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Alien plant invasion success can be inhibited by two key biotic factors: native herbivores and plant di-
versity. However, few studies have experimentally tested whether these factors interact to synergistically
resist invasion success, especially factoring in changing global environments (e.g. nutrient enrichment).
Here we tested how the synergy between native herbivores and plant diversity affects alien plant in-
vasion success in various nutrient conditions. For this purpose, we exposed alien plant species in pot-
mesocosms to different levels of native plant diversity (4 vs. 8 species), native generalist herbivores,
and high and low soil nutrient levels. We found that generalist herbivores preferred alien plants to native
plants, inhibiting invasion success in a native community. This inhibition was amplified by highly diverse
native communities. Further, the amplified effect between herbivory and native plant diversity was in-
dependent of nutrient conditions. Our results suggest that a higher diversity of native communities can
strengthen the resistance of native generalist herbivores to alien plant invasions by enhancing herbivory
tolerance. The synergistic effect remains in force in nutrient-enriched habitats that are always invaded by
alien plant species. Our results shed light on the effective control of plant invasions using multi-trophic
means, even in the face of future global changes.

Copyright © 2023 Kunming Institute of Botany, Chinese Academy of Sciences. Publishing services by
Elsevier B.V. on behalf of KeAi Communications Co. Ltd. This is an open access article under the CC BY-

NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Plants have increasingly been introduced beyond their native
ranges due to global trade and transportation (van Kleunen et al.,
2015; Seebens et al., 2017; Wang et al., 2022). Nevertheless, few of
these alien plant species successfully invade and threaten native
community structure and function (Meyerson and Mooney, 2007;
Caley et al., 2008; Chen et al., 2022). Several environmental condi-
tions hinder invasion success, including resource availability,
disturbance regimes, and environmental heterogeneity (Catford
et al., 2012; Fristoe et al., 2021). The most common explanation for
failed invasions, however, is biotic resistance (Elton, 1958; Levine
et al., 2004; Guo et al., 2023), as invasive plants must interact with
resident competitors (Chadwell and Engelhardt, 2008; te Beest et al.,
2018) or enemies (Pearson et al., 2012; Ning et al., 2019), which may
limit their establishment and spread. Although invasive plants
e of Plant Diversity.
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should have escaped from their specialist natural enemies (Keane
and Crawley, 2002), they will also encounter novel generalist en-
emies in the invaded habitats. As sharing no long-term coevolu-
tionary history with native enemies, invasive plants may lack
effective defences and cannot deter the native enemies effectively,
i.e. the “increased susceptibility” hypothesis (Colautti et al., 2004),
which may cause invaders to be under greater insect feeding pres-
sure than native ones. However, invasive species may also be inad-
equate prey compared to native plants because of the envolutionarily
novel of invaders for the native herbivores (Siemann and Rogers,
2003; Lankau et al., 2004; Xiong et al., 2008; Lucero et al., 2019).
Therefore, the feeding preference of native generalist herbivores will
determine the success or failure of alien plant invasion, but the
conclusions are ambiguous.

