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Plant ecological traits affect the species identity of plant-colonizing
arthropods, which in turn induces species-specific trait changes in plants,
forming feedback between plants and arthropods. Such feedback can amplify
initial differences in species composition, leading to large variations (i.e., high p
diversity). We hypothesized that the differences in plant initial conditions have
sustained effects on arthropod community composition and species richness.
To test this hypothesis, we monitored arthropod community assembly on a
willow tree species, Salix eriocarpa, which was experimentally manipulated into
three initial treatments: undamaged (in chamber 1); damaged by the specialist
leaf beetle, Plagiodera versicolora (chamber 2); and “exposed” plants that were
undamaged but were exposed to volatiles from damaged plants (in chamber
2). The arrival and population dynamics of the leaf beetle were affected by
the plant’s initial condition (chamber 1 vs. 2), which could result from the
microscale environmental heterogeneity between chambers (chamber effect)
and/or from the herbivory-related impacts (direct herbivory and exposure to
induced volatiles in chamber 2). The community composition on damaged
and exposed plants became significantly different on day 32. In addition, the
divergence in composition between plant individuals was significantly smaller
in undamaged plants (chamber 1) than in damaged and exposed plants
(chamber 2) on day 60. The compositional variations (f diversity) between
chambers, between treatments, and between days, comprised a large
proportion (two third) of the total species richness (y diversity) in the whole
community of arthropods. These results suggest that plant initial condition is
a key driver of community assembly and the maintenance of species diversity.
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herbivory, VOCs, community assembly, plant-arthropod feedback, Salix eriocarpa,
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Introduction

Arthropod communities on plants are one of the model
systems for community assembly studies (Lewinsohn et al., 2005;
Barber and Marquis, 2011; Pechal et al., 2014). Growing evidence
demonstrates that diverse plant responses induced by herbivory
are major drivers of population and community dynamics of local
arthropod communities (Ohgushi, 2005), which determine the
local diversity of arthropods (Nakamura et al., 2006). For
example, induced direct resistance and compensative regrowth
influence the subsequent arrival, survival, and reproduction of
other herbivores (Ohgushi, 2005) and their natural enemies
(Nakamura et al., 2005). It follows that population dynamics
(Underwood, 1999) and species composition and richness
(Utsumi and Ohgushi, 2009) would be affected by these plant
responses. Herbivory-induced plant volatiles (HIPVs) also
influence arthropods. HIPVs affect the behavior of herbivores and
carnivores (Yoneya and Miki, 2015 and references therein) and
can serve as indirect defense (Heil, 2004; Arimura et al., 2009;
Turlings and Erb, 2018). HIPVs affect herbivore communities and
their natural insect predators (Shiojiri et al., 2009; Fatouros et al.,
2012; Xiao et al., 2012). One of the intriguing functions of HIPV's
is to mediate communication between plants. Neighboring plants
receive HIPVs and theninduce direct and indirect defenses
(Arimura et al., 2000; Choh and Takabayashi, 2006; Karban et al.,
2014; Yoneya et al., 2014b) by releasing carnivore attractants
(Piesik et al, 2012) and affecting herbivore and carnivore
dispersal (Morrell and Kessler, 2017). Communication between
plants has potentially profound effects on community dynamics.
Compared to the effects of plant responses to direct herbivory
(Utsumi and Ohgushi, 2009; Xiao et al., 2012), the effects of
communication between plants on herbivore population
dynamics, and arthropod community composition and species
richness, remain relatively underexplored. Through spatial
propagation of defense responses by communication between
plants, plant volatiles have impacts on arthropod communities at
a larger spatial scale than herbivore-induced direct defenses
(Morrell and Kessler, 2017).

