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Introduced Spartina anglica modifies fish habitat
in southern temperate succulent saltmarshes
Violet Harrison-Day1,2 , Vishnu Prahalad1, Melinda T. McHenry1, John Aalders1,
Jamie B. Kirkpatrick1

Vegetation changes in saltmarsh habitat can influence fish assemblages and abundance. In Tasmania, Australia, mid-latitude
succulent saltmarsh communities have been invaded by the introduced tall grass, Spartina anglica. Eradication efforts have
been ongoing since the 1990s with purported benefits for fish access to intertidal foraging grounds, but a lack of knowledge
of the impact of S. anglica on fish limits understanding of the benefits and effectiveness of native habitat restoration. Here,
we investigate whether fish assemblages in native saltmarshes and non-native S. anglica grassland differ in species diversity,
fish abundance, and size class distribution. We used buoyant pop nets to sample fishes in Sarcocornia quinqueflora herbland
and S. anglica grassland swards at three sampling stations in northwest Tasmania. Very few individuals and low species diver-
sity were recorded in both vegetation types at the sampling station with the most well-established S. anglica infestation.
Elsewhere, richness and diversity were higher in S. quinqueflora herbland. Overall fish abundance was higher in
S. quinqueflora than in S. anglica, with a very strong effect at one sampling station. Fewer small individuals of the numerically
dominant Atherinosoma microstoma were recorded in S. anglica, potentially indicating impaired nursery function. Our results
provide important insights for S. anglica control, as we are the first to demonstrate a relationship between S. anglica presence
and fish characteristics in southern Australian saltmarsh. These results indicate that S. anglica control is valuable for fish
conservation. An extension of our research to document the effects of S. anglica removal on fishes is desirable.
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Implications for Practice

• We provide evidence that eradication of Spartina anglica
from succulent saltmarshes could benefit fish access to
intertidal habitat and improve nursery function.

• The negative impact of established S. anglica swards on
accessibility for fishes may be explained by the structural
differences between the grassland, which is emergent
during highest spring tides, and low succulent vegetation
that is completely submerged at high tides (and accessible
to fishes).

• Further studies posteradication will test our findings.

Introduction

Saltmarshes provide nursery habitat, feeding opportunities, and
refuge from predation for resident and transient fish species
(Minello et al. 2003; Rountree & Able 2007). While much atten-
tion has been directed at hydrological restoration to benefit these
fish habitats, there is also a need to focus on interspecific interac-
tions (Roman & Burdick 2012). Range expansion of native
marshland flora (e.g. Able & Hagan 2000; Meyer et al. 2001;
Osgood et al. 2003), encroachment of neighboring mangroves

(e.g. Kelleway et al. 2017) and the establishment of introduced
species (e.g. Kriwoken & Hedge 2000; Quan et al. 2011) all
affect saltmarsh habitat value. Advancing our ecological under-
standing of the impacts of these interspecific interactions on fish
habitat in saltmarshes is therefore a management priority, espe-
cially to develop predictions and guidelines for tailored restora-
tion practice.

Range expansions and localized marshland plant population
increases can alter sediment load and entrapment of organic
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material, modifying flooding frequency and refugia for benthic
macroinvertebrates and fishes (Able & Hagan 2000; Osgood
et al. 2003). For instance, marshes dominated by the cordgrass
Spartina alterniflora are known to contain a varied surface
topography of puddles and depressions, which are likely to pro-
vide habitat for fishes during early life stages, while marshes
dominated by the tall reed Phragmites australis have been found
to develop flatter surfaces and to have a reduced flooding fre-
quency and duration (Windham & Lathrop 1999; Able &
Hagan 2000; Osgood et al. 2003). Change in access to the marsh
due to vegetation-influenced topographic change may therefore
inhibit nursery habitat function (Osgood et al. 2003). Plant com-
munity compositional change can also result in modified struc-
tural diversity (i.e. in height, stem density, and evenness),
potentially affecting tidal flow rates, canopy cover, and freedom
of movement for marshland fishes and other fauna (Wainright
et al. 2000; Hanson et al. 2002; Laffaille et al. 2005). In addition
to changes in the relative importance of different primary pro-
ducers in the local aquatic food web (Hindell & Warry 2010),
fish diet and access to prey can be altered by changes in litter
production (obstructing foraging; Laffaille et al. 2005) and shad-
ing (influencing microalgal biomass; Wainright et al. 2000).

Introduced and invasive plant species sometimes induce addi-
tional stress forfishes and nekton. For instance, changes in prey type
have been related to higher litter production (and decreased foraging
accessibility) in invasive Elymus athericus relative to the previously
dominant Atriplex portulacoides in French estuaries (Laffaille
et al. 2005). Lower juvenile fish numbers, particularly of the domi-
nant fish species Fundulus heteroclitus, have been related to the
effects of invading P. australis on marsh microtopography in the
United States (Able & Hagan 2000; Osgood et al. 2003). However,
not all introduced plant species invasions are deleterious for fish
communities. In the Yangtze River Estuary in China, for instance,
fish habitat utilization of invasive S. alterniflora was similar to that
in native Scirpus mariqueter sedge-marshlands under similar phys-
ical conditions (Quan et al. 2011). Similarly, Meyer et al. (2001)
found no significant differences in fish abundance, biomass or
diversity between invading P. australis marsh and S. alterniflora
native marshland in Chesapeake Bay, U.S.A.

