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Abstract

The bird cherry ermine moth, Yponomeuta evonymellus L., is considered an obliga-
tory monophagous insect pest that feeds only on native European Prunus padus L. In
recent years, however, increased larval feeding on alien P. serotina Ehrh. has been ob-
served. In both species, general defoliation is extensive for shade grown trees, where-
as it is high in P. padus, but very low in P. serotina, when trees are grown in full light
conditions. The aim of the present study was to identify how the plant host species
and light conditions affect the performance of Y. evonymellus. The influence of host
species and light condition on their growth and development, characterized by the
parameters of pupation, adult eclosion, body mass, potential fecundity, and wing
size, was measured in a 2x2 experimental design (two light treatments, two
hosts). In comparison with high light (HL) conditions, a greater percentage of pupa-
tion and a longer period and less dynamic adult emerge was observed under low
light (LL) conditions. The effect of host species on these parameters was not signifi-
cant. In contrast, mass, fecundity and all of the studied wing parameters were higher
in larvae that grazed on P. padus than on P. serotina. Similarly the same parameters
were also higher on shrubs in HL as compared with those grown under LL condi-
tions. In general, light conditions, rather than plant species, were more often and
to a greater extent, responsible for differences in the observed parameters of insect
development and potential fecundity.
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Introduction species choice, and to a lesser extent, on herbivores’ prefer-
ences and performance within a species. Differences between
and within host species can affect trophic levels (Price et al.,
1980), such as herbivorous insects, by contributing to differ-
ences in the quality of food and to the quality of the conditions
that affect the development and reproduction of the herbi-

Research on the relationship between herbivores and their
host plants generally focuses on the factors determining host

*Author for correspondence: vores (Alonso & Herrera, 1996, Giertych et al., 2007;
Phone: +48 618170033 Anderson et al., 2013). There are many plant features, such
E-mail: pkarolew@man.poznan.pl as morphology and anatomy (Calixto ef al., 2015; Eukowski
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et al., 2015), as well as chemical composition (Barber &
Marquis, 2011; Karolewski et al., 2013), that can affect
plant-herbivore interactions. Plants are also strongly influ-
enced by environmental factors (light conditions, humidity,
etc.) that affect their physiology and development (Abrams
et al., 1992; Barber & Marquis, 2011; Bielinis & Robakowski,
2015).

Forests are complex ecosystems and are typically com-
posed of a number of different niches and specialized micro-
habitats (Winter & Moéller, 2008). Conditions such as canopy
density and gaps, forest edges, presence of road, etc., create
a specific light conditions in both tropical and temperate for-
ests (Leather & Mackenzie, 1994; Mooney & Niesenbaum,
2012). Shrubs of Prunus L., and other understory species,
have evolved the ability to grow in a variety of light conditions
and possess a range of physiological responses that enable
them to adapt to different levels of light (Abrams et al.,
1992). Understory plants are an important source of food for
herbivores, including folivorous insects (Menken ef al., 1992).
However, their utility as a food source for folivores may vary
with the physiological status of the plant, which can in turn be
impacted by the level of abiotic stress (DeLucia et al., 2012).
Plants that are exposed to different levels of biotic stress,
such as insect feeding and fungal pathogens, try to minimize
leaf damage through an induction of various chemical and
structural defense mechanisms (Giertych et al., 2006; Eyles
et al., 2010). Several hypotheses have been proposed to explain
the mechanisms by which changes in a complex of environ-
mental factors can alter the production of defense compounds
in leaves (Gong & Zhang, 2014). For example, the carbon/nu-
trient balance hypothesis postulates that the carbon/nitrogen
ratio in plants determines which secondary metabolites will be
synthesized (Koricheva et al., 1998b). When the plants grow in
high light conditions (HL), resulting in high levels of carbon
assimilation, the high levels of carbohydrates are used to pro-
duce carbon-based defenses metabolites to repel herbivores. It
is plausible that the correlation between light conditions and
the production of defense compounds is one of the underlying
reasons that understory trees and shrubs, which grow in low
light conditions (LL), are frequently more heavily attacked by
insect herbivores than tree and shrub species growing in HL
conditions. Shade leaves, relative to sun leaves, are character-
ized by a less resistant structure (Abrams ef al., 1992) and lower
levels of carbon-based defense compounds (Henriksson et al.,
2003; Karolewski et al., 2013).

In European forests, the native bird cherry Prunus padus
L. and the non-native black cherry P. serotina Ehrh. are wide-
spread understory plants (Leather, 1996, Godefroid et al.,
2005). The native host range of P. padus extends from the
southern to the northern parts of Europe (Leather, 1996),
whereas P. serotina is native to northeastern and central areas
of the USA and Mexico (Pairon et al., 2010). Prunus serotina is a
non-native kenophyte in Europe and is a highly invasive spe-
cies (Chabrerie et al., 2009; Halarewicz, 2011). Leaves of both
Prunus species are strongly attacked by a variety of polypha-
gous insect pests, especially by leaf beetle Gonioctena species
(Coleoptera: Chrysomelidae) (Leather, 1994; Maderek et al.,
2015) and aphids - Rhopalosiphum padi (Heteroptera:
Aphididae) (Archetti & Leather, 2005; Halarewicz & Gabrys,
2012). Whereas monophagous ermine moth Yponomeuta evo-
nymellus L. (Lepidoptera: Yponomeutidae) attacks almost en-
tirely P. padus (Leather, 1986; Menken et al., 1992), and only in
recent years also finding on the P. serotina (Karolewski et al.,
2014).
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The genus Yponomeuta has received great attention from
scientific studies as reflected by the abundance of literature
that exists pertaining to the ecology of these mono- and oligo-
phagous moths (e.g., Hora & Roessingh, 1999; Javoi§ et al.,
2005; Bakker et al., 2008; Ulenberg, 2009; Parker et al., 2012).
Leather (1986), as well as Turner et al. (2010), consider Y. evo-
nymellus to be an obligatory monophagous species that feeds
only on P. padus. In recent years, however, an increase in the
number of cases of larval feeding on P. serotina (see photos
in Karolewski et al., 2014) has been observed. In most cases,
larvae will feed on leaves of P. serotina shrubs when they
touch branches of P. padus. The movement of larvae from P.
padus (where they hatch) on to P. serotina is often the result
of almost complete defoliation of P. padus shrubs, and by
this a lack of food. One of the main findings of a previous
field experiment was the discovery that Y. evonymellus moths
can survive on P. serotina, a new host plant, although it is dif-
ficult due to the differences between the phenology of P. sero-
tina and P. padus (Karolewski ef al., 2014). We consider that
light conditions can also play an important role in the develop-
ment and growth of Y. evonymellus on P. serotina.

