
INTRODUCTION

During the last decade, introduced marine species have
received considerable attention on a global scale
(Carlton 1989, 1994; Leppakoski 1993; Nolan 1993;
1996a; 1996b; Hewitt & Martin 1996). One of the
major concerns for ecologists has been the effect of
these invaders on existing indigenous habitats and 
communities (Carlton 1989, 1994). Although many
introduced marine species appear to have relatively
benign effects on existing habitats (Nolan 1993), the
invasion of others can lead to dramatic environmental
change. Spartina anglica provides a good example of
an introduced marine species that can cause dramatic
environmental change to indigenous habitats.

Spartina anglica, commonly referred to as rice grass,
is an emergent saltmarsh grass that colonises the inter-
tidal zone of temperate estuaries and waterways.
Typically, S. anglica infestations form dense aggrega-
tions of culms, rhizomes and roots that promote sedi-
ment accretion, eventually leading to the formation of
intertidal terraces or saltmarsh islands. The vast
majority of infestations have been found to occur in
intertidal mudflat habitat, although it also occurs in
native saltmarsh, seagrass, mangrove and intertidal sea-

grass habitats (Thompson 1991; Blood 1995; Hedge
1997). Prostrate or stout species, such as Salicornia
quinqueflora and Samolus repens or white mangrove
seedlings, Avicennia marina, appear to be particularly
prone to competitive exclusion by S. anglica (Hedge,
1999, personal observation).

Mudflat, saltmarsh, seagrass and mangrove habitats
are valued for the roles they play in estuarine processes
and the provision of habitat for mammals, birds, fish
and many invertebrates (Adam 1985, 1990, 1995;
Saenger 1994, 1995; Inglis 1995; Morrisey 1995).
These habitats also provide important nursery and
feeding habitats for economically important fish species
(Pollard 1981; Saenger 1994, 1995; Connolly et al.
1997). Not surprisingly, there has been considerable
concern and speculation about environmental change
associated with the progressive invasion of S. anglica
in temperate Australia (Bell 1995; Bishop 1995; Blood
1995; Bridgewater 1995; Fotheringham et al. 1995;
Gibbs & Phillips 1995; Simpson 1995; Wells 1995;
Williamson 1995).

There have been no comprehensive studies examin-
ing the ecological impact of S. anglica to Australia’s
estuaries. Most studies have focused on its distribution
(Pringle 1975, 1988 [Condition and distribution of
Spartina anglica (rice grass) in selected estuaries and
inlets along the Bass Strait coast, Tasmania.
Unpublished report for Department of Lands, Parks
and Wildlife, Hobart, Tasmania, Australia], 1993), or
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on controlling the spread of S. anglica (Wells et al. 1991
[Herbicide trials for the control of Spartina Anglica (rice
grass) at Port Sorell, Tasmania. Internal unpublished
report, Department of Parks, Wildlife and Heritage,
Hobart, Tasmania, Australia]; Bishop 1995; Pritchard
1995). Furthermore, the ecology of habitats threatened
by S. anglica invasion in temperate Australia, particu-
larly mudflat and saltmarsh, has received little scien-
tific attention and is poorly understood (Adam 1990,
1995; Robertson 1994; Saenger 1994; Fairweather &
Quinn 1995).

In some cases, the environmental change caused by
S. anglica invasion is clearly visible, providing a rela-
tively sound basis on which to speculate about the
impacts associated with invasion. For example, at Duck
Bay and Little Swanport estuary in Tasmania, the
spread of S. anglica has transformed intertidal mud-
flats to S. anglica saltmarsh and to a lesser extent dis-
placed native saltmarsh species (Hedge 1997a). In
Anderson Inlet, Victoria, bird observers note that the
vast majority of wader birds avoid S. anglica (Simpson
1995). The authors have also observed wader birds
avoiding infestations in Tasmania. In other cases, how-
ever, the ecological effects of S. anglica invasion may
be cryptic or difficult to detect. For example, changes
to benthic macroinvertebrate communities of mudflats
are difficult to determine from field observations. Reise
(1985) points out that benthic macroinvertebrates are
an integral component of mudflat habitats and their
biomass is considerably greater than in other tidal flat
communities.

Studies by Jackson (Long & Mason 1983) on 
benthic macroinvertebrate communities in the River

Sour, UK, found species richness to be higher in mud-
flat communities than in adjacent S. anglica marsh.
Similar studies by Luiting et al. (1997) examining
impacts of a closely related species, Spartina alterniflora,
in Willapa Bay, WA, USA, found significant differences
between mudflat and vegetated communities; however,
strong seasonal effects on community structure were
apparent in each habitat type. To the contrary, a brief
pilot study by Hedge in the Little Swanport estuary,
Tasmania (1997: Ecology, impact and control of rice
grass (Spartina anglica) in the Little Swanport estuary.
Unpublished technical report submitted to Fishcare,
Australia and the Rice Grass Advisory Group, Hobart)
found benthic macroinvertebrate communities associ-
ated with S. anglica marsh to have higher species rich-
ness and total abundance of invertebrates when
compared with adjacent mudflat communities.

Spartina anglica invasion of native saltmarsh may also
lead to changes in the structure of resident invertebrate
communities. Capehart & Hackney (1989) examined
the effect of three saltmarsh plant structures on 
densities of the Carolina saltmarsh clam, Polymesoda
caroliniana. Results showed that invertebrate densities
were inversely related to root and rhizome density, sug-
gesting that dense root and rhizome aggregrations may
inhibit burrowing animals.

The aim of the study was to examine the effect of 
S. anglica invasion on species richness and species
abundance of benthic macroinvertebrate communities
in the Little Swanport estuary, Tasmania. The null
hypothesis was that species richness and species abun-
dance of benthic macroinvertebrates in exotic Spartina
anglica marsh do not differ significantly when compared
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Fig. 1. Location of Little
Swanport estuary, Tasmania,
and selected macroinverte-
brate sampling sites.



with adjacent mudflat and native saltmarsh habitats.
The study also provided new ecological information on
benthic macroinvertebrate communities inhabiting
mudflat and saltmarsh habitat in a temperate Australian
estuary.

