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INTRODUCTION

In the late 20th century, there has been a rapid accel-
eration of biological introductions due to human-aided
movement of species across and between continents
(Carlton & Geller 1993, Lodge 1993, Mills et al. 1993,
Vitousek 1994, Cohen & Carlton 1998, Ruiz et al. 2000).
Introduced species most likely to have a large impact
on native communities are those of predators (Elton

1958, Lodge 1993, Lafferty & Kuris 1994) and members
of Asteroidea are among the most important predators
in marine benthic systems (Menge 1982). In Australia,
the introduced northern Pacific seastar Asterias amu-
rensis has been highly conspicuous as a voracious gen-
eralist predator in soft-sediment habitats (Grannum et
al. 1996). It was first recorded in SE Tasmania in 1986
(Buttermore et al. 1994, Byrne et al. 1997) where it has
become the dominant invertebrate predator in the Der-
went Estuary (Grannum et al. 1996), but now also
occurs at high densities in Port Phillip Bay on mainland
Australia. Although other invertebrate predators are
present in the Derwent Estuary, such as the native
seastar Coscinasterias muricata, none of them attain
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ABSTRACT: The introduction and establishment of the predatory seastar Asterias amurensis in
southern Australia is considered a major threat to benthic marine communities and commercial
bivalves. The impact of A. amurensis on a soft sediment assemblage in SE Tasmania was quantified,
with particular attention to effects of seastar predation on the survivorship of recently settled juve-
niles of the commercial bivalve Fulvia tenuicostata. In a manipulative experiment, densities of F.
tenuicostata juveniles were reduced by ca. 15 fold (from 580 to 35 m–2) in the presence of seastars at
background densities relative to the treatment without seastars. In a feeding survey, A. amurensis
exhibited preference for F. tenuicostata following settlement of the bivalve over the period from
December 1997 to January 1998, which comprised 80 and 50% of the seastar’s stomach items in Feb-
ruary 1998 and April 1998, respectively. However, A. amurensis preferred a variety of other prey taxa
when the abundance of F. tenuicostata was low, particularly other bivalves, gastropods and the echi-
noid Echinocardium cordatum. This indicates that the seastar may potentially affect the abundance
of other prey taxa. The results provide further support to the hypothesis that predation by A. amuren-
sis is largely responsible for the recent decline and subsequent rarity of large bivalves in its current
distribution in Tasmania. The potential of seastar predation to have wider ecosystem level effects
than the short-term direct effects reported here is a major concern.
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comparable densities to A. amurensis, particularly over
such large areas and for consistently long periods.
Densities of the seastar recorded within the estuary (up
to 46 m–2; S. Ling unpubl. data) are far greater than any
recorded during outbreaks of the species in the Ariake
Sea, Japan (Nojima et al. 1986).

The key role of asteroid predation as a structuring
force in benthic communities largely reflects their abil-
ity to exploit a wide range of food resources and habi-
tats (Menge 1982). Asterias species, such as A. amu-
rensis, are renowned for their capacity to form massive
aggregations and cause enormous damage to shellfish
grounds (reviewed by Sloan 1980). In its native range,
A. amurensis causes considerable damage to commer-
cial shellfisheries (e.g. oysters, cockles, scallops, other
clams; Hatanaka & Kosaka 1959, Kim 1969, Nojima et
al. 1986). Additionally, it is an opportunistic feeder on a
variety of epifaunal and infaunal species including
molluscs, ascidians, bryzoans, sponges, crustaceans,
polychaetes, fish and echinoderms (Hatanaka & Kosa-
ka 1959, Fukuyama & Oliver 1985, Fukuyama 1994).
On this evidence alone, it has been anticipated that the
successful establishment of A. amurensis in SE Tasma-
nia has the potential to profoundly affect native ben-
thic marine communities and commercial species, par-
ticularly bivalves (Lockhart 1995, Grannum et al.
1996).

In contrast to the extensive research on introduced
species in freshwater and terrestrial communities, the
impacts of introduced species on native communities
in marine and estuarine habitats have been quantified
in only a handful of studies (e.g. Race 1982, Brenchley
& Carlton 1983, Nichols et al. 1990, Lambert et al. 1992,
Posey et al. 1993, Grosholz & Ruiz 1995, Grosholz et al.
2000, Ross et al. in press). In Tasmania, indirect indica-
tions of impact from observations of seastar foraging
behaviour, stomach contents and estimates of feeding
electivity suggest the potential for considerable impact
of Asterias amurensis on native species, particularly
bivalves (Morrice 1995, Grannum et al. 1996, Lockhart
& Ritz 2001). Furthermore, live bivalves >5 to 10 mm
are rare in areas where the seastar is now abundant.
The presence in the surface sediments of the shells of
large adults indicates that this has not always been the
case (Lockhart 1995). The predominance of juvenile
molluscs, and particularly bivalves, in the diet of the
seastar (Lockhart 1995, Morrice 1995) suggests that
seastar predation on juveniles may be preventing the
subsequent establishment and potential recovery of
adult populations in the estuary. Over the period from
December 1997 to January 1998, a massive settlement
of the commercial bivalve Fulvia tenuicostata occurred
in Ralphs Bay in the Derwent Estuary where seastars
are abundant. We recorded juveniles at 530 m–2 in late
January 1998. Although F. tenuicostata is common in

