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Abstract

Exotic species invasions have profound effects on native ecosystems, with the

ecological effects of non-native plants being especially pervasive. We investi-

gated the impacts of a plant invasion on benthic invertebrate assemblages in

intertidal wetlands of the Yellow River Delta, comparing benthic communities

associated with exotic Spartina alterniflora against those associated with native

plants (Tamarix chinensis, Suaeda salsa, and mudflat). Our study surprisingly

found that the density, diversity, and richness of benthic invertebrates associ-

ated with S. alterniflora were higher than with native habitats. Multivariate

analysis also revealed that the structure of benthic invertebrates in

S. alterniflora habitats was different than in T. chinensis and mudflat habitats.

The structure of invertebrates associated with the invasive S. alterniflora and

native S. salsa was more similar, although the dominant species differed. Indi-

cator species analyses indicated that each habitat was characterized by unique

taxa. S. alterniflora invasion increased the beta diversity of the community,

with the species turnover component being of most importance. Mollusks were

most likely to be influenced by Spartina invasions. Given the extent of the

S. alterniflora invasion in the Yellow River Delta, altered benthic invertebrate

communities will likely have important implications for the ecology of the

intertidal wetland ecosystems and deserve increased attention.
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INTRODUCTION

Intertidal wetlands are diverse, complex habitats that
provide an ecologically important buffer between rivers
and oceans, and often harbor unique biodiversity (Alp & Le
Pichon, 2020; Kirwan & Megonigal, 2013; Noh et al., 2019).
Intertidal wetlands are characterized by connectivity dynam-
ics that are influenced primarily by tidal influences, with
daily tidal dynamics driving environmental variability and

creating high spatiotemporal habitat heterogeneity (Alp & Le
Pichon, 2020; Tonolla et al., 2010). The dynamic nature of
intertidal zones can increase their susceptibility to biological
invasion and bioturbation, particularly by non-native plants.
Invasive species are widely recognized as one of the primary
threats to biodiversity in various habitats, including wetlands
(Blanco et al., 2021; Carbonell et al., 2017; Collinge
et al., 2011; Flood et al., 2020). Invasive species can influence
biodiversity, resulting in ecosystem imbalances and
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detrimentally impacting natural-wetland landscape succes-
sion (Grosholz, 2002; Wigginton et al., 2014). Currently, there
is an increasing concern about the colonization and ecologi-
cal effects of non-native species, such as Spartina alterniflora,
on intertidal ecosystems.

Spartina alterniflora has a dense rhizome system that
binds coastal mud and its sturdy stem decreases wave action
allowing silt deposition, causing elevation of the mudbank.
As a result, it was widely planted at coastal sites, where it has
naturally colonized large areas of tidal mudflats, becoming an
invasive species. By providing new resources and mediating
ecological interactions for organisms, the invasion of
S. alterniflora likely alters habitat complexity (Pagliosa &
Lana, 2005). These invasions can significantly alter the early
stages of invasion, influencing flora and fauna communities’
abundance, richness, and composition (Loke & Todd, 2016;
Reis et al., 2019; Wolters et al., 2018). Habitat complexity may
provide more resources and refugia for species, favoring
stochasticity in colonization (Petsch et al., 2017), and ulti-
mately positively or negatively impacting species populations
by modifying community structure (Bezemer et al., 2014).
For instance, roots provide physical support for tube builders
like polychaetes, while dead aboveground material serves as
food for detritivorous organisms, such as crabs (Pennings &
Bertness, 2001). Natural habitats and their complexity would
be altered by S. alterniflora invasion, resulting in displace-
ment of other biology, including benthic invertebrates.

