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Abstract
Exotic species can affect food webs and cause cascading effects on ecosystem functioning. The exotic cordgrass, Spartina
alterniflora, is an increasing threat to mangrove forests in eastern Asia. However, limited knowledge is available about the
effects of S. alterniflora on the diet of macrobenthic fauna and food webs in mangrove wetlands. The stable carbon and nitrogen
isotopes of primary producers and 11 common native macrobenthic fauna were examined to determine whether exotic
S. alterniflora has become a food source for macrobenthic fauna in a mangrove wetland in Zhanjiang, China. The MixSIR
mixingmodel revealed that exotic S. alterniflora served as a new food source for nativemacrobenthic fauna, and even as the main
food source for many macrobenthic fauna. These findings suggest that this invasive plant is now part of the local benthic food
web, i.e., it serves as a nutrient source for macrobenthic fauna in local mangrove wetlands. This study provides strong evidence
that invasive plants can contribute to the diet of native consumers and change their diet patterns, ultimately altering the materials
entering local food webs.
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Introduction

Biological invasions, which has been an active research area
in ecology since Elton first proposed the concept in 1958
(Tilman 1999; Mack et al. 2000), are becoming a predominant
agent of change in global biodiversity (Bradley et al., 2011;
Simberloff et al. 2013). Meta-analyses suggest that exotic

species generally decrease the abundance and diversity of res-
ident species in invaded ecosystems but their effects on bio-
geochemical pools and fluxes of materials and energy are
highly context-dependent (Vilà et al. 2011; Castro-Diez et al.
2014). Food webs form a natural framework for understand-
ing the functioning and the interplay of the reciprocal mecha-
nisms among the various components of a given ecosystem
(Bukovinszky et al. 2008; Thompson et al. 2012). Changes in
food web architecture provide mechanisms by which ecosys-
tem processes are altered due to natural or anthropogenic dis-
turbances (Crooks 2002; Ehrenfeld 2010). A recent review
showed that the effect of an invasive plant on the structure
of terrestrial food webs depends on the species of plant and
on the ecosystem type (McCary et al. 2016), but similar re-
search in oceanic or coastal wetlands is lacking.

Although there is some doubt about whether it originated
from the American Atlantic coast (Bortolus et al. 2015), the
exotic cordgrass Spartina alterniflora has invaded and occu-
pied many coastal regions of the world (Taylor and Hastings
2004; Wang et al., 2005; Li et al. 2009), including coastal
areas with mangrove wetlands (Chen et al. 2009a; Zhang
et al. 2012). Furthermore, global warming will almost certain-
ly accelerate the expansion of S. alterniflora in mangroves
systems in the future (Gray and Mogg 2001). If unchecked,
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exotic S. alterniflora can alter mangrove ecosystem structures,
processes, and services as well as harm regional economies
(Walters et al. 2008; Pejchar and Mooney 2009).

Exotic cordgrass S. alterniflora was found to be an unsuit-
able habitat for native crabs in the Zhangjiang Estuary man-
grove forests in Fujian, China (Wang et al. 2014).
S. alterniflora was also found to significantly decrease the
total abundance and biomass of the macrobenthic faunal com-
munity in an unvegetated shoal near a mangrove stand along
the coast of Zhanjiang, China (see Supplementary Material,
Appendix S1). However, the effects of S. alterniflora on the
diets of macrobenthic fauna and on the benthic food webs in
mangrove wetlands remain unclear (Chen and Ma 2015).
Given that S. alterniflora is a C4 plant with high nutrient
quality (Wang et al., 2005), it is likely to serve as a new food
resource for macrobenthic fauna and to be incorporated into
local food webs. Moreover, the dietary importance of benthic
microalgae to benthic fauna of natural mangrove ecosystems
has been well established (Nagelkerken et al. 2008).
Considering that the consumption of primary productivity by
consumers determines the materials entering food webs
(Bukovinszky et al. 2008), it is worth exploring whether the
dietary importance of exotic S. alterniflora to macrobenthic
fauna will exceed that of native benthic microalgae in man-
grove wetlands. Thus, identifying changes in the diets of
macrobenthic faunal resulting from S. alterniflora invasion
should increase our understanding of the effects of invasive
species on local biodiversity and wetland functioning.