sheltered soft sediments in areas outside the estuary
where it is part of a small commercial fishery, it is rare
in the sediments where seastars are abundant, despite
the presence of numerous shell remains. Adult popula-
tions of F. tenuicostata were decimated by the seastar
in experiments conducted outside the seastar’s current
range (Ross et al. in press). The mass settlement of F.
tenuicostata provided an opportunity to test the hypo-
thesis that seastar predation on juveniles can prevent
the establishment and potential recovery of adult pop-
ulations in the estuary. In this paper, we undertake a
feeding survey comparing the abundance of prey taxa
in the sediments and in seastar stomachs before, dur-
ing and after the settlement event. We also carry out a
manipulative experiment to assess the impact of Aster-
ias on the survivorship of juvenile F. tenuicostata and
the abundances of other species. Overall, the com-
bined results of this study and those from related work
(Ross 2001) provide the first quantitative estimates of
the direct impact of the seastar on native assemblages
and wild fisheries (Ross et al. in press).

MATERIALS AND METHODS

Background. The study was undertaken at Huxleys
Beach (42° 58’ S, 147° 27’ E) in Ralphs Bay, a large
shallow embayment on the eastern side of the Der-
went Estuary, southeast Tasmania, Australia, at a
depth of 4 to 5 m. The sediment at this site is com-
posed predominantly of very fine to medium sands
(Ross 2001). The habitat type at the study site is com-
mon in other areas of the Derwent Estuary and
adjoining bays and estuaries. The habitat range of
both species overlaps: Asterias occurs on sheltered silt
to sand and on rocky reefs at 0 to 35 m depth, while
Fulvia occurs on sheltered silt to sand at 0 to 30 m
depth (Edgar 1997). The average density of Asterias
amurensis recorded at this site prior to this study
(1995 to 1996) was 0.53 m–2 (±0.12) (Grannum et al.
1996, Ross 2001). In contrast, the bivalve Fulvia
tenuicostata was absent in infaunal surveys at the site
during the same period, despite the presence of
numerous shells in the sediment. The vast majority of
F. tenuicostata present at the site during this study
were newly settled juveniles of small size (1 to 13 mm
shell length; see Fig. 3a).

Manipulative experiment. Experimental design:
The effects of seastar predation on the survival of juve-
niles of the commercial bivalve Fulvia tenuicostata and
the abundance of other prey taxa was examined in a
caging experiment conducted over a 10 wk period
between January and April 1998. Cages consisted of a
rigid (1 × 1 m base × 0.7 m high) steel frame with pro-
truding legs (0.5 m long). The cage top and sides were
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covered in stiff plastic mesh (6 mm) and the cage legs
were driven into the sediment so that 100 to 150 mm of
the cage sides was buried to prevent passage of large
predators or prey by burrowing. The treatments
included: (Oinitial) open unmanipulated plot subject to
background predation (sampled at 0 wk); (Ofinal) open
unmanipulated plot subject to background predation
(sampled at 10 wk); (–S) caged exclusion, no seastars
present; and (+S) caged inclusion with a single seastar
added (thus at a density of 1 m–2). Note that the Oinitial

and Ofinal treatments use separate plots.
The spatial scale of patchiness of infauna indicated

in a pilot study suggested that a randomised complete
block design was the most efficient option to test for
treatment effects given the limited number of repli-
cates possible due to logistical constraints in diving. In
the pilot study, plots 3 to 5 m apart were similar in com-
position while plots separated by 30 to 60 m were usu-
ally dissimilar. Thus, the 4 treatments were applied
randomly to separate experimental units (~5 m apart)
in each of 3 blocks (~30 m apart). By accounting for the
variation between blocks, we hoped to obtain a smaller
experimental error and improve the power to detect
treatment effects (see Newman et al. 1997).

Sampling of invertebrates: Two different sampling
techniques were employed. First, treatment plots were
sampled with cores (150 mm diameter, 100 mm deep)
to estimate the abundance of all infaunal and epifaunal
organisms (>1 mm). Because it was not anticipated that
core samples would provide precise estimates of the
abundance of larger and/or rare species that may be
important prey of the seastar, the entire contents of the
plots were subsequently sampled to a depth of 0.1 m
using a diver-operated, air-driven suction device. To
do this, an open square frame (1 × 1 m) was inserted
into the sediment to isolate the plot and all contents
vacuumed into a 1 mm mesh bag. Sampling in both
cores and air-lift samples was to a depth of 0.1 m
because the vast majority of macroinvertebrate in-
fauna was found in this depth range in a pilot study.
(D.J.R. unpubl.)

At the commencement of the experiment, 3 replicate
cores were taken at random positions in each of the
(Oinitial) unmanipulated treatment plots. After coring,
the entire contents of the plots were sampled using the
suction device as described above. Remaining treat-
ments were then monitored weekly to check the condi-
tion of the enclosed predators and to remove fouling
organisms from the cages. Ten wk after commence-
ment of the experiment, cages and predators were
removed, and 3 cores were taken from the (Ofinal)
unmanipulated, caged inclusion and exclusion plots as
described above. No samples were taken within
~100 mm of the cage perimeter to avoid possible edge
effects of the cages. After coring, the entire contents of

the (Ofinal) unmanipulated, caged inclusion and exclu-
sion plots were sampled using the suction device as
described above.