The cordgrass Spartina anglica, C.E.Hubb., Poaceae, acts
invasively in the United Kingdom (where it originated as a fertile
hybrid of S. x townsendii and S. alterniflora; Roberts &
Pullin 2008). Since the nineteenth century, S. anglica has been
the dominant grass in U.K. saltmarshes. The species also invades
saltmarshes in Europe (Granse et al. 2021), Australia,
New Zealand (Lee & Partridge 1983; Kriwoken & Hedge 2000),
and Asia (Zhang et al. 2017; Shin et al. 2020). Invasion is charac-
terized by rapid, dense growth of stems and rhizomes,which leads
to displacement of preexisting marsh vegetation, loss of mudflats,
loss of other sediments, and consequent changes to saltmarsh
geomorphology (Hedge & Kriwoken 2000; Roberts &
Pullin 2008). In some cases, the spread of S. anglica has been
reported to have resulted in loss of habitat for native fauna in addi-
tion to the impacts on native flora (Lee & Partridge 1983; Kriwo-
ken & Hedge 2000). Recently, however, S. anglica has been
found to be associated with sediment accretion and a high plant
species diversity (richness and evenness), which has been

considered beneficial with rising sea levels (Granse et al. 2021).
The substantial changes in saltmarsh conditions resulting from
the arrival of this species, either positive or negative, have
prompted some to term S. anglica an invasive transformer
(Granse et al. 2021).

In Australia, the introduced cordgrasses S. anglica and
S. x townsendii are present in temperate coastal saltmarshes, with
only S. anglica found in Tasmania (Hindell & Warry 2010).
In many of the estuaries of the north and northwest coast of
Tasmania, S. anglica has formed dense swards on the previously
open nonvegetated flats and vegetated low marsh, displacing
native ground-cover vegetation dominated by Sarcocornia quin-
queflora (Bunge ex Ung.-Sternb.) A.J. Scott, Chenopodiaceae.
Unlike the rest of Australia, Tasmania lacks mangroves, with salt-
marshes extending slightly lower on the tidal frame and overlap-
ping with the upper ranges of S. anglica (Prahalad et al. 2020).
Consequently, these Tasmanian saltmarshes and their nearby
open tidal flats have experienced a marked structural shift from
low succulent-dominated vegetation to much taller graminoid
marsh. This shift contrasts with the graminoid-replacing grami-
noid invasions in the northern hemisphere (e.g. Able &
Hagan 2000; Meyer et al. 2001; Quan et al. 2011) (Fig. 1).

Work on the impacts of S. anglica onAustralian saltmarsh fauna
has previously been limited to invertebrates and single fish species
(Hedge & Kriwoken 2000; Hindell & Warry 2010; Shimeta
et al. 2016). Hedge and Kriwoken (2000) investigated the effects
of S. anglica invasion on benthic macrofauna in Tasmania, finding
no significant differences in species richness and total invertebrate
abundance between native and S. anglica marsh. Shimeta et al.
(2016) investigated the ecological consequences of herbicidal con-
trol of S. anglica on macrofauna, finding no differences in macro-
fauna between sprayed and unsprayed plots at 19 months
posttreatment. Hindell and Warry (2010) provided insight into
the importance of Spartina (both S. anglica and S. x townsendii)
to the nutrition of one fish,Macquaria colonorum (Estuary Perch),
in a Victorian inlet, with stable isotope and gut content analyses
indicating that Spartina, in combination with the native seagrass,
was likely to be an important contributor to nutrition.

The combination of observed change in postinvasion struc-
tural habit and limited research on the impacts of S. anglica on
fauna in any part of Australia (Hedge & Kriwoken 2000;
Hindell & Warry 2010; Shimeta et al. 2016) has been a cause
for concern among ecologists and wetland managers.
Notwithstanding this lack of knowledge, over three decades of
S. anglica eradication activities have been undertaken, with
renewed efforts to restore native saltmarsh being funded for
the period 2019–2023 by the Australian Government.

Spartina anglica is the most invasive species found in Tasma-
nian saltmarshes (Prahalad et al. 2020). As part of the Australian
Government’s Fisheries Action Program in 2001, Tasmanian
saltmarsh restoration efforts were funded explicitly for the ben-
efits of fishes, with a focus on larger and commercially/
recreationally important species, and their access to intertidal
foraging grounds. Yet, there is a notable lack of scientific docu-
mentation of negative effects of S. anglica on fishes. The effects
of invasive S. anglica on fish assemblages have therefore been
highlighted as an important research priority (Prahalad
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et al. 2020). Knowledge of any impacts of S. anglica on fishes is
needed to advance restoration planning and prioritization.

