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Plant and arthropod communities interact closely with one another, therefore, invasive plants can alter not only
plant communities, but may also have direct and indirect effects on arthropod communities. Here, we focus on the
exotic giant ragweed, which is a serious invasive weed in Japan. Recently, the exotic plant invaded and has dominated
part of a semi-natural grassland in Sugadaira Montane Research Center (Nagano Prefecture, Japan). We attempted to
evaluate the potential impact of the invasive plant on both plant and arthropod communities by comparing the community composition, abundance, species richness and diversity indices of plants and arthropods between areas where
the exotic giant ragweed had and had not invaded, referred to as the invaded and reference areas respectively. We
found significant differences in plant and arthropod community compositions between the areas. Plant species
richness was lower in the invaded area as predicted. However, the abundance of arthropods including herbivores was
higher in the invaded area compared to the reference area in contrast to the expectation that plant invasions reduce
arthropod abundance and diversity. We discuss potential causes of the unexpected results.
Key words: Ambrosia trifida, biodiversity, biological invasion, trophic level, Miscanthus sinensis
───────────────────────

Introduction
The impacts of exotic plant invasions on communities and ecosystems are a matter of conservation
concern (Levine et al., 2003). Invasive plants often
form monospecific stands by outcompeting native
plants, resulting in the loss of plant diversity (Gaertner
et al., 2009; Hejda et al., 2009; Powell et al., 2011;
Vilà et al., 2006). Such changes in plant communities
also affect higher trophic levels, such as arthropod
communities, not only via the loss of plant diversity

(Chittka and Schürkens, 2001; Simao et al., 2010), but
also due to changes in food availability (Gerber et al.,
2008; Toft et al., 2001) and plant architecture (Pearson, 2009). Conversely, the plant and arthropod communities present in an ecosystem can affect the outcome of exotic plant invasions (Knops et al., 1999).
For example, higher species diversity in resident plant
communities increases resistance against exotic plant
invasions (Elton, 1958; Naeem et al., 2000; Tracy et
al., 2004). The success of invasive plants is partly due
to the absence of herbivores, which can regulate the
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growth and spread of plants (the enemy release hypothesis) (Elton, 1958; Keane and Crawley, 2002;
Maron and Vilà, 2001; Siemann and Rogers, 2003;
Wolfe, 2002). Thus, plant and arthropod communities
interact closely (Borer et al., 2012) and it is important
to investigate changes in both communities when evaluating the impacts of invasive plants on native ecosystems. Despite this, few studies have simultaneously investigated both communities (Almeida-Neto et
al., 2011; Gerber et al., 2008; Harris et al., 2004;
Spyreas et al., 2009).
Here, we attempt to evaluate the impact of exotic
giant ragweed (Ambrosia trifida L.) invasion on plant
and arthropod communities in a semi-natural grassland, which has been maintained by annual mowing for
more than 80 years and was originally dominated by
the Japanese pampas grass (Miscanthus sinensis
Andersson). The exotic giant ragweed originates from
North America, and has spread to Europe and Asia. In
Japan, the plant was first detected in Shizuoka and
Chiba Prefectures, and has since spread all over Japan
(Washitani, 2001; Yasuda et al., 2009). This invasive
plant is able to outcompete other plant species for light
due to its woody stem, rapid growth and height (2-6 m)
(Abul-Fatih et al., 1979; Abul-Fatih and Bazzaz,
1979; Harrison et al., 2001; Jurik, 1991). As a result,
the exotic giant ragweed often forms monospecific
stands (Sickels and Simpson, 1985) and reduces plant
species richness (Washitani, 2001). Invasion of the
ragweed leaf beetle (Ophraella communa LeSage), a
specialist herbivore of other Ambrosia species such as
A. artemisiifolia, has been reported in Japan (Miyatake
and Ohno, 2010; Moriya and Shiyake, 2001). In
addition, the beetle’s intensive feeding on giant ragweed was also recently reported in Japan (Fukano et
al., 2016). However, the giant ragweed still thrives
and has been expanding its distribution (Yasuda et al.,
2009). Furthermore, pollen of Ambrosia plants,
including the giant ragweed, is an aggressive human
allergen (e.g. Ghosh et al., 1991). Hence, giant ragweed is listed in the invasive alien species list
compiled by the Ministry of Environment, Japan and
also in the Ecological Society of Japan’s “Japan’s
worst invasive alien species 100”.
Recently, the exotic giant ragweed invaded a seminatural grassland in Sugadaira Montane Research Center (SMRC, University of Tsukuba), and has dominated a part of the grassland. In this study, we investigated both the plant and arthropod community com-
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positions in two areas of this grassland: where the giant
ragweed has invaded (hereafter, the invaded area) and
where the exotic giant ragweed has not invaded
(hereafter, the reference area). We then compared the
compositions, abundance, species richness, and diversity indices of plants and arthropods between invaded
and reference areas. We predicted that all measurements would be lower in the invaded area, since exotic
plant invasions often decrease plant diversity (Gaertner
et al., 2009; Hejda et al., 2009; Powell et al., 2011;
Vilà et al., 2006) and plant productivity (Cardinale et
al., 2007; Tilman et al., 1996), and such negative
effects on plant communities may also reduce the
abundance and diversity of higher trophic levels (Borer
et al., 2012; Chittka and Schürkens, 2001; Simao et
al., 2010).