Samples were sieved (1.0 mm mesh) prior to fixing in
5 to 10% buffered formalin with Rose Bengal stain,
and then rinsed in freshwater before storing in 100%
ethanol. For core samples, all infaunal and epifaunal
organisms (>1 mm) were sorted and identified to the
lowest possible taxon. In all core samples, the shell
length of the commercial bivalve Fulvia tenuicostata
was measured to the nearest mm. Suction samples
were sieved again (2.0 mm mesh) and all bivalves,
crabs and the echinoid Echinocardium cordatum
sorted and identified to species.

Statistical analysis: The responses of numerically
abundant taxa to experimental treatments were
analysed using univariate statistics. Responses were
determined using species abundance data from suc-
tion samples with the exception of polychaetes, gas-
tropods and amphipods, which were counted in cores.
For the analysis of cores, the arithmetic mean of the
3 replicate cores taken from each plot was used. A ran-
domised complete block ANOVA, with ‘treatment’
(4 levels = Oinitial, Ofinal, +S and –S) as a fixed factor,
and ‘block’ as a random factor, was used to test for the
effect of seastars and cages (see below). In the analy-
sis, we make no assumptions about additivity (New-
man 1997) and note that the test for the ‘treatment’
effect is statistically valid whether there is an interac-
tion between treatment and block or not. However,
interpreting the significance of the ‘treatment’ effect
requires no, or a relatively small, treatment by block
interaction. To assess treatment by block interactions,
plots of dependent variables versus block were exam-
ined. In cases where an interaction was clearly evident
by visual inspection, the analysis was not conducted. In
regard to the assumption of constant variance among
blocks, variances are unlikely to be greatly different
between blocks because the treatments were applied
randomly to different experimental units within each
block. Data were checked for normality and homo-
scedasticity, and transformed as necessary depending
on the relationship between SDs and means of treat-
ment groups (ignoring the blocking effect) (Draper &
Smith 1981). The statistical package SAS (Statistical
Analysis System) was used for analyses.

Three planned comparisons (1 orthogonal and 2
non-orthogonal) were carried out following the initial
analyses to test for seastar and caging effects. For
planned comparisons, we adjusted the significance
level using the conservative method of Todd &
Keough (1994), i.e. α was reduced to α /(1 + the num-
ber of non-orthogonal contrasts). With 2 non-orthogo-
nal and 1 orthogonal comparison, the significance
level was adjusted to 0.016. Following Todd & Keough
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(1994), the exact probabilities are presented in recog-
nition of the lack of consensus about the appropriate
adjustment of the significance level. The contrasts
were: (1) Oinitial vs Ofinal; this assesses the change in
invertebrate abundance over the experimental period
in open unmanipulated plots. In particular, this will
measure the natural change in abundance of Fulvia
tenuicostata juveniles (and other taxa) in the presence
of seastars at their background density over the
course of the experiment. While this treatment is not
critical to the assessment of seastar effects, it provides
useful biological information. (2) –S vs +S; this
assesses the effect of seastars on invertebrate abun-
dances, contrasting treatments with and without
seastars. (3) Ofinal vs +S; this examines caging effects
not associated with the removal of seastars, such as
the exclusion of other predators and cage-induced
changes to predator behaviour. In interpreting this
comparison, it is recognised that the seastar density in
the cage was higher (1 m–2) than the mean back-
ground density (ca. 0.09 to 0.4 m–2 over the course of
the study). We note however that the distribution of
unmanipulated seastars became highly aggregated
when they were feeding on juvenile Fulvia
tenuicostata and densities at 1 m–2 were recorded.

These aggregations were found during the period that
we conducted our experiment.

Dietary survey. To identify prey species that were
consumed disproportionately by Asterias amurensis
relative to their occurrence in the environment and, in
particular, any changes in the diet associated with the
settlement of Fulvia tenuicostata, we compared macro-
invertebrate abundance in the sediment and in seastar
stomachs before, during and after the settlement
event.

Sediments: Invertebrate abundances were mea-
sured in 1 suction sample (as described above) and in
3 infaunal cores (as described above, ~1 m apart) at
each of 3 random positions (~30 m apart). These sam-
ples were taken in November 1997, January 1998 (at
the start of the manipulative experiment), April 1998
(at the conclusion of the manipulative experiment) and
in November 1998. The samples obtained in January
and April 1998 were those from the open plots in the
manipulative experiment.

Stomach contents: Dietary information was assessed
by examining the stomach contents of the first 50 sea-
stars encountered on 3 randomly placed 50 × 2 m strip
transects at the study site. Samples of seastars were
taken in November 1997, February 1998 (4 wk into the
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Main analysis Planned comparisons
MSres Block Treat Oinitial vs Ofinal –S vs +S Ofinal vs +S

Degrees of freedom 6 2 3 1 1 1

Bivalves
Fulvia tenuicostata 0.878 0.209 0.011 0.025 0.005 0.236
Theora spp. 0.219 × 10–4 0.807 0.254 0.161 0.150 0.984
Mysella donaciformis 0.275 0.088 0.084 0.028 0.918 0.045
Corbula gibba 2.006 0.521 0.053 0.014 0.227 0.043
Timoclea cardoides 2.757 0.905 0.046 0.021 0.622 0.015
Soletellina biradiata 11.005 0.708 0.826 0.505 0.836 0.962
Venerupis anomala 1.951 0.084 0.291 0.114 0.390 0.114
Hiatella australis 0.424 0.439 0.0001 * 0.020 *
Laternula rostrata 0.465 0.824 0.025 * 0.020 *
Paphies erycinaea 2.621 0.046 0.124 0.284 0.045 0.284