Data on environmental variables were collected to
provide additional information to account for observed
community differences between habitats. For example,
variations in underground biomass (Osenga & Coull
1983; Capehart & Hackney 1989), sediment particle
size distribution (Whitlatch 1977, 1981; Edgar & Shaw
1995; Mannino & Montagna 1997) and organic con-
tent of sediments (Whitlatch 1981; Lana & Guiss 1991;
Mannino & Montagna 1997) have been shown to influ-
ence the structure of benthic macroinvertebrate com-
munities. Furthermore, invasion of mudflat habitat by
Spartina spp. has been shown to alter pre-existing pH
(Chung 1990), salinity (Chung 1990) and oxygen 
levels (Osenga & Coull 1983; Lana & Guiss 1991).
Collection of environmental data from a poorly under-
stood habitat also provided a comparative basis for
future studies in this area.

Temporal and spatial variation in the structure of
benthic macroinvertebrate communities inhabiting
soft-bottom habitats are well documented (Whitlatch
1977; Rainer 1981; Thrush 1991; Mannino &
Montagna 1997). Ideally, impact studies on benthic
communities should be designed to accommodate
interannual, interseasonal and spatial variation.
Nonetheless, a snapshot study, such as this one, can
provide valuable insight into environmental change
associated with an invasive species.

METHODS

Location

The Little Swanport estuary is situated on Tasmania’s
east coast (148°00′ east, 42°20′ south) (Fig. 1). The
estuary has a single narrow outlet approximately 150
m wide at high tide but considerably narrower at low
tide. Tidal exchange between the estuary and adjacent
marine waters is diurnal with an amplitude of 0.7–1 m
(Mitchell 1988). Salinity in the estuary varies consid-
erably and is affected strongly by rainfall events
(Mitchell 1988). The Little Swanport river is the main
freshwater input to the estuary with mean annual dis-
charge rates between 1971 and 1981 of approximately
72 188 m3 (Mitchell 1988). Approximate annual rain-
fall in the region is 500–625 mm with most rain occur-
ring in winter and spring. Major habitat types in the
estuary include mudflat, saltmarsh, sandflat, seagrass,
reef and rocky shores. In the upper reaches of the 
estuary, saltmarsh and mudflat habitats dominate the
intertidal zone. The majority of S. anglica occurs in the
upper reaches of the estuary.

Invertebrate sampling

To investigate the effect of S. anglica invasion on
macroinvertebrate infaunal communities, 10 sites were
randomly selected from three regions of the S. anglica
infestation within the estuary (Fig. 1). Regions were
selected on the basis that they contained a mosaic of
mudflat, native saltmarsh and S. anglica marsh habi-
tats at the same tidal height. This stratified random
sampling approach was adopted to represent any
mesoscale spatial variation (distances greater than 
hundreds of metres) that may occur within different
areas of infestation. The number of sites was distrib-
uted evenly between each of the three regions. Core
samples in vegetated habitats were taken approximately
2 m in from the leading edge of saltmarsh. Native salt-
marsh flora was dominated by Sarcocornia quinqueflora
with sparse tussocks of Juncus krausii.

Between 22 and 25 August 1997, macroinvertebrate
infaunal communities were sampled by taking two sedi-
ment cores (100 × 150 mm diameter) from each of the
three habitat types at each of the 10 sites. Raffaelli &
Hawkins (1996) point out that the diameter of the core
should be bigger than the largest animal. Results from
a pilot project in Little Swanport estuary (Hedge, 1997,
unpublished data) show that polychaete worms may be
up to 80 mm long; therefore the core size used in this
study (150 mm diameter) was considered suitable.

Sediment samples were sieved in the field through 
1 mm mesh to separate animals from roots/rhizomes,
debris and sediments. Sieve contents were bagged and
fixed, immediately after sieving, in 10% buffered for-
malin stained with rose bengal. In the laboratory, fixed
invertebrates were systematically separated from debris
in a sorting tray and preserved in 70% alcohol con-
taining 2% glycerol. Invertebrates were classified to
species level where possible using a dissecting micro-
scope.

Environmental variables

A smaller 100 × 45 mm diameter core sample, located
approximately 5–10 cm from each invertebrate core
sample, was taken to determine sediment particle-size
distribution and the proportion of organic materials and
root/rhizome biomass in the sediments. To reduce pro-
cessing effort, the paired cores (45 mm diameter) were
amalgamated to provide one composite core per habi-
tat type at each site. Edgar & Shaw (1993) and Edgar
et al. (1994) have also amalgamated replicate core 
samples when determining measures of environmental
variables in benthic habitats. Sediments were dried at
60°C for 3 days before sieving. Live roots and rhizomes
were removed and dried separately at 60°C for 3 days.

Composite core samples from each habitat type at
each site were subsampled to determine particle-size
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distribution and organic content of sediments.
Sediment retained on sieve sizes –0.5, 0, 0.5, 1, 1.5,
2, 2.5, 3, 3.5, 4 and >4 phi was weighed and recorded
as a percentage of the total weight to determine 
particle-size distribution. Approximately 30 g of dried
sediment was ashed at 550°C for 30 min to determine

the organic content of sediments. The differences in
weight between before and after ashing (organic con-
tent) were expressed as a percentage of the total weight.