Material and Methods
Study site and design
The study location was SMRC (University of Tsukuba)
in Nagano Prefecture, central mainland Japan. SMRC
is at 1300 m above sea level and as such is classified as
a subarctic zone despite its temperate latitude (36°31′
N, 138°21′
E). A semi-natural grassland has been
maintained at SMRC for more than 80 years by annual
mowing of a 6 ha area (usually conducted in Oct.).
The grassland is adjacent to forest consisting of
Japanese red pine (Pinus densiflora Sieb. & Succ.) and
Japanese oak (Quercus crispula Blume), and the climax community of the area is thought to be Japanese
oak - beech forest. Although the grassland is dominated by the Japanese pampas grass (M. sinensis), as is
common in Japanese grasslands, the total plant diversity of the grassland is high; more than 100 species
of herbaceous plants have been found (Suzuki, 2014).
Several exotic plant species have been found in the
grassland, such as Erigeron annuus (L.) Pers., Phleum
pratense L., and Oenothera biennis L., but their abundance has typically been low (Suzuki, 2014) (Table 1).
However, a decade ago, the giant ragweed suddenly
appeared in the grassland, possibly with sediment
inflow, and has become established and dominant in
part of the grassland (a single invaded area of less than
20% of the total grassland; Fig. 1).
Since the invaded area was a single area in the
grassland, it was difficult to set research quadrats in a
randomized block design. Hence, we selected the
invaded area from the middle of the dominated area
and the reference area to be in relatively close prox-
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Table 1. Plants harvested from reference and invaded areas in the grassland
Reference area
Species (or genus)

Family

Invaded area

Dry weight

Proportion

Dry weight

Proportion

(g)

(%)

(g)

(%)

Miscanthus sinensis

Poaceae

440.709

46.773

38.2

2.513

Pteridium aquilinum subsp. japonicum
The genus Thalictrum

Dennstaedtiaceae
Ranunculaceae

353.899
74.648

37.560
7.922

242.046
47.919

15.920
3.152

Sanguisorba officinalis

Rosaceae

20.182

2.142

─

─

Artemisia indica var. maximowiczii
Amphicarpaea bracteata subsp.
edgeworthii var. japonica

Asteraceae

10.104

1.072

─

─

Fabaceae

7.429

0.788

0.552

0.036

Cirsium oligophyllum
Erigeron annuus *
Potentilla freyniana

6.952
5.089
5.005

0.738
0.540
0.531

─
─
─

─
─
─

Rubus parvifolius
Spodiopogon sibiricus
Poa pratensis subsp. pratensis *
Fallopia japonica var. japonica
Lysimachia clethroides
Rosa multiflora
Phleum pratense *
Convallaria majalis var. manshurica
Arundinella hirta
Carex nervata
Thelypteris palustris
Ixeridium dentatum subsp. dentatum
Ambrosia trifida *
Aster microcephalus var. ovatus
Artemisia japonica
Geranium thunbergii
Solidago virgaurea subsp. asiatica
Ranunculus japonicus