The same folivorous species occur on both P. serotina and
P. padus, but the latter host experiences a much greater loss
of leaf mass (Karolewski ef al., 2013). The amount of damage,
however, also depends on light conditions. Damage is exten-
sive in both species when plants are growing in the shade,
however under HL conditions, damage is high in P. padus
and low in P. serotina (Karolewski ef al., 2013). The strength
of chemical defense in both species is not so different
(Karolewski et al., 2014; Maderek et al., 2015). In this case, de-
cisive are not so much differences in the chemistry of leaves,
but their structure. Structure of shade leaves is similar in
both Prunus species. In contrast, sun leaves of P. serotina are
particularly thick and tough while this is observed to a
much lesser extent in P. padus. Thus these observations are
the result of many interactions between the host plant and
light condition on their growth and structure of leaves, and
thus on the possibility of insect grazing.

Previous studies (Alonso, 1997; f.ukowski et al., 2014) re-
ported that some species in the family Yponomeutidae are
more likely to feed in well-lighted places within an individual
shrub, such as the south side of the crown, than in the shade or
the north side of the crown. These observations are probably
due to the fact that larvae feeding on shrubs growing under
HL conditions (in higher temperature) have a greater mass
and/or faster pupation process which reduces the time of ex-
posure to predators and parasitoids (Sarfraz et al., 2013;
BLukowski et al., 2015). At present, the impact of light condi-
tions on Y. evonymellus feeding on P. serotina shrubs is not
yet known.

The objective of the present study was to determine the ef-
fect of the two host species, P. serotina and P. padus, and the
light conditions of their growth habitats, on the performance
(parameters of growth and development and potential fe-
cundity) of Y. evonymellus moths. Although the influence of
the host plant species on the insect feeding has been studied,
the results of the previous studies did not take into consider-
ation the interaction of the plant species and light conditions.
In particular, no convincing and unequivocal results exist per-
taining to the influence of light conditions on the host quality
and thus the growth and development of folivorous insects
(Roberts & Paul, 2006). We know that leaves of the alien P. ser-
otina are not as ideal a food source for Y. evonymellus as leaves
of the native P. padus, however, they can be a substitute
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(Karolewski et al., 2014). We hypothesized that in HL condi-
tions the larvae grow better on the native host than on the
alien host, while there is no such difference in LL conditions.
We also hypothesized that no differences in the performance
of Y. evonymellus would be observed when larvae fed in LL
conditions on shrubs of the two species. Larvae of Y. evonymel-
Ius at an early stage of development were moved from original
P. padus shrubs to new environments in either LL and HL con-
ditions of P. serotina or P. padus shrubs. This translocation to
new environments enabled us to precisely determine the effect
of changes in host plant in each of the lighting conditions, and
thus the quality of food, on adult eclosion, pupation dynamic,
body mass, fecundity and wing parameters.

Materials and methods
Insect and plant material

The study was conducted on the bird cherry ermine moth,
Y. evonymellus (Lepidoptera: Yponomeutidae). Several para-
meters were used: the insects performance, pupation, adult
eclosion, body mass, potential fecundity, and wing size to de-
termine the effect of shrub species and light conditions on the
growth and development. Two species of understory shrubs,
black cherry (Prunus serotina non-native species) and bird
cherry (P. padus; native species), were used as plant material
for this study. In the past P. serotina used to be intensively
planted in the understory, mainly in Scots pine monocultures
on sandy soils, by European foresters. Prunus serotina has been
able to invade Europe due to its lower requirement for water
and nutrients as compared with P. padus (Ellenberg et al., 1992;
Halarewicz, 2011). In addition to its ability to rapidly establish
itself within a habitat poor in nutrients and water, it is also
relatively resistant to insect damage (Abrams et al., 1992;
Karolewski et al., 2010).

The field experiment was carried out on a research site lo-
cated in the Kobylepole Forest in Poland (Babki Forest District;
52°36'N, 17°06’E). Earlier observations and research in the
area of the Kobylepole Forest indicated that both Prunus spe-
cies exhibit an equal occurrence at the selected site. The Prunus
shrubs were growing under a canopy of Pinus sylvestris L.,
with an admixture of Quercus robur L., Fagus sylvatica L.,
Carpinus betulus L., and Ulmus laevis Pall. Shrubs (3-5m
high) were selected from HL conditions along wide forest
roads or in forest gaps, and within LL conditions under a
dense forest canopy (approximately 15-30% of full light as
measured using an LAI-2200 Plant Canopy Analyzer)
(LI-COR Company, USA). Ten similarly sized shrubs per
plant species (P. padus and P. serotina), growing within the spe-
cific light conditions (LL and HL), were selected at the site;
comprising a total of 40 shrubs for the study.

