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ABSTRACT Pyrrhalta viburni Paykull, a new landscape pest in the United States, feeds in both the
larval and adult stages on foliage of plants in the genus Viburnum. We measured lifetime oviposition
capacity of mated and unmated females reared in the laboratory versus Þeld-collected females, as well
as ovipositional response to physical characteristics of the host plant. Both mated and unmated females
produced eggs, but at different rates. Field-collected females and mated females reared in the
laboratory laid similar numbers of egg masses containing similar numbers of eggs, but unmated females
laid approximately one half as many eggs, the result primarily of smaller clutch size. Mated females
reared in the laboratory had a preovipositional period of 11.4 � 1.7 versus 29 � 11.7 d for unmated
females, and unmated females lived signiÞcantly longer than mated females. The angle and diameter
of stems ofV. trilobum, a very susceptible host, both greatly inßuenced oviposition; females laid most
eggs on vertically oriented stems, and those of smallest diameter; when these factors were combined,
stem diameter predominated. Females also had a very strong geotactic response, preferring to lay eggs
on portions of stems toward gravity, even when stems were at fairly shallow angles.
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Pyrrhalta viburni (Paykull), commonly known as
viburnum leaf beetle, is becoming an increasingly sig-
niÞcant pest in the United States. The insect special-
izes on foliage of viburnums, woody shrubs that are
commonly used in landscapes and also occur widely in
natural areas. P. viburni was Þrst detected in North
America in 1947 (Sheppard 1955) but did not establish
breeding populations until the late 1970s, when it was
found infesting Viburnum opulus in Ottawa, Ontario,
and neighboring Hull, Quebec (Becker 1979). Since
that time, it has spread into the northeastern United
States and currently is known to exist in all the New
England states, New York, Pennsylvania, and Ohio. A
separate introduction has occurred on the west coast
of North America; infested plant material apparently
was transported to British Columbia, and from there
the insect has spread into the state of Washington. The
insect may also exist in the upper peninsula of Mich-
igan (H. Russell, personal communication). Although
some of the instances of spread have been hastened by
transportation of infested nursery stock, the insect is
a capable ßier and apparently can spread rather rap-
idly on its own (Weston and Hoebeke 2003). A sum-
mary of the biology of P. viburni and its invasion
history and prospects in the United States were re-
cently published (Weston et al. 2007).

Unlike many chrysomelids, P. viburni feeds on fo-
liage of the same hosts in both the larval and adult
stages. Because of the sequential feeding by larvae and
adults on the same plants within a growing season, this
insect is particularly injurious to its host plants, all of
which are in the genus Viburnum.Within a few years
after the start of an infestation, attacked viburnum
shrubs begin to die. Not all species of Viburnum are
susceptible to feeding, however; many species will
show obvious signs of feeding attempts but survive an
infestation, and others are nearly untouched by the
beetle (Weston et al. 2000). Unfortunately, some of
the more common viburnums, including cranberry-
bush and arrowwood, are very susceptible to the pest.
Property owners and nursery operators that wish to
keep these plants alive in areas that the pest has in-
vaded must use some form of pest control.

Oviposition behavior of P. viburni is distinctive and
highly stereotyped. Females lay their eggs in masses
within cavities they chew in the stems. Egg masses are
typically found in rows on the undersides of young
twigs. The egg masses themselves are not visible be-
cause the female covers them with a mixture of se-
cretions that forms a cap over the eggs. The egg caps,
which are apparently a mixture of frass and chewed
plant material, have been found to contain secondary
chemicals produced by the host plant (Hilker 1992),
and likely protect the eggs from biotic and abiotic
threats.
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Very little has been published on the biology of P.
viburni, perhaps because it is not a serious problem in
areas where it has been present for many years (Eu-
rope and Asia), likely because of the presence of
various natural enemies (Zorin 1931). The paper by
Zorin (1931) is the most extensive treatise on the
biology of P. viburni and apparently documents the
natural history of the pest in Leningrad, with refer-
ence to natural enemies and control methods (the
paper is written in Cyrillic, with only a brief synopsis
in English; Zorin 1932). The paper by Lühmann
(1934) documents the biology of all life stages of P.
viburni, including a detailed description of oviposition
behavior. Balachowsky (1963) also provides some de-
tails of the natural history of P. viburni, some of which
seem to be based on the reports of Zorin.