Stable isotope ratios of carbon (13C/12C) and nitrogen
(15N/14N) provide time-integrated information about the food
sources assimilated by organisms (Michener and Lajtha
2007). Stable C and N isotope analyses are useful for indicat-
ing the relative contributions of different potential primary
producers and in reconstructing the relationship within aquatic
food webs (Vander Zanden and Rasmussen 1999, 2001). In
this study, we compared the contributions of the exotic
S. alterniflora and native primary producers to the diet of
native macrobenthic fauna based on stable isotope analyses.
The current study aimed to answer following two questions:
(1) Is exotic S. alterniflora consumed by the native
macrobenthic fauna? and (2) If so, to what extent does this
invasive plant contribute to the diet of the native macrobenthic
fauna?

Materials and Methods

Study Area

Samples were collected in the Zhanjiang Mangrove National
Nature Reserve (109o40’-110 o35’ E, 20 o14’-21 o35’ N),
which is scattered along the coastline of the Leizhou
Peninsula in Guangdong, China. The mean annual

temperature at the Reserve is 23.8 °C, and the mean surface
seawater temperature is 23.7 °C. There is no frost at any time
of the year. The mean annual precipitation ranges from 1500
to 2000 mm, and most of the precipitation falls during the
summer rainy season or monsoon (Chen et al. 2015). The
intertidal zone is characterized by the mix diurnal tide, with
a tidal range of approximately 2 m (Zou et al. 2008). The
Zhanjiang Mangrove National Nature Reserve is the largest
mangrove reserve in China. This reserve is listed by the
Ramsar International Convention as an internationally impor-
tant wetland that is especially critical as a habitat for shore
bird.

The sampling was conducted in the area of the Gaoqiao
mangroves (located at the border of Guangdong and
Guangxi Province). This is the core zone of the mangrove
ecosystem; it occupies the largest continuous area and has
the best preserved mangroves in the natural reserve. The pio-
neer mangrove Avicennia marina appears first in the shoal and
develops a vast monoculture in the low-tidal zone (Zhang
et al. 2009; Chen et al. 2015). For beach protection and silta-
tion promotion, the exotic cordgrass Spartina alterniflora has
been artificially introduced to China in 1979 and then occu-
pied many Chinese coastal regions, including coastal man-
grove forests (Chen et al. 2009a; Zhang et al. 2012). About
a decade ago, the exotic weed S. alterniflora was naturally
transported and colonized in the shoal of the Gaoqiao man-
groves from Guangxi Province. Now, it is a very common
species that affects the native species and adjacent ecosystems
in the low-tidal zone (Lin and Lu 2011).

Sampling of Primary Producers

The primary producers in this area mainly included benthic
microalgae (BMA), suspended particulate organic matter
(POM), the C3 native mangrove A. marina, and the C4 exotic
S. alterniflora (the exotic grass morphology and distribution
see Supplementary Material, Appendix S2). Mature but not
yet senescent leaves of A. marina and S. alterniflora were
handpicked within the invaded mangrove wetland. The
A. marina and S. alterniflora leaves were collected in the
low tidal zone, when the shoal was not inundated in January,
2015. At least 5 individual mangrove trees were randomly
selected approximately 100 m apart from one another. Five
to 10 leaves were picked from each tree and were pooled to
yield one sample. The leaves from 5 to 10 randomly selected
S. alterniflora plants were combined to yield one sample.
Three independent and mixed samples of these two primary
producers were collected. All leaf samples were washed with
distilled water, oven-dried at 60 °C to a constant weight and
ground into fine powder using an agate mortar and pestle (Liu
2013).

The suspended particulate organic matter (POM) samples
were collected from tidal creeks in the same area. Samples
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were passed through 37-μm plankton nets or filters and
160-μm sieves to remove the large zooplankton and debris;
the POM samples were gathered on 0.7-μm mesh size
Whatman GF/F glass fiber filters. Benthic microalgae
(BMA) samples were collected from both vegetated
(A. marina and S. alternifloramonocultures) and unvegetated
tidal mudflats. BMA samples were obtained by separating the
microalgae fraction from the surface sediment based on its
vertical migration properties and using a modification of a
model proposed by Blanchard et al. (2004). Three 100-mm
mesh nylon screens were laid on the sediment surface for a
few hours. The upper two screens were then removed from the
mud surface and rinsed with GF/F filtered seawater from the
sampling habitat. Inorganic C compounds were removed from
the POM and BMA samples collected for C stable isotope
analysis by fuming hydrochloric acid, whereas the samples
gathered for N stable isotope analysis were not subjected to
any special treatment. Whereas the stable isotope values of the
plant (A. marina and S. alterniflora) leaves do not change
greatly in different seasons and years, the community compo-
sition of the phytoplankton and benthic microalgae does differ
among seasons (Chen et al. 2007; Kumar et al. 2015; Wan
Maznah et al. 2016). Therefore, the phytoplankton and ben-
thic microalgae were sampled in both the winter (January) and
summer (July) of 2015. Three independent andmixed samples
of POM and BMAwere collected in each season, then oven-
dried at 60 °C to a constant weight and ground to fine powder
using an agate mortar and pestle (Liu 2013). The sediment
was not investigated as a potential food resource in the exper-
iment because the sediment in mangrove wetlands is a mixture
of the four potential primary producers (A. marina,
S. alterniflora, POM, and BMA).