Experimental design and measurements

We conducted a continuous daily observation of the larval
development in nature. On 18 May 2015, a sample of Y. evo-
nymellus larvae, which had reached L2 instar on the same day,
were transferred from P. padus shoots to selected shrubs for
the study, which had no ermine moths and other herbivores
on them at that time. Eighty sections of shoots with L2 larvae
were selected, forty from HL and forty from LL conditions (in
total 80 shoots). We selected shoots with similar number of
larvae (ca. 50 specimens).The larvae were then transferred
to new shrubs of P. padus and P. serotina (20 sections of shoots
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with larvae per shrub species and light conditions), ensuring
that similar light conditions were maintained within the new
host shrubs. More specifically, L2 larvae obtained from shoots
(LL) were placed on new hosts that were also in LL condi-
tions. Similarly, larvae obtained from shrubs growing under
HL conditions were placed on new hosts, growing HL condi-
tions. In order to maintain natural conditions for the experi-
ment, larvae were free to move and were not shielded from
biotic and abiotic factors. The sampled sections of shoots
with larvae were tied by nylon thread to locations on the
new shrubs where larvae typically infest. Larvae of Y. evony-
mellus live gregariously and feed together in one or few
groups, and finally join together formed a single bunch of co-
coons. In this experiment larvae of this species were unpro-
tected from predators and parasites (without artificial
mesh). After 25 days, almost all the larvae had pupated and
were moved to the laboratory and the time and percentage of
adult eclosion were recorded (pupation time appeared not to
differ among treatments). Shoots with pupae were placed in
1-liter plastic containers at ambient temperature with ventila-
tion. Ten randomly selected bunch of cocoons from each spe-
cies and light variant were used to breed females and to
determine potential fecundity. The remaining ten shoots
were used to obtain other measurements (mass and wing
parameters).

In order to determine the potential fecundity, ovaries were
isolated from females that were frozen 1 day after eclosion.
During the isolation of the ovary, the female was placed on
its back and secured to Sylgard elastomer with microentomo-
logical pins in a Petri dish filled with Ringer’s solution. Each
pinned insect was cut along the ventral side of the abdomen
using microsurgery scissors. Fat bodies and Malpighian tu-
bules were removed from the abdomen using micro tweezers.
The ovipositor was also removed in order to expose and isolate
the ovary. Ovaries were stained with a 0.5% solution of Evans
blue in physiological saline. The potential fecundity was as-
sessed as the total number of previtellogenic and vitellogenic
oocytes in ovaries.

Newly hatched moths were counted every day and were
separated and anesthetized in the vapours of ethyl acetate ap-
proximately 3 h after hatching for determination of sex and
weight. Body mass was measured with a Sartorius CP225D
analytical balance (up to 0.01 mg). The experiment concluded
when no new moths had eclosed for a period of 1 week. The
number of cocoons was also counted, and each cocoon was
dissected to determine percentage of adult eclosion (the sole
reason for not eclosing appeared to be parasitization). In add-
ition, wings were cut and removed from moths and the length,
width, and area of each forewing and hindwing was measured
using a high resolution scanner (800 dpi) and WinFolia 2004
software (Regent Instruments Inc., USA). Wing length and
width were defined as the longest and widest point on each
wing.

Statistical analyses

Analysis of variance (ANOVA) was used to assess the stat-
istical significance of differences between species of Prunus,
light conditions, sex, and the interaction between these factors,
in moth mass, total wing area, forewing and hindwing area,
length and width, and female potential fecundity. Because
the analyzed variation over time of the same objects (bunch
of cocoons), a repeated-measures ANOVA was used to assess
the impact of light conditions and Prunus species on the
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Fig. 1. Cumulative daily percentage of moths that eclosed from pupae derived from larvae that fed on P. padus (Pp) or P. serotina (Ps)
growing in high light (HL) or low light (LL) conditions. These data were expressed in relation to the total number of moths (n) that
eclosed from pupae, which was set at 100%. A repeated measures ANOVA was used to assess the effect of light conditions (L), plant
species (S), time (T) and their interactions on the percentage of moths that eclosed. P values <0.05 are in bold.

percentage of moths that eclosed. The percentage of adults that
eclosed from pupae were transformed using the Bliss arc sin
formula prior to conducting statistical analyses (Snedecor &
Cochran, 1976). A Tukey’s HSD test was employed to assess
the significance of differences between all four variants. All
calculations were performed using JMP software (SAS
Institute Inc., Cary, NC, USA).

Results

The moths eclosed from all the cocoon bunch, in the case of
shoots of P. padus from HL conditions and on all shoots of P.
padus and P. serotina from LL conditions (1 = 10 per variant). In
the case of P. serotina from HL conditions, moths hatched from
only 9/10 shoots. The fig. 1 shows the total number of eclosed
moths for each variant (a species of Prunus and light condi-
tions). The period of time over which adults continued to
eclose from pupae (starting from the first moth until the last
moth) was longer and less dynamic on shrubs from LL condi-
tions than on shrubs from HL conditions (fig. 1), and was not
significantly affected by the host plant. The average percent-
age of adult eclosion on both Prunus species was significantly
higher (53.3%) for larvae that grazed on leaves of shrubs from
LL than those that grazed on leaves of shrubs from HL condi-
tions (44.3 vs. 68.2%; fig. 2). The host plant species had no sig-
nificant effect on this parameter and there was no significant
interaction also species of Prunus x light conditions.

A significant effect of Prunus species and light conditions
was observed on the adult body mass of Y. evonymellus (fig.
3; table 1). The body mass of moths, average of both light con-
ditions variants and both sexes, was 17.0% higher for larvae
that grazed on P. padus as compared with those that grazed
on P. serotina. Whereas, in the case of the effect of light, the
mass of adult moths, average of both Prunus species and
both sexes, that emerged from larvae feeding on shrubs grow-
ing in HL was 27.4% greater than those that emerged from lar-
vae on leaves of shrubs in LL conditions. Females were 40.3%
heavier than males based on the average for all variants, spe-
cies and light conditions. Additionally, the mass of females
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Fig. 2. Percentage of adults that eclosed from pupae derived from
larvae that fed on P. padus or P. serotina growing in high light (HL)
or low light (LL) conditions. These data were expressed in relation
to the total number of moths that emerged from pupae, which was
set at 100%. A two-way ANOVA was used to determine the
significance of the observed differences in the percentages of
adults that eclosed from pupae in the different conditions.
Vertical bars represent SE. P values <0.05 are in bold.

was more strongly affected by the Prunus species and light
conditions than the mass of males. The interaction between
Prunus species and light conditions was also significant
(table 1). Moth mass was the highest on P. padus growing in
HL (a), followed by P. serotina growing in HL (b), then P.
padus growing in LL (c), and the lowest on LL shrubs of P. ser-
otina (d; Tukey’s HSD test; P <0.05).

