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Abstract. Triyogo A, Yasuda H. 2019. The effects of a parasitoid wasp of a gall-making insect on host plant characteristics and the
abundance of sharing host-plant herbivore. Biodiversitas 20: 3499-3507. The present study has evaluated the indirect, top-down effects
of a parasitoid wasp, Torymus beneficus Yasumatsu et Kamijo (Hymenoptera: Torymidae), of a gall-maker, Dryocosmus kuriphilus
Yasumatsu (Hymenoptera: Cynipidae), on the characteristics of the chestnut tree, Castanea crenata Siebold & Zucc. (Fagales:
Fagaceae), and the implications for other herbivores, the aphid, Myzocallis kuricola (Matsumura) (Homoptera: Aphididae). sharing the
same host plant. In a field experiment, the behavior of D. kuriphilus larvae on chestnut tree was influenced by the T. beneficus as
indicated by a small increment of gall volume. However, parasitism did not affect certain other leaf characteristics that were induced by
the gall wasp. Here we show that the characteristics of chestnut tree induced by the gall-making wasp affected M. kuricola that
subsequently attacked the chestnut tree. However, the hypothesis that top-down effects by natural enemies may affect other herbivores
on chestnut tree through its influence on gall-making wasp was not supported in this study. This study shows that parasitism of a gall-
maker does not affect the other herbivore sharing the same host plant. Furthermore, the top-down effects of the parasitoid's behavior on

plants may have different effects on sharing host herbivores that attack galled plants.
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INTRODUCTION

The interaction between insects and plants is an
important part of an ecosystem and a number of studies
have examined the plant-based interactions system both at
the molecular and ecosystem levels (Kessler and Baldwin
2002; Schuman and Baldwin 2016; Erb and Reymond
2019). Recently, research on plant-insect interactions has
addressed not only the interactions between one plant and
one insect species (Kessler and Baldwin 2002; Mithofer
and Boland 2012) but also have reached up to community
level (Ohgushi 2005; Poelman et al. 2011a, b). For
defending herbivores, plants have evolved a variety of
responses (plant induced responses) such as developmental
(Damman 1989; Karban and Myers 1989;), phenological
(Stephens and Westoby 2015; Oliveira et al. 2016),
physical (Triyogo and Yasuda 2013), and chemical
responses (Karban and Baldwin 1997; Poelman and Dicke
2018); and these responses in turn, may influence other
insects other than herbivores, such carnivores Arthropoda
that manage the population of herbivorous (Hilker and
Meiners 2010; Mumm and Dicke 2010).

There have been several studies on the indirect
interaction between plants and carnivores through
herbivores-induced plant volatiles (Bonaventure et al.
2011; Aartsma et al. 2017; Frago et al. 2017; Xu et al.
2017). Under the plant induced responses to context, the
presence of predator/parasitoid might change the responses
of plants due to herbivores pressure. Previous studies have

mentioned that the development of parasitoids within their
herbivorous hosts, attacking a given host plant, may
influence the reactions in the host plant (Poelman et al.
2011a; Cusumano et al. 2018). This may, in turn, affect the
behavior of subsequent herbivores attacking the host plant,
and thus, can have large effects on community composition
at the second, third, and even higher trophic levels (Stam et
al. 2014). Several studies have been conducted to
investigate the modification of plant traits due to feeding
damage, using herbivores belonging to different feeding
guilds such as gall-making insects (Nakamura et al. 2003;
Tewari et al. 2013; Triyogo and Yasuda 2013), leaf feeders
(Vijaya and Rani 2017), sucking insects (Rani and Jyothsna
2010; da Silva et al. 2016), insect borers (Calderén-Cortés
2016), and phloem-feeders (Abbate et al. 2018). Yet most
studies on direct or indirect defenses of plants against
herbivory have treated herbivores as individual stressors.
This issue was first conceptualized and was then applied in
parasitoid system experiments in Poelman et al. (2011a, b).
However, little information is available concerning how
carnivorous insects influence plants trait indirectly by
parasitizing herbivores that attack the plants (Poelman et al.
2011a, b; Stam et al. 2014).