Previous studies have proposed that alien plant invasion suc-
cess is inhibited by diverse native communities due to niche
complementarity and sample effects (Elton, 1958; Levine et al.,
2004; Zhang et al., 2020). Niche complementarity posits that
highly diverse native communities usually occupy limiting re-
sources more completely and efficiently during aggravated
. Publishing services by Elsevier B.V. on behalf of KeAi Communications Co. Ltd. This
censes/by-nc-nd/4.0/).
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resource pre-emption (Romanuk et al., 2009; van Elsas et al.,
2012), leaving fewer ecological niches for arriving invaders
(Jiang et al., 2011). Sampling effect holds that highly diverse
communities are more likely to contain superior competitors able
to resist exotic plant invasion (Wardle, 2001; Fargione and Tilman,
2005). Both niche complementarity and sampling effect focus on
competition between a single trophic level (i.e. plant-plant
interaction). However, it remains unclear how other extrinsic
factors on other trophic levels that covary with diversity, such as
herbivores, regulate competition and/or affect plant invasion
success (Smith and Cote, 2019). On one hand, native generalist
herbivores are more likely to shift from native plants to invasive
plants in highly diverse plant communities. This shift in herbivore
preference in highly diverse plant communities is mediated by the
dilution of the physical and chemical cues that attract herbivores
to native plants (Jactel et al., 2011; Castagneyrol et al., 2013;
Hamb€ack et al., 2014; Underwood et al., 2014). On the other hand,
diverse native communities are likely to have a higher tolerance to
herbivores because of the higher complementary between
members (Levine et al., 2004). Despite predictions that highly
diverse native communities strengthen the efficacy of native
generalist herbivores in reducing plant invasion success, experi-
mental evidence is lacking. The synergies between native plant
diversity and herbivory may be influenced by nutrient enrich-
ment, which has long been suggested to promote plant invasion
(Davis et al., 2000; Seabloom et al., 2015; Liu et al., 2017). Nutrient
enrichment has been shown to increase plant biomass (Fay et al.,
2015) and promote shifts in plant resource allocation to increase
growth and decrease defense (Kessler and Baldwin, 2001; Shan
et al., 2018; Descombes et al., 2020), subsequently affecting her-
bivory rates and herbivore feeding preferences (Descombes et al.,
2020; Pellissier et al., 2018). However, these changes are not al-
ways isometric between invasive and native species that co-occur
in one community (Descombes et al., 2020; Shan et al., 2023),
resulting a different response to herbivory between invasive
plants and native plants under similar nutrient conditions. In
addition, nutrient enrichment alters the effects of native plant
diversity on invasion (Mallon et al., 2015; Yang et al., 2017). It has
been suggested that resource enrichment could reduce the
competition effects between species by reducing niche pre-
emption in diverse communities, and therefore relieve the nega-
tive diversity-invasibility relationship (Davis et al., 2000; Mallon
et al., 2015). Moreover, nutrient availability is also considered a
limiting resource for insects (Mattson Jr, 1980), and increased
nutrient availability can prevent competitive exclusion by
increasing herbivore consumption (Brose, 2008; Mortensen et al.,
2018). At the same time, plants that grow in high nutrient con-
ditions have higher compensatory abilities in response to her-
bivory (Gianoli and Salgado-Luarte, 2017; Hu and Dong, 2019).
However, we know little about how nutrient enrichment affects
the synergistic resistance of native plant diversity and herbivores
to plant invasion.

In the present study, we tested how herbivory and native plant
diversity synergistically influence alien plant invasion under
different nutrient conditions. For this purpose, we grew invasive
plants in a greenhouse in the presence of herbivores, in commu-
nities with high diversity and low diversity, and in different soil
conditions. Specifically, we tested the following questions: (a) Will
native generalist herbivore decrease invasion success of alien plant
species? (b)Will the resistance of generalist herbivore to alien plant
invasion be strengthened by higher native plant diversity? (c) Do
nutrients play change the effect of herbivore and native plant di-
versity on plant invasion?
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2. Materials and methods

2.1. Study species

We chose eight alien invasive plant species to be target species
and 16 native plant species to construct the native communities.
The classification of these species is based on The Checklist of the
Naturalized Plants in China (Yan et al., 2019; Hao and Ma, 2023) and
the database of flora of China (www.efloras.org). According to the
occurrence records in the iPlant database (www.iplant.cn) and
Global Biodiversity Information Facility (GBIF; www.gbif.org), all
species arewidely distributed in China, andmay co-occurwith each
other in the wild. Seeds of these species were selected from wild
populations in the grasslands of China or from The Germplasm
Bank of Wild Species, China (Details in Table S1).

The insect herbivore used to assess the effect of herbivory on
invasion success was Spodoptera litura (Noctuidae, Lepidoptera). S.
litura is a generalist herbivore that feeds on more than 290 species
of plants belonging to 99 families (Zou et al., 2016; Pham and
Hwang, 2020). Larvae were obtained from a commercial insect
company (KEYUN, Henan, China), and were fed with the same food
before the experiment. The herbivore and all plant species used in
this study are likely to co-occur in the wild, as their distribution
overlaps (Fu et al., 2015).

2.2. Experimental set up

To test the effects of generalist herbivores on alien plant invasion
success across different plant diversity and nutrient enrichment
conditions, we performed a fully-crossed factorial experiment. Each
factor had two levels: herbivory (with vs. without), diversity (4 vs. 8
species), and nutrient enrichment (low vs. high). Each treatment
combination for each invasive plant species was replicated eight
times, which resulted in a total of 512 experimental pots: 8 invasive
plant species � 2 herbivory levels � 2 plant diversity levels � 2
nutrient treatment levels � 8 replicates (Fig. 1).