The objectives of the study reported here were to
document various aspects of the ovipositional biology
of P. viburni, including fecundity, preoviposition pe-
riod, and ovipositional response to hostÐplant physical
characters.

Materials and Methods

Rearing Conditions. Insects for lifetime oviposition
experiments were collected as adults in the Þeld or
from colonies started from egg-infested twigs of
Viburnum dentatum and V. trilobum collected from
the Þeld in late winter. Twigs were kept in a refrig-
erator until insects were needed and transferred to a
reach-in chamber at 17�C until eggs hatched. Newly
eclosed larvae were transferred to a plastic box (30 by
22 by 10 cm) covered with a screened lid and con-
taining shoots of V. trilobum (with cut ends in water-
Þlled ßoral tubes) in a reach-in chamber at 22�C and
a 15:9 L:D light regimen.
Lifetime Oviposition. Oviposition records were

kept for individual females from one of three popu-
lations: Þeld collected, laboratory-reared/mated, and
laboratory-reared/unmated females. Field-collected
females were collected as adult emergence began for
the 2003 season, and their mating status could be
conÞrmed by the time elapsed until Þrst oviposition.
Unmated females were guaranteed to be virgins be-
cause we collected laboratory-reared adults from in-
dividually housed pupae as they eclosed. Foliage ofV.
trilobum,collected weekly from plants in the Þeld, was
provided as food and was inserted into a layer (2 cm
deep) of Þne sand and vermiculite (1:1 by volume) in
plastic cylinders (8.5 cm diameter by 8 cm). Shoots
were kept fresh by adding water to the substrate as
needed, and cylinders were capped with a screened
lid. Shoots were replaced as foliage became depleted
for the duration of the experiment. Containers were
held at our standard rearing conditions.

Mated females (both from the laboratory and Þeld
populations) were caged with one male P. viburni in
plastic cylinders, as above. Males were replaced if they
died, and the experiment was terminated when the
females died. Twelve pairs of beetles from the labo-
ratory colony and 12 from the Þeld were observed, and

eight replicates were used for the unmated female
experiment.

The date on which eggs were Þrst laid by each
female was recorded, and total eggs laid by each fe-
male were counted and recorded twice per week. Eggs
were counted under a stereomicroscope after detach-
ing the “cap” and carefully picking eggs out of the egg
cavity using a dissecting needle. The data collected for
each female included time to Þrst oviposition, total
oviposition, total number of egg masses, average
clutch size, and life span. Data were analyzed with
completely randomized design analysis of variance
(ANOVA) if variances were homogeneous (as deter-
mined by BartlettÕs test); when variances were not
homogenous, data were analyzed with Kruskal-Wallis
nonparametric ANOVA.
Ovipositional Stimuli. Responses to hostÐplant

physical characters were measured in the laboratory
with adult females collected in the Þeld or arising from
larvae collected as eggs earlier in the season. The
inßuence of stem diameter and stem angle were tested
in separate assays using freshly collected twigs of V.
trilobum, as detailed below.

The inßuence of stem diameter was measured by
cutting terminal shoots of V. trilobum, collected from
Þeld-grown plants, to �12 cm in length. The stems
were divided into Þve diameter categories averaging
1.6, 2.4, 3.2, 4.0, and 4.8 mm. One stem of each size class
was inserted into the moistened sand layer (3 cm
deep) in a plastic cylinder (19 by 20 cm diameter);
stems were arranged in a ring �1.5 cm from the wall
of the cylinder in random order. Twenty female and
Þve male P. viburni were placed in each container,
which was covered with a section of nonwoven poly-
ester fabric (AgriBon� AG-15; Polymer Group, Char-
lotte, NC) held in place with rubber bands. Egg masses
were counted on stems every day for a period of 3 d
(the experiment was stopped after 3 d because twigs
were becoming saturated with egg masses). Five rep-
licates were used. Data were analyzed by regressing
number of egg masses versus stem diameter.