In Japan, the invasive chestnut gall wasp Dryocosmus
kuriphilus Yasumatsu (Hymenoptera: Cynipidae) is one of
the most serious pests of chestnut trees (Castanea crenata
Siebold & Zucc.) (Moriya et al. 1989; Murakami 1997).
Successful introductions of natural enemies to reduce D.
kuriphilus populations have been reported (Piao and
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Moriya 1999). Torymus beneficus Yasumatsu et Kamijo
(Hymenoptera: Torymidae) is a very common native
parasitoid that has become dominant in attacking the
invasive chestnut gall wasp (Murakami 1981; Kato and
Hijii 1999; Wachi and Abe 2009). When combined with
the closely related, introduced T. sinensis, T. beneficus is
thought to be an effective biological control agent (Piao
and Moriya 1999; Quacchia et al. 2008; Gibbs et al. 2011).
To date, studies on T. beneficus have mainly focused on its
behavior, population dynamics, and success as a natural
enemy to control the population of D. kuriphilus on
chestnut trees (Kato and Hijii 1999; Quachia et al. 2008;
Wachi and Abe 2009). It has been reported that several leaf
characteristics of C. crenata were altered as an induced
response to attack by D. kuriphilus (Triyogo and Yasuda
2013). For example, the leaf nitrogen concentration in
galled shoots was higher, while the leaf biomass was lower
on galled shoot than that on ungalled shoots.

Here, we have designed the first field study to
investigate the indirect effects of a native parasitoid wasp,
T. beneficus, on the abundance and performance of an
herbivore, the aphid, Myzocallis kuricola (Matsumura)
(Homoptera: Aphididae) subsequently attacking the
chestnut leaves. Such indirect effects might be expected
(Triyogo and Yasuda 2013). Under the concept of
interactions across three trophic levels, when a parasitoid
parasitizes an herbivore, the parasitoid larva can affect the
performance of the herbivore such that the herbivore
interacts differently with the host plant (Poelman et al.
2011a). The hypothesis to be tested in this study is whether
parasitism of D. kuriphilus indirectly affects the induced-
responses of the plant to the gall-maker, by directly
affecting larvae of the D. kuriphilus. In particular, we
address the following questions: (i) Does the parasitoid of
D. kuriphilus change-induced responses of the host plant?
(if) How does the parasitoid of D. kuriphilus affect the
abundance of subsequent herbivore aphids? and (iii) What
are the impacts on different herbivores (aphids), of change
in host quality resulting from parasitism of the gall-making
insect?

MATERIALS AND METHODS

Experimental design

A field study was designed to observe the chain of
interactions involving the parasitoid (T. beneficus), the
gall-making insect (D. kuriphilus), and another herbivore
(the aphid, M. kuricola) on chestnut trees (C. crenata).
Previous study indicated that galled chestnut leaves are
altered nutritionally and morphologically. It was
anticipated therefore that D. kuriphilus manipulation of the
host plant would affect the performance of the other
herbivore, M. kuricola. To include the third trophic level as
part of the experimental design, releases of T. beneficus
were made. There were three treatments included in the
study. The treatments in this study consist of: (i) buds with
only the gall-making insect present (G); (ii) buds with gall-
makers parasitized by the parasitoid, T. beneficus, (G+P);
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and (iii) healthy buds with neither the gall-maker or the
parasitoid present (control treatment).

Study area and host plant

This study was conducted in 2012 and 2013 at the
Yamagata University Research Farm (38°43°N, 139°49°E)
in Tsuruoka, Yamagata Prefecture, Japan. The chestnut
trees growing on this farm were surrounded by coniferous
trees and fruit trees (several species). In this study area,
chestnut trees were heavily attacked by the gall insect, D.
kuriphilus, and more than 90% of galls were sessile (ball-
shaped) (Triyogo and Yasuda 2013). Previous study has
shown that the highest numbers of galls per 1-year-old-
shoot were 5 to 10 sessile galls, and 6 to 9 galls per shoot,
on C. crenata var. Tsukuba in 2011 and 2012, respectively
(Triyogo and Yasuda 2013). In this study, ten C. crenata
var. Tsukuba (referred to T1-T10) with high numbers of
galls caused by D. kuriphilus were selected as sample trees.
Each tree was 2.5 m in height, and 80% of shoots on all
sampled trees were attacked by gall-making insects. The
galls develop in May in synchrony with the opening of
current chestnut buds (Triyogo and Yasuda 2013).
Observations in 2011 showed that the most common
parasitoid wasp that attacked D. kuriphilus was T.
beneficus. According to Murakami (1981), adults of T.
beneficus emerge from withered galls on chestnut trees
formed in the previous year, and females oviposit in newly
formed galls. Among the most common herbivores that
arrive and colonize the newly emerged leaves is the aphid
M. kuricola. Large numbers of M. kuricola were found on
C. crenata from spring to early autumn on shoots and
leaves (Triyogo and Yasuda 2013).