Which arthropod species colonizes a plant first depends on
the plant’s ecological traits. In turn, the arthropod colonization
induces species-specific plant changes, forming feedback
dynamics between plant traits and arthropod composition.
Following the “priority effect” concept in community assembly
theory (Chase, 2003; Fukami et al., 2005), such feedback between
plants and arthropods (Utsumi et al., 2010) is expected to amplify
initial differences in the species composition of arthropod
communities on plants (i.e., high p diversity; Anderson et al.,
2011) leading to large variations. Therefore, we hypothesize that
the initial condition of plants can have sustained effects on
arthropod community composition and species richness. In
addition, even starting from identical plant initial conditions,
such feedback may induce divergence in species composition
between individual plants when early-colonizing species differ
between plants.
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To test these hypotheses, we focused on arthropod
communities on a willow tree species, Salix eriocarpa. For this
species, we have accumulated knowledge of (1) arthropod
communities (Nakamura et al., 2005; Utsumi and Ohgushi, 2009;
Yoneya and Takabayashi, 2013), (2) the chemical characteristics of
plant volatiles (Yoneya et al., 2009a, 2010), and (3) their impacts
on the behavior of herbivorous and predatory arthropods (Yoneya
et al,, 2009a, 2009b, 2010; Yoneya and Takabayashi, 2013). In
addition, the plant volatiles induced by the leaf beetle Plagiodera
versicolora negatively affect the tissue quality of the neighboring
conspecifics, which is suggested by the reduced survival rate and
elongated developmental duration of the P. versicolora’s larva
feeding on these conspecifics (Yoneya et al., 2014b). We monitored
arthropod community assembly on plants manipulated into three
initial conditions: undamaged; damaged by the specialist leaf
beetle, Plagiodera versicolora; and “exposed” (plants that were
undamaged but were exposed to volatiles from damaged
conspecific plants).

Materials and methods

Plants

We cut a total of 80, 2- or 3-year-old and 18 cm-long shoots
from five S. eriocarpa trees in the floodplain of the Yasu River
(35°N, 136°E) in Siga Prefecture, central Japan in early May 2008.
We potted the shoots individually in humus (15cm diameter x
13 cm high pots) and maintained them in a climate-controlled
chamber (25°C+3, L18:D6) until new leaves emerged (ca. 30 d).
We then transferred the potted shoots to a greenhouse (25°C+3,
L18,D6) and supplied the fertilizer (Hyponex, HYPONeX Japan,
Osaka, Japan) every 2 weeks for 2 months.

We maintained the colony of P, versicolora on willow leaves in
a climate-controlled chamber [LD 18:6, 25 +2°C, relative humidity
(RH) 50-70%)]. We reared the adults, which emerged at the same
timing, with fresh willow leaves for 2-3days until sexual
maturation, and then used them for plant preconditioning.
We inoculated one female and one male P. versicolora on each of
16 undamaged plants and covered each of them with a mesh bag
(30x 70 cm), which represented damaged (infested) plants (D).
Then, we put these damaged plants together with 16 undamaged
(uninfested) plants that were covered with a mesh bag (30 x 70 cm)
in a greenhouse (25 £ 3°C, 50-60 RH, L18:D6) at the same day
when adult leaf beetles started feeding on plants and kept them
together for 10 days to expose undamaged plants to volatiles from
the damaged plants (D). We allowed these adult leaf beetles to feed
on leaves and lay eggs for 3 days, then removed the adults from the
damaged plants at day 4. Before removing the adults, the female
laid one or two clutches of eggs on the leaves. Larvae hatched from
the eggs from day 4 to 6. There were at least 10 larvae feeding on
a plant. We allowed feeding by these larvae for 5 to 7 days just
before transferring the plants to our experimental garden.
Hereafter, these undamaged plants maintained together with
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damaged plants (D) in a greenhouse were called exposed plants
(E). As a control, we prepared 16 undamaged plants (U) that had
been exposed to volatiles from 16 uninfested plants under the
same conditions in another greenhouse (25 + 3°C, 50-60 RH,
L18, D6) with the same standard as that maintained damaged (D)
and exposed plants (E). These two greenhouses were located at the
Center for Ecological Research (CER) of Kyoto University (34° 58
17” N, 135° 57" 32" E, Otsu, Japan, 10.6km south of the Yasu
River). We used 16 exposed plants (E), 16 undamaged plants (U),
and 16 damaged plants (D) for the field experiments. Leaf beetles
on damaged plants were removed before the field experiment to
exclude the direct effects of the presence of the leaf beetles on
subsequent colonization by arthropods.