Seeds of each species were separately sowed into trays filled
with potting soil. Because germination speed varies for each spe-
cies, we sowed seeds at different times (from 31 March to 21 April
2021) to ensure all species were at a similar stage of development
when the experiment began. We kept all trays under uniform
conditions in a greenhouse (temperature: 22e28 �C; natural
lighting with an intensity of ca. 75% of outdoor light; and ca. 60%
relative humidity).

On 22 April 2021, seedlings of similar size from the eight invasive
alien species and 16 native species were transplanted into square
plastic pots (bottom diameter: 15.5 cm, top diameter: 18.0 cm,
height: 12.5 cm). Pots were filled with a 1:1 volume mixture of sand
and fine vermiculite. For each of the eight invasive plant species, 64
seedlings (total 512 individuals) were transplanted into the centre of
512 pots (one individual per pot). In each pot, eight native plant
individuals were transplanted, surrounding the alien plants to form
the native community with two diversity levels (4 vs. 8 species). For
low diversity native communities, we randomly selected four
different plant species from the 16 native plant species, and each of
these native species was planted twice per pot to ensure there were
eight individuals in each pot. For high diversity native communities,
we randomly selected eight different plant species from the 16 native
plant species, so that each native species was only planted once per
pot. During the sampling, each native species was selected twice and
four times in the low and high plant diversity communities,
respectively, resulting in eight different native communities in each
diversity level as eight replicates (Fig. S1).

http://www.efloras.org
http://www.iplant.cn
http://www.gbif.org


Fig. 1. A schematic illustration of our experiment testing the effects of herbivory [with vs. without], native plant diversity [4 species vs. 8 species], and nutrient enrichment [high vs.
low)] treatments on alien plant invasion.
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For nutrient enrichment treatments, we blended 11 g and 5.5 g
slow-released fertilizer (Osmocote® Exact Standard; 15% N þ 9.0%
P2O5 þ 12% K2O þ 2.0% MgO þ 0.02% B þ 0.05% Cu þ 0.45%
Fe þ 0.09% chelated by EDTA þ 0.06% Mn þ 0.02% Mo þ 0.015% Zn,
Everris International B.V., Geldermalsen, The Netherlands) in each
pot to impose high and low nutrient conditions, respectively (Jin
et al., 2022). Plastic dishes were placed under each pot to prevent
nutrient solution and water from leaking during the experiment.
All pots were randomly assigned and positioned in the greenhouse
for seedlings rejuvenation, with temperatures ranging between
22 �C and 30 �C and a natural light/dark cycle. Two weeks after
transplant, we randomly moved all pots into a cage outside (9.5 m
� 4.5 m � 2.5 m), which protected all plants from rain but did not
control the temperature. We watered each pot every day to ensure
all pots had the same water availability conditions.

Three weeks after transplant, we started the above-ground
herbivory treatments using Spodoptera litura as an insect herbi-
vore. We firstly covered each pot with an insect net, which was
lined with white nylon fabric that opened on the bottom. We then
put S. litura into each pot that was assigned herbivore treatment,
and observed the damage every day to determine if more herbi-
vores should be added. During the herbivory treatment, we added
S. litura three times (twelve 2nd instar individuals in total). The
herbivory treatment lasted three weeks, during which ca. 30%e50%
of the above-ground biomass was removed.
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2.3. Herbivore feeding damage survey and plant harvest

Herbivory damage on each plant in the herbivory treatment
pots was measured from 22 to 24 June 2021. The severity of her-
bivory was quantified via visual inspection and classified into
damage categories according to how much of the plant was
consumed (Liu et al., 2023): 0 (0%); 1 (0e33%); 2 (33%e66%); 3
(66%e99%); 4 (100%). When plants achieved their largest biomass
(25e27 June 2021), we harvested the aboveground biomass of alien
and native species individually. Alien target plants died in two pots
during the experiment, leaving 510 out of the original 512 pots to be
harvested. The harvested aboveground biomass samples were
dried to constant weight at 65 �C and then weighed. To calculate
the proportion of aboveground biomass of alien target species in
each pot, we divided the aboveground biomass of alien target
species by the total aboveground biomass per pot.