The average potential fecundity was 16.3% higher for fe-
males that grazed on shrubs in HL than those that grazed on
the leaves of shrubs growing in LL conditions, based on the
average of both species (fig. 4). A significant effect of Prunus
species on the fecundity of Y. evonymellus was also observed.
An average of 31.5% more eggs were produced by females
whose larvae had fed on P. padus shrubs as compared with
those feeding on P. serotina.

Light conditions and Prunus species also had a significant
effect on all of the measured wing parameters (table 2).
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Fig.3. Mass of male (A) and female (B) moths hatched from larvae
that fed on P. padus or P. serotina shrubs growing in high light (HL)
or low light (LL) conditions. A two-way ANOVA was used to
determine the significance of the observed differences in the
mass of both sexes from the different conditions. Vertical bars
represent SE. P values <0.05 are in bold.

Table 1. Summary of ANOVA results (F and P values) for body
mass of moths derived from larvae of Yponomeuta evonymellus
that fed on leaves of Prunus padus or P. serotina growing in high
light (HL) or low light (LL) conditions. P values <0.05 are in bold.

ANOVA df F P
Species 1 213.09 <0.0001
Light 1 737.69 <0.0001
Species x light 1 114.23 <0.0001
Sex 1 829.30 <0.0001
Species x sex 1 17.80 <0.0001
Light x sex 1 51.17 <0.0001
Species x light x sex 1 0.80 0.3724
df error 845

Significantly higher values were observed for nearly all of the
measured wing parameters in adults whose larvae fed on P.
padus vs. P. serotina and in HL vs. LL conditions. Different re-
sults were obtained only for certain parameters for the male
moths that larvae fed on leaves of shrubs in HL conditions.
Moreover, the interaction between Prunus species and light
conditions was also significant for all of the wing parameters.
According to Tukey’s HSD test, wing parameters did not dif-
fer significantly between the host species in moths grown
under HL conditions. However, in LL conditions moth had a
significantly larger wings when larvae were feeding on the
leaves of P. padus than on P. serotina. These relationships cor-
responded well with adult body mass (fig. 3). Moths, which
have a higher mass have a greater wings. Female wings
were always larger than male wings (table 2).
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Fig. 4. Fecundity of females, as measured by the number of eggs
that were derived from larvae that fed on P. padus or P. serotina
shrubs growing in high light (HL) or low light (LL) conditions.
A two-way ANOVA was used to determine the significance of
the observed differences in fecundity from the different
conditions. Vertical bars represent SE. P values <0.05 are in bold.

Discussion

A significant effect of Prunus species and light conditions
was observed on the growth and development of Y. evonymel-
lus. Larvae of Y. evonymellus, a species which is widely thought
to be monophagous feeding only on native P. padus, can suc-
cessfully survive and develop in both HL and LL conditions
on the non-native shrub P. serotina. Among the examined var-
iants, light conditions (HL vs. LL) had a greater effect than host
species (P. padus vs. P. serotina) on the obtained results of the
growth and development of Y. evonymellus.

The results of the present field research indicate that the
light conditions under which the Prunus species grow signifi-
cantly affect moth mass, fecundity, and all of the measured
wings parameters. A higher insect mass found by us is also
the most frequently used indicator of improved living and
feeding conditions (Morrison & Lindell, 2012). Better host
quality leads to a higher efficiency of conversion of ingested
food in larvae, and thus results in increased mass in adults
(Giertych et al., 2005; Niesenbaum & Kluger, 2006; Tremmel
& Muller, 2013). Although some researchers indicate that
leaves of shrubs growing in HL are a worse food source (high-
er concentration of repellents) for herbivorous insects than
leaves of shrubs growing in LL conditions (Koricheva ef al.,
19982; Hemming & Lindroth, 1999; Galway et al., 2004),
there are also contrary evidence that are supported by our re-
sults. For example, Leather & Mackenzie (1994) found that Y.
evonymellus that developed from larvae feeding on P. padus
shrubs located at the edge of a forest (HL conditions) were
heavier than larvae from shrubs growing deeper in the forest
(LL conditions). In some cases, LL conditions can impede the
growth and development of insects (Oishi et al., 2006, Muth
et al., 2008; Stoepler & Lill, 2013).

Larvae of Y. evonymellus live gregariously until pupation
(Leather, 1986). Gregariousness provides some advantages
to the eggs and larvae of insects (Grégoire, 1988). Larvae joint-
ly spin a specific silk tent in order to hide from natural enemies
and raise ambient temperatures by creating a closed environ-
ment (Joos et al., 1988). Even a small increase in temperature
can have a positive effect on the rate of development, final
body mass or the duration of the time period in which adult
insects hatch (Knapp & Casey, 1986; Lukowski et al., 2014).
Considering the above, it is suggested that the performance
of Y. evonymellus could be enhanced by the warmer
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temperatures associated with high sun exposure of shrubs
growing in HL conditions.

It is known fact that leaves of plants growing in HL have a
higher nutritional value (content of carbohydrates and nitro-
gen) for folivores (Fortin & Mauffette, 2002; Oishi et al., 2006;
Osier & Jennings, 2007). Higher leaf nutritive values usually
result in the shortened developmental duration (Tremmel &
Muller, 2013), a higher body mass (Giertych et al., 2005), and
higher egg production (Awmack & Leather, 2002). Also in the
presented research, the period over which adults continued to
eclose from pupae was significantly shorter and more dynam-
ic in larvae residing in HL shrubs than shrubs growing in LL
conditions (fig. 1). In addition, body mass (fig. 3) and fecund-
ity (fig. 4), as well as the sizes of wings (table 2), were also
higher in HL shrubs as compared with shrubs growing in
LL conditions. Yponomeuta evonymellus has been reported to
exhibit a strong correlation between the size of adult females
and fecundity (Kooi et al., 1989; Leather & Mackenzie, 1994).
Our results are in accordance to these observations.