Benthic invertebrates play a pivotal role in many ecosys-
tem services within coastal intertidal habitats (Bongiorni
et al., 2018; Pingram et al., 2014;Wu et al., 2021). For example,
benthic invertebrates are important food resources for water-
birds and fishes in intertidal wetlands (Chen et al., 2016).
Numerous studies have focused on the effects of altering
hydrological connectivity on benthic invertebrate assemblages
(Dou et al., 2020; Wu et al., 2020; Yang et al., 2019), and ben-
thic invertebrates can be used as indicators of intertidal wet-
land conditions (Griffiths et al., 2007; Weilhoefer, 2011).
Recently, the effects of S. alterniflora invasion on benthic
invertebrate communities have attracted considerable atten-
tion (Quan et al., 2016). For example, Yan et al. (2020) identi-
fied positive ecosystem engineering effects of S. alterniflora
invasion on invertebrate biodiversity. In comparison, another
reported that salt marshes dominated by S. alterniflora had
reduced the biodiversity of benthic invertebrates (Kang
et al., 2007). Thus, the effects of S. alterniflora invasion on ben-
thic invertebrates may be taxon-specific, relating to the differ-
ent habitats of the organisms (Wang et al., 2015).

Understanding the diversity of benthic invertebrates of
the intertidal wetland habitats after the S. alterniflora inva-
sion is important to understanding how intertidal ecosys-
tems function and how its processes are important for
managing estuarine wetland ecosystems. Beta diversity has
long been used to analyze community composition and

structural patterns along gradients (e.g., environmental, spa-
tial, and temporal) and is essential for understanding the
mechanisms that influence species’ distributions (Castro
et al., 2019; Jankowski et al., 2009). Beta diversity can be
partitioned into the two components of nestedness and
turnover, revealing the distinct contributions of these two
fundamental mechanisms (Baselga, 2010). Turnover indi-
cates that species tend to replace each other along spatial or
environmental gradients, while the nestedness component
represents a differential richness pattern (Baselga, 2012;
Legendre, 2014). Generally, species turnover may reflect
species sorting by environment or dispersal processes,
whereas nestedness is often related to ordered extinction–
colonization dynamics (Soininen et al., 2018).

The goal of vegetation planting in the Yellow River Delta
(YRD) is to maintain the natural spatial succession, forming
clear vegetation belts roughly in the pattern “mudflat–
Suaeda salsa–Tamarix chinensis” progressing inland away
from the ocean (Zhang et al., 2016). Since S. alterniflora was
artificially introduced to the YRD in 1990, S. alterniflora has
become widely distributed across its intertidal zone (Yang
et al., 2017). The patterns of zonation by invasive
S. alterniflora have reshaped local landscapes. These inter-
tidal gradients can control patterns of benthic invertebrate
community zonation (McLachlan et al., 2019). In this study,
we targeted an area of the YRD where an ongoing
S. alterniflora invasion was occurring. We predicted that
despite active tidal flows among habitats and the consequent
free dispersal of organisms, S. alterniflora invasion would
still result in significant spatial variation in the distribution
and diversity of invertebrate communities. The main objec-
tive of this study was to characterize the benthic invertebrate
assemblages along a gradient of vegetative habitat in inter-
tidal wetlands of the YRD after S. alterniflora invasion.

MATERIALS AND METHODS

Study area

This study was carried out in the intertidal wetlands of the
YRD located in Dongying City, Shandong Province, China.
We chose a natural tidal creek in the YRD, with clear vege-
tation belts roughly in the pattern “S. alterniflora–mudflat–
S. salsa–T. chinensis” progressing inland away from the
ocean (Figure 1). These natural intertidal vegetation gradi-
ents maintain high hydrological connectivity. Due to the
daily tidal dynamics, S. alterniflora tends to keep continually
invade in the direction of land. This region has a warm-
temperate continental monsoon climate with four distinct
seasons and a rainy summer. The average annual precipita-
tion is 530–630 mm, of which about 70% is concentrated in
summer (Fan et al., 2012), and the annual mean
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temperature ranges from 11.5 to 12.4�C (Kong et al., 2015).
The main soil types in the study area were fluvo-aquic and
saline soils. The dominant native species were the herba-
ceous plants S. salsa and T. chinensis (Gao et al., 2015).