Bud sampling in the field

In the present study, sampling of shoots began when
galls could easily be found and before the emergence
period of the parasitoid wasp. The sampling date was
chosen based on observations made in 2011 that showed
that in this study area, the adult of T. beneficus first
emerged in late April. From ten sample trees (T1-T10), six
galled shoots in 2012 and four galled shoots in 2013 were
sampled on each tree. Therefore, in total, 60 and 40 shoots
with newly formed galls were marked on 20 April 2012
and 22 April 2013, respectively. One gall from each of
these galled shoots was chosen carefully making sure that
all the selected galls have similar initial sessile gall volume
(2012; n = 60 galls, F = 1.64, p > 0.05 and 2013; n = 40
galls, F = 0.09, p > 0.05). The gall volume was estimated
by the equation: gall volume = 4.189 x length/2 x (avg.
diameter/2)? (Flaherty and Quiring 2008). After measuring
gall volume, the number of leaves initially present was
counted. To prevent parasitism by T. beneficus, nylon-mesh
bags were used to cover the sample galls on the shoot
(Otake et al. 1984) and the bag was replaced following
subsequent leaf growth.

Collection and release of parasitoid wasp

In order to obtain T. beneficus adult wasps for
experimental release, 1,000 withered galls were collected
from the study area in March 2012 and 2013. Sets of ten
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galls were placed into glass tubes (i.e., ten galls per tube)
and kept refrigerated at 5 °C until the beginning of April. In
total, 100 glass tubes plugged with cotton wool were used.
At the beginning of April, in order to obtain the appropriate
environmental conditions, these 100 tubes were transferred
to outdoors. All the tubes were examined every 24 hours to
collect emerging parasitoids during the period from 22
April to 9 May in 2012 and 22 April to 11 May in 2013. To
ensure mating, each newly emerged T. beneficus female
was placed with a male in a glass tube covered by cotton
wool and supplied with drops of honey as food. The glass
tubes used for mating were kept in an environmental
chamber with L16: D8 photoperiod at 20 °C. Daily video
observation (Dino-Lite AM2011 digital microscope), was
conducted to obtain mated females from these tubes. Soon
after a mated female was obtained, the tube with this
female was put inside a nylon-mesh bag. For the gall wasps
plus parasitoid treatment (G+P), the cotton wool cover of
the tube was removed to allow the parasitoid to disperse
from the nylon-mesh bag. In 2012, mated females were
released on 14 May (T1-T6), and 15 May (T7-T10). From
60 galled-buds prepared in April (see Bud sampling in the
field), 30 galls with similar volume were used for the G
treatment (only gall wasps) and 30 galls for the G+P
treatment (30 mated female parasitoids). Similar
procedures were used to obtain the gall samples in 2013; 40
shoots with newly formed galls were selected. The
parasitoid wasps, collected from dry galls in 2013, were
released on 13 May. From 40 galled-buds, 20 galls were
used for the G treatment and 20 were used for the G+P
treatment. In addition, 30 normal buds designated as
control were taken from the experiment conducted in 2012,
while due to the low abundance of normal buds there was
no control in 2013.

Parasitoid wasp observation

Galls were collected at different Days After Infestation
(DAI) with parasitoid wasps from 2012 to 2013 (at three
DAI in 2012 (15, 45, and 75 DAI) and two in 2013 (5 and 10
DAI). The successful introduction of released parasitoids to
galls was confirmed from the presence of gall oviposition
holes, and/or the presence of parasitoid eggs and larvae as
well as parasitoid host-feeding tubes. All gall samples were
measured for volume, number of chambers per gall,
number of D. kuriphilus (parasitized and unparasitized
larvae), and T. beneficus. In addition, the frequency
distribution of parasitoid larvae per host larval chamber
was determined. The gall samples were opened carefully to
determine the age distribution of T. beneficus inside the
gall from the developmental stages of individuals (eggs,
young larvae, and mature larvae). All parasitoid observations
were conducted in the laboratory using a dissecting
microscope (Carton Stereo Microscope DSZ-44PG).