Crabs
Paragrapsis gaimardii 3.59 0.475 0.038 0.986 0.894 0.026

Echinoids
Echinocardium cordatum 13.412 0.564 0.202 0.383 0.578 0.442

Gastropods
Nassarius nigellus 23.942 0.643 0.513 0.552 0.486 0.838

Polychaetes
Nephtys australiensis 19263 0.490 0.513 0.463 0.5791 0.673

Amphipods 1.030 0.905 0.275 0.099 0.669 0.242

Table 1. Analysis of effects of seastar predation and caging effects on the abundances of numerically abundant taxa. The table
shows results for each taxon of the overall ANOVA comparing among treatments of Oinitial (open unmanipulated plot, subject to
background predation sampled at 0 wk); Ofinal (open unmanipulated plot, subject to background predation sampled at 10 wk);
–S (caged exclusion, no seastars present); and +S (caged inclusion, a single seastar). Results of 3 planned comparisons are also
given. Significant p-values are shown in bold face: p-values <0.05 are significant for the ‘main analysis’ and p-values <0.016 

are significant for the planned comparisons. *Species was absent in at least 1 of the groups being compared
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manipulative experiment), April 1998 (at the conclusion
of the manipulative experiment) and in November
1998. All seastars were placed immediately in sealed
plastic bags upon collection to prevent the loss of regur-
gitated stomach contents. Because the seastar exhibits
both extra and intraoral modes of feeding, care was
taken in collecting them so that prey items consumed
extraorally at the time of collection were also collected
into the plastic bags. Seastars were frozen within a few
h of collection and thawed prior to examination.

Dietary analysis: Because of differences in digestion
rates and the effect of freezing, the ability to identify
and count individuals in stomach samples varied
between taxa. In contrast to bivalves and gastropods,
polychaetes, crustaceans and other soft bodied macro-
invertebrates were more difficult to identify and count
in stomach samples. However, in most cases the iden-
tity and number of individuals present was clear, as
evidenced by the presence of a head capsule, limb or
complete body. Nonetheless, when digestion was
nearly complete (polychaetes) or when there were sev-
eral small pieces of crustacean exoskeleton present,
the exact number of individuals was uncertain.
Accordingly, we used 2 methods to calculate the pro-
portion of each prey taxon in the diet of the seastar:
(1) proportion of the total numerical abundance where
the presence of animal remains enabled counting mul-
tiple individuals with certainty; and (2) proportion of
the total stomach contents based on a binary classifica-
tion, i.e. all prey taxa were scored as either present
(1) or absent (0). We compared patterns of prey compo-
sition and prey preferences (see below) calculated
using both methods.

To identify prey species that were consumed dispro-
portionately by Asterias amurensis relative to their
occurrence in the environment, Vanderploeg &
Scavia’s (1979) relativised electivity index (E) was cal-
culated. The index is defined as:

where

and n = the number of kinds of food items, ri = the pro-
portion of the i th food in the diet, and pi = the propor-
tion of the i th food in the environment. The index for
each taxon has a possible range from –1 to +1. A value
of 0 denotes that the taxon is taken in proportion to its
abundance; 1 signifies that the taxon is preferred and
exclusive in the diet; and –1 indicates that the species
is avoided. Taxa only found in stomach contents but
not in samples from the environment were given a
value of +1 and not considered further in calculations

of electivity. Given that the electivity coefficient con-
founds predator choice and ecological availability of
prey (as it is based on numerical availability and not
functional availability), preference does not necessar-
ily imply active choice but may also indicate that a
prey is ecologically more available to the predator.
However, the primary question in this study is about
the predator’s impact on prey, rather than the behav-
ioural mechanisms underlying it.

RESULTS

Manipulative experiment

Relative abundance of macro-invertebrates

The major groups found in the core samples in
decreasing order of numerical abundance were poly-
chaetes, bivalves, amphipods and gastropods. The
dominant taxa in each group in decreasing order of
numerical abundance were the polychaete Nephtys
australiensis, the bivalves Theora spp., Fulvia tenui-
costata and Mysella donaciformis, and the gastropod
Nassarius nigellus. Due to very low abundances and
the taxonomic difficulties associated with species
level identification, amphipods were not resolved
below the level of order. The major species found in
suction samples in decreasing order of numerical
abundance were the bivalves F. tenuicostata, Theora
spp. and Mysella donaciformis; the native crab
Paragrapsis gaimardii; the bivalve Corbula gibba; the
echinoid Echinocardium cordatum; and the bivalves
Hiatella australis, Timoclea cardoides, Venerupis
anomala, Soletellina biradiata, Laternula rostrata and
Paphies erycinaea.

Changes in the abundance of macroinvertebrates in
unmanipulated plots

Abundances of Fulvia tenuicostata and Mysella
donaciformis decreased over the experimental period,
however, the change was not significant at the adjusted
α level (αadjusted = 0.016) (Oinitial vs Ofinal; Table 1, Fig. 1).
In contrast, densities of Corbula gibba, Timoclea car-
doides, Theora spp., Soletellina biradiata, Venerupis
anomala, Echinocardium cordatum, Nephtys aus-
traliensis and amphipods increased over the experi-
mental period, however this change was only signifi-
cant at the adjusted α level for C. gibba (Table 1, Figs. 1
& 2). Laternula rostrata, Hiatella australis, Paragrapsis
gaimardii and Nassarius nigellus were absent or in very
low densities in unmanipulated plots at the start and
end of the experiment (Table 1, Figs. 1 & 2).