Moreover, we further assessed the impact of plant diversity,
nutrient enrichment and their interaction on the growth of Spo-
doptera litura larvae. After herbivory treatments, individual 4th
instar larvae were taken from plants and starved for 24 h, allowing
frass to pass, before being weighed. Because a few herbivores died
during the treatment, we calculated the average weight of all her-
bivores in each pot. The larvae weights at 2nd instar were assumed
to be equal within the species, and thus only final weights were
recorded.
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2.4. Statistical analyses

We performed all statistical analyses in R v.4.0.2 (R Core Team,
2020). Linear mixed-effects models were used to assess the indi-
vidual and interactive effects of herbivory, native plant diversity, and
nutrient enrichment on aboveground biomass of alien target species,
aboveground biomass of native communities and aboveground
biomass proportion of alien target species. In these models, above-
ground biomass production of alien target species, native commu-
nities and aboveground biomass proportion of alien target species
were specified as response variables. Herbivory (with vs. without),
native plant diversity (4 vs. 8 species), nutrient availability (low vs.
high) treatments, as well as all their three-way and two-way in-
teractions, were specified as fixed-effect-independent variables. To
meet the assumptions of normality of variance, aboveground
biomass production of alien target species was nature-log-
transformed, aboveground biomass production of native commu-
nities was square-root-transformed, and aboveground biomass
proportion of alien target species was logit-transformed.

To account for the non-independence of replicates of the same
species and for phylogenetic relatedness among target species, we
included the identities of target species and their corresponding
family as random factors in all models. In addition to accounting for
variation among different communities, we also included the
identities of the eight native communities as a random factor in all
models. As the data did not fulfill the homoscedasticity assumption,
for the analyses of aboveground biomass production and biomass
proportion of alien target species, we included variance structures
to allow for variance among species using the ‘varIdent’ function in
the R package ‘nlme’ (Pinheiro et al., 2020). We assessed the sig-
nificance of fixed-effect-independent variables (i.e., herbivory,
plant diversity, nutrient enrichment, and interactions among them)
using likelihood-ratio tests. The variance components were esti-
mated using the restricted maximum-likelihood method of the full
model (Zuur et al., 2009).

To test the effect of plant diversity and nutrients on herbivory
preference for alien species, we first calculated the feeding pref-
erence index for alien species by dividing the damage level of
invasive plants by the community weighted mean (CWM) damage
level of each pot of the herbivory treatment (Hedges et al., 1999).
The CWM damage level of each pot was calculated by averaging the
Table 1
Results of linear mixed-effect models that tested main and interactive effects of herbivory,
of the alien target species, native communities and biomass proportion of the alien targ

Fixed effects Aboveground biomass of target
plants (g)
(ln-transformed)

Abov
comm
(squa

c2(df ¼ 1) p c2(df

Herbivory (Herb) 58.007 < 0.001 31.81
Diversity (Dive) 0.384 0.536 1.595
Nutrient enrichment

(Nutr)
36.309 < 0.001 183.7

Herb � Dive 0.138 0.710 1.632
Herb � Nutr 0.223 0.637 0.399
Dive � Nutr 0.012 0.912 0.394
Herb � Dive � Nutr 1.181 0.277 1.554

Random effects SD SD

Species 0.904 0.180
Family 0.488 0.150
Native community 0.304 1.325
Residual 0.594 0.572

R2
m R2

c R2
m

R2 of the model 0.081 0.784 0.159

Significant effects (P < 0.05) are in bold. R2
m: marginal R2, R2

c: conditional R2.
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damage level of all the species in each pot, weighted by their in-
dividual number. For the feeding preference index, values larger
than 1 indicate a feeding preference for alien plants rather than
native community species. Larger values indicate higher feeding
preferences for alien plants. In the model, we set the feeding
preference index as the response variable; plant diversity, nutrient
enrichment, and their interaction were set as fixed effects; the
identity of alien species and native communities were set as
random effects.

We tested the effects of plant diversity, nutrient enrichment, and
their interaction on insect weight using linear mixed models with
the lme function in the “nlme” package (Pinheiro et al., 2020). In the
model, insect weight was specified as a response variable. Native
plant diversity (4 vs. 8 species) and nutrient availability (low vs. high)
treatments, as well as all their two-way interactions, were specified
as fixed-effect-independent variables. The identity of alien species
and native communities were set as random effects. To meet the
assumptions of normality of variance, insect weight was square-
root-transformed.