The present study aims to determine if there are differences in
the fish assemblages of saltmarshes dominated by native mat-
forming succulent S. quinqueflora and those dominated by intro-
duced tall graminoid S. anglica marsh in northwest Tasmania,
where eradication efforts are currently underway. In addition
to seeking to test the proposition that S. anglica discourages fish
access to intertidal habitat, we also examine the environmental
attributes (vegetation and edaphic characteristics) of this inva-
sive grass that might contribute to this tendency. We investigate
whether fish assemblages in native saltmarsh and S. anglica
marsh differ in (1) species diversity (using the Shannon–Weiner
diversity index,H0), (2) fish species richness, (3) fish abundance,
and (4) fish size class distribution. An understanding of the dif-
ferences in fish assemblages in diverse southern temperate sea-
scape settings will more broadly contribute to invasion and
restoration ecology by documenting the effects of invasive tall
graminoids displacing short succulents, and provide information
needed for prioritizing restoration activities.

Methods

Study Area

Duck Bay is in the Circular Head coastal region of far northwest
Tasmania (Fig. 2). This region contains nearly 25% of the

mapped saltmarsh in Tasmania (Prahalad & Kirkpatrick 2019).
Saltmarshes occupy 1,326 ha of coastal embayments, estuaries
and tidal islands between Temdudheker/Woolnorth Point and
Stanley (Prahalad 2016). The region has the largest tidal range
on the Tasmanian coast, up to 3.1 m, following a semidiurnal
tidal cycle (Donaldson et al. 2012). Saltmarshes in Duck Bay
occur over an elevation range of 0.5 m and are partly flooded
during neap tides and often completely flooded during spring
tides (Mount et al. 2010). Within the northern and northwest
parts of the state where Spartina anglica remains uneradicated,
Duck Bay is the most invaded (Prahalad & Helman 2016).

In this region, the vegetationof the lowmarsh is characterizedby
sparse to densemats of Sarcocornia quinqueflora, which grows up
to 15–20 cm in height. Sarcocornia quinqueflora frequently co-
occurs with the prostrate creeper, Samolus repens. The high marsh
is characterizedby thesucculent shrubTecticorniaarbuscula (up to
150–200 cm in height), with areas of dense rushland dominated by
Juncus kraussii (up to 100–150 cm in height) at slightly higher ele-
vation. Large areas of seagrass beds, nonvegetated tidal flats, and
Melaleuca ericifolia swamp forests are present in addition to
saltmarshes in the broader seascape matrix (Mount et al. 2010).
Saltmarsh has been lost or degraded in many areas around Duck
Bay, primarily as a result of agricultural impacts (including
reclamation of agricultural land from saltmarsh), and urban devel-
opment around the town of Smithton (Fig. 2). Here S. anglica
establishes on open nonvegetated flats and low marsh areas in
sparse, small patches, but can form dense, continuous swards.

Figure 1. Invading and native saltmarsh vegetation investigated in the present study: Spartina anglica (tall, left of picture) and Sarcocornia quinqueflora (low,
bottom, and right of picture), Pelican Point, Northwest Tasmania. Neighboring Melaleuca ericifolia swamp forests can be seen to the upper left of picture.
Photograph by Malcolm S. Johnson.
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Three representative sampling stations were selected at Duck
Bay: Pelican Point, Kemps Bay, andMorgans Bay (Fig. 2). Each
of these sampling stations had a different configuration
(i.e. extent, position) and establishment (i.e. age) of S. anglica
stands. TheMorgans Bay stand was the oldest (established since
the 1950s) and had extensive, tall, dense swards of S. anglica at
the seaward end of the tidal frame. The native saltmarsh habitat
in this sampling station was limited to the higher end of the tidal
frame with no unobstructed access to the sea. Pelican Point had
advanced, but interspersed stands of S. anglica, with the native
saltmarsh habitat still dominant at the seaward end of the tidal
frame. Kemps Bay had smaller, and more recently established
S. anglica stands with the native saltmarsh dominant and exten-
sive at the seaward end of the tidal frame.

Study Design

Fishes were sampled using buoyant pop nets (see Supplement
S1 for a detailed description of net deployment). At each sam-
pling station, two replicate paired sites were appointed for both
native S. quinqueflora and S. anglica stands, which meant that
two pop nets (5 � 5 m wide, 1 m high) were deployed on each
sampling occasion, per vegetation type. These nets were located

a minimum of 40 m and a maximum of 100 m apart. A presur-
vey field trip was conducted during a spring tide event in
January 2020 to identify and mark the sites such that the paired
samples had a difference in flooding depth no more than 5 cm.

Data Collection

Water depth, water temperature, salinity, pH, time, and diel
phase (daylight or darkness) were determined at each sampling
occasion. Water depth was recorded as the mean of maximum
and minimum depths within each sampling net. Salinity and
pHwere measured three times per sample, with three water sam-
ples taken on each sampling occasion, and averaged for report-
ing. Salinity and pH were tested in a laboratory setting, using a
precalibrated Hanna Instruments EC/TDS/Resistivity meter,
model HI98192 (Hanna Instruments, USA) and a temperature
compensated precalibrated Hanna Instruments pH meter, model
99121 (Hanna Instruments, USA), rather than in the field due to
difficulties associated with transporting, using, and storing
instruments in flooded marsh. Water temperature was measured
in the field using a handheld thermometer.