Sampling of Macrobenthic Fauna

Macrobenthic fauna were collected in the study area in both
the winter (January) and summer (July), 2015 by washing
sediment through nets, and sieves following the standard
method specified for oceanographic survey-marine biological
survey (China National Standardization Management
Committee 2007). The macrobenthic fauna were sampled in
the same area with the place where the primary producer sam-
pled. The sediment was washed until all macrobenthic fauna
samples were obtained enough for stable isotope analysis.
And the macrobenthic fauna were identified with the aid of a
standard taxonomic reference (Huang and Lin 2012) and also
with the assistance of a taxonomist at Sun Yat-Sen University,
Guangdong, China. The following 11 macrobenthic fauna
(percentage in total biomass) were chosen for stable isotope
analysis (Table 1): Alpheus leviusculus (3%) Coelomactra
antiquate (12%), Cyclina sinensis (27%), Helice tridens
wuana (4%), Marcia marmorata (5%), Mictyris longicarpus
(16%), Paracleistostoma cristatum (15%), Periophthalmus

cantonensis (3%), Phascolosoma arcuatum (2%), Sesarma
plicata (2%), and Uca arcuate (11%). Of these,
A. leviusculus is a decapod (an arthropod); P. cristatum,
H. wuana, S. plicata, M. longicarpus, and U. arcuate are
crustaceans (arthropods); C. antiquate, C. sinensis, and
M. marmorata are mollusks; P. cantonensis is a fish (a chor-
date); and P. arcuatum is species of sipuncula (a bilaterally
symmetrical, unsegmented worm). All of these fauna do not
feed on sediment or litter or detritus (Chen and Ma 2017), and
are common macrobenthic fauna of the local coastline (Tang
2007; Huang and Lin 2012). The macrobenthic fauna speci-
mens were dissected manually. Five to 10 individuals were
pool as one sample and only muscle tissues were taken for
stable isotope analysis. Samples were stored on ice during
transportation to laboratory. All faunal samples were washed
clean with distilled water, oven-dried at 60 °C to a constant
weight, and then ground to a fine powder using an agate mor-
tar and pestle (Liu 2013).

Stable Isotope Analysis

C and N stable isotope ratios were determined with an ele-
mental analyzer (Flash EA 1112HT, Thermo Fisher Scientific,
Inc., USA) coupled with an isotope ratio mass spectrometer
(Delta VAdvantage, Thermo Fisher Scientific, Inc., USA) at
the Stable Isotope Laboratory of the State Key Laboratory of
Urban and Regional Ecology, Research Center for Eco-
Environmental Sciences, Chinese Academy of Sciences.
Stable isotope ratios were expressed in δ-unit notation, which
is defined as follows:

δ X ¼ Rsample=Rstandard
� �

−1
� �� 1000‰

where X = 13C or 15 N, and R is either the 13C/12C ratio for C
or the 15N/14N ratio for N. Rstandards for the

13C and 15N tests
are consistent with international standards (Vienna Pee Dee
Belemnite for C, and atmospheric for N). To correct for instru-
ment drift, laboratory working standards (glycine and urea)
were run regularly during the tests. The analytic precision
was ±0.1‰ for δ13C and ±0.2‰ for δ15N. We calculated the
mean values of δ13C and δ15N for the primary producers and
for each of the 11 macrobenthic fauna.

Data Analysis

One-way analysis of variance (ANOVA) followed by
Turkey’s HSD post hoc tests were conducted to determine
differences in δ13C and δ15N values between different primary
producers and 11 macrobenthic fauna (significance was deter-
mined at p < 0.05). Data (as absolute values) were log-
transformed before statistical analysis when required by the
assumptions underlying the ANOVA. Non-parametric
Kruskal–Wallis tests followed by all pair-wise multiple
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comparisons were conducted if homogeneity of variation
could not be attained. All data analyses were performed using
SPSS 20.0 (SPSS for Windows, IBM).

