be released when
P. viburni larvae are still young (Þrst instar) to achieve
optimal predatory efÞcacy and thus maximal reduc-
tion in defoliation by the pest.

Augmentation ofP.maculiventrispopulations seems
unlikely to be a practical management option for P.
viburni on heavily infested shrubs because of the mas-
sive numbers ofP.maculiventrisnymphs that would be
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required. However, long-range aggregation phero-
mones might be used to attract endemic P. maculiven-
tris to infestedViburnum plantings. Aggregation pher-
omone for P. maculiventris, described by Aldrich et al.
(1984a, b) and commercially available, has been eval-
uated against various pests (Aldrich and Cantelo
1999), but not against P. viburni.Using an aggregation
pheromone alone or in combination with augmenta-
tive releases of P. maculiventris should be considered
and evaluated in future development of IPM programs
to control P. viburni.
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