Salinity (ppt), pH and redox (mV) measurements of
sediment water were collected from all invertebrate core
locations. Salinity was measured with a WTW LF 320
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Table 2. Mean (± SE) of environmental variables for each habitat type recorded from macroinvertebrate sampling sites 
during August 1997, in the Little Swanport estuary, Tasmania

Habitat Temperature pH Salinity Redox Biomass Organic content Sediment size
(°C) (ppt) (mV) (g m–2) (% weight) (modal phi)

Mudflat (n = 10)
mean 8.2 6.9 19.6 9.1 NA 6.75 2.9
SE (0.36) (0.02) (2.45) (29.2) (2.14) (0.20)

Saltmarsh (n = 10)
mean 8.1 6.4 19.8 246.9 1196.7 10 3.25
SE (0.32) (0.08) (2.45) (21.4) (543.4) (2.41) (0.25)

Spartina (n = 10)
mean 8.5 6.3 18.6 92.5 1257.9 7.43 2.9
SE (0.37) (0.05) (2.55) (29.7) (207.5) (1.90) (0.19)

Table 1. Summary data of benthic macroinvertebrate species sampled from three habitats in Little Swanport estuary,
Tasmania, August 1997. (a) Total abundances; (b) summary statistics as medians with range in brackets based on individual
core data

(a) Species Mudflat Native saltmarsh Spartina anglica

Mollusca
Hydrococcus brazieri 25 686 704
Tatea rufilabris 11 621 497
Arthritica semen 30 21 17
Austrocochlea brevis 0 0 6
Bembicium melanostromum 0 3 6
Salinator solida 0 13 5
S. fragilis 39 0 0
Xenostobus inconstans 0 18 4
X. securis 0 17 1

Crustacea
Eorchestia palustris 16 219 226
Paracorophium sp. 48 2 10
Helograpsus haswellianus 0 7 6
Gnorimosphaeroma sp. 0 0 3
Sphaeroma sp. 0 1

Annelida
Nephtys australiensis 92 89 123
Perinereis vallata 10 19 8
Boccardia sp. 1 109 3
Abarenicola affinis 1 0 0

(b) Median (range) Median (range) Median (range)

Species richness 3.2a (0–7) 5.6b (0–9) 5.8b (0–10)
Species abundance 11a (0–74) 53b (38–414) 44b (18–337)
Polychaetes 4.5a (0–13) 7.5a (0–33) 6a (0–17)
Molluscs 4a (0–23) 34.5b (14–363) 32b (4–312)
Crustacea 0a (0–38) 4.5b (0–45) 8.5b (0–51)

Medians followed by the same letter are not significantly different at P < 0.05 (Student–Neumann–Keulls posthoc test).



conductivity meter (Wissenschaftlich–Technische
Werkstatten, Weilheim, Germany) fitted with a WTW
Tetracon 325 probe; pH with a WTW pH 320 pH
meter fitted with a WTW SenTix 97T probe; and redox
with the pH meter fitted with a ACTIVON AEP511
Redox-Probe (Activon Scientific Products, Brighton,
Victoria, Australia). All measurements were taken 5 cm
below the sediment surface.

Data analyses

Analyses of invertebrate data were based on species
richness and species abundance values. Species rich-
ness has been regarded as a practical and meaningful
way to measure species diversity that also captures
much of the essence of biodiversity (Margules & Usher
1981; Gaston 1996). A variety of univariate and multi-
variate techniques were used to examine invertebrate
and environmental data. Non-parametric tests were
used where data failed the normality test (SigmaStat
Analyses Package; Jandel, San Rafael, CA, USA).

The Kruskal–Wallis one way ANOVA on ranks test was
used to determine differences in species richness and
species abundance among habitats. Spearman’s rank
order correlation was used to investigate the relation-
ship between environmental and community variables.

Non-parametric multivariate analyses are an effec-
tive method with which to investigate changes in the
community structure of marine benthic invertebrates
(Clarke 1993). The PATN computer program
(Manufacturer?, City?, Country?) was used to exam-
ine ecological relationships between habitats, sites and
cores (Belbin 1991; Clarke 1993). Association between
cores and sites, based on the Bray–Curtis measure of
dissimilarity, was determined by constructing an associ-
ation matrix (ASO). When community and environ-
mental data were combined, data were standardised
using the ‘average rank’ option. The ASO matrix of
similarity was used to: (i) classify the sites or cores into
groups by hierarchical polythetic agglomerative clus-
tering and (ii) map the interrelationships between sites
and cores in an ordination.

Inter relationships between sites and cores were
mapped in an ordination using semistrong hybrid
(SSH) multidimensional scaling (MDS). Data gener-
ated by this technique were expressed in three dimen-
sions. However, only two of the three dimensions were
chosen to map interrelationships. This is a commonly
used and acceptable technique provided that the stress
value of the ordination is sufficiently low (Clarke 1993).
Ordination was accepted if stress values were less than
0.15. The stress value is a measure of goodness of fit
for the data; values less than 0.15 are considered
acceptable (Belbin 1991; Clarke 1993; Wong et al.
1993).

A Monte Carlo test (MCAO) was used to identify

taxa and environmental variables significantly corre-
lated with the ordination space. Results of ordination
analyses were displayed as a scatterplot. Similarity
between cores and sites is proportional to the distance
between points (i.e. the smaller the distance between
points the greater their similarity). Taxa and environ-
mental variables considered to be significantly corre-
lated with the ordination space, based on results of 
the MCAO test, were plotted as vectors in the same
ordination space.

RESULTS

Diversity and abundance

A total of 18 species and 3716 individuals was collected
from 60 intertidal core samples in three habitats. Ten
species and 272 individuals were collected from mud-
flat habitat which was dominated by the annelid,
Nephtys australiensis, the amphipod, Paracorophium sp.,
and the molluscs, Salinator fragilis and Arthritica semen.
Thirteen species and 1824 individuals were collected
from native saltmarsh. In S. anglica marsh, 16 species
and 1620 individuals were collected. Both S. anglica
marsh and native saltmarsh were dominated by the
molluscs, Hydrococcus brazieri and Tatea rufilabris, and
the amphipod Eorchestia palustris. Salinator fragilis was
only found in mudflat habitats; conversely, Salinator sol-
ida was only found in vegetated habitat. The annelid,
Boccardia sp., was common in native saltmarsh but rare
in S. anglica and mudflat habitats. Table 1 provides a list
of invertebrate species abundances in each habitat type.