Plant responses

Field collections were done on three Days After
Infestation (DAIS) (15, 45, and 75) in 2012: the emerged
leaves were harvested on 29-30 May, 29-30 June, and 29-
30 July as the first, second, and third harvest, respectively.
In 2013, collections were done on two DAIs (5 and 10):
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first on 18 May, and again on 23 May. To determine the
effects of the parasitoid wasp on gall volume for treatments
G and G+P, the increase in gall volume was measured as
the difference in volume between galls initially and at the
time of harvest. In addition, increase in leaf number was
estimated for treatments G, G+P, and control, as the
difference between number of leaves initially when wasps
were released, and later at harvest time (15, 45, and 75 DAI
in 2012, and 5, 10 DAI in 2013). To assess nutritional
characteristics, the leaves were then cut and separated into
two groups; the first group was analyzed for nutritional
properties  (water content, nitrogen, and carbon
concentration), and the second group was used in
laboratory experiments. To examine the effects of each
treatment on physical characteristics of the leaf, the leaf
thickness and toughness were measured for those leaves
that were subsequently analyzed for nutritional properties.
Leaf weight was measured both as fresh weight and as dry
weight after leaves were oven-dried at 70 °C for 48 h.
Percentage leaf water content was calculated as (fresh
weight - dry weight)/fresh weight x 100. The percentages
of Nitrogen and Carbon concentration in a leaf was
measured by using an elemental analyzer (NC Analyzer
Sumigraph NC-220F) after the dried leaves had been
ground. To measure leaf physical properties, 2 leaves were
taken from the first group of leaves in treatments G and
G+P, and were compared with leaves from normal buds. A
hand-held micrometer (PK-1012 Mitutoyo, Japan) was
used to measure leaf thickness midway between the margin
and midrib at the widest part of the leaf. Measurement of
toughness was conducted three times at the midway point
between the margin and the midvein by using a hand-held
penetrometer (AD-4932-50N AND Inc., Japan).

Effect of the parasitoid wasp on the abundance of
herbivores

Field observations and laboratory experiments were
conducted to understand the effects of leaves from
parasitized galls, unparasitized galls, and control buds, on
the aphid. Field observations were conducted at the same
time that galls were sampled to estimate aphid abundance.
The number of aphids on all leaves attached to each sample
gall was counted. Laboratory experiments were conducted
to reveal the effects of leaves from each treatment on aphid
performance. The leaves used were healthy leaves and have
never been attacked by other insects previously.
Laboratory-reared aphids were allowed to feed on the
leaves from each treatment (G, G+P, and control). Aphids
were placed individually on a leaf and covered with a leaf
cage (1.5 cm in diameter and 8 cm in height) and were
placed in an incubator with L16: D8 photoperiod at 20 °C.
Five leaves were used for each treatment. In total, 45 leaves
were used from May to July 2012. The petioles of all
leaves were individually inserted in a 1 ml water pick and
the water was replaced every day. The number of nymphs
laid was monitored every day for six days. On the sixth
day, the female aphid was then removed and the body
weight was measured by using a microbalance (Sartorius
MC 5, Max 5.1.g, and 1SO 9001).
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Statistical analyses

The increase in gall volume between G and G+P was
compared by using the Mann-Whitney U test. The
differences in leaf characteristics, including leaf increment,
thickness, toughness, water content, and C: N ratio, for
each gall treatment (G, G+P, and control) and DAI were
analyzed. Assumptions of normality and equal variance
were met, and thus the data were analyzed by using
repeated measures ANOVA to detect the effects of the
three treatments on leaf characteristics. When significant
differences among treatments were observed, analyses
were continued by using Post hoc analysis with Tukey’s
test to compare the leaf characteristics among gall
treatments and DAI. Following a similar procedure, the
effects of gall treatment and DAI on the abundance,
fecundity, and body weight decrease of aphids were
determined by using two-way ANOVA and followed by
Tukey's post hoc test.

RESULTS AND DISCUSSION

Parasitoid wasp and gall observation

Four indications of interaction between gall-making
larvae and its parasitoid wasp were found as follows: (a)
hole on gall surface, (b) host-feeding tube, (c) eggs, and (d)
larvae of parasitoid wasp (Figure 1). In a previous study, a
feeding tube was found to be constructed for host-feeding
by the parasitoid when attacking a gall wasp larva (Figure
1.B) (Kato and Hijii 1999).