The results presented study and our previous research
(Maderek et al., 2015) indicate that the leaves of shrubs grow-
ing in HL conditions represented a higher leaf quality as food
source for insects (‘luxury consumption’; Muth et al., 2008). As
a result, the insects did not need to consume as much of this
food source; consequently resulting in lower defoliation
(Muth et al., 2008; Karolewski et al., 2013). The preference of in-
sects for leaves of shrubs growing in HL is usually due to the
presence of specific feeding stimulants such as sugars
(Harborne, 1993; Levesque et al., 2002). However, in the larval
feeding period (April to June), the content of total nonstructur-
al carbohydrates available to feeding larvae should be similar
in both sunlit and shaded leaves (Karolewski et al., 2013). As
concluded in our previous paper (Karolewski et al., 2014), P.
padus and P. serotina leaves that were grown under the same,
moderate light conditions are both comparatively high-quality
foods for Y. evonymellus considering their chemical compos-
ition. However, under HL conditions levels of defensive com-
pounds, such as phenolics and condensed tannins, was higher
than in shrubs growing in the LL conditions, in the leaves of
both the invasive P. serotina and native P. padus. Collectively,
the results of the present and previous studies are consistent
with the idea that monophagous insects tolerate higher levels
of defense compounds in leaves than polyphagous insects
(Mathur et al., 2011; Ali & Agrawal, 2012; Lukowski ef al.,
2015).

HL conditions also lead to differences in leaf structure, in-
cluding greater toughness and trichome density
(Molina-Montenegro et al., 2006; Lukowski et al., 2014;
Maderek et al., 2015). In relative comparison with LL condi-
tions, leaves of P. serotina in HL are characterized by greater
thickness and toughness, and thus are often considered highly
resistant to insect damage (Abrams et al., 1992). Laboratory ex-
periments conducted by Kooi (1989) demonstrated that Y. evo-
nymellus could feed on Prunus laurocerasus L., a species with
extremely hard and leathery leaves. Therefore, it is reasonable
to consider that the increased toughness of leaves in P. serotina
in HL conditions does not exert a negative impact on leaf con-
sumption by Y. evonymellus.

Wing parameters are correlated with body mass and both
strongly depend on leaf quality as food for insects (Thomas
et al., 1980). Similar to research of Kooi (1989), our study indi-
cated that new host plant species has a negative effect on body
mass (fig. 3) and wing size (table 2), while full light has posi-
tive effect on these parameters. Morphological plasticity of
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wings as it is affected by host quality and environment para-
meters, may be important for the movement and survival of an
insect population (Taylor & Merriam, 1995). This relationship,
however, most likely depends on the insect species. In the case
of Y. evonymellus, leaves of the native shrub P. padus growing
in HL conditions appear to be a more optimum food source.

A benefit derived from feeding on HL leaves is that it short-
ens the time period over which adults continue to eclose from
pupae. This in turn, further reduces the time that an insect is
exposed to natural enemies during a vulnerable stage (fig. 1)
which may be important to the reproductive success of Y. evo-
nymellus. The quality of the host plant used by males and fe-
males during larval instars may significantly affect the
reproductive success of both sexes (Delisle & Hardy, 1997).

Light conditions affected the percentage of pupation,
which was higher for larvae that grazed on leaves of LL shrubs
rather than leaves of shrubs growing in HL (fig. 2). These re-
sults may be due to the variable occurrence and activity of nat-
ural enemies. Predatory and parasitic organisms have been
widely investigated and evaluated as biological control agents
(Unruh et al., 2003; Barber & Marquis, 2011). Natural enemies,
such as other insects (Stoepler & Lill, 2013) and arthropod pre-
dators (Skoczylas et al., 2007; Barber & Marquis, 2011) are often
more abundant on fully sunlight (HL) than on shaded (LL)
plants.

The Y. evonymellus moth reaches sexual maturity a few
days after leaving the pupa but further dissemination of adults
is a small distance (Menken et al., 1992; Javois ef al., 2005). In
this scope, the size of the wings may therefore be important.
Furthermore, the simultaneous eclosion of many individuals
that are capable of reproduction creates a potential opportun-
ity to achieve a high level of reproductive success (Bakker et al.,
2011). Moreover, higher fecundity is also a crucial factor that
increases the transmission of the gene pool. Summarizing, bet-
ter performance of insects mentioned above seem to confirm
the higher quality of Prunus shrubs growing in HL than LL
conditions for Y. evonymellus that was also previously postu-
lated (Leather & Mackenzie, 1994; F.ukowski et al., 2014).

The present study provides a more comprehensive under-
standing of the phenomenon of the adaptation of Y. evonymel-
Ius to a new host plant and different light conditions within the
host plant. This is especially relevant in the context of chan-
ging climate — global warming and drought; namely the dis-
placement of P. padus by the invasive P. serotina. From an
ecosystem perspective, it is interesting that the effect of light
conditions (HL vs. LL) on the performance of this folivorous
insect varied between the two host species. Such differential
effects on host plant — insect interactions could potentially
alter the successional dynamics of moth communities. The
long-term displacement of P. padus by the invasive P. serotina
could result in a gradual adaptation by Y. evonymellus to use
the leaves of shrubs growing in HL conditions. Better growth
and development of moths that larvae feeding on P. serotina
shrubs growing in HL conditions implies that this insect
may be observed to be more willing to use shrubs located in
open, sunlit forest areas in the future. Since insects a play
major role in the transfer of energy from plants to higher
trophic levels, it is important to determine the effect of alien
plants on size of the insect population and their biomass
(Tallamy, 2004). The effect of neophytes on insect body mass
may have far-reaching consequences on ecosystem structure
and the complexity of ecological interactions (Heleno et al.,
2009). It is too early to predict, however, the extent to which
Y. evonymellus will adapt to using P. serotina leaves and
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whether this broadening the base of hosts plant will impact
the spread of this invasive shrub in European forests.
Further studies pertaining to the adaptation of Y. evonymellus
to a new host plant are required to determine the factors
determining oviposition and population parasitism in
Y. evonymellus.

Acknowledgements

The research was financially supported by the statutory ac-
tivities of the Institute of Dendrology Polish Academy of
Sciences in Kornik. The authors would like to thank
A. Grzybek for his technical assistance with the experiments.
We are also grateful to the Babki Forest District for allowing us
to conduct the field research at their location.