W
r p

r p
i

i i

i i
i

    
/

( / )
=

∑

  
E W Wi i i= +( – ) ( )

1 1
n n

103



Mar Ecol Prog Ser 241: 99–112, 2002

Effects of seastars

There was a significant reduction in the abundance
of Fulvia tenuicostata in the presence of seastars (–S vs
+S; Table 1, Fig. 1). The mean size of F. tenuicostata
increased from 3.79 (±SE 0.25) to 18.88 (±SE 0.59) mm

in plots where seastars were excluded (Fig. 3),
demonstrating that survival into larger sizes
was truncated by predation. At the end of the
experiment, densities of F. tenuicostata in the
cage inclusion and unmanipulated treatments
were ~17 and ~35 m–2, respectively, while in
the treatment protected from seastar preda-
tion, densities were ~580 m–2.

Abundances of Paphies erycinaea and Lat-
ernula rostrata were also greater when sea-
stars were excluded, consistent with a seastar
effect; however, the differences were not sig-
nificant at the adjusted α level (αadjusted =
0.016) (–S vs +S; Table 1, Fig. 1). In contrast,
the abundance of Hiatella australis was signif-
icantly higher in the presence of seastars (–S
vs +S; Table 1, Fig. 1). For the remaining taxa,
differences between treatments with and
without seastars were not significant (Table 1,
Figs. 1 & 2).

Caging effects

In the presence of seastars, densities of the
crab Paragrapsis gaimardii, bivalve Mysella
donaciformis and gastropod Nassarius nigel-
lus were greater in caged compared with
uncaged treatments, however these differ-
ences were not significant at the adjusted
α level (αadjusted = 0.016) (Ofinal vs +S; Table 1,
Figs. 1 & 2). The bivalves Laternula rostrata
and Hiatella australis occurred only in the
presence of cages (Fig. 1). In contrast, densi-
ties of Timoclea cardoides, Venerupis anom-
ala and Corbula gibba were reduced in caged
compared with uncaged treatments, however
this difference was only significant at the
adjusted α level (αadjusted = 0.016) for T. car-
doides (Table 1, Fig. 1). For the remaining
taxa, differences were not significant between
the caged and uncaged treatments with sea-
stars present (Table 1, Figs. 1 & 2).

Dietary survey

Sediments

The major groups of infauna were polychaetes,
bivalves, crustaceans and gastropods, which repre-
sented 60, 23, 11 and 3%, respectively, of the total
numerical abundance pooled across sampling times.
However, the relative abundance and composition of
each group varied considerably over the sampling
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Fig. 1. Densities of the most abundant bivalve species. Densities are
means m–2 (+SE) taken from suction samples to a depth of 100 mm (n =
3 plots). Oinitial = open unmanipulated plot, subject to normal predation
(sampled at 0 wk); Ofinal = open unmanipulated plot, subject to normal
predation (sampled at 10 wk); –S = caged exclusion, no seastars 
present; and +S = caged inclusion, a single seastar added (thus 1 m–2)
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period (Figs. 4 & 5), e.g. bivalves comprised 5 and 9%
of the total abundance in November 1997 and Novem-
ber 1998, respectively, compared with 44 and 28% in
January and April 1998, respectively. This pattern re-
flected settlement of some species, particularly Fulvia
tenuicostata, early in the year and subsequent mortal-
ity of nearly all the major bivalve species between
November 1997 and November 1998 (Fig. 5).

Stomach contents

Patterns of prey consumption calculated from numer-
ical and binary data were similar for all major groups
and taxa (Figs. 4 & 5). The major groups found in
seastar stomachs were bivalves, crustaceans, gas-
tropods, polychaetes and the urchin Echinocardium
cordatum representing 62 (52), 19 (25), 8 (9), 6 (8) and
4 (6)%, respectively, of the total stomach contents of all
seastars pooled across sampling times (binary data
shown in parentheses). Temporal shifts in the occur-

rence of total bivalves, polychaetes and crus-
taceans in the diet of seastars tracked changes in
relative abundance of these groups in the envi-
ronment (Fig. 4). Polychaetes and crustaceans
were more common in the diet in the first and last
surveys, when their relative abundances in the
sediments were greatest (Fig. 4). In contrast, bi-
valves were clearly the most common prey items
in the middle 2 surveys (February and April
1998) when their relative abundance in sedi-
ments was greatest (Fig. 4). Fulvia tenuicostata
was clearly the major prey item at these times,
representing 76 (69) and 52 (39)% of the seastar’s
diet respectively (Fig. 5). Following the decline in
abundance of F. tenuicostata, the absolute and
relative abundances of the bivalves Corbula
gibba and Venerupis anomala, and the gastropod
Nassarius nigellus, increased in the sediments.
These species were then consumed by the
seastar until their densities in the environment
were negligible (Fig. 5). In November 1997 and
1998, polychaetes, crustaceans, Echinocardium
cordatum and the bivalves Theora spp. and Tim-
oclea cardoides were the major prey items of the
seastar (Figs. 4 & 5).