Asteraceae
Asteraceae
Rosaceae
Rosaceae
Poaceae
Poaceae
Polygonaceae
Primulaceae
Rosaceae
Poaceae
Asparagaceae
Poaceae
Cyperaceae
Thelypteridaceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Geraniaceae
Asteraceae
Ranunculaceae

Picris hieracioides subsp. japonica
Halenia corniculata

Asteraceae
Gentianaceae

Cerastium glomeratum *
Humulus lupulus var. cordifolius
Angelica pubescens
Senecio cannabifolius
Chaenomeles japonica
Oenothera biennis *

Caryophyllaceae
Cannabaceae
Apiaceae
Asteraceae
Rosaceae
Onagraceae

Total
Bold: Dominant species of each area
*: Exotic species

3.546
2.541
2.341
2.116
1.960
1.737
0.974
0.456
0.453
0.404
0.384
0.348
0.298
0.231
0.180
0.086
0.051
0.043
0.035

0.376
0.270

─
─

─
─

0.248
0.225
0.208
0.184
0.103
0.048
0.048
0.043
0.041
0.037
0.032
0.025
0.019
0.009
0.005
0.005
0.004

─
433.913
─
─
─
─
─
─
─
─
695.361
─
─
─
─
─
─

─
28.540
─
─
─
─
─
─
─
─
45.737
─
─
─
─
─
─

0.018

0.002

─

─

0.015
─
─
─
─
─

0.002
─
─
─
─
─

─
38.371
13.305
10.112
0.519
0.06

─
2.524
0.875
0.665
0.034
0.004

942.234

100.000

1520.358

100.000
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Fig. 1. (a) Location of invaded and reference areas in the grassland at SMRC, and (b) position of
quadrats for plant and arthropod surveys in each area. (a): Gray zone surrounded by dotted line shows
the area where the exotic giant ragweed has apparently dominated, although it has also invaded other
areas in the grassland. The invaded area shown by‘I’was selected from the middle of the dominated
area. The reference area shown by‘R’was selected to be in relatively close proximity to the invaded
area, but seemed to not yet be invaded. Sediment inflow appeared to be in the direction shown by the
arrow. (b): Filled small squares indicate the quadrats for plant surveys, and open large squares indicate
the quadrats for arthropod surveys.

imity to the invaded area, but seemed to not yet be
invaded. Then, we set up six quadrats in each of the
invaded and reference areas for plant and arthropod
surveys (Fig. 1), and simply compared plant and
arthropod compositions, biomasses, species richness
and diversity indices between the two areas. Although
this may not be an ideal sampling design since it does
not allow us to segregate the effects of location or giant
ragweed presence, because of the history of grassland
(as mentioned above) we believe these comparisons
can provide useful information to estimate the changes
in plant and arthropod composition and also the impact
of the giant ragweed invasion.
Plant surveys
For the surveys of plant composition, six quadrats
(0.5 m×0.5 m) were set up in each of the invaded and
reference areas (Fig. 1). Whole plants in each quadrat
were covered using a net (0.5×0.5×2.0 m), and the
aboveground parts of all plants were harvested using
pruning shears. The harvested plants were classified
to species, with the exception of Thalictrum aquile-