Habitat characteristics

Mean ± SE values of environmental variables for each
habitat sites are detailed in Table 2. Mean temperature
and salinity of sediment water over the sampling period
was similar for all habitat types. Redox values of sedi-
ment pore water differed significantly between habitats
(ANOVA F2,57 = 19.8, P < 0.001). Student–Neumann–
Keulls (SNK) comparisons showed that all habitats
were significantly different when compared with each
other.

Differences in the organic content of sediments
between sites were not considered to be significant
(Kruskal–Wallis ANOVA H2 = 1.59, P = 0.452). Dif-
ferences in the biomass of roots and rhizomes between
vegetated sites were not considered to be significant
(Student’s t-test t18 = 1.75, P = 0.098). However, the
power of the performed test (0.2604) is below the
desired power (0.8) to exclude the possibility that a type
II error has occurred. Modal sediment size varied con-
siderably between sites but not between habitats.
However, at sites 5–7, modal sediment size of native
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saltmarsh sediments (phi 4) was smaller than mudflat
(phi 2.5) and S. anglica marsh (modal phi 2.5–3).

Univariate analyses

Total abundance of invertebrates per core sample dif-
fered significantly between habitats (Kruskal–Wallis
ANOVA H2 = 34.5, P < 0.001), with that of mudflats sig-
nificantly lower (11) than in native saltmarsh (53) and
S. anglica marsh (44), which did not differ (Table 1).

Species richness per core sample differed significantly
between habitats (Kruskal–Wallis ANOVA F2,57 = 12.5,
P < 0.001), with that of mudflat habitat (3.25) lower
than in S. anglica marsh (5.85) and native saltmarsh
(5.65), which did not differ (Table 1).

Mollusc abundance per core sample and crustacean
abundance per core both differed significantly between
habitats (Kruskal–Wallis ANOVA H2 = 35.3, P < 0.001)
and Kruskal–Wallis SNK comparisons showed that
mollusc and crustacean abundance in mudflat habitat
were lower than in native saltmarsh and S. anglica
marsh. Native saltmarsh and S. anglica marsh were not
different in either mollusc or crustacean abundance.
Polychaete abundance per core between habitats did
not differ significantly (Kruskal–Wallis ANOVA H2 =
2.92, P = 0.233).

Total abundance of invertebrates was significantly
correlated (Spearman rank order, P < 0.05) with the
redox values, organic matter and silt content of sedi-
ments. Biomass of roots and rhizomes and total abun-
dance of invertebrates were also significantly correlated
(Spearman rank order P < 0.001). Species richness was
significantly correlated with biomass (Spearman rank
order P < 0.001), but not with organic matter, redox
values or silt content of the sediments.

Multivariate analyses

Ordination (SSH MDS, three dimension, stress 0.113)
of sites based on abundance of 18 taxa clearly sepa-
rated mudflat communities (upper right sector of ordi-
nation space) from vegetated communities (Fig. 2).
Sites from native saltmarsh and S. anglica marsh were
generally grouped together on the left sector of the ordi-
nation space. Furthermore, vegetated sites were tightly
grouped relative to mudflat sites. Ordination (SSH
MDS, three dimension, stress = 0.143) of core 
samples also clearly separated mudflat from vegetated
communities (ordination not shown).
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Fig. 2. Ordination (SSH MDS, three dimension, stress =
0.113) of 30 sites (MF, mudflat; SM, native saltmarsh; SP,
Spartina anglica marsh) based on 18 benthic macroinverte-
brate taxa from the Little Swanport estuary, Tasmania, dur-
ing August 1997.

Fig. 3. Ordination (SSH MDS, three dimension, stress =
0.145) of 30 sites (MF, mudflat; SM, native saltmarsh; SP,
Spartina anglica marsh) based on 18 benthic macroinverte-
brate taxa and environmental characteristics from the Little
Swanport estuary, Tasmania, during August 1997.

Fig. 4. Benthic macroinvertebrate taxa and environmental
characteristics considered to be significantly correlated with
the ordination space (see Fig. 3) on the basis of a Monte
Carlo test. Salf, Salinator fragilis; Sals, Salinator solida; Hydr,
Hydrococcus brazieri; Tate, Tatea rufilabris; Eorc, Eorchestia
palustris; Para, Paracorophium sp.; Neph, Nephtys australien-
sis. Biom, root and rhizome biomass; Orga, organic content
of sediments; Sedi, modal sediment size.



Ordination (SSH MDS, three dimension, stress =
0.145) of sites based on taxa and environmental
characteristics separated mudflat sites from vegetated
sites (Fig. 3). Although there is dissimilarity between
vegetated sites, distinct differences between native salt-
marsh and S. anglica sites were not apparent. Sites in
Luttrells Bay (sites 8–10) showed some degree of 
similarity forming two main groups in the right sector
of the ordination space: vegetated sites and mudflats.
Seven taxa and five environmental characteristics were
significantly (P < 0.01) correlated with the ordination
space on the basis of a Monte Carlo test (Table 3).
Figure 4 illustrates these variables as vectors in the same
ordination space. Generally, S. fragilis and relatively
high pH values are associated with mudflat habitat,
while S. solida, H. brazieri, E. palustris, T. rufilabris, bio-
mass and relatively high redox values are associated
with vegetated habitats. Ordination (SSH MDS, three
dimension, stress = 0.149) of core samples based on
18 benthic invertebrate taxa and environmental charac-
teristics also separated mudflat from vegetated sites
(ordination not shown).