Population and community monitoring

We transferred 48 plants (16 plants of undamaged, damaged,
and exposed) to a path in one of the experimental gardens of the
CER at 06:00 on 10 June 2008, where willow trees of S. eriocarpa,
S. integra, S. miyabiana, S. triandra, had been grown for more than
10years. We placed the plants at 1 m intervals in two lines (at 2m
between lines). Each line had four plots containing six plants,
which had been subjected to three different treatments
(undamaged, exposed, and damaged; two plants for each
treatment, a total of 16 plants for each treatment). The location of
the plants in the plots was randomized. We counted the number
of arthropods on plants every hour from 07:00 until 12:00 (six
observations in total), every 2 h until 18:00 (three observations in
total), and at 06:00 the next day to investigate the first immigration
(phase 1). We continued the census at 09:00 and 16:00 every day
until day 8 (phase 2). Thereafter, we censused on day 10 at 9:00
and 16:00 and day 32, and 60 at 9:00, 16:00, and 9:00 the next day
(phase 3). There are accumulated knowledge of arthropod
community on Salix eriocarpa (e.g., Nakamura et al., 2006; Utsumi
et al., 2009; Utsumi and Ohgushi, 2009; Yoneya et al., 2014a) in
Japan. We identified every arthropod species except spiders and
flies (see Supplementary Table S1), which we found by eyes, using
loupes and digital camera (11020, Olympus Co., Tokyo) without
collecting them. Spiders were categorized in four groups by size
(less than 5mm excluding legs, or more) and behavior (having
spiderweb or not) (Supplementary Table S1). Among flies, only
parasitoids (2 species) of P. versicolora were identified and the
other flies were grouped into a group as “the other flies” (see
Supplementary Table S1).

Statistical analysis

Due to logistical constraints, we could not prepare multiple
greenhouses for each of the different plant initial conditions as
replications. It was also ineffective to exchange plant individuals
between greenhouses in the middle of the preconditioning period
(10days) for avoiding chamber effects since the remaining plant
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volatiles in greenhouses were expected to substantially affect plant
physiology. Since interannual variations in community dynamics
are high in general under seasonal environments (Dakos et al.,
2009), it was not realistic to design multiyear replications.
Therefore, there were potentially so-called chamber effects (or
pseudoreplication issues: Oksanen, 2001; Porter et al., 2015)
between plant individuals preconditioned in two greenhouses;
hereafter we call the first greenhouse with U plants and the second
one with D and E plants chamber C1 and chamber C2, respectively.

By acknowledging the chamber effects, all of our statistical
tests followed two steps; we firstly compared plants between two
chambers and secondly compared damaged and exposed plants
from chamber C2. The differences detectable in the first step
would include both chamber effects (i.e., effects of microscale
heterogeneity of environments such as temperature and humidity)
and herbivory-related impacts while those in the second step
would represent the difference between HIPV-exposure effects
and direct damage effects but do not include chamber effects. Even
if it was impossible to distinguish chamber effects from treatment
effects, what we intended to detect were the sustained impacts of
plant initial conditions (including chamber effects) on the
subsequent community assembly.

We used the gls function in the nlme package, including
temporal autocorrelation structure of order one [i.e., AR(1)] for a
repeated measures ANOVA to investigate the differences in
population dynamics of P. versicolora between chambers for each
phase. For phases 2 and 3, we used the averages of within-day
replicates. We also conducted post-hoc t-test between chambers
and between damaged and exposed plants for specific time points.
For the following analyses of species composition and richness,
we excluded P, versicolora data since large P, versicolora populations
could mask the roles of other species in the community structure
and diversity. Indeed, including the P. versicolora data made results
unclear (see Supplementary Figure S1). We conducted all of the
following statistical analyses using the vegan package (Oksanen
etal,2018)in R4.1.3 (R Core Team, 2018). All of the raw data sets,
R notebook code, and R notebook html are available as
Supplementary material.