The inßuence of stem angle on oviposition was
measured using two experiments. The Þrst experiment
used twigs ofV. trilobum (�12 cm long) inserted into
a block of ßoral foam at one of four angles (0, 30, 60,
and 90�). The 0� angle was achieved by attaching a
short length of aluminum wire (14 gauge) to each end
of a twig and inserting the wire into the ßoral foam,
thus supporting the twig horizontally �3 cm above the
substrate. The ßoral foam was placed in a plastic cyl-
inder (19 by 20 cm diameter) and covered with a thin
layer of moistened sand. Twenty female and Þve male
P. viburni were placed in each container, which was
covered with nonwoven polyester fabric. Bioassay
containers were placed in a reach-in incubator and
held at our standard rearing conditions. The number
of egg masses was recorded for each twig after 4 d. In
addition to noting the number of egg masses, their
location on the stem (in the quadrant away from
gravity, the quadrant toward gravity, or in one of the
two quadrants on the sides of the stem) was also
recorded for stems held at 0, 30, or 60� (the stems held

April 2008 WESTON ET AL.: OVIPOSITIONAL ECOLOGY OF P. viburni 521



at 90�, or vertical, had all sides of the stem equally
exposed to gravity). Five replicates were conducted.
The inßuence of stem angle was determined by re-
gressing the percentage of eggs laid on stems of each
angle versus stem angle using polynomial regression,
and statistical differences among number of eggs laid
in the three stem quadrants was determined using
randomizedcompleteblockANOVAfollowedby least
signiÞcant difference (LSD) test.

The second experiment for evaluating the inßuence
of stem angle on oviposition was conducted by curving
stems of V. trilobum (�18 cm long) through 90� and
holding the twig in this position with a Þne piece of
aluminum wire (14 gauge). The base of the curved
stem was inserted into moistened sand in a plastic
cylinder (13 by 13 cm diameter), and two female and
one male P. viburni were added. The cylinder was
covered with nonwoven polyester fabric, and egg
masses were recorded after 6 d. The location of egg
masses along the length of the stem was recorded and
classiÞed into one of three location categories: bottom
third (angles ranging from 90 to 60�), middle third
(angles ranging from 60 to 30�), and upper third (an-
gles ranging from 30 to 0�). We designated these three
portions the vertical, curved, and horizontal portions,
respectively, although stems curved quite smoothly
over most of their length. Five replicates were con-
ducted. Data (number of egg masses in each location
category) were analyzed with randomized complete
block ANOVA followed by LSD test.

Results and Discussion

Lifetime Oviposition. Both Þeld-collected and lab-
oratory-reared, mated females produced similar num-
bers of eggs per egg mass (8.6 � 1.7 and 7.8 � 2.0,
respectively, mean � SD), and total oviposition (both
in terms of number of eggs and egg masses) was not
statistically different between the two groups, al-
though the laboratory-reared, mated beetles tended to
lay fewer eggs than Þeld-collected beetles (Table 1).
Lifespan was also very similar for these two groups.

The preoviposition period measured for Þeld-col-
lected females (9.4 � 2.2 d) was signiÞcantly shorter

than that of laboratory-reared, mated females (11.4 �
1.7 d; P � 0.002), but it is impossible to know how
much time elapsed between eclosion and time of cap-
ture for Þeld-collected beetles; therefore, we cannot
conclude that the difference observed in preoviposi-
tion period is real.