DISCUSSION

With the exception of a pilot project conducted by
Hedge (1997, unpublished data), this study provides
the first detailed and comprehensive investigation of 
S. anglica impacts to intertidal fauna in Australia.
Studies examining the impact of exotic Spartina on
intertidal fauna in the River Sour, England (Jackson
1985) and Willapa Bay, WA, USA (Luiting et al. 1997)
have been based on a two-way comparison between
invaded mudflats and adjacent uncolonised mudflats.
The design of this study, a three-way comparison of
mudflat, native saltmarsh and S. anglica marsh habi-
tat, appears to be unique.

Results indicate that during the winter in the Little
Swanport estuary, species richness and species abun-
dance of benthic macroinvertebrate communities asso-
ciated with S. anglica marsh are significantly different
when compared to that of adjacent mudflats. However,
differences in species diversity and total abundance of
invertebrates between S. anglica marsh and native salt-
marsh were not statistically significant. Univariate
analyses show that species richness, total abundance of
invertebrates, crustacean abundance and mollusc abun-
dance were all significantly higher in native saltmarsh
and S. anglica marsh than in adjacent mudflats.
Furthermore, multivariate analyses (ordination and
cluster analyses) based on benthic macroinvertebrate
taxa and habitat variables consistently separated sites
and cores into two main groups: those representing
mudflat habitat and those representing vegetated habi-
tat. Thus, the results of this study provide evidence to
suggest that the null hypothesis should be rejected in
that species richness and species abundance of benthic
macroinvertebrates in exotic S. anglica marsh does 
differ significantly when compared with adjacent 
uninvaded mudflat habitats. However, there are 
elements of the habitat for which this may not hold true.
The study found that there were no significant dif-
ferences between communities of native saltmarsh and
exotic S. anglica.

The most abundant and widespread species inhabit-
ing mudflat was N. australiensis, with this polychaete
present in 95% of mudflat core samples. Other sub-
dominant species, such as Paracorophium sp., S. frag-
ilis and A. semen were patchy in their distribution,
occurring in less than 45% of core samples. Salinator
fragilis, a widespread estuarine mollusc (Edgar 1997),
was the only species to occur exclusively in mudflat
habitat, all other mudflat species inhabited S. anglica
marsh. Macroinvertebrate assemblages of native salt-
marsh and S. anglica marsh showed a remarkable
degree of similarity, particularly with regard to abun-
dance of dominant species (e.g. H. brazieri, T. rufilabris,
E. palustris and N. australiensis). However, the spionid
polychaete, Boccardia sp. was more abundant in native
saltmarsh than in S. anglica marsh.

Differences in benthic macroinvertebrate assem-
blages between habitat types may be attributed to a
variety of factors. When S. anglica invades mudflat or
native saltmarsh, subterranean habitat structure is
altered. In the case of mudflats, the presence of dense
networks of culms, rhizomes and roots after Spartina
invasion increases habitat complexity and hetero-
geneity (Lana & Guiss 1991; Flynn et al. 1996).
Spartina invasion may also alter habitat complexity and
heterogeneity of native saltmarshes (Capehart &
Hackney 1989). However, our results did not find 
significant differences in species richness and total
abundance of invertebrates between vegetated habitats.
Begon et al. (1996) point out that increases in spatial
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Table 3. Benthic macroinvertebrate taxa and 
environmental characteristics significantly correlated with
the ordination space on the basis of a Monte Carlo test

Variable Correlation (r)

Hydrococcus brazieri 0.9
Tatea rufilabris 0.82
Eorchestia palustris 0.8
Nephtys australiensis 0.75
Paracorophium sp. 0.67
Salinator  solida 0.66
S. fragilis 0.6
Biomass 0.91
Organic matter 0.9
pH 0.76
Redox 0.71
Modal sediment size 0.68

P < 0.01. See Fig. 3 for details of ordination.



heterogeneity may correspond with increases in species
richness and effects on species abundance (Pickett &
Cadenasso 1995; Begon et al. 1996).

Spartina roots and rhizomes can actively contribute
to sediment oxygenation, encouraging faunal coloni-
sation (Teal & Wieser 1966; Osenga & Coull 1983;
Lana & Guiss 1991). Results of this study show 
that sediment redox values were significantly higher 
(P < 0.05) in S. anglica marsh than adjacent mudflats
and that redox and total abundance of invertebrates
were positively correlated (rs = 0.39, P = 0.01). Thus,
higher species richness and invertebrate abundance of
macrofaunal communities inhabiting S. anglica marsh,
relative to those inhabiting mudflats, may be attributed
to increases in habitat complexity, spatial heterogene-
ity and sediment oxygenation resulting from S. anglica
invasion.

Other factors that may influence macrofaunal assem-
blages are resource availability and predation pressure.
S. anglica is a highly productive saltmarsh plant (Long
& Mason 1983; Adam 1990). Although studies in the
temperate northern hemisphere show that only a small
percentage of its biomass is grazed by herbivores (Long
& Mason 1983), its contribution to the detrital food
web is substantial and may be directly linked to
increased secondary production. Chung (1990) and
Doody (1990) claim that mudflat and estuarine pro-
ductivity is increased after S. anglica invasion.
Furthermore, Lana & Guiss (1991) point out that 
S. alterniflora detritus promotes the abundance of
macroinvertebrates. Results of our study show that
species abundances of benthic macroinvertebrates
inhabiting S. anglica marsh are almost six times that 
of adjacent mudflats. Furthermore, total abundance 
of invertebrates was positively correlated (rs = 0.69, 
P < 0.001) with the root and rhizome biomass of 
vegetated sites.