References

Abrams, M.D., Kloeppel, B.D. & Kubiske, M.E. (1992)
Ecophysiological and morphological responses to shade and
drought in two contrasting ecotypes of Prunus serotina. Tree
Physiology 10, 343-355.

Ali, J.G. & Agrawal, A.A. (2012) Specialist versus generalist insect
herbivores and plant defense. Trends in Plant Science 17, 293—
302.

Alonso, C. (1997) Choosing a place to grow. Importance of
within-plant abiotic microenvironment for Yponomeuta ma-
halebella. Entomologia Experimentalis et Applicata 83, 171-180.

Alonso, C. & Herrera, C. (1996) Variation in herbivory within and
among plants of Daphne laureola (Thymelaeaceae): correlation
with plant size and architecture. Journal of Ecology 84, 495—
502.

Anderson, P., Sadek, M.M., Larsson, M., Hansson, B.S. &
Thoéming, G. (2013) Larval host plant experience modulates
both mate finding and oviposition choice in a moth. Animal
Behaviour 85, 1169-1175.

Archetti, M. & Leather, S.R. (2005) A test of the coevolution the-
ory of autumn colours: colour preference of Rhopalosiphum
padi on Prunus padus. Oikos 110, 339-343.

Awmack, C. & Leather, S.R. (2002) Host plant quality and fe-
cundity in herbivorous insects. Annual Review of Entomology
47, 817-844.

Bakker, A.C., Roessingh, P. & Menken, S.B.J. (2008) Sympatric
speciation in Yponomeuta: no evidence for host plant fidelity.
Entomologia Experimentalis et Applicata 128, 240-247.

Bakker, A.C., Campos Loucj, J., Roessingh, P. & Menken, S.B.].
(2011) The cost of mating: influences of life historytraits and
mating strategies on lifespan in two closely related
Yponomeuta species. International Journal of Zoology 2011, 1-8.

Barber, N.A. & Marquis, R.J. (2011) Light environment and the
impacts of foliage quality on herbivorous insect attack and
bird predation. Oecologia 166, 401-409.

Bielinis, E. & Robakowski, P. (2015) Modelling of the relationship
between the SPAD values and photosynthetic pigments
content in Quercus petraea and Prunus serotina leaves.
Dendrobiology 73, 125-134.

Calixto, E.S., Lange, D. & Del-Claro, K. (2015) Foliar anti-
herbivore defenses in Qualea multiflora Mart. (Vochysiaceae):
changing strategy according to leaf development. Flora 212,
19-23.

Chabrerie, O., Loinard, J., Perrin, S., Saguez, R. & Decocq, G.
(2009) Impact of Prunus serotina invasion on understory
functional diversity in a European temperate forest. Biological
Invasions 12, 1891-1907.


https://doi.org/10.1017/S0007485316000791

Host species and light affect Y. evonymellus 215

Delisle, J. & Hardy, M. (1997) Male larval nutrition influences the
reproductive success of both sexes of the Spruce Budworm,
Choristoneura  fumiferana ~ (Lepidoptera: ~ Tortricidae).
Functional Ecology 11, 451-463.

DeLucia, E.H., Nabity, P.D., Zavala, J.A. & Berenbaum, M.R.
(2012) Climate change: resetting plant-insect interactions.
Plant Physiology 160, 1677-1685.

Ellenberg, H.,, Weber, H.E., Diill, R., Wirth, V., Werner, W. &
Paulifien, D. (1992) Zeigerwerte von Pflanzen in
Mitteleuropa. Scripta Geobotanica 18, 3-258.

Eyles, A., Bonello, P.,, Ganley, R. & Mohammed, C. (2010)
Induced resistance to pests and pathogens in trees. New
Phytologist 185, 893-908.

Fortin, M. & Mauffette, Y. (2002) The suitability of leaves from
different canopy layers for a generalist herbivore
(Lepidoptera: Lasiocampidae) foraging on sugar maple.
Canadian Journal of Forest Research 32, 379-389.

Galway, K.E., Duncan, R.P.,, Syrett, P., Emberson, RM. &
Sheppard, A. (2004) Insect performance and host-plant
stress: a review from a biological control perspective. In
Proceedings of the XI International Biological Control of Weeds
Symposium. Canberra, Australia. pp. 394-399.

Giertych, M.]., Bakowski, M., Karolewski, P., Zytkowiak, R. &
Grzebyta, J. (2005) Influence of mineral fertilization on food
quality of oak leaves and utilization efficiency of food com-
ponents by the gypsy moth. Entomologia Experimentalis et
Applicata 117, 59-69.

Giertych, M.]J., Karolewski, P., Zytkowiak, R. & Oleksyn, J.
(2006) Differences in defence strategies against herbivores
between two pioneer tree species: Alnus glutinosa (L.) Gaertn.
and Betula pendula Roth. Polish Journal of Ecology 54, 181-187.

Giertych, M.J., Karolewski, P., Grzebyta, J. & Oleksyn, J. (2007)
Feeding behavior and performance of Neodiprion sertifer lar-
vae reared on Pinus sylvestris needles. Forest Ecology and
Management 242, 700-707.

Godefroid, S., Phartyal, S.S., Weyembergh, G. & Koedam, N.
(2005) Ecological factors controlling the abundance of non-
native invasive black cherry (Prunus serotina) in deciduous
forest understory in Belgium. Forest Ecology and Management
210, 91-105.

Gong, B. & Zhang, G. (2014) Interactions between plants and
herbivores: a review of plant defense. Acta Ecologica Sinica 34,
325-336.

Grégoire, J.-C. (1988) Larval gregariousness in the Chrysomelidae.
pp- 253-260 in Jolivet, P., Petitpierre, E. & Hsiao, T.H. (Eds)
Biology of Chrysomelidae. Dordrecht, Netherlands, Springer.

Halarewicz, A. (2011) The reasons underlying the invasion of
forest communities by black cherry, Prunus serotina and its
subsequent consequences. Forest Research Papers 72, 267-272.