giifolium var. intermedium and T. minus var. hypoleucum, which were identified to genus-level only.
The plant harvest and identification were carried out on
September 16, 2014. The aboveground biomass of
each plant species was determined after drying in an
oven at 70℃ for 48 h. Species composition and
Simpson’s diversity index (Simpson 1949) (based on
dry weights), abundance (based on total biomass), and
species richness (based on the number of plants) were
calculated for each quadrat.
Arthropod surveys
For the surveys of arthropod composition, six quadrats (2.0 m×2.0 m) were set up in each of the invaded
and reference areas (Fig. 1). These quadrats were
larger than those for the plant survey in order to ensure
sufficient numbers of arthropod individuals were
collected. Plant and arthropod quadrats were located
close to one another (ca. 5 m). Twenty swings of a 42
cm diameter sweep net were used to collect arthropods
in each quadrat. One person carried out sweeping of
one quadrat in each area (in total, six persons worked
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on sweeping). Arthropods were identified to family
level and their feeding habitats estimated using stereomicroscopes. Arthropods were categorized into three
trophic levels by their feeding habitats: detritivores,
herbivores and predators (including parasitoids of animals and omnivores). Samples were subsequently
classified to species level where possible. Taxa identifications (except for the Araneae order) were confirmed by the environmental assessment company,
Environmental Research Center Co., Ltd in Tsukuba,
Japan. The arthropod collections were carried out on
September 16, 2014, the same day as the plant harvest
and identification, and the arthropod identifications
were carried out for a year after collection. The community composition of arthropods was evaluated using
the number of arthropod individuals identified at the
species level in each quadrat. Abundance (the number
of individuals), species richness (the number of arthropod species), and Simpson’s diversity index
(Simpson, 1949) were calculated separately for detritivores, herbivores and predators, based on the number
of arthropod individuals identified at the species level
in each quadrat.
Data analyses
All statistical analyses were performed in R (ver.
3.2.0; R Core Team 2015). Plant and arthropod community compositions were compared between invaded
and reference areas by a permutational multivariate
analysis of variance (perMANOVA) with Bray-Curtis
dissimilarity index. Similarities among quadrats were
visualized using non-metric multi-dimensional scaling
(NMDS) with Bray-Curtis dissimilarity index. For the
analyses, we used the package vegan (Oksanen et al.,
2015).
Plant abundance in invaded and reference areas was
compared using the Student’s t-test. Species richness
and Simpson’s diversity index of plants were compared between the two areas using the Wilcoxon rank
sum test. As mentioned above, besides the giant ragweed several exotic plants are present in the grassland,
although their abundance is low. To determine the
differences in community composition of indigenous
plants only, analyses were repeated excluding exotic
plant species and the dominant species in each area
(the Japanese pampas grass in the reference area and
the exotic giant ragweed in the invaded area). Arthropod abundance, species richness and Simpson’s
diversity index of arthropods were analyzed using

generalized linear models (GLMs) with area (invaded
or reference), trophic level (detritivores, herbivores or
predators) and their interaction as explanatory variables. In the models of arthropod abundance (the
number of arthropod individuals) and species richness
(the number of species), we applied a quasi-Poisson
distribution to correct for overdispersion. We analyzed Simpson’s diversity index of arthropods with a
Gamma distribution. The effect of each explanatory
variable was tested using F-tests. When the interaction
did not have a significant effect, the interaction term
was removed from the model. When the interaction
had a significant effect, the models were constructed in
each trophic level to compare between invaded and
reference areas. Since we did not detect exotic species
of arthropods, we did not need to carry out additional
analyses for indigenous species only.

Results
Plant community composition and diversity
In total 35 plant species, including the exotic giant
ragweed and the Japanese pampas grass, were collected from the grassland (Table 1). Twenty-four
species were only found in the reference area, 5
species were only found in the invaded area, whilst 6
species were found in both areas (Table 1). There was
a clear significant difference in plant composition
between the invaded and the reference areas (per
MANOVA: F'1,10＝8.253, p＝0.002; Fig. 2a). Plant
abundance (total biomass per quadrat) tended to be
higher in invaded than reference areas (Fig. 3a), but
this difference was not significant (Student’s t-test: t
＝1.602, df＝10, p＝0.140). Plant species richness
(based on the number of plant species) was significantly lower in the invaded area compared to the
reference (Wilcoxon rank sum test: U＝0, p＝0.005;
Fig. 3b). However, there was no significant difference
in Simpson’s diversity index (based on biomass)
between the two areas (Wilcoxon rank sum test: U＝
26, p＝0.230; Fig. 3d). Several exotic plant species
(besides the giant ragweed) were detected, especially
in the reference area (Table 1). The results of analyses
excluding exotic and dominant species did not differ
from those in which all species were included; plant
abundance was not significantly different between the
two areas (Student’s t-test: t＝1.472, df＝10, p＝
0.172), plant species richness was significantly lower
in the invaded area (Wilcoxon rank sum test: U＝0, p
＝0.004; Fig. 3c), and Simpson’s diversity index was
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Fig. 2. NMDS plots with Bray-Curtis dissimilarity indices for (a) plant community composition, and (b)
arthropod community composition, in invaded and reference areas. I1-I6 indicate quadrats in the invaded area, which is dominated by the exotic giant ragweed, Ambrosia trifida, and R1-R6 indicate
quadrats in the reference area, which is dominated by the Japanese pampas grass, Miscanthus sinensis.
Stress values in NMDS plots of plant and arthropod community compositions were 0.07 and 0.20. For
the location of each area and quadrat, see Fig. 1.