Field and laboratory methods

Considering the tidal influence, sampling accessibility, and
S. alterniflora growth stages, benthic invertebrate communi-
ties were sampled along the vegetation gradients in intertidal
wetland habitats of the YRD in April and July 2019:
(1) T. chinensis habitats (n = 4), (2) S. salsa habitats (n = 4),

(3) mudflat habitats (n = 4), and (4) S. alterniflora habitats
(n= 4). Invertebrates that occur on plants and the soil surface
were sampled at each study site using a 1-mm mesh D-
shaped net with a 35-cm-diameter opening. The net was
dragged 1 m horizontally from the interior of the water body
to the shore, scraping the bottom of the net along the benthic
surface (Batzer et al., 2001). Meanwhile, in each habitat,
invertebrates that occurred in the soils (up to 5 cm depth)
were sampled using a shovel in quadrat plots of 20 � 25 cm
(0.05 m2) and then sieved in situ with 0.5-mm mesh sieves.
These complimentary sampling methods better ensured that
the full range of organisms present was sampled. Specifically,
four 1-m-long horizontal sweeps and four 20 � 25-cm

F I GURE 1 Sampling sites among each habitat in intertidal wetlands of the Yellow River Delta. (a) Tamarix chinensis habitats;

(b) Suaeda salsa habitats; (c) mudflat habitats; (d) Spartina alterniflora habitats
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TAB L E 1 Average abundance (individuals/m2) of benthic invertebrate family among each habitat in the intertidal wetlands of the

Yellow River Delta in April and July 2019

Phylum Class Family

Tamarix chinensis Suaeda salsa Mudflat Spartina alterniflora

April July April July April July April July

Arthropoda Malacostraca Amphithoidae 0.89
(1.35)

0.54
(0.68)

0.89
(1.35)

0 0 0 0 0.18
(0.36)

Corophiidae 0 0 1.78
(2.64)

0 0 0 45.00
(44.88)

6.07
(12.14)

Corallanidae 0 0 0 0 0 0 0 0.18
(0.36)

Hyalidae 0 0 0.18
(0.36)

0 0 0 2.50
(3.71)

0

Leucosiidae 0 0 0 0 0 0 0.18
(0.36)

0.18
(0.36)

Mysidae 0 0 0 0 0 0 2.68
(4.46)

0

Macrophthalmidae 0 0 2.50
(5.00)

11.25
(11.09)

3.75
(4.79)

8.75
(4.79)

0 13.75
(6.29)

Oniscidae 0.18
(0.36)

0.18
(0.36)

0 0 0 0 0 0

Palaemonidae 0.71
(1.01)

1.79
(3.11)

0 25.89
(31.79)

0 0 0.36
(0.71)

6.07
(5.79)

Sergestidae 24.82
(20.34)

50.89
(37.25)

5.18
(3.97)

5.89
(11.79)

0 0 4.11
(3.84)

16.96
(25.96)

Varunidae 2.50
(2.89)

0.36
(0.41)

15.0
(10.80)

0 7.50
(6.45)

3.75
(4.79)

5.00
(7.07)

5.18
(6.91)

Annelida Polychaeta Goniadidae 0 0 5.00
(7.07)

0 11.25
(16.52)

8.75
(7.50)

7.50
(11.90)

0.36
(0.71)

Nereididae 0 0 1.60
(2.36)

0 5.00
(4.08)

2.50
(2.89)

0 5.00
(7.07)

Scolecida 0 0 0 0 0 5.00
(4.08)

1.25
(2.50)

1.25
(2.50)

Mollusca Bivalvia Alvenius 0 0 61.25
(43.47)

18.75
(22.50)

0 0 41.25
(43.28)

271.25
(193.06)

Pharidae 0 0 0 0 0 0 2.68
(1.97)

1.07
(2.14)

Semelidae 0 0 0 1.79
(2.22)

0 0 1.42
(2.86)

2.86
(3.50)

Veneridae 0 0 0 0 0 0 0 0.36
(0.71)

Veneroida 0 0 1.43
(2.86)

1.25
(2.50)

0 0 1.43
(1.30)

0

Gastropoda Assimineidae 0 0 0.54
(0.68)

0 0 0 1.61
(1.88)

0.54
(0.68)

Bithyniidae 0 0 0 0 0 0 15.54
(31.07)

24.46
(48.93)

Cochlicopidae 0 0 0.71
(0)

5.18
(3.42)

0 0 0 0

Hydrobiidae 0.36
(0.71)