Dietary analysis

Prey preferences calculated from numerical
and binary data were similar for the major taxa
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Fig. 2. Densities of the most abundant polychaete, crustacean, gas-
tropod and echinoid taxa in each treatment. Densities of the echinoid
Echinocardium cordatum and the crustacean Paragrapsis gaimardii
are means m–2 (+SE) taken from suction samples to a depth of
100 mm (n = 3 plots). Densities of the polychaete Nephtys australien-
sis, gastropod Nassarius nigellus and amphipods are means m–2

(+SE) scaled from counts in cores (n = 3 cores pooled, each 150 mm
diameter, 100 mm deep) in each plot (n = 3 plots). Abbreviations are 

as in Fig. 1

Fig. 3. Length frequency histograms of the commercial
bivalve Fulvia tenuicostata from (a) open unmanipulated
plots at the start of the experiment and (b) cages excluding 

seastars sampled at the end of the experiment
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(Table 2). It is clear that the main prey items in summer
(January to April 1998), i.e. the bivalves Fulvia tenui-
costata, Corbula gibba, Venerupis anomala and the
gastropod Nassarius nigellus, were consumed in much
greater proportion to their relative abundance in the
environment (Table 2). However, in late spring (No-
vember) when the abundances of these species in sed-
iments were low, the echinoid Echinocardium corda-

tum and the bivalve Timoclea cardoides were preferred.
Whilst polychaetes were major prey items in late
spring, they were not preferred. In contrast, crusta-
ceans were consumed in greater proportion to their
abundance in the environment in November 1997 and
consumed in (approximately) direct proportion to their
occurrence in the environment in November 1998.
Invertebrates that were relatively common in the sedi-
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Fig. 4. Proportion of the total abundance of the major groups of prey in seastar stomachs and in sediments, and the absolute abun-
dance in the sediments. The y-axis on the left depicts proportions in the diet and sediments. (Note: When 2 scales are marked,
the left-hand scale is the proportion of total abundance in the sediments.) The y-axis on the right represents the absolute abun-
dance in the sediments (m–2). Densities are determined from 1 m2 suction samples, with the exception of polychaetes, crustaceans 

and gastropods, which were extracted from core samples
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Fig. 5. Proportion of the total abundance of the major bivalve species and the gastropod Nassarius nigellus in seastar stomachs
and in sediments, and the absolute abundance in the sediments. The y-axis on the left depicts the proportion in the diet and sed-
iments. (Note: When 2 scales are marked, the left-hand scale is the proportion in the sediments.) The y-axis on the right repre-
sents the mean absolute abundance in sediments (m–2). Densities are determined from 1 m2 suction samples, with the exception 

of Nassarius nigellus, which was extracted from core samples



Mar Ecol Prog Ser 241: 99–112, 2002

ment, but clearly not preferred, were: the bivalves
Mysella donaciformis and Theora spp.; the gastropods
Retusa pelyx and Philine angasi, plus 2 unidentified
gastropod species; ascidians; flatworms; and sipun-
culids. In contrast, the bivalve Laternula rostrata, gastro-
pod Fusinus novaehollandiae and an unidentified gas-
tropod were found in the diet but not in the sediments.

DISCUSSION

Direct effects of seastar predation on 
the survivorship of Fulvia juveniles

Numerous observational studies suggest that aster-
oids may play a major role in structuring bivalve popu-
lations in soft-sediment habitats (e.g. Christensen 1970,
Anger et al. 1977, Fukuyama & Oliver 1985, Nojima
1988). However, in contrast to hard bottom benthos
(e.g. Dayton 1971, Paine 1974, Robles et al. 1995), far
fewer studies have demonstrated experimentally the
influence of asteroid predation on bivalve populations

in soft sediments (but see e.g. Thrush 1986, Peterson &
Black 1993). Using a combination of experimental and
observational approaches, the present study demon-
strates the impact of Asterias amurensis on the sur-
vivorship of recently settled juveniles of the commercial
bivalve Fulvia tenuicostata. After 10 wk, the mean den-
sity of F. tenuicostata was reduced from ca. 300 m–2 at
the beginning of the experiment to ca. 35 m–2 in the
presence of seastars at natural densities and 17 m–2 in
cage inclusions where seastar density was 1 m–2. In
marked contrast, in the treatment from which A.
amurensis was excluded, the mean density of F.
tenuicostata was ca. 580 m–2 at the end of the experi-
ment. The mean size of F. tenuicostata increased dra-
matically in seastar exclusions over the experimental
period. The increase in density over the experimental
period most likely reflects the growth of juveniles into
size classes that are retained on the 2 mm mesh sieve
which was used to assess abundances. Densities of ca.
530 m–2 were recorded at the start of the experiment
when juveniles retained on a 1 mm mesh sieve were
counted. Given our observations of seastar feeding, we
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Taxon Nov 1997 Apr 1998 Nov 1998
Frequency (%) Electivity Frequency (%) Electivity Frequency (%) Electivity

Sub- Stomach index Sub- Stomach index Sub- Stomach index
stratum contents stratum contents stratum contents

Bivalves
Fulvia tenuicostata 0.1 0 – 2.8 51.8(39.3) 0.69(0.58) 0 2.9 +1
Theora spp. 3.4 0 –1 21.5 0 –1 5.9 8.6(8.8) –0.43(–0.43)
Mysella donaciformis 0.7 0 – 2.5 0 –1 2.6 0 –1
Corbula gibba 0.1 – – 5.3 24.1(25.0) 0.14(0.10) 0.1 0 –
Timoclea cardoides 0.7 0 – 0.5 0 – 0.4 8.6(8.8) 0.73(0.73)
Laternula rostrata – – – – 2.4(3.6) +1 – – –
Venerupis anomala – – – 0.2 2.4(3.6) 0.48(0.58) – – –
Electroma georgina – – – na 2.4(3.6) – – – –