To investigate sustained shifts in community composition,
we first calculated the representative community composition
from the repeated observations for each plant individual within a
day (on days 10, 32, and 60; Supplementary Appendix S1). In the
second step, for the representative community composition from
days 10, 32, and 60, we used PERMDISP (vegan::betadisper) and
PERMANOVA (vegan:adonis) analyses to compare the
community divergence between individual plants within each
condition (i.e., distance to the centroid of each plant initial
condition) and the differences in community composition
(centroid position) between chambers (C1 and C2) and two
treatments (damaged, and exposed), respectively (Anderson,
2006; see Supplementary Appendix S1; Supplementary Figure S1
for additional analysis).

When quantifying species diversity, we only considered species
richness, i.e., the number of species. Because species identification
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FIGURE 1
Population dynamics of leaf beetles, Plagiodera versicolora. Comparison between the number of adults per plant among undamaged (U), exposed
(E), and damaged (D) conditions in phase 1 (A), phase 2 (B), and phase 3 (C). Bars represent 95% confidence intervals.

for some arthropods such as flies and spiders was difficult, a few
taxonomic units in our analyses potentially include multiples species
(Supplementary Table S1). However, for simplicity, we use the term
“species” richness in this study as the number of the identified
taxonomic units. We focused on the average species richness on an
individual plant and the total richness across all of the individuals
within the same plant treatment or chamber. We also standardized
the total species richness by the coverage-based rarefaction (Chao
and Jost, 2012) from presence/absence (incidence) data on each
plant individual (Colwell et al., 2004), as well as its asymptotic
estimate (Chao index: Chao et al., 2006), using the INEXT package.
For both the coverage-based and asymptotic estimates, we assumed
a significant difference when the 95% confidence intervals of the
estimates did not overlap. We further hierarchically partitioned the
total richness (i.e., y diversity) into o and f diversity to compare the
richness difference between chambers, treatments, and days (Crist
etal., 2003; Supplementary Table S2 and Supplementary Figure S5).

Results
Leaf beetle population

We observed seven species of leaf beetles on plants. Plagiodera
versicolora was the dominant species among all observed
arthropods and the other leaf beetles were rarely observed
(Supplementary Table S). For example, Smaragdina semiaurantiaca
was the most frequently observed among the other leaf beetles,
however, only one time during phase 1 and four times thereafter.
We only used the data of P. versicolora, for the following analysis.
The arrival of adult beetles in phase 1 (< 24h) differed between
chambers (repeated measures ANOVA, p=0.0285). The
population size of adult leaf beetles per individual tree was greater
in the chamber C1 than those in the chamber C2 at 12h and 24 h,
respectively (p=0.015, 0.027) while there were no differences
between damaged and exposed plants (p=0.33, 0.33) (Figure 1A).
However, there were no differences between chambers in phases 2
(2-7 d, ANOVA, p=0.725) and 3 (10-60 d, ANOVA, p=0.135)
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(Figures 1B,C). On day 10, the average population size on damaged
plants was lower than that on exposed plants (¢-test: p=0.041).

Community composition

In phase 3 (day 10, 32, 60), the total number of observed
species was 48, which includes herbivores, predators, and
parasitoids (Supplementary Table S1). Based on the rank
abundance curves (Supplementary Figure S2), we identified the
top 10 abundant species, which consisted of 7 herbivores, 2
predators, and 1 parasitoid. Some of these groups demonstrated a
temporal succession. For example, the spider groups <5 mm with
spiderweb and without spiderweb tended to be abundant on day
32 (Supplementary Figures S3A,F), and the leaf roller, Phyllocolpa
sp., appeared only on day 60. However, the other groups did not
show such clear patterns (Supplementary Figure S3). The following
analyses were based on the dissimilarity of the overall community
composition between individual plants, chambers, and treatments.
The community divergence (i.e., distance to centroid) between
plant individuals in the chamber C1 (U plants) depended on dates
(PERMDISP: df=2, F=7.1717, p=0.0021). In particular, the
divergence was smaller on day 60 than on day 10 and on day 32
(p=0.0055 and p=0.0168). Such temporal differences were not
observed in damaged plants (PERMDISP: df=2, F=0.3821,
p=0.6793) and exposed plants (PERMDISP: df=2, F=1.1044,
p=0.3376; Figure 2A). Then, on day 60, the community divergence
was smaller in chamber C1 (undamaged plants) than chamber C2
(damaged + exposed plants) (PERMDISP: df=1, F=7.9155,
p=0.0092). The community composition (centroid position) was
not significantly different between the chambers on any day but
there was a difference between damaged and exposed on day 32
(PERMANOVA: df=1, F=2.4132, p=0.0043, Figure 2B). On day
60, although there were significantly greater inter-chamber
variations than intra-chamber variations (undamaged vs. damaged
+ exposed, PERMANOVA: df=1, F=1.8611, p=0.0365), it was not
possible to conclude that the centroid position was different
between them due to the heterogeneous dispersion (PERMDISP
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FIGURE 2
Community composition depending on plant initial conditions and time. (A) Divergence of community composition between plant individuals
within each plant initial condition. Only for undamaged plants (chamber C1), there was a significant difference between days. In addition, on day
60, the divergence of composition in chamber C1 was smaller than in Chamber C2 (PERMDISP, p=0.0092) (B) PCoA ordination and plant initial
conditions (undamaged, damaged, or exposed) and sampling day (10, 32, or 60). The points with large marks (circle, triangle, and rectangle) are
the spatial medians, which are representative of the community composition of each plant initial condition at each sampling day. Small marks
represent each plant individual.