not significantly different between the two areas
(Wilcoxon rank sum test: U＝18, p＝1.000; Fig. 3e).
Arthropod community composition and diversity
In total, 427 arthropod individuals and 96 species
belonging to 54 families (two classes) were collected
from the grassland (Table 2). Among them, families
of 17 arthropod individuals (2 Lepidoptera, 13 Araneae
and 2 Hymenoptera) were unknown and were omitted
from the analyses. Nine species were only found in
the reference area, 22 species were only found in the
invaded area, whilst 65 species were found in both
areas (Table 2). The difference in arthropod community composition between invaded and reference areas
was significant (perMANOVA: F'1,10＝2.776, p＝
0.006), although less clear than the difference observed
in plant community composition (Fig. 2b).
Eighty-three detritivore individuals belonging to 21
species and 10 families, 167 herbivore individuals
belonging to 34 species and 17 families, and 166
predator (including omnivores and parasitoids) individuals belonging to 39 species and 25 families were
sampled (Table 2). The feeding habitats of 8
Cecidomyiidae (Diptera) individuals were unknown;
therefore, in addition to the 17 unidentified individuals
(see above), they were omitted from the analyses. We

did not find the invasive leaf beetle, O. communa,
which is a specialist of the exotic giant ragweed, even
though its invasion was reported in Nagano Prefecture,
Japan (Moriya and Shiyake, 2001). Arthropod abundance (the number of individuals) was significantly
different depending on the trophic level (F-test: F＝
4.118, df＝2, p＝0.026; Fig. 4a), and overall was significantly higher in invaded areas compared to reference areas (F-test: F＝4.817, df＝1, p＝0.036; Fig.
3a). Species richness (the number of species) was also
significantly different depending on the trophic level
(F-test: F＝3.735, df＝2, p＝0.035; Fig. 4b) and overall, tended to be higher in invaded than reference areas
(F-test: F＝2.929, df＝1, p＝0.097; Fig. 4b). The effect of the interaction between area and trophic level
on Simpson’s diversity index was marginally significant (F-test: F＝3.274, df＝2, p＝0.053; Fig. 4c),
indicating that the effect of area on Simpson’s index
depends on the trophic level. Hence, Simpson’s index
was compared at each trophic level separately. There
were no significant differences between the two areas
for detritivores (F-test: F＝0.773, df＝1, p＝0.405) or
herbivores (F-test: F＝0.615, df＝1, p＝0.451). Predators seemed to have a significantly higher index in
invaded areas compared to reference areas (F-test: F＝
3.754, df＝1, p＝0.081; Fig. 4c).

58

J. Dev. Sus. Agr. 12 (1)

Fig. 3. (a) Bar plots of plant abundance, (b) box plots of plant species richness, (c) box plots of plant
species richness excluding exotic species and dominant species in each area, (d) box plots of Simpson's
diversity index of plants, and (e) box plots of Simpson’
s diversity index of plants excluding exotic species
and dominant species in invaded and reference areas. For the list of harvested plants, see Table 1.
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Table 2. Arthropods collected from reference and invaded areas in the grassland

Feeding niche

Herbivores

Class

Insecta

Order

Family
(suborder, superfamily)