Gastropods
Nassarius nigellus – – – 0.5 14.5(17.9) 0.80(0.82) 0 5.7 +1
Fusinus novaehollandiae 0 7.7 +1 – – – – – –
Retusa pelyx 3.0 0 –1 0.5 0 – – – –
Philine angasi 1.0 0 –1 – – – 2.3 0 –1
Gastro sp1 2.0 0 –1 – – – – – –
Gastro sp2 1.0 0 –1 – – – – – –
Gastro sp3 – – – – – – 0 2.9 +1

Echinoids
Echinocardium cordatum 0.7 30.8 0.87 0.5 0 – 0.3 5.7(5.9) 0.69(0.69)

Crustaceans 13.0 46.2 0.05 9.7 2.4 (7.1) –0.86 (–0.67) 19.1 48.6(50.0) –0.17(–0.17)

Polychaetes 73.2 15.4 –0.88 55.0 0 –1 64.7 17.1(17.6) –0.86(–0.86)

Sipunculids – – – – – – 1.9 0 –1

Ascidians 1.0 0 –1 – – – – – –

Flatworms – – – – – – 1.9 0 –1

Table 2. Frequency (%) and electivity coefficients for macroinvertebrates in the sediments and stomach contents of 46, 20 and 49
Asterias amurensis collected from Ralphs Bay during November 1997, April 1998 (Week 8 of experiment) and November 1998,
respectively. Frequency (%) of macroinvertebrates in the diet is calculated using the total stomach contents based on numerical
and binary data. Results based on binary data are in parentheses (note in November 1997 the results based on numerical and 

binary data are identical). Taxa showing positive values of electivity are presented in bold. na: not available
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interpret the large reduction in bivalves in cages con-
taining A. amurensis relative to the cage exclusions to
indicate seastar predation. The seastar responded simi-
larly to the settlement of F. tenuicostata in the unma-
nipulated area, as evidenced by a pronounced shift in
diet. This bivalve was the most common prey species of
A. amurensis following its mass settlement, represent-
ing 50 to 80% of the seastar’s dietary items in February
and April 1998. These findings are consistent with ob-
servations in the native habitat of the seastar where it is
a major predator of bivalves including cockles, oysters,
scallops and other clams (Hatanaka & Kosaka 1959,
Kim 1969, Nojima et al. 1986).

The bivalves Laternula rostrata and Paphies eryci-
naea were the only other prey taxa for which the
experimental results indicated an impact of the seastar
on their abundance. This is consistent with previous
observations of feeding, which identified P. erycinaea
as a common prey item of the seastar (Lockhart 1995,
Grannum et al. 1996). Although it was absent from
unmanipulated plots at the start and end of the experi-
ment, L. rostrata was recorded in seastar stomachs and
was present in the treatment from which seastars were
excluded. While the results are indicative of a seastar
effect, the presence of L. rostrata at low levels in
seastar inclusion treatments relative to open plots
where it was absent suggests that it may also be sub-
ject to losses from other predators.

Caging artefacts

Caging artefacts may have compromised the ability
to detect seastar effects for some taxa. While caging
experiments have been important in elucidating the
role of predators in structuring marine benthic commu-
nities (see Peterson 1979, Ólafsson et al. 1994, Thrush
1999), the potential for cage artefacts to confound true
treatment effects is widely acknowledged (e.g. Virn-
stein 1978, Dayton & Oliver 1980, Hulberg & Oliver
1980, Hall et al. 1990, Ólafsson et al. 1994, Fernandes
et al. 1999, Thrush 1999). At the end of the experiment,
the abundance of the bivalves Corbula gibba, Timo-
clea cardoides, Theora spp. and Venerupis anomala
were reduced in both caged treatments, irrespective of
seastar density, compared with open plots. In contrast,
the bivalves Laternula rostrata and Hiatella australis
were detected only in caged treatments. Artefacts of
caging may have contributed to the change in abun-
dance of these species in cages.

In contrast to Fulvia tenuicostata, which settled prior
to the experiment, all bivalves that were recorded in
lower abundances in the caging treatments settled
during the experiment. Thus, settlement may have
been suppressed by changes in water flow and/or

settlement behaviour around cages. Also, predation by
the crab Paragrapsis gaimardii may have confounded
the effect of manipulating seastars since densities of
P. gaimardii, a known bivalve predator, were 60 to
110 times higher in all treatments with cages com-
pared with open plots. F. tenuicostata settled prior to
the experiment and may either have reached a size
refuge from crab predation (Ross 2001) or have been
too abundant for the crab to have much impact. In con-
trast, Corbula gibba, Timoclea cardoides, Theora spp.
and Venerupis anomala were likely to be susceptible
to crab predation as they settled during the experiment
and were available to the aggregation of crabs in cages
at a much smaller size. For the bivalves that had
greater abundances in the caging treatments (Later-
nula rostrata and Hiatella australis), exclusion of other
predators by the cages is a possible explanation.