To ensure sampling nets were deployed in suitable examples
of each vegetation type, species cover was recorded using a

Figure 2. Sampling sites in Duck Bay, near Smithton in far northwest Tasmania, southeastern Australia. Coastal saltmarshmapping data sourced from Prahalad and
Kirkpatrick (2019), Spartina anglicamapping sourced from Prahalad (2016). Base data from the LIST (www.thelist.tas.gov.au, accessed 9March 2022; State of
Tasmania).
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modified Braun-Blanquet cover-abundance scale, following
Aalders et al. (2019). This method uses an ordered numerical
value based on the crown cover percentage of each species:
1 = <1%, 2 = 1–5%, 3 = 6–25%, 4 = 26–50%, 5 = 51–
75%, and 6 = >75%. Net sites in native saltmarsh vegetation
were selected where S. quinqueflora provided the greatest
cover (Braun-Blanquet codes 5–6 in Kemps Bay and Pelican
Point and 4–5 in Morgans Bay). In addition to
S. quinqueflora, minor cover of Triglochin striata and
Selliera radicans was present in net sites in native vegetation
in Morgans Bay. Net sites in S. anglica dominated marsh had
a S. anglica cover of Braun-Blanquet codes 5–6 in all cases. A
small proportion of S. quinqueflora understory was also usu-
ally present (Braun-Blanquet codes 2 or below). Bare ground
was present in all nets and was similar in cover abundance in
both native and introduced saltmarsh vegetation (Braun-
Blanquet codes 3–4).

Vegetation height was recorded within the area occupied by
each net. Stem (or culm) density was also recorded for nets
located in S. anglica. Vegetation was surveyed using three
1 � 1–m quadrats located randomly within the 25 m2 sur-
rounded by the net walls.

Three, 10 cm deep sediment samples were taken from within
each individual net site following completion of fish surveys.
Sediment sample collection and laboratory analyses followed
Aalders et al. (2019). Peat, sand, loam, clay, and root content
were recorded using a scale of 1–5. Vegetation and sediment
surveys were conducted low tide when the marsh surface was
exposed.

Fish sampling methods followed those employed by Prahalad
et al. (2019), amended where necessary to suit S. anglica
(Supplement S1). Buoyant pop nets were installed during
daytime low tides and released during the following high tide.
Nets were reset and remained in situ until the next high tide
when they were again deployed. The same site was therefore
sampled twice during the semidiurnal tidal cycle. High tides
occurred during daylight and night (including early morning),
so sampling occurred during both light and dark periods.
Sampling was carried out during the day on 28 occasions and
at night on 12 occasions (total of 36 samples).

Fishes were sampled from four nets (two in S. quinqueflora
marsh and two in S. anglica marsh) concurrently. A total of
24 net releases (12 in S. quinqueflora marsh and 12 in
S. anglica) were therefore carried out during the February
2020 spring high tide across the three sampling sites. This sam-
pling regime was repeated in March 2020; however, due to
unscheduled weed eradication activities (Fusilade Forte spray
treatment) at the Morgans Bay site, only the Pelican Point and
Kemps Bay sites were sampled on this occasion. SARS-
COVID-19 pandemic travel restrictions prevented the continua-
tion of sampling during the following months. Research
methods were approved by the University of Tasmania Animal
Ethics Committee (approval number A0018547).

Data Analysis

R (R Core Team 2019), RStudio (RStudio Team 2016) and
Minitab 16 (Minitab, Inc. 2010) were used for data analyses.

Table 1. Environmental and vegetation characteristics across the three sampling stations for Spartina anglica. Sediment composition (peat, sand, loam, clay,
and roots) scale: 1= lowest presence to 5= highest presence. NS denotes non-significant results. Letters denote groupings of characteristics found to be signif-
icantly different.

Location Pelican Point, Mean (SE) Kemps Bay, Mean (SE) Morgans Bay, Mean (SE)

Salinity (‰) (F[2,37] = 8.191, p = 0.001) 34.88 (� 0.07)b 34.84 (� 0.12)b 34.02 (� 0.32)a

pH (F[2,37] = 31.35, p < 0.001) 8.0 (� 0.02)b 8.12 (� 0.02)c 7.84 (� 0.02)a

Water temperature (�C) NS 18.00 (� 0.79)a 19.38 (� 0.92)a 20.25 (� 1.04)a

Water depth (cm) (F[2,37] = 7.584, p = 0.002) 39.33 (� 2.45)b 29.11 (� 1.58)a 31.94 (� 1.25)ab

Peat (F[2,37] = 3.289, p = 0.049) 1.75 (� 0.281)ab 1.25 (� 0.34)a 2.75 (� 0.62)b

Sand (F[2,37] = 250.4, p < 0.001) 2.00 (� 0.00)b 2.75 (� 0.11)c 0.00 (� 0.00)a

Loam (F[2,37] = 9.082, p = 0.001) 2.75 (� 0.11)b 2.00 (� 0.18)a 2.00 (� 0.00)a

Clay (F[2,37] = 4.933, p = 0.012) 0.50 (� 0.22)b 0.00 (� 0.00)a 0.75 (� 0.16)b

Roots NS 1.75 (� 0.11)a 2.0 (� 0.18)a 2.25 (� 0.62)a

Veg height (cm) (F[2,17] = 25.41, p < 0.001) 50.50 (� 3.32)a 69.35 (� 0.25)b 81.15 (� 5.28)c