Surprisingly, unmated females laid considerable
numbers of eggs (Table 1). As expected, unmated
females were lower in all aspects of fecundity: they
took almost three times as long to start laying eggs, laid
about half as many eggs, and had a clutch size just over
half that of mated females. The total number of egg
masses, however, was not signiÞcantly different be-
tween these two groups, although unmated females
lived signiÞcantly longer than mated females. We
were unable to determine whether the eggs produced
by unmated females were viable because we have
been unable to successfully rear eggs produced in the
laboratory through to the larval stage, whether from
mated or unmated females.

Oviposition by unmated beetles, although unex-
pected, is not uncommon in insects. Such oviposition
has been reported in a diversity of insectan orders
including Blattodea (Roth and Willis 1956),
Hemiptera (Adams 2000), Coleoptera (Bushnell and
Boughton 1940, Wellso et al. 1975), Diptera (Hanson
and Ferris 1929), and Lepidoptera (Brandt 1947, as
cited in de Wilde 1964), among others; in nearly all
cases, unmated females oviposited signiÞcantly fewer
eggs than mated females, generally after a lengthy
delay in the onset of oviposition. Among the chry-
somelids for which reports exist, unmated females
of Oulema melanopus L. were found to lay approxi-
mately one half as many eggs and have a delayed peak
in oviposition (31Ð40 versus 11Ð20 d) compared with
once-mated females (Wellso et al. 1975). Smereka
(1965) reported that some unmated females of Chry-
somela crotchiBrown laid eggs but presented no quan-
titative data.
Ovipositional Stimuli. Stem diameter had a pro-

found inßuence on oviposition (Fig. 1). Number of
egg masses dropped off sharply from the smallest di-
ameter stems tested (1.6 mm), and no eggs were laid
on stems �4 mm in diameter. These data suggest that

Table 1. Comparison of fecundity parameters of P. viburni females collected from the field or reared from larvae in the laboratory

Fecundity parameter

Source of adults

Field-
collecteda

Laboratory-reared

Mated Unmatedb,c

N 12 12 8
Pre-oviposition period (d) 9.4 � 2.2b 11.4 � 1.7a 29.1 � 11.7*
Lifespan (d) 76.5 � 29.2a 71.3 � 22.4a 100.5 � 27.0 
Total fecundity (eggs/female) 579.5 � 260.5a 484.4 � 171.7a 258.5 � 132.6 
Number of egg masses/female 75.0 � 33.5a 69.6 � 27.5a 52.1 � 26.9 NS
Eggs per egg mass 8.2 � 1.6a 7.4 � 1.6a 5.0 � 0.4*

Values are means � SD.
aMeans followed by the same letter within a row are not statistically different between Þeld-collected and laboratory-reared beetles as

determined by ANOVA.
bMeans followed by an asterisk are signiÞcantly different from mated, laboratory-reared females as determined by Kruskal-Wallis one-way

nonparametric ANOVA.
cMeans followed by a dagger are signiÞcantly different from mated, laboratory-reared females as determined by ANOVA.
NS, not signiÞcant.

522 ENVIRONMENTAL ENTOMOLOGY Vol. 37, no. 2



the maximal ovipositional response was not achieved
with the selection of stem sizes used for this experi-
ment, because there was no peak in oviposition versus
stem diameter (i.e., oviposition response increased
steadily as stem diameter decreased to the smallest
diameter stem tested and showed no dropoff), but
stems of V. trilobum are rarely smaller than the small-
est size tested.

Depositing eggs on the thinner branches of the host
plant might be adaptive because these portions of the
branches are closer to the tips, where most of the leaf
buds are located (leaf buds occur along the length of
branches for some distance from the tip, but internode
distances are closer at the tip, meaning that the density
of foliage is higher). Also, the bark and woody portions
of the stems are softer in the distal regions, making it
easier for females to excavate the cavities needed to
accommodate the eggs. Additional experiments are
needed to determine whether Þtness of offspring is
enhanced on stems of smaller diameter.