It is important to note that potential effects of cage
artefacts are unlikely to compromise the tests for direct
effects of the seastar. This is because caging effects are
unlikely to account for lower abundances of some bi-
valves in cages containing seastars compared with
cage exclusions. Moreover, Fulvia tenuicostata, Later-
nula rostrata, Corbula gibba, Timoclea cardoides and
Venerupis anomala were identified as preferred prey
items of Asterias amurensis in the feeding survey
(Table 2). Soletellina biradiata and Paphies erycinaea
have been recorded as common prey items of A.
amurensis in other studies in the estuary (Lockhart
1995, Morrice 1995, Grannum et al. 1996). It is con-
cluded that the lower densities of bivalves in cage in-
clusions compared with identical cages without sea-
stars are indicative of a seastar effect. Nonetheless, in
interpreting this contrast we assume that the cage has
not greatly affected the behaviour of the seastar. While
caging of a single animal may preclude any intraspe-
cific inhibitory or facilitative behaviour that may influ-
ence feeding rate in nature, it needs to be emphasised
that seastar densities similar to and substantially higher
than those in the cages are frequently encountered in
the Derwent Estuary (Grannum et al. 1996, S. D. Ling
pers. comm.) for periods much greater than the 10 wk
experimental period. Thus, we suggest it is reasonable
to expect similar effects on native species should the
seastar attain the densities used in these experiments.
This was supported from feeding observations in the
non-experimental area at this site where aggregations
of seastars consumed virtually all the Fulvia tenuicostata,
as anticipated from the experiments.

Prey switching and food preferences

That significant impacts on only Fulvia tenuicostata
were detected in the short-term (10 wk) caging exper-
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iment does not preclude that seastars may have
effects on other taxa in the longer term. In this study,
seastars fed prominently on F. tenuicostata after its
massive settlement, but shifted to feed on other spe-
cies when the bivalve became rare. As the abundance
of F. tenuicostata declined, other bivalves (Corbula
gibba and Venerupis anomala) and the gastropod
Nassarius nigellus were increasingly consumed by the
seastar until their populations also declined to low
levels by late spring (November 1998). This is consis-
tent with previous studies in the estuary, in which
Asterias amurensis was found to be highly selective of
V. anomala (Lockhart & Ritz 2001), Venerupis spp.
and N. nigellus (Grannum et al. 1996). C. gibba, an
introduced bivalve, had not been previously reported
from the Derwent Estuary, although in Port Phillip
Bay on mainland Australia, C. gibba is considered a
major prey item of A. amurensis (G. Parry pers.
comm.). In November 1997 and 1998, when all these
species were rare, the seastar fed largely on the echi-
noid Echinocardium cordatum, the bivalves Theora
spp. and Timoclea cardoides, polychaetes and crus-
taceans.

The observed shift in diet correlates with the eco-
logical availability of prey. Bivalves such as Fulvia
tenuicostata, Venerupis anomala, Corbula gibba and
Timoclea cardoides are relatively accessible because
they have short siphons, live just below the sediment
surface and do not burrow deeply. In contrast, Theora
spp. have long siphons and are likely to be less accessi-
ble to the seastar since they can live at depths several
times their shell length (Willan 1998). Similarly,
Echinocardium cordatum can remain deeply buried (up
to 15 cm, Buchanan 1966), maintaining contact with the
surface by a funnel-like opening over its aboral side
(Buchanan 1966). This requires that the seastar actively
dig to access the prey. The complete absence of the bi-
valve Mysella donaciformis in the seastar diet is enig-
matic. Possible explanations include escape by leaping
movements and/or their very small size, which may de-
crease the probability of their detection and/or capture
(Fukuyama & Oliver 1985). Crustaceans are likely to be
less available to seastars than bivalves due to their high
mobility, while polychaetes may be less available be-
cause of behavioural avoidance (e.g. withdrawal into
tubes). Interestingly, the majority of crustacean parts
found in the stomach of Asterias amurensis in Novem-
ber 1997 were pieces of the crab Paragrapsis gaimardii.
However, predation on this highly motile crab is likely
to be incidental as a result of seastars preying on auto-
tomised limbs or moults, both of which were abundant
at the site during the survey. The clear pattern is that
they eat the most accessible prey first, and shift to other
less accessible prey only when availability of more
accessible prey declines.

CONCLUSIONS

Bivalve populations in the Derwent Estuary are char-
acterised by very small size and rarity of adults (Lock-
hart 1995, D. Ross pers. obs.). The presence in the sur-
face sediments of the shells of large adults of several
species suggests that this has not always been the case
(Lockhart 1995, L. Turner pers. comm.). Experiments
conducted outside the range of the seastar clearly
demonstrated a major impact on adult bivalve popula-
tions, particularly the commercial bivalves Fulvia
tenuicostata and Katelysia rhytiphora (Ross 2001). The
results of this study showed that Asterias amurensis
can have a large impact on the survivorship of juvenile
bivalves, effectively arresting mass settlement events.
Together, these results suggest that predation by A.
amurensis may be largely responsible for the decline
and subsequent rarity of adult bivalves in the Derwent
Estuary. The observations of shifts in diet show that
while the seastar has clear food preferences, it is a gen-
eralist predator able to consume other prey when pre-
ferred prey become rare. Thus, A. amurensis has the
potential to impact a large variety of taxa and have
wider effects on soft sediment communities than that
demonstrated in short-term manipulative experiments.
Our overall conclusion is that at the high densities that
can occur in SE Tasmania, there are large direct effects
on native assemblages, including commercial species
such as F. tenuicostata. These important consequences
of the establishment of this introduced predator war-
rant efforts to limit its impact.
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