Spartina stem count (per m2) (F[2,17] = 6.851, p = 0.007) 148.00 (� 3.40)ab 181.00 (� 17.76)b 106.50 (� 6.06)a

Table 2. Environmental and vegetation characteristics for each vegetation
type (Spartina anglica and Sarcocornia quinqueflora). Sediment composi-
tion (peat, sand, loam, clay, and roots) scale 1= lowest presence to 5= high-
est presence. NS denotes non-significant results.

Vegetation Type
S. anglica,
Mean (SE)

S. quinqueflora,
Mean (SE)

Peat NS 1.9 (� 0.30) 1.6 (� 0.34)
Sand NS 1.8 (� 0.22) 2.0 (� 0.25)
Loam NS 2.4 (� 0.11) 2.2 (� 0.17)
Clay (F[1,38] = 6.507,

p = 0.015)
0.1 (� 0.07) 0.6 (� 0.18)

Roots (F[1,38] = 6.421,
p = 0.016)

2.3 (� 0.25) 1.6 (� 0.11)

Water depth (cm) NS 33.6 (� 1.96) 33.9 (� 2.01)
Vegetation height (cm)

(F[1,38] = 198.8,
p < 0.001)

64.2 (� 3.17) 19.0 (� 0.45)

S. anglica stem count
(per m2)
(F[1,38] = 262.2,
p < 0.001)

152.9 (� 9.44) None present
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Differences in fish abundance (number of individuals caught),
species richness (number of species recorded), species diversity
using the Shannon–Weiner index (H0) and size distribution of
the most common species (Atherinosoma microstoma) between
vegetation type, sampling stations, and environmental variables
were investigated. A log(x + 1) transformation was used where
QQ plots and skewness tests indicated data were right skewed.
This was the case for overall fish abundance (skewness = 3.62,
heteroskedasticity reduced to skewness = 0.26 by log[x + 1]
transformation).

To confirm that overall fish abundance, species richness
and diversity (H0) did not differ between month (February
and March sampling occasions), analysis of variance was
used, with no significant difference found for overall fish
abundance (F[1,38] = 1.848, p = 0.182), species richness
(F[1,38] = 2.473, p = 0.124), or diversity (F[1,38] = 3.666,
p = 0.063). Month was therefore excluded in subsequent
analyses.

General linear models using the logit-link function were
developed for each of fish abundance, species richness, and

Figure 3. (A) Fish abundance (total number of fish per net sample), (B) species richness (total number of species per net sample), and (C) species diversity
(Shannon–Weiner H0 value per net sample) recorded at each sampling station (KB = Kemps Bay; MB = Morgans Bay; and PP = Pelican Point) and in each
vegetation type (Spartina anglica and Sarcocornia quinqueflora). Plot displays median line, lower and upper hinges (25th and 75th percentiles), upper and lower
whiskers (extending to largest and smallest value no further than 1.5 times interquartile range), and outlying points.

Figure 4. Illustration of observed relationships between Sarcocornia quinqueflora and established Spartina anglica and fishes Atherinosoma microstoma (gray)
and Aldrichetta forsteri (black). Size of fishes represents observed patterns in size distributions. Note presence of emergent stems even during spring high tides in
established S. anglica stands. Created with BioRender.com.
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diversity, with sampling station as a random variable, vegetation
type nested within sampling station, and vegetation height
(rank) as a covariate.

The Kolmogorov–Smirnov (KS) two-sample test was used
to compare the frequency distributions of the length of
A. microstoma individuals sampled in S. quinqueflora and
S. anglica stands, and between the two sampling stations
where A. microstoma was present (Kemps Bay and Pelican
Point).

Variation in fish assemblages and environmental variables
found to be significantly different between vegetation types
was assessed using nonmetric multidimensional scaling
(NMDS). NMDS ordination was carried out using the function
metaMDS from the “vegan community ecology package”
(Oksanen et al. 2011). Data were standardized using the Hellin-
ger standardization measure (Legendre & Gallagher 2001),
using the function “decostand” in vegan (Oksanen 1983). Stress
levels of 0.0929 (NMDS ordinations based on the vegetation
type variables) and 0.0800 (NMDS ordinations based on the
sampling station variables) in two dimensions were acceptable
(Quinn & Keough 2002).

Results

Native and Introduced Saltmarsh Environmental Context

During sampling, sites flooded to a mean water depth of 34 cm,
with a maximum recorded depth of 55 cm and minimum of
21 cm. Within sampling stations, the maximum difference in

water depth between vegetation types during any single sampling
occasion was less than 5 cm, confirming that our selection of net
sites at similar elevationswas accurate. The deepest water depth at
high tide was recorded at Pelican Point and the shallowest water
depth at Kemps Bay. Although the differences in water depth
among sampling stations were found to be significant
(p = 0.002) mean depth only differed by 10 cm overall
(Table 1). Water temperatures ranged from 13.5 to 24.5�C (mean
16.6�C) and were not significantly different between sampling
stations.Water pH ranged from 7.7 to 8.26 (mean 8.02) and salin-
ity from 33.17 to 35.40‰ (mean 34.69‰), differing significantly
(p < 0.001 and p= 0.001, respectively) among sampling stations
(Table 1), with Morgans Bay having significantly lower pH and
salinity than other sites.