0.18
(0.36)

9.82
(5.45)

136.25
(76.57)

0 0 20.54
(31.87)

9.29
(11.17)

(Continues)
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quadrat plots were collected at randomly selected loca-
tions at each sampling site. All four net sweeps using a
shovel quadrat per sampling site were pooled and added
to a labeled plastic bag, respectively. Overall, we col-
lected two samples (one net and one soil) per plot (four)
per date (two) in each habitat (four), totaling 64 samples
for four habitats, consisting of 32 sweep samples and
32 soil samples. All the samples were preserved in 95%
ethanol and transported back to the laboratory. Using a
portable meter (YSI-556MPS, USA), the water salinity
was measured in each intertidal wetland habitat.

In the laboratory, organisms from each sample were
sorted, identified using a stereomicroscope, and counted.
Organisms were identified to the lowest taxonomic level
possible, and the numbers of benthic invertebrates in the
sample area were enumerated.

Data analysis

The Kruskal–Wallis H test was used to assess the differ-
ences between habitats in species density, and the diversity
indexes of benthic invertebrates. Base data were calculated
by using Excel 2010. Figures were plotted using Origin ver-
sion 2018 and ArcGIS software (version 10.1, USA).

To visualize the variabilities in benthic invertebrate
assemblages and to identify possible groupings among the
different sites, nonmetric multidimensional scaling (NMDS)
ordinations were used to investigate differences in benthic
invertebrate community composition among groups. The
analysis of similarities (ANOSIM) was conducted based on
the Bray–Curtis dissimilarity matrix to test the significance
of differences among different groups. Similarity percentage
(SIMPER) analyses were used to determine the particular
taxa responsible for differences among groups. These ana-
lyses were run in PRIMER 7.0 (Clarke & Gorley, 2015).

To identify the representative species within each habi-
tat, “indicator species analysis” was conducted (Dufrêne &
Legendre, 1997). The indicator values were used to select
the most characteristic taxa of each of the habitats. Indica-
tor analyses were performed with the “indval” function
implemented in the R package “labdsv.”

The variation in the diversity patterns of benthic assem-
blages (beta diversity) was assessed using multivariate ana-
lyses. The beta diversity of the study area was estimated
using the Sørensen dissimilarity coefficient (presence/
absence data) (Baselga, 2010), as this metric contains all of
the necessary properties to assess beta diversity (Legendre &
De C�aceres, 2013) and is commonly used. To assess which
ecological processes influenced beta diversity patterns (spe-
cies composition), the beta diversity was partitioned into

TAB L E 1 (Continued)

Phylum Class Family

Tamarix chinensis Suaeda salsa Mudflat Spartina alterniflora

April July April July April July April July

Hydrobiidae 0 0 0.18
(0.36)

0 0 0 0 0

Lymnaeidae 0 0 0 0 0 0 0 2.86
(5.71)

Naticidae 0 0 0 1.43
(1.54)

0 0 0 0

Pyramidellidae 0 0 9.64
(3.93)

0 0 0 0 0

Stenothyridae 0 0 5.36
(3.76)

2.32
(3.05)

0 0 18.04
(16.04)

12.86
(15.15)

Viviparidae 0 0 0 0 0 0 0 1.61
(3.21)

Note: Data are shown as mean � SD.

F I GURE 2 Venn diagram of taxonomic overlap (%) of benthic

invertebrate assemblages among each habitat in intertidal wetlands

of the Yellow River Delta (38 taxa in total)
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replacement and richness differences (Legendre, 2014) or
into turnover and nestedness components (Baselga, 2012;
Baselga & Leprieur, 2015). The βtotal value varied from 0 to
1 and corresponds to the sum of βrepl and βrich/AbDiffR
(βtotal = βrepl + βrich/AbDiffR). The closer the βtotal values,

the greater the contribution of replacement or richness/
abundance difference to beta diversity. Analyses were con-
ducted in the statistical program R, version 4.0.2 (R Core
Development Team, 2020) using the commands “beta.pair”
and “beta.multi” of the “betapart” package.