Spartina anglica marsh may also provide a refuge for
resident fauna by providing protection from abiotic
stresses or predation. For example, the dense aggrega-
tion of S. anglica culms may provide shade and reduce
wind velocities thus mitigating the effects of desiccation
on epibenthic fauna. Fish and wader birds are promi-
nent predators on mudflats. Minello & Zimmerman
(1983) examined the effects of simulated Spartina on
predation rates of estuarine fish. They found that veg-
etative structure reduced predation rates of pinfish,
Lagodon rhomboides, and Atlantic croaker, Micropogonias
undulatus. Furthermore, resident and migratory wader
birds exert heavy predation pressure on mudflat
macroinvertebrate communities (Long & Mason 1983;
Reise 1985; Inglis 1995). Reports from Victoria,
Australia (Simpson 1995) and England (Evans 1986;
Goss-Custard & Moser 1990) state that wader birds
avoid S. anglica infested mudflats. Thus, invasion of
mudflats by S. anglica may promote species abundance
and species richness of macroinvertebrates by provid-

ing a refuge from abiotic stresses and reducing preda-
tion pressure.

Comparison with similar studies

In the preceding summer (February 1996) Hedge
(1997, unpublished) conducted a similar study on
macroinvertebrate communities of S. anglica marsh and
adjacent mudflats in a nearby region of the Little
Swanport estuary. Species richness and total abun-
dance of invertebrates were significantly higher in 
S. anglica marsh. Furthermore, multivariate analyses
based on macroinvertebrate taxa of core samples pro-
duced two main groupings: cores taken from mudflats
and cores taken from S. anglica marsh. There are
notable differences in macrofaunal assemblages
reported by Hedge (1997, unpublished) and the
assemblages reported in this study. Seasonal and 
temporal fluctuations in benthic macrofaunal assem-
blages are well documented (Reise 1985; Lana & 
Guiss 1991; Thrush 1991; Edgar & Shaw 1993;
Mannino & Montagna 1997; Wilson et al. 1999).
Higher species richness is likely to have been influenced
by increased sampling effort (increased number of core
samples).

Research in the UK (Long & Mason 1983; Jackson
et al. 1985), the USA (Luiting et al. 1997) and in Brazil
(Lana & Guiss 1991) have compared the structure of
benthic invertebrate communities inhabiting mudflat
and adjacent vegetated communities. Results from
these studies indicate that there are significant differ-
ences in species richness and species abundance
between habitat types. However, differences are 
variable between habitats and appear to be strongly
influenced by seasonality. Furthermore, when com-
paring studies of these different regions, the responses
of resident faunal assemblages to invasion are incon-
sistent.

In conclusion, the results of this study provide 
evidence suggesting that S. anglica invasion of mudflat
habitat in Little Swanport estuary may significantly 
promote a more species rich and abundant macro-
benthos. Of notable interest, however, was that 
communities associated with S. anglica marsh are
remarkably similiar to those associated with native salt-
marsh occurring at a similar tidal height. In the light
of these results, it is tempting to speculate that S. anglica
invasion may not necessarily constitute a major eco-
logical threat to Australia’s temperate estuaries.
However, the results of this study should be considered
to be a snapshot only, and due consideration should
be made for the temporal and spatial variation that
characterizes benthic communities of soft-bottom habi-
tats. Furthermore, this study has only examined a rel-
atively small component of a complex estuarine system.
Unfortunately, there are no other known empirical
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studies examining the effects of S. anglica invasion on
the flora or fauna of Australia’s temperate estuaries.

ACKNOWLEDGEMENTS

The authors would like to thank the staff of the Centre
for Environmental Studies, University of Tasmania; in
particular, Dr Peter McQuillan and Karyl Michaels for
advice on experimental design and statistical analyses.
Dr Graham Edgar, Department of Zoology, University
of Tasmania, also provided valuable assistance. Finally,
we would like to thank Col, Sue and Hayden Dyke for
support and advice during the field work component
of this study.

REFERENCES

Adam P. (1985). Coastal Wetlands of New South Wales. Coastal
Council of New South Wales, Sydney.

Adam P. (1990). Saltmarsh Ecology. Cambridge University Press,
Cambridge.

Adam P. (1995) Saltmarsh. In: The Marine Environment.
Technical Annex 1 from the State of the Marine Environment
Report for Australia (ed. L. P. Zann & P. Kailola) pp. 97–105.
Great Barrier Reef Marine Park Authority, Townsville.

Begon M., Harper J. L. & Townsend C. R. (1996). Ecology:
Individuals, Populations and Communities, 3rd edn. Blackwell
Science, Oxford.

Belbin L. (1991). PATN. Pattern Analysis Package. CSIRO,
Canberra.

Bell C. (1995) Statement from the Marine and Coastal
Community Network. In: Proceedings of the Australasian
Conference on Spartina Control (eds J. E. Rash, R. C.
Williamson & S. J. Taylor) p. 72. Victorian Government
Publication, Melbourne.

Bishop A. (1995) Assessing options for Spartina containment in
Tasmania. In: Proceedings of the Australasian Conference on
Spartina Control (eds J. E. Rash, R. C. Williamson & 
S. J. Taylor) pp. 14–19. Victorian Government Publication,
Melbourne.

Blood K. (1995) Spartina in Anderson Inlet. In: Proceedings of
the Australasian Conference on Spartina Control (eds J. E. Rash,
R. C. Williamson & S. J. Taylor) pp. 61–2. Victorian
Government Publication, Melbourne.

Bridgewater P. (1995) Opening Address. In: Proceedings of the
Australasian Conference on Spartina Control (eds J. E. Rash,
R. C. Williamson & S. J. Taylor) pp. 2–4. Victorian
Government Publication, Melbourne.

Capehart A. A. & Hackney C. T. (1989) The potential role of
roots and rhizomes in structuring saltmarsh benthic com-
munities. Estuaries 12, 119–22.

Carlton J. T. (1989) Man’s role in changing the face of the ocean:
Biological invasions and implications for conservation of
near-shore environments. Conserv. Biol. 3, 265–73.

Carlton J. T. (1994) Biological invasions and biodiversity in the
sea: The ecological and human impacts of nonindigenous
marine and estuarine species. In: Nonindigenous Estuarine and
Marine Organisms (NEMO) (eds R. H. Brown, D. J. Baker
& D. K. Sullivan) pp. 5–12. United States Department of
Commerce, National Oceanic and Atmospheric Admin-
istration, Seattle.