In the present study, as DAI increased, so too did the
maximum volume of galls and the number of chambers per
gall (Table 1). The eggs of T. beneficus were found at 5 and
10 DAI, while young larvae were found at 15 DAI;
moreover, observation at 15 DAI indicated that T.
beneficus was able to lay two eggs in a single gall chamber
(Table 1). In contrast, only one parasitoid larva was found
on each gall wasp larva at 45 and 75 DAI. Our results are
supported by a previous study (Murakami and Tokuhisa
1985) in which the parasitoid had the capability to deposit
two or more eggs in the same larval chamber. However,
cannibalism among hatched young larvae in early stages
for this parasitoid wasp has been reported (Murakami 1981;
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Piao and Moriya 1999), and in the end, only one parasitoid
larva could survive in each chamber.

Consistent with previous study, this study showed that,
the gall larvae cause an increase in gall volume as the plant
responded to gall-making larva, (Kato and Hijii 1993). On
the other hand, our results showed the presence of young
larvae of parasitoid wasp on it is host at 15 DAI, however,
there was no significant effect on increase in gall volume
until 15 DAL In this study, we suspected that the parasitoid
wasp would indirectly affect this increase in gall volume by
affecting performance of the gall larvae. As described in
previous research, when a parasitoid parasitizes an
herbivore, the parasitoid larva affects performance of the
herbivore (Poelman et al. 2011a). Our study further shows
that parasite attack does not stop gall growth. However, the
differences in the increase in gall volume were significant
start at a month after 15 DAI (45 and 75 DAI) (Figure 2).
The increase in gall volume in the G treatment was
significantly higher than that in the G+P treatment at 45
and 75 DAI (Mann-Whitney U test; 45 DAI nG+P =7, nG
=10, U =5, p<0.001; and 75 DAI nG+P =8,nG =10, U
= 0.5, p < 0.001). Further, our results indicate that the
parasitoid had an influence on young gall-making larvae,
however, along with the gall-making larvae development,
the effects of parasitoid begin to appear through the
difference in gall volume (Table 2).

The presence of parasitoid (G+P treatment) resulted in a
low gall volume increment as a consequence of decreased
feeding rate and furthermore less inducement of increased
gall volume by gall-making larvae. As mentioned earlier
that the parasitoid/predator may cause change in host traits
such as decrease in feeding rate and total food consumed of
its host (Poelman et al. 2011a; Parkman and Shepard 1981;
Powell 1989; Peckarsky et al. 2008). However, the
increment of gall volume also occurred in the presence of
parasitoids (Figure 2). Those, supported with previous
study, larvae of T. beneficus feed as ectoparasites on the
gall-making larva for a month after hatching (Murakami
1981; 1988), and our results indicated that T. beneficus
allows the gall-making larva continues to feed during
parasitoid development (koinobiont parasitoid) (Van Loon
et al. 2000).

C

Figure 1. The symptoms indicating interactions between parasitoid and gall-making larvae (indicated by arrow). A. Hole made by the
ovipositor of parasitoid wasp, B. Feeding tube, C. Eggs, D. Mature larva (All pictures were observed with 40X magnification)
Note: A and B were found on 5 to 75 DAI; C was found on 5 and 10 DAI; D was found on 45 DAL.
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Table 1. The gall volume, number of chambers per gall, number of Dryocosmus kuriphilus and Torymus beneficus larvae, and number
of parasitized D. kuriphilus observation on five different Day after infestation (DAI)

DAI No. of galls Vol. (mm? Mean numbers of No. of No. of T. beneficus No. of hosts
examined Min. Max. chambers per gall (SD)  D. kuriphilus larvae ) ' parasitized
5 10 0.80 231 5 (0.96) 54 30 (eggs) 0
10 10 0.70 2.20 7 (0.99) 71 9 (eggs); 21 (larvae) 0
15 10 0.51 1.41 5(0.73) 51 41 (larvae) 41
45 10 0.50 2.46 7(1.79) 71 15 (larvae) 15
75 10 0.68 2.67 7 (2.00) 68 21 (larvae) 21

Table 2. Results of repeated measure ANOVA for the effects of
Galls and Day after infestation (DAI) on the increment of gall
volume