F I GURE 3 Mean of species richness, density (individuals/m2), and diversity index values of benthic invertebrate assemblages among

each habitat in intertidal wetlands of the Yellow River Delta in April and July 2019. Means are plotted with standard deviation, and

lowercase letters refer to nonparametric Kruskal–Wallis significant difference tests
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RESULTS

Taxa richness and diversity

A total of 38 benthic invertebrate taxa were enumerated
in this study, representing three phyla, 24 orders, and
29 families (Table 1). Of these 38 taxa, almost one-third
were only detected within S. alterniflora habitats, eight
were restricted to S. salsa habitat, and only one was
unique to T. chinensis habitats (Figure 2). Only one spe-
cies (Malacostraca: Helice tridens sheni) was present in all
four habitats (Figure 2). Malacostraca (Sergestidae: Acetes
chinensis) dominated invertebrate assemblages in
T. chinensis habitats, while Gastropoda dominated the
invertebrate assemblages in the S. salsa habitats. Poly-
chaeta dominated the mudflat habitats. Gastropoda and
Malacostraca were particularly well represented in the
S. alterniflora habitats.

In April and July, taxon richness was significantly
lower in mudflats and habitats containing T. chinensis
when compared to habitats with S. salsa and
S. alterniflora (Figure 3a; p < 0.05). In S. alterniflora habi-
tats, the total density of benthic invertebrates was signifi-
cantly higher than those in native T. chinensis and
mudflats habitats (Figure 3b; p < 0.05); however, it is not
statistically significant than that in S. salsa habitats.

The Shannon index of invertebrate assemblages in
the T. chinensis habitats was significantly lower than all
other habitats in July (Figure 3c; p < 0.05). The Mar-
galef’s richness of invertebrate assemblages in
S. alterniflora habitats was significantly higher than that
of assemblages identified in mudflats and T. chinensis

TAB L E 3 Indicator species analysis among the different habitats in the intertidal wetlands of the Yellow River Delta in April and

July 2019

Seasons Habitat types Indicator species Specificity Fidelity Indicator value p

April Tamarix chinensis Acetes chinensis 0.728 1 0.728 0.012

Suaeda salsa Stylommatophora 1 1 1 0.001

Odostomia subangulata 1 1 1 0.007

Alvenius ojianus 0.598 1 0.598 0.038

Spartina alterniflora Siliqua pulchella 1 1 1 0.003

Stenothyra glabar 0.771 1 0.771 0.006

Mudflat — — — — —

July T. chinensis Acetes chinensis 0.6901 1 0.6901 0.034

S. salsa Stylommatophora 1 1 1 0.004

Oncomelania hupensis 1 0.667 0.935 0.002

S. alterniflora Alvenius ojianus 0.875 1 0.875 0.002

Stenothyra glabar 0.847 1 0.847 0.01

Mudflat — — — — —

TAB L E 2 Analysis of similarity (ANOSIM) of benthic

invertebrate communities among the different habitats using the

Bray–Curtis distance measure in the intertidal wetlands of the

Yellow River Delta

Habitat types

ANOSIM pairwise comparison

S. salsa and S. alterniflora Mudflat

p R p R

Tamarix chinensis 0.001 0.801 0.001 0.948

S. salsa and
S. alterniflora

— — 0.001 0.936

F I GURE 4 Nonmetric multidimensional scaling (NMDS)

ordination showing patterns of benthic invertebrate community

composition from four different habitats in the intertidal wetlands

of the Yellow River Delta in April 2019 (red) and July 2019 (blue).

Each point represents the community composition of benthic

invertebrates in a single wetland
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habitats (Figure 3d; p < 0.05), while no significant differ-
ences were found with assemblages in S. salsa habitats.
The evenness index in mudflat invertebrate assemblages
was significantly higher than that in all other habitats in
April (Figure 3e; p < 0.05).

Structure of benthic invertebrate
assemblages

The multivariate analysis identified distinct variations in
the structure of benthic invertebrate assemblages. An
NMDS plot based on a distance matrix of Bray–Curtis dis-
similarity values (stress value = 0.15; Figure 4) identified
three main biotopes, including habitats of S. alterniflora
and S. salsa, T. chinensis, and mudflat. One-way
ANOSIM confirmed the visual interpretation of the
NMDS ordinations and revealed significant differences in
benthic invertebrate assemblages between the various
habitats (R = 0.88, p < 0.05; Table 2).