as shown above). On day 60, there was no difference in the centroid
position between damaged and exposed (PERMANOVA: df=1,
F=1.4895, p=0.1079). There were also significant differences in
the centroid between sampling days within damaged plants and
within exposed plants (PERMANOVA, p=0.0001).

Species richness

There were no differences in the observed average species
richness per individual plant between plant initial conditions on day
10, but plants in chamber C2 (exposed and damaged plants) showed
statistically greater richness than those in chamber C1 (undamaged
plants) on days 32 and 60 but the differences were minor
(Supplementary Appendix S1; Supplementary Figure S4, using
function vegan::renyi). For the standardized species richness for each
treatment, damaged plants harbored greater richness than exposed
plants (Figure 3A: on day 32 and as the whole period). In addition,
because of the compositional differences between the three initial
conditions (Figure 2B), the total species richness for all three plant
initial conditions was greater than species richness for any individual
condition (UED >U, E,and D in Figure 3A; Supplementary Table S3).
Similarly, due to the temporal changes in composition (represented
by different shapes in Figure 2B), for all of the combinations (U, E,
D, and UED), the species richness standardized for the whole period
was significantly greater than the estimates for each sampling day,
except for the exposed plants on day 10 (Figure 3A). Finally,
asymptotic species richness for all conditions combined (UED) was
greater than that of chamber C1 (U, undamaged), and that of C2
(E+D, exposed + damaged) was greater than that of Cl (U,
undamaged) (Figure 3B). Diversity decomposition indicated that
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diversities between chambers/treatments/time (=32 in total)
comprised a greater proportion of y diversity (=48) than p diversity
between individual plants (=13.84) and a diversity per plant (=2.16)
(Figure 3C; Supplementary Appendix S1).

Discussion

Sustained effects of plant
preconditioning on community
assemblage

This study clearly illustrates the sustained effects of short-term
plant preconditioning for 10days on species community
assemblages for 60 days. Since no plant trait was measured and
logistical limitations made it challenging to fully separate
treatment effects from chamber effects it is difficult to identify the
mechanisms with which species immigration and population
dynamics were influenced by plant initial conditions (undamaged,
exposed, or damaged). However, it would be possible to narrow
down the likely mechanisms. The differences observed in
community composition and species richness between damaged
and exposed plants imply the substantial effect of direct herbivory
on plant qualities and traits and then community assembly
without any chamber effects. Therefore, we would argue that the
differences between chambers (undamaged plants vs. exposed and
damaged plants) did not result merely from the unmeasurable
environmental heterogeneity, that is, the chamber effects. Rather,
it would be likely that those include the effects of herbivory-
related preconditioning, the direct damages and exposure to the
damaged plants, as well.
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Variation in species richness. (A) Species richness standardized by
coverage (68%) depending on the plant initial conditions
(treatments: undamaged (U), damaged (D), or exposed (E) and
chamber C1 and C2 (ED), sampling day (10, 32, or 60), or
combined (UED). The black points, colored points, and bars
represent the observed richness, the average of the estimated
richness, and 95% confidence intervals of the estimate,
respectively. The results were grouped into each sampling day
(day 10, day 32, and day 60), and the whole period (whole).