Halarewicz, A. & Gabrys$, B. (2012) Probing behavior of bird
cherry-oat aphid Rhopalosiphum padi (L.) on native bird
cherry Prunus padus L. and alien invasive black cherry Prunus
serotina Erhr. in Europe and the role of cyanogenic glycosides.
Arthropod-Plant Interactions 6, 497-505.

Harborne, J.B. (1993) Introduction to Ecological Biochemistry.
Introduction to Ecological Biochemistry. London, Elsevier
Academic Press.

Heleno, R.H., Ceia, R.S., Ramos, J.A & Memmott, J. (2009) Effects
of alien plants on insect abundance and biomass: a food-web
approach. Conservation Biology 23, 410-419.

Hemming, J.D.C. & Lindroth, R.L. (1999) Effects of light and
nutrient availability on aspen: growth, phytochemistry, and
insect performance. Journal of Chemical Ecology 25, 1687-1714.

https://doi.org/10.1017/50007485316000791 Published online by Cambridge University Press

Henriksson, J., Haukioja, E., Ossipov, V., Osipova, S., Sillsnpis, S.,
Kapari, L. & Pihlaja, K. (2003) Effects of host shading on
consumption and growth of the geometrid Epirrita au-
tumnata: interactive roles of water, primary and secondary
compounds. Oikos 103, 3-16.

Hora, K.H. & Roessingh, P. (1999) Oviposition in Yponomeuta
cagnagellus: the importance of contact cues for host plant
acceptance. Physiological Entomology 24, 109-120.

Javoi§, J.,, Tammaru, T. & Kidir, M. (2005) Oviposition in
an eruptive moth species, Yponomeuta evonymellus, is in-
sensitive to the population density experienced during the
larval period. Entomologia Experimentalis et Applicata 115,
379-386.

Joos, B., Casey, T.M., Fitzgerald, T.D. & Buttemer, W.A. (1988)
Roles of the tent in behavioral thermoregulation of eastern
tent caterpillars. Ecology 69, 2004-2011.

Karolewski, P., Zadworny, M., Mucha, J., Napierala-Filipiak, A.
& Oleksyn, J. (2010) Link between defoliation and light
treatments on root vitality of five understory shrubs with
different resistance to insect herbivory. Tree Physiology 30,
969-978.

Karolewski, P., Giertych, M.J., Zmuda, M., Jagodzinski, A.M. &
Oleksyn, J. (2013) Season and light affect constitutive de-
fenses of understory shrub species against folivorous insects.
Acta Oecologica 53, 19-32.

Karolewski, P., Jagodzinski, A.M., Giertych, M.]., Eukowski, A.,
Baraniak, E. & Oleksyn, J. (2014) Invasive Prunus serotina —a
new host for Yponomeuta evonymellus (Lepidoptera:
Yponomeutidae)? European Journal of Entomology 111, 227-
236.

Knapp, R. & Casey, T.M. (1986) Thermal ecology, behavior, and
growth of gypsy moth and eastern tent caterpillars. Ecology
67, 598-608.

Kooi, R.E. (1989) Is Prunus laurocerasus a new host plant for
Yponomeuta evonymellus (Lepidoptera: Yponomeutidae)?
Entomologia Entomologische Berichten (Amsterdam) 49, 37-38.

Kooi, R.E.,, Herreboutt WM. & Van de Water, T. (1989)
Observations on pupal and imaginal weights of small ermine
moths (Lepidoptera: Yponomeuta). Proceedings of the
Koninklijke Nederlandse Akademie van Wetenschappen C 92, 81—
88.

Koricheva, J., Larsson, S. & Haukioja, E. (19984) Insect per-
formance on experimentally stressed woody plants: a
meta-analysis. Annual Review of Entomology 43, 195-216.

Koricheva, J., Larsson, S., Haukioja, E. & Keindnen, M. (1998b)
Regulation plant secondary metabolism by resource avail-
ability: hypothesis testing by means of meta-analysis. Oikos
83, 212-226.

Leather, S.R. (1986) Insects on bird cherry I. The bird cherry
ermine moth, Yponomeuta evonymellus (L.) (Lepidoptera:
Yponomeutidae). Entomologist’s Gazette 37, 209-213.

Leather, S.R. (1994) Insects on bird cherry 3: the chrysomelid
beetle, Phytodecta pallida (L.) (Coleoptera: Chrysomelidae).
Entomologist’s Gazette 45, 73-76.

Leather, S.R. (1996) Prunus padus L. Journal of Ecology 84, 125-132.

Leather, S.R. & Mackenzie, G.A. (1994) Factors affecting the
population development of the bird cherry ermine moth,
Ypomomeuta evonymella (L.). Entomologist 113, 85-105.

Levesque, K.R., Fortin, M. & Mauffette, Y. (2002) Temperature
and food quality effects on growth, consumption and post-
ingestive utilization efficiencies of the forest tent caterpillar
Malacosoma disstria (Lepidoptera: Lasiocampidae). Bulletin of
Entomological Research 92, 127-136.


https://doi.org/10.1017/S0007485316000791

216 A. Lukowski ef al.

Lukowski, A., Maderek, E. & Karolewski, P. (2014) Light con-
ditions effect on bird cherry ermine moth — the main pest of
bird cherry. Sylwan 158, 595-603.

Lukowski, A., Giertych, M.J., Zadworny, M., Mucha, J. &
Karolewski, P. (2015) Preferential feeding and occupation of
sunlit leaves favors defense response and development in the
flea beetle, Altica brevicollis coryletorum — a pest of Corylus
avellana. PLoS ONE 10, e0126072.

Maderek, E., Lukowski, A., Giertych, M.J. & Karolewski, P.
(2015) Influence of native and alien Prunus species and light
conditions on performance of the leaf beetle Gonioctena
quinquepunctata. Entomologia Experimentalis et Applicata 155,
193-205.

Mathur, V., Ganta, S., Raaijmakers, C.E., Reddy, S.A., Vet, L.E.
M. & van Dam, N.M. (2011) Temporal dynamics of
herbivore-induced responses in Brassica juncea and their ef-
fect on generalist and specialist herbivores. Entomologia
Experimentalis et Applicata 139, 215-225.