3. Results

Herbivore insects decreased the aboveground biomass of alien
target species (�32.68%; Table 1; Fig. 2a) and native communities
(�7.89%; Table 1; Fig. 2b). Native plant diversity did not affect the
aboveground biomass of alien target species or native commu-
nities, nor did it affect the biomass proportion of alien target spe-
cies (Table 1; Fig. 2). Nutrient enrichment significantly increased
the aboveground biomass of alien target species (þ30.89%; Table 1;
Fig. 2a) and native communities (þ45.03%; Table 1; Fig. 2b), but did
not affect the aboveground biomass proportion of alien target
species (Table 1; Fig. 2c). Effects of herbivory on biomass proportion
of alien target species was altered by native plant diversity (Table 1;
Fig. 2c). Specifically, the aboveground biomass proportion of alien
target species was decreased greatly (30%) by herbivores in high
diversity plant communities, but not in low diversity plant com-
munities (Table 1; Fig. 2c).

In all pots, herbivores preferred alien species over native species
(Fig. 3; mean feeding preference index: 1.151 ± 0.039). Native plant
diversity did not affect either herbivorous damage on alien plant
species or the mean herbivorous damage on native communities
native plant diversity, and nutrient enrichment on aboveground biomass production
et species in each pot.

eground biomass of native
unities (g)
re root transformed)

Aboveground biomass
proportion of the target
species (logit-transformed)

¼ 1) p c2(df ¼ 1) p

2 < 0.001 26.225 < 0.001
0.207 1.092 0.296

03 < 0.001 1.250 0.263

0.201 3.940 0.047
0.528 0.084 0.772
0.530 0.507 0.476
0.212 < 0.001 0.991

SD

0.974
0.580
0.984
0.700

R2
c R2

m R2
c

0.871 0.041 0.829



Fig. 2. Mean values (1 ± SE) of aboveground biomass production of the alien target species (a), native communities (b), and biomass proportion of the alien target species (c) under
herbivory [with (Herbþ) vs. without (Herb-)], native plant diversity [4 species (Dive4) vs. 8 species (Dive8)], and nutrient enrichment [high (Nutrþ) vs. low (Nutr-)] treatments.
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(Fig. S2). High nutrient enrichment significantly decreased the
mean herbivorous damage on the native community (�4.42%;
Fig. S2b). As a result, feeding preferencewas not changedwith plant
diversity but increasedwith nutrient enrichment (Table 2; Fig. 3). In
addition, the herbivore damage was different between native
species (Fig. S3).

Nutrient enrichment increased herbivore weight (þ16.49%;
Table 2; Fig. 4). This increase in herbivore weight was higher in
native plant communities with low diversity (þ25.83%) than in
native plant communities with higher diversity (þ7.66%) (Table 2;
Fig. 4).

4. Discussion

Our results show that a native generalist herbivory significantly
decreased the absolute aboveground biomass of alien species and
native communities, and also reduced the proportional biomass of
alien species (Fig. 2), suggesting that the native generalist herbivore
can reduce the invasion success of an alien species (Cushman et al.,
2011; Pearson et al., 2012; Zhang et al., 2018; Ning et al., 2019).
Alien plants species, which have not coevolved with native herbi-
vores, are unable to effectively defend themselves from these
native consumers. Consequently, generalist herbivores may
Fig. 3. The effects of native community diversity [4 species (Dive4) vs. 8 species
(Dive8)], nutrient enrichment [high (Nutrþ) vs. low (Nutr-)] treatments and their in-
teractions on the herbivore feeding preference on alien plants. The black solid line
represents the grand mean preference across all pots regardless of treatments.
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transfer their feeding preference from native plants to alien species,
and by doing so decrease the abundance of alien plants (i.e., the
“increased susceptibility” hypothesis; Colautti et al., 2004; Müller-
Sch€arer et al., 2004). Moreover, herbivore preference can also
contribute to plant functional characteristics including low meta-
bolic rate and conservative resource investment strategy, which can
promote their range expansion but less vulnerable to herbivores
(Liao et al., 2021). Consistent with this logic, our result showed that
native generalist Spodoptera litura prefers alien target species over
native species (Fig. 3), and thus limits alien plant species invasion.

Elton’s hypothesis proposes that plant invasion can be more
effectively prevented in diverse communities than in communities
with limited species (Elton, 1958). However, empirical evidence
does not consistently support this prediction (Fridley et al., 2007;
Tomasetto et al., 2019). In our multispecies experiment, native
plant diversity did not affect the aboveground biomass proportion
of alien target species (Table 1; Fig. 2c). However, our results
showed that plant diversity mediated the efficacy of a generalist
herbivore in reducing plant invasion, i.e., communities with high
native plant diversity and herbivores were less vulnerable to plant
invasion (Fig. 2c). Studies with similar findings have attributed
these results to the associational resistance hypothesis. This hy-
pothesis posits that in communities with higher plant diversity,
visual or chemical cues reduce the ability of herbivores to identify
preferred native plant species, thus strengthening a feeding
Table 2
Results of linear mixed-effect models that tested main and interactive effects of
native plant diversity and nutrient enrichment on feeding preference on alien plant
and herbivore weight.