Sediment clay and root content differed significantly between
vegetation types (p = 0.015 and p = 0.016, respectively;
Table 2). Sediments sampled in Spartina anglica had a lower
mean clay content and higher mean root content than sediments
sampled in Sarcocornia quinqueflora dominated vegetation
(Table 2). Sediment composition also differed significantly
among sampling stations (peat content p = 0.049, sand
p < 0.001, loam p = 0.001, and clay p = 0.012), with Morgans
Bay characterized by a high mean organic content, slightly
higher clay content and low sand content, Pelican Point by a
high loam content, and Kemps Bay by a low clay and high sand
content (Table 1).

A clear difference in vegetation height was evident between
S. quinqueflora and S. anglica (p < 0.001), with the grass
45 cm taller on average than the succulent mat (Table 2).

Figure 5. Overlayed distributions of (A) Atherinosoma microstoma and (B) Aldrichetta forsteri lengths between vegetation types (Spartina anglica and
Sarcocornia quinqueflora). Total abundance of A. microstoma in S. quinqueflora = 360 and S. anglica = 184. Total abundance of A. forsteri in
S. quinqueflora = 52 and S. anglica = 23.
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Consequently, on most sampling occasions, S. anglica stems
and leaves (42–90 cm in height) extended above the water at
slack high tide, while the lower native succulent saltmarsh veg-
etation (15–20 cm in height) was completely submerged at slack
high tide on all sampling occasions.

In the case of S. anglica, both height and stem count signifi-
cantly differed among sampling stations (p < 0.001; Table 1).
Most notably, S. anglica at Morgans Bay was significantly taller
(72–90 cm) and less dense (96–117 stems/m2) than at other sam-
pling stations with more nascent stands. Indeed, the highest mean
stem density was found at Kemps Bay (134–228 stems/m2), a site
with smaller, establishing patches and shorter stem heights
(68–70 cm).

Fish Sampling

Fish Abundance. A total of 664 individuals were recorded
(Table 3), with a maximum of 174 per net release and a mini-
mum of 0. In total across all sites, more than twice the number
of individuals were recorded in S. quinqueflora (439) than in
S. anglica (217; Table 3). Mean density overall for
S. quinqueflora was 88 individuals/100 m2 of marsh, com-
pared to 43 individuals/100 m2 in S. anglica. The most fre-
quently recorded species, Atherinosoma microstoma
(Smallmouth Hardyhead), was represented by 544 individuals,
constituting 82% of the total number of all fish caught in
S. quinqueflora and 84.8% of the total number caught in
S. anglica, followed by the commercially and recreationally

Figure 6. NMDS ordination of net samples based on the vegetation type variables found to be significantly different between Spartina anglica and native
succulent saltmarsh (Sarcocornia quinqueflora), and vectors for fish species, overall abundance, diversity (H0), and richness. Stress in two dimensions= 0.0929.
The upper plot shows each net sample, colored by vegetation type, with shape indicating sampling station, and the lower plot shows fish and environmental
variables. KB = Kemps Bay, MB = Morgans Bay, and PP = Pelican Point.
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targeted Aldrichetta forsteri (yelloweye mullet) with 75 indi-
viduals, 11.8% of the total number caught in S. quinqueflora
and 10.6% in S. anglica.

Many individuals were caught overall at Kemps Bay (mean
per net release = 23.38 � 11.38 SE) and Pelican Point (mean
per net = 17.38 � 4.35 SE), but few were present at Morgans
Bay (mean per net = 0.50 � 0.19 SE; Fig. 3A).

A significant effect of vegetation type, within sampling
station, was observed for fish abundance (p= 0.002). Lower fish
abundance was significantly associated with S. anglica vegeta-
tion, most strongly observed at the Kemps Bay sampling station.
The covariant vegetation height was not a significant component
in the model. Neither was location. The model explained
60.99% of the variance (see Table S1 for table of significance
of the components of the models with their level of explanation)
(Fig. 4).

Species Richness

Nine species were recorded. The maximum number of species
to be recorded in a single net was five (one net release event),
followed by four (two net release events). All of these results
were recorded in S. quinqueflora dominated vegetation at Pel-
ican Point and Kemps Bay sampling stations. A total of seven
species were found in S. anglica and seven in S. quinqueflora
dominated vegetation. Leptatherina presbyteroides (silver
fish) and Sardinops sagax (Australian sardine) were only pre-
sent in native saltmarsh, and Arenigobius frenatus and an uni-
dentified Acanthaluteres species were only present in
S. anglica. All other species were found in both vegetation
types.