Source df  Mean Square Fvalue  pvalue
Galls 1 0.14 13.47 0.02*

DAI 2 0.11 10.05 0.00***
Galls * DAI 2 0.07 5.29 0.00**

Asterisks show significant difference * p < 0.05, ** p < 0.01, ***
p <0.001

0.7

0.6 -

0.4 ‘
0.3 4 4

0.2 - R

Gall volue increment (cm®)
~

15 45 75
Day After Infestation (DA

Figure 2 The gall volume increment. Mean and SE are presented.
(G+P: Gall wasp plus parasitoid and G: Gall wasp only)

Plant responses

In field observations, there were significant effects of
galling and DAI on leaf number increment (ANOVA: p <
0.001) (Table 3). We found that the number of emerged
leaf on galled treatment (G and G+P) was significantly
higher than C in 15 DAI but the opposite pattern on 45 and
75 DAI (Figure 3.A). Significant differences among
treatments (galls and DAI) on leaf characteristics were
observed (Table 3). We compared G vs G+P vs C on the
leaf characteristics with posthoc tests. However, Post-hoc
tests showed no significant differences between G vs G+P
treatments for all leaf characteristics (Figure 3.A-C) even
when significant treatment effects were detected in 2-way
ANOVA for galls variation (Table 3).

Under this study, we predicted that the presence of the
parasitoid wasp would influence plant responses by
affecting gall wasp larvae, but our prediction was not
supported. One possibility to explain our results lies in the
species of parasitoid we studied. Various parasitoid species
differentially affect the interaction chain of parasitoid,
herbivore host, and the host plant (Poelman et al. 2011a). It
is well-known that behaviors of host insects such as
feeding change after parasitism (Schmitz et al. 2004). As
shown in this study, T. beneficus significantly inhibited the
feeding rate of gall-making larvae (as reflected in gall
volume at 45 DAI), however, the host larva still grew while
parasitized (koinobiont species), and thus the plant did not
benefit much from parasitism of the gall-maker. Secondly,
the parasitoid studied here lives externally on its host's
body (ectoparasitoid) with a single parasitoid larva per
herbivore host might have weak pressure. Previous study
has focused on parasitism explained that the parasite
diversity per herbivore host considers as potential
determining factor for estimating parasite pressures and
impacts on host (Bordes and Morand 2009).

Table 3. Results of repeated measure ANOVA for the effects Galls, Day after infestation (DAI), and their interactions on the leaf

characteristic

Source of F value
variation df Leaf number Thickness Toughness Water CN ratio
increment ® (mm) (N) content (%DW)
Galls 2 5.833* 3.769ns 3.607ns 0.214ns 0.455ns
DAI 4 68.076*** 8.013* 3.870* 12.366* 18.634**
Galls x DAL 8 2.987*** 1.791ns 2.045ns 2.956ns 0.597ns
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Note: The numbers were counted from the first release of the parasitoid wasp Asterisks show significant difference * p< 0.05, ** p<

0.01, *** p< 0.001, and ns shows no significant at p > 0.0
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Figure 3. The Post-hoc results for leaf characters between three different treatments which were harvested on five different DAI. A.
Leaf number increment, B. Leaf water content, C. CN ratio. Mean and SE are presented. Different letters show significant difference (p

< 0.05, Tukey's test) and ns shows no significant at p > 0.05

Another possibility to explain our results is a lack of
synchrony between gall-making larval development and the
annual period of activity of the parasitoid wasp. In this
study area, the gall-making adults emerge and soon begin
to lay eggs in July inside chestnut buds that will develop
during the next spring. Hatching begins one month after
oviposition, and the hatched larvae remain in the buds and
continue overwintering inside the gall. After overwintering,
the larvae of the gall-making insects become active in early
May (Triyogo and Yasuda 2013). The period of larval
activity is synchronized with the opening of chestnut buds,
and thereafter infested buds turn into galls in the spring
(Kato and Hijii 2001; Piao and Moriya 1999). In our study
area, there was about an 8-month lag between the
emergence of T. benefices and the hatch of first instar D.
kuriphilus. It has been reported that the single species T.
benefices alone failed to suppress the pest population
(Murakami 1997) until a second, introduced parasitoid, T.
sinensis, was released (Moriya et al. 1989).

Based on the two possibilities mentioned in this
discussion, the pressure of parasitoid larvae attacking the
gall-making larvae gives different results from our
hypothesis. Thus, in the present study, the induced
responses of C. crenata plants, as expressed in leaf
characteristics, did not differ in response to feeding by
unparasitized versus parasitized gall-making larvae.