Fixed effects Feeding preference
on alien plant
(square root transformed)

Herbivore weight
(square root
transformed)

c2(df ¼ 1) p c2(df ¼ 1) p

Diversity (Dive) 0.058 0.810 0.267 0.606
Nutrient enrichment

(Nutr)
4.175 0.041 10.649 0.001

Nutr � Dive 0.209 0.647 3.339 0.068

Random effects SD SD

Species < 0.001 < 0.001
Family 0.202 0.027
Native community 0.085 0.103
Residual 0.132 0.158

R2
m R2

c R2
m R2

c

R2 of the model 0.010 0.736 0.047 0.345

Significant effects (P < 0.05) are in bold. R2
m: marginal R2, R2

c: conditional R2.



Fig. 4. The herbivore weight under native plant diversity [4 species (Dive4) vs. 8
species (Dive8)], and nutrient enrichment [high (Nutrþ) vs. low (Nutr-)] treatments.
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preference shift from native plant to invasive plants (Fagan et al.,
2002; Hamb€ack et al., 2014; Underwood et al., 2014). However, in
our study, the feeding preference for alien plants was not altered by
plant diversity (Table 2; Figs. 3 and 4 and S2).

Our findings may be explained by the complex species compo-
sition of communities with high plant diversity, which can provide
more palatable plant species and prevent the preferred plant spe-
cies from being overexploited (Yachi and Loreau, 1999; Callaway
et al., 2005). For instance, previous studies have reported that
grassland plots with high diversity are more tolerant to single
grazing herds than are plots with low diversity (Duffy, 2002; Zhu
et al., 2012). Similarly, higher diversity communities may be more
likely to contain fewer damaged plants that could well complement
an empty niche and/or resources left by heavily damaged plants,
which may increase the compensatory growth and then hinder the
invasion of alien species (Prieur-Richard et al., 2002; Fridley et al.,
2007; Moreira et al., 2016). Our finding that herbivore damage
differed between native species in our study supports these ideas
(Fig. S3). Moreover, the “resource concentration hypothesis” sug-
gests that high plant diversity may also indirectly constrain herbi-
vore performance, as increased nutrient heterogeneity in high
diversity communities dilutes high-quality resources (Root, 1973;
Otway et al., 2005).

The effects of herbivory and plant diversity on alien plant in-
vasion have been shown to be reduced in nutrient-rich environ-
ments (Davis et al., 2000; van Kleunen et al., 2010; Liu et al., 2017; Li
et al., 2022). In this study, nutrient enrichment increased herbivore
feeding preference for alien species (Fig. 3), although it did not
change herbivore damage of alien species (Fig. S2). In contrast,
native plants were damaged less by herbivores in enriched soil.
Compensatory growth and resistance are two major defensive
strategies that plants employ against herbivory and that influence
plant growth and fitness (Strauss and Agrawal, 1999; Fornoni, 2011;
Oduor, 2022). Plant compensatory growth following herbivory
minimizes fitness losses through simultaneous shifts in physiology
and resource allocation (Strauss and Agrawal, 1999). Reallocation of
unused resources to growth or defense determines the effect of
herbivory on plant invasion under different nutrient conditions
(Pellissier et al., 2018; Shan et al., 2023). Our results suggest that
alien and native species have different reallocation strategies for
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unused resources in enriched nutrient condition, that is, alien
plants are more inclined to growth, whereas native plants are more
inclined to defense (Heckman et al., 2019; Shan et al., 2023). These
different strategies did not confer a competitive advantage for
either native or alien plant species. Nor did these strategies influ-
ence the effect of generalist herbivory on alien plant invasion in
nutrient enrichment conditions. Our findings are consistent with
several studies that have found that high plant diversity can in-
crease investment in anti-herbivore defense, independently of
resource competition (Mraja et al., 2011; Moreira et al., 2014). These
findings imply that a diverse native community can strengthen the
invasion resistance in habitats with generalist herbivores, even
when nutrient availability is enhanced, as predicted under future
global climate change.
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