Carlton J. T. (1996a) Pattern, process and prediction in marine
invasion ecology. Biol. Conserv. 78, 78–106.

Carlton J. T. (1996b) Marine bioinvasions: the alteration of
marine ecosystems by nonindigenous species. Oceanography
9, 36–43.

Chung C. (1990) Twenty five years of introduced Spartina anglica
in China. In: Spartina anglica: a Research Review (eds A. J.
Gray & P. E. M. Benham) pp. 72–6. Institute of Terrestrial
Ecology Research Publication no. 2, London.

Clarke K. R. (1993) Non-parametric multivariate analyses of
changes in community structure. Aust. J. Ecol. 18, 117–43.

Connolly R. M., Dalton A. & Bass D. A. (1997) Fish use of an
inundated saltmarsh flat in a temperate Australian estuary.
Aust. J. Ecol. 22, 222–6.

Doody J. P. (1990) Spartina – friend of foe? In: Spartina anglica:
a Research Review (eds A. J. Gray & P. E. M. Benham) pp.
77–9. Institute of Terrestrial Ecology Research Publication
no. 2, London.

Edgar G. J. (1997). Australian Marine Life: the Plants and Animals
of Temperate Waters. Reed Books, Melbourne.

Edgar G. J. & Shaw C. (1993) Inter-relationships between sedi-
ments, seagrasses, benthic invertebrates and fishes in 
shallow marine habitats off south-western Australia. In:
Marine Flora and Fauna of Rottnest Island, Western Australia
(eds D. I. Walker, F. E. Wells, H. Kirkman & R. Lethbridge)
pp. 429–42. Western Australian Museum, Perth.

Edgar G. J. & Shaw C. (1995) The production and trophic 
ecology of shallow-water fish assemblages in southern
Australia. III. General relationships between sediments, sea-
grasses, invertebrates and fishes. J. Exp. Mar. Biol. Ecol. 194,
107–31.

Edgar G. J., Shaw C., Watson G. F. & Hammond L. S. (1994)
Comparisons of species richness, size structure, and pro-
duction of benthos in vegetated and unvegetated habitats 
in Western Port, Victoria. J. Exp. Mar. Biol. Ecol. 176,
201–26.

Evans P. R. (1986) Use of the herbicide ‘Dalapon’ for control of
Spartina encroaching on intertidal mudflats: beneficial
effects on shorebirds. Colon. Waterbirds 9, 171–5.

Fairweather P. G. & Quinn G. P. (1995) Marine Ecosystems: hard
and soft shores. In: The Marine Environment. Technical
Annex 1 from the State of the Marine Environment Report
for Australia (eds L. P. Zann & P. Kailola) pp. 97–105. Great
Barrier Reef Marine Park Authority, Townsville.

Flynn M. N., Tararam A. S. & Wakabara Y. (1996) Effects of
habitat complexity on the structure of macrobenthic associ-
ation in a Spartina alterniflora marsh. Rev. Bras. Oceanogr.
44, 9–21.

Fotheringham D. G., Carter R. J. & Cooke D. A. (1995) Spartina
in South Australia. In: Proceedings of the Australasian
Conference on Spartina Control (eds J. E. Rash, R. C.
Williamson & S. J. Taylor) pp. 5–10. Victorian Government
Publication, Melbourne.

Gaston K. (1996) Species richness: measure and measurement.
In: Biodiversity: a Biology of Numbers and Difference (ed. 
K. Gaston) pp. 77–113. Blackwell Science, Oxford.

Gibbs H. & Phillips H. (1995) Statement from the Royal
Australasian Ornithologists Union. In: Proceedings of the
Australasian Conference on Spartina Control (eds J. E. Rash,
R. C. Williamson & S. J. Taylor) p. 72. Victorian Govern-
ment Publication, Melbourne.

Goss-Custard J. D. & Moser M. E. (1990) Changes in the 
numbers of dunlin (Calidris alpina) in British estuaries 
in relation to changes in the abundance of Spartina. 
In: Spartina anglica: a Research Review (eds A. J. Gray & 

158 P. HEDGE



P. E. M. Benham) pp. 69–71. ITE Research Publication no.
2, London.

Hedge P. T. (1997a). Strategy for the Management of Rice Grass,
Spartina anglica, in Tasmania, Australia. Rice Grass Advisory
Group, Department of Primary Industries, Water and
Environment, Hobart.

Hewitt C. L. & Martin R. B. (1996) Port surveys for introduced
marine species – background considerations and sampling
protocols. Technical Report no. 4. CSIRO, Centre for
Research on Introduced Marine Pests, Hobart.

Inglis G. J. (1995) Intertidal muddy shores. In: Coastal Marine
Ecology of Temperate Australia (eds A. J. Underwood & 
M. G. Chapman) pp. 171–86. University of New South
Wales Press, Sydney.

Jackson D. (1985) Invertebrate populations associated with
Spartina anglica saltmarsh and adjacent intertidal mudflats.
ESBA Bull. 40, 8–14.

Jackson D., Mason C. F. & Long S. P. (1985) Macro-invertebrate
populations and production on a salt-marsh in east England
dominated by Spartina anglica. Oecologia 56, 406–11.

Lana P. C. & Guiss C. (1991) Influence of Spartina alterniflora
on structure and temporal variability of macrobenthic
associations in a tidal flat of Paranagua Bay (southeastern
Brazil). Mar. Ecol. Prog. Ser. 73, 231–44.

Leppakoski E. (1993) The Baltic and the Black Sea – seriously
contaminated by nonindigenous species?. In: Nonindigenous
Estuarine and Marine Organisms (NEMO) (eds R. H. Brown
D. J. Baker & D. K. Sullivan) pp. 37–42. United States
Department of Commerce, National Oceanic and
Atmospheric Administration, Seattle.