Insecta

Reference
area

Invaded
area

No. of
species

1

0

1

31
0
2
1
1
1
6

26
2
1
1
0
0
7

4
1
2
1
1
1
6

Chrysomelidae

3

39

3

Lepidoptera

Gracillariidae
Unknown

0
0

1
2

1
Unknown

Hymenoptera

Tenthredinidae
Pamphiliidae

6
0

4
1

2
1

Diptera

Tipulidae
Chloropidae
Drosophilidae

1
6
2

1
9
11

2
3
4

Orthoptera

Acrididae

1

0

1

Thysanoptera

Thripidae

Hemiptera

Aphidoidea
Miridae
Pentatomidae
Psylloidea
Coreidae
Pyrrhocoridae
Cicadellidae, Cicadellinae

Coleoptera

Total

Detritivores

No. of arthropod
individuals

62

105

34

Acari

Cryptostigmata

0

5

2

Collembola

Sminthuridae

1

0

1

Diptera

Muscidae
Sciaridae
Lauxaniidae
Psychodidae
Phoridae
Sepsidae
Stratiomyidae
Chironomidae

3
6
10
0
2
0
0
2

6
9
1
1
4
3
26
4

5
2
4
1
2
1
1
2

24

59

21

Total

Discussion
Plant community composition was significantly different between invaded and reference areas. Plant
species richness was much lower in invaded areas
compared to reference areas, in accordance with previous studies which showed a decrease in plant species
richness with increasing exotic giant ragweed density
in moist tall grasslands along rivers (Washitani, 2001).
However, Simpson’s diversity index of plants was not
significantly different between the two areas. The
diversity index of plants in the invaded area might not

decrease significantly because of two subdominant
plant species in the invaded area, the Japanese knotweed (Fallopia japonica var. japonica) and the
western bracken fern (Pteridium aquilinum subsp.
japonicum). These two species moderately dominated
the invaded area (15-30% of abundance; Table 1).
Both species have rapid growth and can reach about 2
m in height, hence they might be able to overcome the
exotic giant ragweed in the competition for light.
Arthropod composition was also significantly different between invaded and reference areas. Many
studies have found lower abundances and/or diversity
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Table 2. Arthropods collected from reference and invaded areas in the grassland (continued)

Feeding niche

Omnivore

Class

Insecta

Arachnid

Order

Insecta

Insecta

Invaded
area

0

2

1

Dermaptera

Forficulidae

1

6

1

Hymenoptera

Formicidae
Eumenidae

4
1

0
0

3
1

Acari

Anystidae

1

3

1

Araneae

Tetragnathidae
Philodromidae
Araneidae
Agelenidae
Salticidae
Dictynidae
Clubionidae
Corinnidae
Unknown

2
0
4
1
6
0
8
0
0

10
1
1
1
11
1
17
1
13

2
1
1
1
3
1
4
1
Unknown

Hemiptera

Reduviidae
Nabidae

0
2

1
2

1
1

Neuroptera

Chrysopidae

0

1

1

Coleoptera

Staphylinidae

0

5

2

Hymenoptera

Chalcidoidea
Braconidae
Aphelinidae
Eucoilidae
Eulophidae
Ichneumonidae
Mymaridae

0
0
0
0
44
0
1

1
2
0
1
4
6
1

1
1
1
1
2
6
1

Total

Unknown

Reference
area

No. of
species

Phalangiidae

Predators

Parasitoid

No. of arthropod
individuals

Opiliones

Predator

Insecta

Family
(suborder, superfamily)

75

91

39

Hymenoptera

Unknown

2

0

Unknown

Diptera

Cecidomyiidae
Diastatidae

5
1

3
0

1
1

8

3

2

169

258

96

Total
Total

of arthropods (mainly herbivore arthropods) in invaded
ecosystems (or on exotic plants) compared to native
ecosystems (or on native plants) (Ernst and Cappuccino, 2005; Gerber et al., 2008; Hagen et al., 2010;
Hartley et al., 2010; Holmquist et al., 2011; Procheş et
al., 2008; Samways et al., 1996; Southwood et al.,
1982; Wu et al., 2008; Zuefle et al., 2007). Some of
these findings support the enemy release theory; exotic
plant species are free from their natural enemies in new
areas and they support lower abundances and diver-

sities of herbivores, therefore they are less downregulated by herbivores (Ernst and Cappuccino, 2005;
Gerber et al., 2008; Hartley et al., 2010; Holmquist et
al., 2011; Procheş et al., 2008; Southwood et al.,
1982; Zuefle et al., 2007). Another potential explanation is the indirect effect of plant diversity loss
(Simao et al., 2010), as plant diversity is often related
to arthropod abundance and diversity (Knops et al.,
1999; Koricheva et al., 2014). In this study, we did
not find the exotic ragweed leaf beetle, O. communa,