Based on the δ13C and δ15N values, the relative importance
of different potential primary producers to the diet of each of
the 11 macrobenthic fauna species was estimated using the
MixSIR mixing model (Version 1.0, http://conserver.iugo-
cafe.org/user/brice.semmens/MixSIR), which developed
within a Bayesian modeling framework. This model
integrates multiple sources of uncertainty, such as food
source isotope values and fractionation, in the estimation
(Moore and Semmens 2008; Jackson et al. 2009). The results
are presented as 5%, median, and 95% percentile values.
Before the stable isotope values were used as model input,
they were adjusted according to trophic level and fractionation
factor (1.3‰ for δ13C and 2.8‰ for δ15N in each link of the
food chain) as described by McCutchan et al. (2003) and
Michener and Lajtha (2007). According to the different tro-
phic level, the fractionation factor of each consumer was cal-
culated and then set in the MixSIR mixing model. Each
macrobenthic fauna species was assigned to a trophic level
(TL) based on stomach analysis from published data
(Giarrizzo et al. 2011; Feng et al. 2014: TL = 0 for plants,
including A. marina, S. alterniflora, POM, and BMA; TL =
1 for the herbivorous and omnivorous species, including C.
antiquate, C. sinensis, H. wuana, M. marmorata, M.
longicarpus, P. cristatum, P. cantonensis, P. arcuatum, S.
plicata, and U. arcuate; and TL = 2 for the lower and middle
carnivorous species, including A. leviusculus).

A posterior aggregation was made by combining the con-
tributions of the four primary producers into logical groups in
order to more accurately estimate the relative contributions of
each food source (the primary producers) to the diets of the
fauna (Phillips et al. 2005; Feng et al. 2015). The output

results of the MixSIR model were recalculated, and the con-
tributions of sources belonging to the same logical group were
combined. The three logical groups were mangrove
A. marina, S. alterniflora, and microalgae (POM+BMA).

Results

Stable Isotope Values of All Samples

For primary producers, the mean δ13C values were enriched
for S. alterniflora (−14.99 ± 0.06‰) and BMA (−16.93 ±
1.05‰), and for POM (−25.44 ± 0.05‰) and A. marina
(−29.61 ± 0.18‰) were depleted. The mean δ15N values were
enriched for BMA (15.82 ± 0.34‰) and POM (12.63 ±
0.03‰), and for S. alterniflora (9.71 ± 0.07‰) and
A. marina (9.48 ± 0.10‰) were depleted (Fig. 1 and
Supplementary Material, Appendix S3).

The mean δ13C values of the macrobenthic fauna ranged
from −15.44 ± 0.03‰ to −20.27 ± 0.02‰. The mean δ15N
values of the macrobenthic fauna ranged from 13.97 ±
0.01‰ to 10.54 ± 0.02‰ (Fig. 1 and Supplementary
Material, Appendix S3). According to the mean δ13C and
δ15N values, the macrobenthic fauna were clustered to four
categories as following: A. leviusculus, C. antiquate,
S. plicata, M. marmorata, and H. wuana; M. longicarpus,
U. arcuata, and P. cristatum; P. arcuatum and C. sinensis;
and P. cantonensis.

Relative Contributions of Food Sources

The potential contribution of each food source to the
macrobenthic fauna was calculated by the MixSIR model ac-
cording to the means of the stable isotope values of the

Table 1 Relative contributions of different food sources to 11 macrobenthic fauna in a mangrove ecosystem in Zhanjiang, China

Macrobenthic fauna species n Body length range (cm) Biomass (g) Food source contribution (%: median and range 5th-95th percentile)

S. alterniflora BMA A. marina POM

Uca arcuata 15 5.6-7.8 26.6 87.6 (76-96) 10.2 (0-24) 0.5 (0-2) 1.6 (0-4)

Paracleistostoma cristatum 9 3.2-6.5 37.9 82.1 (64-94) 14.6 (0-36) 1.1 (0-4) 2.2 (0-6)

Mictyris longicarpus 13 0.9-1.5 40.3 77.5 (52-94) 17.7 (0-48) 1.9 (0-6) 2.8 (0-8)

Periophthalmus cantonensis 10 3.5-4.9 8.1 72.6 (44-92) 22.3 (0-56) 1.9 (0-6) 3.2 (0-10)

Phascolosoma arcuatum 11 10.2-15.4 2.5 41.3 (24-76) 39 (28-88) 8.1 (0-20) 11.6 (0-28)