Long S. P. & Mason C. F. (1983) Saltmarsh Ecology. Blackie and
Sons, New York.

Luiting V. T., Cordell J. R., Olson A. M. & Simenstad C. A.
(1997) Does exotic Spartina alterniflora change benthic 
invertebrate assemblages?. In: Proceedings of the Second
International Spartina Conference (ed. K. Pattern) pp. 48–50.
Washington State University, Olympia, WA.

Mannino A. & Montagna P. A. (1997) Small-scale spatial vari-
ation of macrobenthic community structure. Estuaries 20,
159–73.

Margules C. & Usher M. B. (1981) Criteria used in assessing
wildlife potential: a review. Biol. Conserv. 21, 79–109.

Minello T. J. & Zimmerman R. J. (1983) Fish predation on 
juvenile brown shrimp, Penaeus aztecus (Ives): The effect of
simulated Spartina structure on predation rates. J. Exp. Mar.
Biol. Ecol. 72, 211–31.

Mitchell I. (1988) Tasmanian Shellfish Sanitation Control Program:
Little Swanport Sanitary Survey. Department of Sea Fisheries,
Hobart.

Morrisey D. (1995) Saltmarshes. In: Coastal Marine Ecology of
Temperate Australia (eds A. J. Underwood & M. G. Chapman)
pp. 205–220. University of New South Wales Press, Sydney.

Nolan C. (1993) Introduced species in European coastal waters.
In: Proceedings of the Second International Spartina Conference
(ed. K. Pattern). Washington State University, Olympia, WA.

Osenga G. A. & Coull B. C. (1983) Spartina alterniflora (Loisel)
root structure and meiofaunal abundance. J. Exp. Mar. Biol.
Ecol. 67, 221–5.

Pickett S. T. A. & Cadenasso M. L. (1995) Landscape ecology:
spatial heterogeneity in ecological systems. Science 26, 331–4.

Pollard D. (1981) Estuaries are valuable contributors to fisheries
production. Aust. Fish. 40, 7–9

Pringle A. (1975) The establishment of Spartina in the Tamar
estuary. Pap. Proc. R. Soc. Tasman. 109, 65–75.

Pringle A. W. (1993) Spartina anglica colonisation and physical
effects in the Tamar estuary, Tasmania 1971–91. Pap. Proc.
R. Soc. Tasman. 127, 1–10.

Pritchard G. (1995) Herbicide trials on Spartina. In: Proceedings
of the Australasian Conference on Spartina Control (eds 
J. E. Rash, R. C. Williamson & S. J. Taylor) p. 66. Victorian
Government Publication, Melbourne.

Raffaelli D. & Hawkins S. (1996). Intertidal Ecology. Chapman
& Hall, London.

Rainer S. (1981) Temporal patterns in the structure of macro-
benthic communities of an Australian estuary. Estuarine
Coastal Shelf Science 13, 597–620.

Reise K. (1985). Tidal Flat Ecology: an Experimental Approach to
Species Interactions. Springer-Verlag, Heidelberg.

Robertson A. I. (1994) Sandy beaches and intertidal flats. In:
Marine Biology (eds L. S. Hammond & R. N. Synnot) pp.
297–314. Longman Cheshire, Melbourne.

Saenger P. (1994) Mangroves and saltmarshes. In: Marine Biology
(eds L. S. Hammond & R. N. Synnot) pp. 238–56.
Longman Cheshire, Melbourne.

Saenger P. (1995) The status of Australian estuaries and enclosed
marine waters. In: The Marine Environment. Technical
Annex 1 from the State of the Marine Environment Report
for Australia (eds L. P. Zann & P. Kailola), pp. 97–105. Great
Barrier Reef Marine Park Authority, Townsville.

Simpson J. (1995) Wading birds of Anderson Inlet and the work
of the Victorian Wader Study Group. In: Proceedings of the
Australasian Conference on Spartina Control (eds J. E. Rash,
R. C. Williamson & S. J. Taylor) p. 67. Victorian Govern-
ment Publication, Melbourne.

Teal J. M. & Wieser W. (1966) The distribution and ecology of
nematodes in a Georgia saltmarsh. Limnol. Oceanogr. 11,
217–22.

Thompson J. D. (1991) The biology of an invasive plant. Biosci.
41, 393–401.

Thrush S. F. (1991) Spatial patterns in soft-bottom communi-
ties. Trends Ecol. Evol. 6, 75–9.

Wells A. (1995) Rice grass in Tasmania – An overview. In:
Proceedings of the Australasian Conference on Spartina Control
(eds J. E. Rash, R. C. Williamson & S. J. Taylor) pp. 11–13.
Victorian Government Publication, Melbourne.

Whitlatch R. B. (1977) Seasonal changes in the community struc-
ture of the macrobenthos inhabiting the intertidal sand and
mudflats of Barnstable Harbor, Massachusetts. Biol. Bull.
152, 275–94.

Whitlatch R. B. (1981) Animal–sediment relationships in inter-
tidal marine benthic habitats: some determinants of deposit-
feeding diversity. J. Exp. Mar. Biol. Ecol. 53, 31–45.

Williamson R. C. (1995) Spartina in Victoria – An overview. In:
Proceedings of the Australasian Conference on Spartina Control
(eds J. E. Rash, R. C. Williamson & S. J. Taylor) pp. 26–9.
Victorian Government Publication, Melbourne.

Wilson R. S., Heislers S. & Poore G. C. B. (1999) Changes 
in benthic communities of Port Phillip Bay, Australia,
between 1969 and 1995. Aust. J. Mar. Freshwat. Res. 49,
847–61.

Wong V., Richardson A. M. M. & Swain R. (1993). The
Crustaceans and Molluscs of Tasmanian Saltmarshes. Depart-
ment of Zoology, University of Tasmania, Hobart.

EFFECTS OF SPARTINA ANGLICA INVASION ON BENTHIC MACROFAUNA 159