Sato et al.: Exotic plant invasion in a semi-natural grassland

Fig. 4. (a) Box plots of arthropod abundance, (b) species richness, and (c) Simpson’
s diversity index, for
detritivores, herbivores and predators in invaded and reference areas. For the list of collected arthropods, see Table 2.
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suggesting the absence of the specialist herbivore of
the giant ragweed, and we detected lower plant species
richness in invaded areas. Hence, as in previous
studies, we predicted there would be lower abundance
and diversity of herbivore arthropods in invaded areas.
However, contrary to our prediction, arthropod abundance was higher in invaded than reference areas
regardless of the trophic level (detritivores, herbivores
or predators), and arthropod species richness showed a
similar tendency.
In general, exotic plant invasions are seen to have
negative effects on arthropod communities. However,
recent meta-analysis studies have revealed that the
direction and magnitude of effects depend strongly on
the characteristics of exotic plants (e.g. woody or
herbaceous, N-fixing plant or non N-fixing plant), ecosystem type (e.g. woodlands, grasslands or wetlands),
trophic levels of arthropods and composition of food
webs (whether primary consumers are herbivores or
detritivores) (McCary et al., 2016; van Hengstum et
al., 2014; Vilà et al., 2011). In particular, McCray et
al. (2016) showed that exotic plant invasions are less
effective in grasslands compared to woodlands and
wetlands, regardless of trophic levels and composition
of food webs. This could be due to the inconsistent
impacts of exotic plant invasions in grasslands; the
negative effects of exotic plant invasion are often
counteracted by other factors in grasslands. In our
system, we suspect that there is a counteractive effect
of a change in vegetation physical structure, following
the shift from a grass-dominated plant community (the
Japanese pampas grass) to a forb-dominated plant
community (the giant ragweed). This effect has also
been implied to cause an increase in the number of
arthropods (mainly sap-feeding herbivores, pollinators
and other Hemiptera and Hymenoptera) associated
with exotic baby’s breath (a common invasive forb)
invasion in sand dunes (Emery and Doran, 2013). A
forb-dominated community may support a higher
diversity of arthropods by supplying more complex
habitat structures compared to grass-dominated communities (Emery and Doran, 2013). Although all three
dominant species in the SMRC grassland grow up to
2m high and create spatial structure, the giant ragweed
and the Japanese knotweed have a lot of branches and
spread broader leaves compared to the Japanese pampas grass. Such structures may provide a greater variety of niches, for example supply places and shadows,
which allow arthropods to rest and hunt if they are

predators (Langellotto and Denno, 2004; Pearson,
2009; Rudgers and Whitney, 2006). Hence, such a
shift in the plant community might have a stronger
influence than plant diversity loss per se on the arthropod community in the grassland.

Conclusion
In this study, we found differences in plant and
arthropod compositions between invaded and reference
areas, and also found lower plant species richness and
higher arthropod abundance in the invaded area.
However, we were unable to isolate the effect of exotic
giant ragweed invasion from other biotic and abiotic
factors. For example, soil moisture content could vary
between the two areas and affect plant and arthropod
compositions, or the plant and arthropod compositions
of the two areas could have been slightly different prior
to the exotic giant ragweed invasion. Hence, further
research and manipulative experiments controlling for
such effects are required. At present, the dominance
level of the exotic ragweed is not extremely high (ca.
46% of plant biomass) and the area invaded by the
exotic plant is about 20% of the entire grassland.
However, the exotic giant ragweed invasion is progressing year by year (personal observation), and even
though the reference area defined in this study seemed
to be a healthy, Japanese pampas grass area, we did
detect the presence of exotic giant ragweed. Hence, in
addition to further research, it is necessary to keep
monitoring the dynamics of the exotic plant population
and changes in plant and arthropod compositions in the
grassland for conservation purposes.
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