Effects on subsequent herbivores

We studied the number of aphids, M. kuricola, as
another herbivore sharing the host plant with the gall-
making wasp. The colonies of this aphid on leaves were
first encountered at 15 DAI. The number of aphids was
higher on emerged leaves in treatments G (8.10 individual
numbers) and G+P (7.37) than in the control treatment
(5.90) at 15 DAI. On the other side, at 75 DAI results were
reversed from 15 DAI, with high number of aphid in the
control treatment (7.10) than in treatments G+P (6.12) and
G (4.60) (Figure 4).

In accordance with our previous study, the effect of the
gall insect on aphid abundance was most pronounced early
in the season. Generally, the number of aphid on leaves
declined overtime on galled-leaves (G; G+P) and increased
on healthy (control) leaves. Previous study has shown that
new leaves emerged earlier on galled leaves, and aphids
tended to find and feed on the young leaves (Triyogo and
Yasuda 2013). The presence of the parasitoid in the present
study did not significantly affect the number of aphids.
Indirect effects by parasitoids on community composition
will occur when parasitoids through top-down effects
influence herbivores, thereby inducing modification in host
plant characteristics (Ohgushi et al. 2012; Poelman et al.
2011a). In our laboratory experiment, the aphid females
produced more nymphs and weighed more in treatments G
and G+P than in control until 45 DAI but these results were
reversed on 75 DAI (Figure 4). On each DAI, however,
there were no significant differences in any aphid
parameters between G vs G+P (Table 4; Figure 4).

Previous study has revealed that when a parasitoid
strongly affected herbivore-host plant interactions, the
parasitoid also played an important role in affecting
reproductive fitness of other herbivorous insects attacking
the host plant (Tooker and Hanks 2006). Despite the
difference observed in this study in the rate of increase in
gall volume, there was no significant improvement in
quality overall of leaf characteristics; furthermore, we
noted that there were no statistically significant differences
in aphid abundance and performance between G and G+P
(Table 4). This result indicated that the effects of the
parasitoid wasp in changing leaf characteristics might be
weak given that the number of gall wasp larvae was high.
As shown by our field observations that there were no galls
with 100% parasitism of gall larvae inside the gall (Table
1). The numbers of gall-making larvae and low host
parasitization on each gall seem to have an effect on an
insignificant difference in leaf characteristics between G
and G+P treatment.
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Figure 4 The Post-hoc results for aphid performances between three different treatments that were harvested on three different DAI. A.
Aphid abundance, B. Nymphs produce by females per six days, C. Aphid body weight decreased. Mean and SE are presented. Different
letters show significant difference (p < 0.05, Tukey's test) and ns shows no significant at p > 0.05.

Table 4. The results of two-way ANOVA for the effects of Galls
and Day after infestation (DAI) on aphid performances

F value
Source of - - -
variation Aphid Aphu_]l Bodyweight
abundance  fecundity decrease
Galls 2 2.148ns 1.603ns 1.844ns
DAI 2 3.845* 10.387** 4.814*
Galls *DAI 4 2.550* 6.958** 2.572*

Note: Asterisks show significant difference * p< 0.05, ** p< 0.01,
, and ns shows no significant at p > 0.05

In conclusion, the parasitoid larva affects performance
of the herbivore such that, as a result, the herbivore
interacts differently with the host plant. The gall maker, D.
kuriphilus, is able to manipulate host plant quality;
however, the endemic parasitoid wasp of gall-making
insects on chestnut trees does not affect plant performance
by attacking larvae of the gall wasp. Our study provides a
simple model system illustrating the possibilities when the
third trophic level does not affect plant-induced responses
to a particular herbivore. The gall insect directly affects
host plant quality and through bottom-up process, this
affects the aphid performance. In addition, the parasitoid
wasp affected the gall maker by reducing the seasonal
increase in gall volume. However, the presence of the
parasitoid wasp did not affect the interaction between the
herbivore and the host plant. Moreover, herbivores as
mediators between plant traits and predators or parasitoids
did not have large effects on other herbivores sharing same
host plant at the second trophic level. We presented several
considerations to explain those results: (i) the
characteristics  of  parasitoid  used (koinobiont
ectoparasitoid); (ii) poor synchronization between initial
plant responses to the gall insect, and the interaction of
parasitoid wasp and gall insect; and (iii) high abundance of
gall wasp larvae.
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