Menken, S.B.J., Herrebout, W. & Wiebes, J. (1992) Small ermine
moths (Yponomeuta): their host relations and evolution.
Annual Review of Entomology 37, 41-66.

Molina-Montenegro, M.A., Avila, P., Hurtado, R., Valdivia, A.L
& Gianoli, E. (2006) Leaf trichome density may explain
herbivory patterns of Actinote sp. (Lepidoptera: Acraeidae)
on Liabum mandonii (Asteraceae) in a montane humid forest
(Nor Yungas, Bolivia). Acta Oecologica 30, 147-150.

Mooney, E.H. & Niesenbaum, R.A. (2012) Population-specific
responses to light influence herbivory in the understory
shrub Lindera benzoin. Ecology 93, 2683-2692.

Morrison, E.B. & Lindell, C.A. (2012) Birds and bats reduce insect
biomass and leaf damage in tropical forest restoration sites.
Ecological Applications 22, 1526-1534.

Muth, N.Z., Kluger, E.C., Levy, J.H., Edwards, M.J. &
Niesenbaum, R.A. (2008) Increased per capita herbivory in
the shade: necessity, feedback, or luxury consumption?
Ecoscience 15, 182-188.

Niesenbaum, R.A. & Kluger, E.C. (2006) When studying the
effects of light on herbivory, should one consider temperature?
The case of Epimecis hortaria F. (Lepidoptera: Geometridae)
feeding on Lindera benzoin L. (Lauraceae). Environmental
Entomology 35, 600—-606.

Oishi, M., Yokota, T., Teramoto, N. & Sato, H. (2006) Japanese oak
silkmoth feeding preference for and performance on upper-
crown and lower-crown leaves. Entormological Science 9, 161-169.

Osier, T.L. & Jennings, S.M. (2007) Variability in host-plant
quality for the larvae of a polyphagous insect folivore in
midseason: the impact of light on three deciduous sapling
species. Entomologia Experimentalis et Applicata 123, 159-166.

Pairon, M., Petitpierre, B., Campbell, M., Guisan, A,
Broennimann, O., Baret, P.V.,, Anne-Jacquemart, A-L. &
Besnard, G. (2010) Multiple introductions boosted genetic
diversity in the invasive range of black cherry (Prunus ser-
otina; Rosaceae). Annals of Botany 105, 881-890.

https://doi.org/10.1017/50007485316000791 Published online by Cambridge University Press

Parker, K., Roessingh, P. & Menken, S.B.J. (2012) Do female life
span and fecundity of small ermine moth increase with
multiple mating and adult nutrition? Journal of Insect Behavior
26, 416-427.

Price, P.W., Bouton, C.E., Gross, P., McPheron, B.A., Thompson,
J.N. & Weis, A.E. (1980) Interactions among three trophic
levels: influence of plants on interactions between insect
herbivores and natural enemies. Annual Review of Ecology and
Systematics 11, 41-65.

Roberts, M.R. & Paul, N.D. (2006) Seduced by the dark side: in-
tegrating molecular and ecological perspectives on the in-
fluence of light on plant defence against pests and pathogens.
New Phytologist 170, 677-699.

Sarfraz, R.M., Kharouba, H.M. & Myers, J.H. (2013) Tent cater-
pillars are robust to variation in leaf phenology and quality in
two thermal environments. Bulletin of Entomological Research
103, 522-529.

Skoczylas, D.R., Muth, N.Z. & Niesenbaum, R.A. (2007)
Contribution of insectivorous avifauna to top down control
of Lindera benzoin herbivores at forest edge and interior ha-
bitats. Acta Oecologica 32, 337-342.

Snedecor, W. & Cochran, W.G. (1976) Statistical Methods. 6th edn.
pp. 327-329. Ames, Iowa, USA, The lowa State University
Press.

Stoepler, T.M. & Lill, J.T. (2013) Direct and indirect effects of light
environment generate ecological trade-offs in herbivore
performance and parasitism. Ecology 94, 2299-2310.

Tallamy, D.W. (2004) Do alien plants reduce insect biomass?
Conservation Biology 18, 1689-1692.

Taylor, P.D. & Merriam, G. (1995) Wing morphology of a forest
damselfly is related to landscape structure. Oikos 73, 43—48.

Thomas, A.W., Borland, S.A. & Greenbank, D.O. (1980) Field
fecundity of the spruce budworm (Lepidoptera: Tortricidae)
as determined from regression relationships between egg
complement, fore wing length, and body weight. Canadian
Journal of Zoology 58, 1608-1611.

Tremmel, M. & Muller, C. (2013) Insect personality depends on
environmental conditions. Behavioral Ecology 24, 386-392.

Turner, H., Lieshout, N., Van Ginkel, W.E. & Menken, S.B.].
(2010) Molecular phylogeny of the small ermine moth genus
Yponomeuta  (Lepidoptera, Yponomeutidae) in the
Palaearctic. PLoS ONE 5, €9933.

Ulenberg, S. (2009) Phylogeny of the Yponomeuta species
(Lepidoptera, Yponomeutidae) and the history of their host
plant associations. Tijdschrift voor Entomologie 152, 187-207.

Unruh, T. Short, R., Herard, F., Chen, K., Hopper, K,
Pemberton, R., ef al. (2003) Introduction and establishment of
parasitoids for the biological control of the apple ermine
moth, Yponomeuta malinellus (Lepidoptera: Yponomeutidae),
in the Pacific Northwest. Biological Control 28, 332-345.

Winter, S. & Moller, G.C. (2008) Microhabitats in lowland beech
forests as monitoring tool for nature conservation. Forest
Ecology and Management 255, 1251-1261.


https://doi.org/10.1017/S0007485316000791

	Light conditions affect the performance of Yponomeuta evonymellus on its native host Prunus padus and the alien Prunus serotina
	Abstract
	Introduction
	Materials and methods
	Insect and plant material
	Experimental design and measurements
	Statistical analyses

	Results
	Discussion
	Acknowledgements
	References