(B) Asymptotic estimate of species richness. The points and bars
represent the point estimate of asymptotic richness and its 95%
confidence intervals. (C) Partitioning of y species diversity. For all
three partitioning methods (P1, P2, and P3), the « diversity
(average richness per individual per sampling day) and within-
group B diversity (variations within 16 replicates per treatment per
sampling day) were common. The calculations are presented in
Supplementary Appendix S1; Supplementary Figure S5; and
Supplementary Table S2 in the Supplementary material.
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Herbivory-related preconditioning hindered the early arrival
within 24h of P versicolora compared to undamaged plants
probably because these plants were poorer quality resources
(Yoneya et al., 2014b) and thus were avoided by the leaf beetles. In
fact, the previous bioassay experiment demonstrates that the
exposure of S. eriocarpa to airborne factors from damaged
conspecifics negatively affected the performance of P. versicolora,
e.g., the survival rate of its larvae, developmental duration, and
pupal weight (Yoneya et al., 2014b). At the same time, it could
result simply from the chamber effect; the microscale environment
(e.g., temperature and moisture) in chamber C2 (exposed and
damaged plants) acted as mild stresses, leading to poorer plant
quality of exposed and damaged plants, independently of the
herbivory-related preconditioning. Nevertheless, the evidence that
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damaged plants harbored smaller population size than exposed
plants on day 10 (Figure 1C) implies a negative effect of direct
herbivory on plant resource quality. This would be because of the
induced resistance as it is common in Salicaceae trees (Clausen
et al., 1989; Raupp and Sadof, 1989; Simon and Hilker, 2003).
However, the differences in the averaged population sizes between
the three conditions over a longer time scale >30days were
unexpectedly small and also not statistically significant. This
implies that the effects of plant initial conditions including
chamber effects were weakened with the sequential arrival of
other species. In contrast, our hypotheses as to the sustained
effects of initial plant conditions on species composition and their
contribution to enhancing species richness were supported. The
differentiation in species composition between exposed and
damaged plants became substantial on day 32.

One may argue that the induced responses to herbivory and
exposure to VOCs and their impacts on arthropod communities of
woody plants last longer than those of herbaceous plants. For
example, herbivore-induced regrowth and nutritious changes last
several months in willow systems (Nakamura et al., 2006) while the
induced resistance in a soybean system only lasts 2 weeks (Srinivas
etal., 2001). However, even on a herbaceous plant, the presence of a
keystone herbivore, such as aphid on tall goldenrod, and plant
induced responses to it can have monthly-scale impacts on
arthropod communities (Ando et al., 2017). The longevity of the
induced responses, the individual plant size, the complexity of
modular structures, and their effects on the degree of within-
individual heterogeneity of plant traits could all contribute to
potential differences in arthropod communities between herbaceous
and woody plants. Large willow trees have relatively high complexity
of structure and within-individual heterogeneity of nutritious
quality affects arthropod communities and species diversity (Utsumi
etal,, 2009). Since we conducted the experiments using the potted
small willow trees, the observed differences between individual trees
within each preconditioning and between preconditioning can
be realized as variations between modules within a single large tree
in natural environments where within-tree signaling via VOCs is
common for the systemic responses (Frost et al., 2007).

Chamber effects

The likely environmental heterogeneity between greenhouses
(chamber C1 and C2) included temperature (25 *3°C) and
humidity (50-60 RH), which could act as mild stress (high
temperature and drought stress) and affect the emission of VOCs
(Niinemets, 2010). However, the induced increases in VOC
emission quickly recover to the normal level after the stress
release. For example, the levels of emission of isoprene and
monoterpene were recovered or lower than those before heating
in 2 h (Loreto et al., 1998, 2006). Isoprene emission levels were
recovered 12 days after mild drought stress (Pegoraro et al., 2004)
while such recovery needed longer than months for severer
drought stress (Bertin and Staudt, 1996). Since it is difficult to
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imagine the presence of severe stresses in the climate-controlled
greenhouses, it was unlikely that direct effects of 10 day’s mild
stress (if any) during the preconditioning on plant physiology
were sustained for 60 days after stress release. Nevertheless, it is
still worth noting that microscale environmental heterogeneity,
even without herbivory-related effects at all, had sustained
influences on community assembly, not because of sustained
direct effects of environmental stress on plant physiology but
probably because of the sequential feedback between plants and
arthropods (Utsumi et al., 2010).