SIMPER analysis revealed that the group average
similarity of T. chinensis was 64.22%, with Acetes
chinensis representing its characteristic species (contri-
bution rate of 84.70%). The group average similarity of
S. salsa and S. alterniflora habitats was 38.95%, with
their characteristic species including Oncomelania
hupensis, Alvenius ojianus, and Stenothyra glabar
(accumulated contribution rate of 65.00%). The group
average similarity of mudflats was 39.86%, with
Macrophthalmus japonicus and Glycinde gurjanovae as
its characteristic species (accumulated contribution
rate of 59.77%).

Indicator analysis revealed representative taxa for
each habitat type in April and July (Table 3). Acetes
chinensis (Malacostraca: Sergestidae) was an indicator
species of T. chinensis habitats. Three Gastropoda species
(Stylommatophora, Odostomia subangulata, and
Oncomelania hupensis) and one Bivalvia species
(Alvenius ojianus) were indicators of S. salsa habitats.
Three species, including one Gastropoda species
(Stenothyra glabar) and two Bivalvia species (Alvenius
ojianus and Siliqua pulchella), were indicators of
S. alterniflora habitats. No indicator species were identi-
fied for the mudflats.

Components of total beta diversity

Values of total beta diversity (βtotal) between native habi-
tats including S. alterniflora habitats were calculated
using the Sorensen indices (Table 4). Overall, in April
and July, the species turnover component presented
greater relative importance in native habitats. After the
invasion of S. alterniflora, the habitat’s beta diversity was
slightly increased compared to native habitats. The parti-
tion in beta diversity (Table 4) revealed that differences
in species composition were generally induced by species
turnover and not nestedness; however, invasion of
S. alterniflora weakened the relative importance of spe-
cies turnover.

DISCUSSION

Our study identified that an invasion of S. alterniflora spe-
cies increased benthic invertebrate diversity, despite the
high hydrological connectivity between the natural inter-
tidal habitat gradients. Native plant (S. salsa) habitats act as
an interaction zone between tidal and runoff and support
high species diversity, representing “biological hotspots” in
intertidal wetlands. S. alterniflora invasions may drive “bio-
logical hotspot”migration of benthic invertebrates and sup-
port higher benthic invertebrate diversities than other
habitats. Invasion of S. alterniflora also increased the beta
diversity of the community. The effect of Spartina invasions
on benthic invertebrates was species-specific, and mollusks
were likely under greater influence of plant invasions.

This study identified that the taxa richness, density,
and diversity of benthic invertebrate assemblages in
S. alterniflora habitats were significantly higher than
assemblages in other habitats. Complex habitats can sup-
port more species than simple habitats, given their
greater variety, and quantity of available resources
(Pierre & Kovalenko, 2014). The roots and rhizomes of
S. alterniflora can actively contribute to sediment oxygen-
ation, encouraging faunal colonization (Hedge &
Kriwoken, 2000). Therefore, invasions of S. alterniflora
are likely to provide different microhabitats for benthic
invertebrates by altering the native salt marsh habitat
structure (Hedge & Kriwoken, 2000). The density of

TAB L E 4 Beta diversity values of the benthic invertebrate assemblages in both native habitats including Spartina alterniflora invasion

habitats, decomposed into species turnover and nestedness components

Habitat types

βtotal Turnover Nestedness

April July April July April July

Native habitats 0.85 0.86 0.7 (82.40%) 0.81 (94.20%) 0.15 (17.60%) 0.05 (5.80%)