Species richness varied significantly with vegetation type
(within sampling station) in the model (p < 0.040; Fig. 3B).
Lower species richness was associated with S. anglica vegeta-
tion. No effect of vegetation height or location was observed.
The model explained 50.14% of the variance (Table S1).

Species Diversity

The highestH0 values were found in net releases at Pelican Point
in S. quinqueflora dominated vegetation (Fig. 3C). The model
showed species diversity to vary significantly with vegetation
type (within sampling location; p= 0.049). No other component
was significant. The model explained 48.09% of the variance
(Table S1).

Fish Length

Fish ranged from 10 to 250 mm in length. Most species were
present as juveniles, and some were present with lengths at or
above known length at first maturity (including A. microstoma,
L. presbyteroides, A. forsteri; Table 3) (Last 1984).

KS two-sample tests revealed differences in A. microstoma
length frequency distributions between the two vegetation types
(Fig. 5A; KS test: p < 0.001), and between sampling stations
where A. microstoma was present (Kemps Bay and Pelican
Point; KS test: p < 0.001). Fewer small A. microstoma

individuals were present in S. anglica compared to
S. quinqueflora. Kemps Bay had the most small individuals.

Although A. forsteri numbers were insufficient to test differ-
ences in length frequency distributions, two observations are
notable. More small individuals were recorded in S. anglica
compared to S. quinqueflora and several large (260 mm)
A. forsteri individuals were observed in S. quinqueflora-
dominated saltmarsh vegetation while none were recorded in
S. anglica (Fig. 5B).

Relationships Among Vegetation and Environmental Parameters
and Fish

The ordination (Fig. 6) indicated the importance of sediment
root content and vegetation height in discriminating the environ-
ment occupied by S. anglica. As anticipated from field observa-
tions, an absence of fish (“Zero-Catch”) was also associated with
S. anglica.

Several species were more closely associated with
S. quinqueflora-dominated vegetation: L. presbyteroides,
Kestratherina esox, Pseudogobius sp., A. forsteri, and
S. sagax—the latter two species targeted by commercial and
recreational fishers. Sarcocornia quinqueflora-dominated veg-
etation was also associated with high diversity and to a lesser
extent, high richness (Fig. 6).

Discussion

We compared fish use of native Sarcocornia quinqueflora salt-
marsh vegetation and introduced Spartina anglica marsh, seek-
ing to explore whether S. anglica discouraged fish access to
intertidal habitats and if any attributes of this invasive grass con-
tributed to this tendency. While we found that fishes were still
present in S. anglicamarsh, our analyses indicated a strong pos-
itive effect of the absence of this grass on fish attributes, partic-
ularly on species richness, and diversity. More individuals, more
fish species, and higher diversity values were found for native
saltmarsh.

A novel element in the results of our study was the clear struc-
tural differences in plant communities between the invading
S. anglica and native succulent saltmarsh. Previous studies on
fishes have investigated the effects of graminoid invaders into
preexisting graminoid vegetation (e.g. Able & Hagan 2000;
Meyer et al. 2001; Quan et al. 2011). Differences in vegetation
have been evident in these cases; however, the contrast between
vegetation types in the present study is particularly marked.
Mature S. anglicamay effectively create an impermeable matrix
or wall, through which fishes are unable to swim. In the case of
migratory wading birds, the waders were able to “tolerate a cer-
tain amount of Spartina…” beyond which “a rapid deterioration
of the wader community follows” (Lane 1992, p. 19).
Gan et al. (2009, p. 215) also found the “high and dense” cano-
pies of Spartina stands restricted bird movement and resulted in
lower species numbers and population densities in the case of
Chongming Dongtan marshes in East China.

Two species of commercial significance were recorded dur-
ing this study, both in native S. quinqueflora dominated
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saltmarsh vegetation (Aldrichetta forsteri and Sardinops sagax).
It is possible that the lower numbers and the absence of larger
individuals of A. forsteri in S. anglica is due to the vegetation
structure impeding movement for this species, which is fast
moving, agile, and utilizes the upper part of the water column.
Fishes more commonly found on the marsh surface itself, such
as gobies (including Tasmanogobius lasti, the only species
found at Morgans Bay), may be less affected by the marked
structural change in vegetation. Benthic macrofauna also does
not differ in species richness and total abundance between
S. anglica and native saltmarsh vegetation (Hedge & Kriwo-
ken 2000). It is likely that the benthic effects of S. anglica inva-
sion are less notable (and have less habitat impact) than
aboveground change. Of the sediment variables measured in this
study, only clay and root content varied significantly between
vegetation types; this finding supports the hypothesis of a lesser
benthic habitat impact. In contrast, although benthic macrofau-
nal prey presence may not be impacted for species that use the
upper part of the marsh water column (such as A. forsteri),
access to foraging for prey may be diminished. Increased habitat
complexity and decreased accessibility have been found to be
associated with decreased foraging efficiency elsewhere
(Corona et al. 2000; Laffaille et al. 2005). Further research is
needed to better understand impacts of S. anglica invasion on
fish foraging in a Tasmanian saltmarsh context, but the results
of the present study (particularly the lower numbers of
A. forsteri), may indicate decreased foraging opportunity.