Compositional divergence and impact on
species richness

Initial plant conditions also had sustained effects on species
richness (Figure 3). Inter-individual variation in species
composition was higher on plants from chamber C2 (exposed and
damaged plants) than from chamber C1 (undamaged plants) until
day 60 (Figure 2B). This resulted in greater observed and
standardized species richness on day 60 (Figure 3A) and greater
asymptotic richness (Figure 3B) on plants from chamber C2 than
from chamber CI. In summary, the community-wide high gamma
species richness (=48: Supplementary Table S3) was maintained by
beta richness with plant initial conditions (chambers or treatments)
and time (=32) as well as alpha richness (=2.16) and beta richness
between 16 replicates within each treatment (=13.84) (Figure 3C;
Supplementary Table 52). Our findings using small-sized plant
individuals can be extrapolated to arthropod community
assemblages on much larger willow trees in a natural environment.
We hypothesize that the spatial heterogeneity of the earliest-
arriving arthropods generates the heterogeneous distribution of
plant traits within a plant population via direct herbivory and
exposure to HIPVs, leading to arthropod community divergence
(= high B richness) and thus contributes to higher gamma species
richness for the whole willow populations. The effects of plant—
plant signaling (by exposure to HIPVs) on emigration of
arthropods, which was demonstrated in a goldenrod system
(Morrell and Kessler, 2017), as well as immigration from the
species pool, would be responsible for such divergence.

Priority effect caused by plant induced
responses

The differentiation on day 32 in community composition
between exposed and damaged plants strongly implies the presence
of a priority effect. The willow plant preconditioning experimentally
prepared in this study can be regarded as a simulation of the
environments arising from the initial arrival of herbivores.
Damaged plants occur when the leaf beetle is the earliest arriving
species, while exposed plants represent those plants that receive
leaf-beetle-induced VOCs before actual herbivory. The undamaged
plant corresponds to a plant that is not conditioned by arthropods
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at all. The order and timing of species arrival patterns have been
shown to influence the community structure, species richness, and
ecosystem function as a priority effect in community assembly
theory (Chase, 2003; Fukami, 2015). One of the mechanisms of the
priority effect is that the earliest-arriving species modifies the
environment (or niche) in a species-specific way, which in turn
affects the subsequent arrival of other species, leading to the
divergence of community composition or alternative stable states
(Fukami, 2015). Willow ecophysiological traits (e.g., levels of
defense products, the emission of VOCs, and compensative
regrowth) act as biotic environments for arthropods on plants, and
they are easily modified by herbivory (Utsumi and Ohgushi, 2009;
Yoneya and Takabayashi, 2013), although these plant traits were not
measured in this study. Therefore, plant-arthropod feedback
(Utsumi et al., 2010) might act as the mechanism to cause the
priority effect. As one of the implications for such feedback, at the
individual plant level on day 32, pairwise dissimilarity in
community composition was greater with increasing difference in
the leaf beetle abundance between plants (Mantel test, p=0.0226 for
the whole data (C1+C2) and p=0.0166 for the data from chamber
C2 only, Supplementary Figure S6). This result may imply that leaf
beetles, and the whole arthropod community, responded in a
similar way to inter-individual variations in plant traits or that leaf
beetle is a keystone species that determines community composition
through strong impacts on plant traits (e.g., Utsumi, 2015). For a
better mechanistic understanding of the roles of priority effects in
arthropod community assembly, diverse responses of plant traits
(e.g., composition of secondary metabolites and allocation between
growth and defense) against herbivory (Utsumi and Ohgushi, 2009)
and VOCs (Yoneya et al, 2010) and their temporal dynamics
should be investigated (FHaukioja, 2005; Frost et al., 2008).
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