Cyclina sinensis 8 1.3-3.5 67.4 39.4 (29-74) 38.8 (19-86) 8.9 (0-22) 12.9 (0-30)

Marcia marmorata 4 1.5-2.7 10.7 34.6 (26-68) 35.4 (26-78) 12.6 (0-28) 17.4 (0-40)

Coelomactra antiquate 4 1.4-3.8 29.7 32.4 (19-64) 35.4 (18-74) 13.5 (0-30) 18.7 (0-42)

Helice tridens wuana 6 2.4-5.3 10.4 32.4 (17-64) 35.1 (24-76) 13.7 (0-30) 18.8 (0-42)

Sesarma plicata 7 2.1-5.8 5.1 31.2 (20-62) 32.9 (0-72) 15.1 (0-32) 20.7 (0-46)

Alpheus leviusculus 3 3.1-5.5 6.9 29.4 (25-60) 32.6 (0-70) 16.3 (0-34) 21.7 (0-48)

BMA = benthic microalgae, POM= particulate organic matter and n = number of samples analyzed
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primary producers and the fauna. S. alterniflora had the
highest median contribution for most of the macrobenthic fau-
na species (Table 1), except that A. leviusculus, C. antiquate,
H. wuana, M. marmorata, and S. plicata obtained the largest
percentage of their food (32.6, 35.4, 35.1, 35.4 and 38.8%,
respectively) from BMA. POM was the third most important
food resource for all macrobenthic fauna, and A. marina was
the least important food resource for all macrobenthic fauna.

After posterior aggregation, the relative median contribu-
tion of food sources for all macrobenthic fauna species was
again lowest for mangrove A. marina (Fig. 2). Microalgae had
the highest median contribution except that P. cantonensis,
M. longicarpus, P. cristatum, and U. arcuata obtained the
largest percentage of their food from S. alterniflora.
S. alterniflora represented at least 29% of the diet of all 11
macrobenthic fauna.

Discussion

According to the results of this study, exotic S. alterniflora has
become the main food source for nativemacrobenthic fauna in
the mangrove wetland of Zhanjiang, China. The results also
indicated that the trophic role of mangrove leaves in sustain-
ing the benthic faunal community is limited, which is consis-
tent with previous reports (Newell et al. 1995; Bouillon et al.
2004; Mazumder and Saintilan 2010). Mangrove-derived or-
ganic matter may play an important role as a food source for
consumers only in habitats where other primary nutrient
sources are unavailable (Giarrizzo et al. 2011). These results
are also consistent with the finding that macrobenthic fauna
feed mainly on micro-phytobenthos in mangrove wetlands

that lack exotic plants (Nagelkerken et al. 2008; Saintilan
and Mazumder 2010; Alderson et al. 2013). Macrobenthic
fauna in mangrove wetlands probably exploit a wide range
of relatively nutrient-rich food sources rather than fresh man-
grove leaf litters (Lee 2000; Bouillon et al. 2002). In
Zhanjiang mangrove wetlands, the appearance of exotic cord-
grass S. alterniflora has evidently altered the diets of native
macrobenthic fauna, i.e., the invasive plant has become a main
food source.

Macrobenthic fauna are critical for maintaining the struc-
ture and functioning of mangrove ecosystems, because their
feeding, burrowing activities, and crawling behaviors signifi-
cantly affect matter and energy flows (Cannicci et al. 2008;
Lee 2008). They act as necessary links between the primary
low-quality detritus at the base of food webs and the con-
sumers at higher trophic levels. The direct grazing of litter
by crabs substantially reduces the export of leaf litter by tides
and accelerates its breakdown, and nutrient-rich crab feces
also provide food for other organisms in both the mangrove
wetlands and neighboring ecosystems (Kristensen, 2008).
Macrobenthic fauna also serve as important food sources for
a variety of birds in mangrove wetlands (Zou et al. 2008). In
consideration of the consumption of exotic S. alterniflora by
macrobenthic fauna support the local second productivity,
which will increase the quantities of material and energy that
enter food webs, and may influence ecosystem functioning
and services (Pejchar and Mooney 2009; Barbier et al. 2011).