Species recorded in the present study are similar to those pre-
viously reported in northwest Tasmania (Prahalad et al. 2019)
and those recorded in the southeast of the State (Harrison-Day
et al. unpublished data). Although the present study was carried
out over a limited period, our findings are unlikely to be a prod-
uct of sampling season because fish abundance in saltmarsh
elsewhere in Tasmania exhibits limited variation throughout
the year (Harrison-Day et al. unpublished data). This is primarily
due to the extended breeding season of the numerically domi-
nant Atherinosoma microstoma (resulting in a wide range in size
classes for much of the year).

The significant differences in A. microstoma length between
sampling stations (Kemps Bay and Pelican Point) and vegeta-
tion types is possibly related to naturally clumped distributions
associated with schooling. However, differences in length
between vegetation types are consistent with findings of lower
numbers of larval and juvenile individuals in invasive plants in
other saltmarshes (Able & Hagan 2000; Osgood et al. 2003).
In the present study, it is possible that a lack of access, in addi-
tion to other altered habitat characteristics, may lead to a reduced
habitat value for smaller individuals of this species, and there-
fore an impaired nursery function.

Findings on other saltmarsh plant invasions have indicated
that changes to soils and microtopography associated with the
invading species may alter saltmarsh microhabitat and habitat
function over time (Osgood et al. 2003; Laffaille et al. 2005).
Flattening of topography caused by changes in plant litter pro-
duction and sediment trapping may influence the suitability of
marsh microhabitats for larval and juvenile fishes (Able &
Hagan 2000). Similarly, where expansion of a plant species

results in changes in flooding patterns (duration and frequency),
fish access and nursery function can be reduced (Osgood
et al. 2003). In the present study, sampling depth was standard-
ized, so no potential hydrological impacts of S. anglica were
measured. Differences in sediment characteristics between veg-
etation types were identified, however, with higher root content
and lower clay associated with S. anglica. It is unknown how
these sediment characteristics may affect fish habitat, or how
this may progress over time if S. anglica patches are left undis-
turbed in these locations. Fishes that utilize the intertidal benthic
zone (particularly for refuge from predation), such as gobies,
would likely be most affected. Although fewer gobies were
recorded in S. anglica, some were present—including in
Morgans Bay, where other fishes were absent and access was
impeded by tall S. anglica. At Morgans Bay, equal numbers of
the goby T. lasti were found in both vegetation types. This sug-
gests that although a negative effect on access may occur for
some species, others are less affected.

Removal of S. anglica as part of restoration activities aimed at
improvement of fish habitat may conflict with other ecosystem
services objectives. Invasive saltmarsh grasses (including Spar-
tina species) have been traditionally used, and continue to be
employed in some countries, to stabilize coasts and in some
cases increase accretion rates to compensate for rising sea levels
(e.g. Zhang et al. 2017; Granse et al. 2021). Other potential
benefits of these invasive grasses are an amplified role as carbon
sinks (Laffaille et al. 2005), and ability to sequester harmful
metals (Redondo-G�omez 2013). These examples highlight the
diverse considerations when managing invasive species in salt-
marshes for different ecosystem service priorities. In Tasmania,
although some potential positive consequences of S. anglica
infestations were identified by Kriwoken and Hedge (2000),
including the stabilizing role of S. anglica infestations in estuary
navigation channels and visual “improvement” of brown mud-
flats, concerns over negative impacts—most notably the
changes to intertidal habitat and estuarine geomorphology—
have led to long-term eradication efforts. More recently in Tas-
mania, higher sediment carbon percentages have been found in
S. anglica relative to native saltmarsh (Ellison & Beasy 2018).
Given the potentially beneficial role of S. anglica marshes in
carbon sequestration, a wider understanding of the ecological
impacts of this species is needed.

Efforts to manage S. anglica involve extensive planning to
ensure the correct method is chosen for either temporary control
or complete eradication, as well as significant cost (Roberts &
Pullin 2008). Management of saltmarshes elsewhere for different
fauna and other conservation priorities has highlighted the com-
plexities that can arise where management approaches have
diverging outcomes for different target taxa. An example of this
is the restoration of hydrological connectivity of ponds in a
Mediterranean wetland, where a balance was required between
overall habitat rehabilitation and the conservation of an endan-
gered fish species previously present in high densities in these
ponds (Prado et al. 2017). Similarly, in the United States, marshes
that are managed to encourage emergent vegetation growth (using
drawdowns within levee-enclosed areas) have been found to have
restricted nursery function for transient fishery species (Rozas &
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Minello 1999). Because of the complexities associated with man-
agement decisions and prioritization of different conservation
outcomes, it is vital that knowledge of the communities and spe-
cies affected is obtained. The present study therefore provides
important evidence of the role of the impact of this invasive plant
species on fish in Tasmania. Our findings of lower fish densities,
species richness, and diversity in S. anglica (especially in taller,
established patches) indicate that the ongoing efforts to eradicate
S. anglica in the study region are unlikely to negatively impact
fish assemblages. Furthermore, the removal of tall, established
patches, particularly where they form extensive barriers across a
seaward marsh edge, may serve to improve the accessibility of
saltmarsh habitat for fish.
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