The stem angle experiment revealed that orienta-
tion of stems with respect to gravity has only a minor
effect on oviposition site selection. Females tended to
lay eggs preferentially on stems oriented either ver-
tically or horizontally but also laid substantial numbers
of eggs on intermediate angles (Fig. 2a). Regression
revealed that a second-order polynomial best Þt the
data, with the minimum occurring near 30� (y � 23.6 �
0.1988x � 0.0033x2, r 2 � 0.4053, P � 0.012). This
experiment also showed that femaleP. viburni are very
sensitive to their orientation on stems as they deposit
eggs; oviposition sites were nearly always found on the
side of the stem facing gravity, even when stem angles
were fairly shallow (Fig. 3). Observations of female P.
viburni as they prepare to oviposit sheds some light on
the subject; females characteristically face downward
as they chew the pit in the stem into which they
deposit their eggs and rotate 180� and face upward as
they oviposit (unpublished data). Interestingly, Lüh-
mann (1934) reported that females have occasionally
been observed to reverse the orientation of their bod-
ies during egg site preparation and oviposition (i.e.,
head upward during egg site prepration and down-
ward during oviposition), but we have never observed

this reversed orientation in the laboratory or in the
Þeld in upstate New York. In any event, the females
seem to rely on gravity to correctly orient their bodies
during the various stages of oviposition. The ultimate
reason for selecting the downward-facing portion of
the stemis likelyprotection fromtheelements.Having
eggs on the undersides of stems would decrease ex-
posure to solar radiation, thus reducing desiccation,
and also enhance absorption of water by the egg cap,
because rainwater collects on the undersides of
branches before it drips off.

The curved stem experiment presented beetles with
stems that varied with respect to both diameter and
angle. Most eggs by far were laid on the horizontal
portion of the stem, with roughly equal numbers of
eggs laid on the vertical and curved portions (P� 0.01;
Fig. 2b). This suggests that stem diameter is a more
important factor than their angle in determining ovi-
position site selection, because the results of the stem
angle experiment would lead one to expect a more
equitable distribution of eggs on the vertical and hor-
izontal portions of the stem than was observed. In
addition, the portion of the stem favored for oviposi-

Fig. 1. Oviposition by P. viburni on stems of V. trilobum
varying in diameter.

Fig. 2. Oviposition by P. viburni on stem sections of V.
trilobum either (a) held at Þxed angles in a multiple-choice
test or (b) curved through 90� so that all angles from 0 to 90�
were available for oviposition on one stem. The lengths of the
curved stems were divided into thirds for recording ovipo-
sition. Bars accompanied by the same letter are not statisti-
cally different as determined by ANOVA followed by LSD
multiple comparison test. Percentage of eggs per segment is
shown in b, but data analysis was based on number of egg
masses.
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tion (i.e., the horizontal portion) was smaller in di-
ameter than the basal portions because the stems ta-
pered gradually from base to tip. These results agree
with the results of the stem diameter and stem angle
experiments, which revealed a much stronger re-
sponse to diameter (Fig. 1) than to angle (Fig. 2a).

In addition to physical attributes of the host plant,
phytochemicals also apparently play a large role in
oviposition by P. viburni, but have proven difÞcult to
characterize because of the Þnickiness of females re-
garding acceptance of artiÞcial substrates for feeding
or oviposition. We have never observed egg masses on
species of plants other than Viburnum, and rarely on
plants that the beetles did not feed on Þrst. The tight
linkage between feeding and oviposition in this spe-
cies probably serves as a mechanism to ensure that
eggs are deposited primarily on plants that the adults
have found to be acceptable food sources, although we
observed occasional egg masses deposited on some
species of Viburnum that do not permit development
of Þrst-instar larvae (Weston and Desurmont 2002).
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Fig. 3. Localization of egg masses on stems in the stem
angle experiment; “upper” is the quadrant of the stem cross-
section away from gravity, “lower” is the quadrant facing
gravity, and “sides” are the two quadrants in between. Bars
accompanied by the same letter (within each group of three
bars for each angle) are not statistically different as deter-
mined by ANOVA followed by LSD multiple comparison
test.
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