The ecological consequences of invasion by S. alterniflora
on the local benthic food webs have been well studied in
saltmarsh wetlands (Levin et al. 2006; Leakey et al. 2008;
Brusati and Grosholz 2009). S. alterniflora had been found
to be the most important food source for indigenous fish and
above-ground arthropods in Yangtze River estuarine marshes
(Quan et al. 2007; Wu et al. 2009). Few studies, however,
have considered the trophic effects of S. alterniflora in man-
grove wetlands. Two studies that examined the trophic effects
of invasive S. alterniflora on the fish community in the man-
grove forests have indicated that S. alterniflora as probably a
major contributor to the diets of fishes (Hindell and Warry
2010; Feng et al. 2015). The large home range of fishes, how-
ever, raises the question as to whether they consumed
S. alterniflora within the study area or elsewhere. The results
of current study provide strong evidence that exotic
S. alterniflora is consumed by macrobenthic fauna and is thus
incorporated into the food web of a local ecosystem.

The mangrove A. marina was the most 13C-depleted of the
primary producers in the Zhanjiang mangrove wetlands of the
current study, and its δ13C signature was within the range
reported previously (Bouillon et al. 2008; Feng et al. 2015).
The relatively low δ13C values of POM and BMA were
similar to those reported by Feng et al. (2015) for
Zhangjiang Estuary mangrove wetlands, suggesting that the
δ13C values of POM and BMA reflect the 13C-depleted

Fig. 1 Dual isotope plot of δ13C and δ15N signatures (mean ± SE) of
primary producers and macrobenthic fauna. Primary producers: AM=
Avicennia marina, SA = Spartina alterniflora, BMA = benthic
microalgae, and POM= particulate organic matter. Macrobenthic fauna:
A = Alpheus leviusculus, B = Coelomactra antiquate, C = Cyclina
sinensis, D = Helice tridens wuana, E =Marcia marmorata, F =
Mictyris longicarpus, G = Phascolosoma arcuatum, H = Sesarma
plicata , I = Paracleistostoma cristatum , J = Periophthalmus
cantonensis, and K =Uca arcuata
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inorganic C derived from mangrove tidal creeks (Abrantes
and Sheaves 2009). Most of the recent studies that used stable
isotope analysis also questioned the contributions of
mangrove-derived litters to offshore food webs (Hindell and
Warry 2010; Mazumder et al. 2011), while BMA and marine
phytoplankton were considered to serve as important food
sources because of their high digestibility and nutrient content
(Bouillon et al. 2008; Mazumder and Saintilan 2010). The
high nutritional quality of exotic S. alterniflora relative to that
of the native primary producers may help explain the high
dietary dependency of native consumers on this exotic weed.
The leaves of S. alterniflora have a higher nutritional quality
(lower C/N ratio and lower tannin and phenol concentrations)
thanmangrove leaves, and the C/N ratio is also lower than that
in BMA and POM (Wang et al., 2005; Chen 2013). Hence, the
nutrients in S. alterniflora are more easily incorporated than
those from the native producers into the mangrove wetland.
We speculate that there is often a trade-off between an exotic
plant’s suitability as a food source vs. its suitability as a habitat
for native macrobenthic fauna. Thus, alien S. alterniflora was
found to be an unsuitable habitat for certain macrobenthic
fauna in Zhanjiang mangroves (see Supplementary Material,
Appendix S1). Similarly, a previous study found that
S. alterniflorawas a poor habitat for native crabs in mangrove
forests of the Zhangjiang Estuary, Fujian (Wang et al. 2014).
Additional research is needed to determine the extent of this
trade-off between food and habitat provision by S. alterniflora
and other invasive plants.

The results of current study demonstrate that the contribu-
tions of exotic S. alterniflora to the diets of macrobenthic
fauna in the Zhanjiang Mangrove National Nature Reserve
mangroves are substantial and may even exceed the contribu-
tions of BMA and other native food sources. However, the
exotic S. alternifloramight occupy a substantial portion of the
habitat of the native mangrove community (Zhang et al. 2012)
and negatively influence the main food sources of other or-
ganisms (Chen et al. 2009b). The Leizhou Peninsula is in the
East Asian-Australasian flyway of migratory birds and is an
important stopover site for migrants, and macrobenthic fauna
serve as an important food source for a variety of shorebirds
(Zou et al. 2008). If allowed to spread further, the exotic

S. alterniflora may reduce the endemism of native flora and
fauna and lead to catastrophic losses in regional or global
biodiversity (Li and Chen 2002). In this sense, it is necessary
to continuously monitor the impact of the S. alterniflora inva-
sion on biodiversity and ecosystem functioning in Southern
China. Further studies are needed to determine the effects of
invasive S. alterniflora on the entire food web of mangrove
wetlands because such information is required by environ-
mental managers and policy makers.
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