S. alterniflora invasion 0.88 0.89 0.78 (88.60%) 0.81 (91.00%) 0.1 (11.40%) 0.08 (9.00%)
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benthic invertebrates in mudflats was lower than in all
other habitats. The mudflat habitats had a low degree of
environmental favorableness and, when combined with
the physical environmental stresses, may limit the prolif-
eration of benthic invertebrates. In addition, mudflat
benthic invertebrate communities suffer a heavy preda-
tion pressure by wading birds (Zou et al., 2008). In con-
trast, the habitat complexity provided by S. alterniflora
allows the benthic invertebrate protection from abiotic
stress or predation, and provides a refuge (Liao
et al., 2018; Reis et al., 2019). Invasive plant species have
been shown to strongly influence benthic invertebrate
communities when invading mudflats by reducing (Vila
et al., 2011) or enhancing (Hedge & Kriwoken, 2000; Yan
et al., 2020) benthic invertebrate abundance. Our study
revealed that the invasive species S. alterniflora supports
higher benthic community diversity. Our study supports
claims that introduced plants can increase species diver-
sity (Davis et al., 2011). Given the vast extent of the
S. alterniflora invasion in China, the potential conse-
quences of altered benthic invertebrate communities
likely have important implications for coastal ecosystem
structure and functions, and deserve further attention.

Multivariate analysis revealed distinct differences in ben-
thic invertebrate assemblages among habitat types in inter-
tidal wetlands of YRD. The benthic invertebrate community
composition of invasive S. alterniflora and native S. salsa
communities was highly similar, presumably because our
sampling site was in an area recently invaded by Spartina.
However, there were significant differences in both the domi-
nant species and indicator species. Environmental conditions
and disturbance regimes modified by plant invasions may
favor some invertebrate species while concurrently inhibiting
others, depending on species’ traits (Cook & Talley, 2014;
Talley et al., 2012). We found that S. alterniflora resulted in
the decreased abundance of gastropods, whereas the Mal-
acostraca were increased. We propose that the effect of Spar-
tina invasions on benthic invertebrates is species-specific,
with mollusks more likely to be influenced. The extensive
root systems of S. alterniflora reduce habitat penetrability,
making it more difficult for benthic invertebrates, especially
mollusks, to form burrows (Kristensen & Kostka, 2005; Wang
et al., 2014). In addition, our study found that the four habi-
tats were characterized by different high numbers of taxa,
suggesting that the survival of some invertebrate species was
highly correlated with habitat properties (Wang et al., 2020).

Based on presence–absence data, the total beta diversi-
ties revealed that the species turnover was the most impor-
tant component in driving beta diversity, while the
contribution of nestedness to explaining the benthic inver-
tebrate community variation was lower. Species turnover
suggests that the observed community patterns may have
resulted from environmental filtering (Sommer et al., 2014).

As the environmental conditions of the intertidal wetlands
change from the inland to the sea, the number and identity
of species that inhabit each habitat zone vary due to envi-
ronmental filtering owing to salinity, thereby generating a
natural species turnover gradient (Medeiros et al., 2020).
The mean salinity values of our study ranged from 8.35 to
31.89, revealing a gradient of low-salt to high-salt environ-
ments. Different distribution patterns among organisms
with varying tolerances of salinity can lead to species turn-
over (Barnes & Ellwood, 2012; Prado et al., 2014). The pres-
ence of salinity gradients also correlates with higher species
turnover (Namba et al., 2020). In addition, the high hydro-
logical connectivity of tidal increased the dispersal rates of
benthic invertebrates, which caused the significant impor-
tance of the turnover component. Invasion of S. alterniflora
increases the beta diversity of benthic invertebrate commu-
nities and the relative importance of species nestedness.
The lack of abilities of the benthic invertebrate
(e.g., polychaetes and mollusks) to disperse across distant
sites (Medeiros et al., 2016), and the connectivity and direc-
tionality are of great importance for passive dispersers (Liu
et al., 2013). S. alterniflora invasion slows down the tidal
connectivity and species dispersal, providing a suitable
microhabitat and facilitates some species’ colonization,
resulting in more aggregate communities (Josefson, 2009).
This may help explain why the contribution of the species
nestedness component was slightly increased.

Further studies are required to evaluate the long-term
effects of exotic plant invasions on benthic invertebrate
communities, especially to relate these results to above-
ground and belowground vegetative biomass metrics.
Meanwhile, attention should be focused on the impact of
Spartina alterniflora invasions on the structure and func-
tion of coastal wetland food webs to further our under-
standing of the potential ecological consequences.
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