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Abstract

Petrolisthes elongatus (Milne-Edwards, 1837) was first introduced into southern Tasmania in the late 19th century putatively associated with
live-oyster transfers from New Zealand. In the last century P. elongatus populations have expanded, inoculating rocky intertidal zones
around Tasmania. We initially identified the scope of P. elongatus introduced range around Tasmania by visiting 57 sites to identify
presence. Density of P. elongatus and populations of two native grapsid crab species was assessed at 12 sites around Tasmania to identify
any biotic resistance. Abiotic factors including substrate availability and preference, and wave stress, were identified at each of the 57 sites.
Our results indicate that P. elongatus has successfully invaded a large proportion of the southern and northern coasts of Tasmania, with a
small number of sites on the east and none on the west coast supporting P. elongatus populations. Densities were found to be higher in
southern Tasmania compared to the eastern and northern coastlines. Petrolisthes elongatus presence was found to be positively correlated
with native grapsid crab presence, however, no statistically significant relationship was found between densities at scales of site or quadrat.
Abiotic factors have been identified as the primary drivers of Petrolisthes distribution patterns.
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Introduction subsequent spread of novel species (e.g., Torchin

et al. 2001; Shea and Chesson 2002; Torchin et

Non-indigenous species (NIS) are an increasing
threat to  biodiversity worldwide (e.g.,
Lubchenco et al. 1993). NIS have the ability to
alter native assemblages and cause permanent
and ongoing damage to the ecosystems they
inoculate (Carlton and Geller 1993; Ricciardi et
al. 1997; Parker et al. 1999). The competing
influence of a range of biotic and abiotic
mechanisms determines NIS invasion success
and includes characteristics of both invading
species and the invaded ecosystem. It is
hypothesised that the characteristics of invading
species, such as fecundity, mobility, and
physiological plasticity, contribute to invasion
success (e.g., Lodge 1993; Hayes and Sliwa
2003). The characteristics of receiving (invaded)
ecosystems are also considered to influence NIS
invasion success. For example, the absence of
competitors, parasites and predators can
contribute to the successful establishment and

al. 2003; Dunstan and Johnson 2007). However,
favourable abiotic conditions (suitable habitat)
can be even more important than biotic factors in
some cases (e.g., Moyle and Light 1996; Holway
et al. 2002).

Two Petrolisthes species (commonly known
as porcelain crabs) have successfully invaded
intertidal systems globally. Petrolisthes armatus
(Gibbes, 1850) is a species native to Brazil that
has successfully invaded North America (Florida
to North Carolina), South America (north-west
of Brazil to Venezuela), Bermuda, West Indies,
the Caribbean and tropical West Africa (Gore
1972; Hollebone and Hay 2007). Previous
studies of the invading P. armatus have
commonly focused on the distribution and
abundance, effects on native biodiversity and the
possible negative impacts this NIS can have on
bivalve fisheries along the south-eastern
seaboard of America (Walton et al. 2002;
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Hollebone and Hay 2007). These impacts include
the over-population of oyster reef communities,
which subsequently pushed juvenile and mature
native mud crabs (native predator) out of their
native ecosystem (Hollebone and Hay 2007).
Furthermore, as a filter feeder that attains high
densities (4,000 to 11,000 individuals m™)
P. armatus may have negative effects on the
other filter feeders, including oysters (Haig
1960; Hollebone and Hay 2007).

The second species, Petrolisthes elongatus
(Milne-Edwards, 1837), is native to New
Zealand and has been introduced into Tasmania
(Australia). This sedentary filter feeder
commonly inhabits the lower intertidal zone
where it is found under rocky substrate (Haig
1960; Jones 1976; Jones and Greenwood 1982;
Pellegrino 1984). Distribution and tolerance
studies on P. elongatus in New Zealand reveal
the need for rocky substrate as a suitable habitat
for shelter and feeding (Jones 1976).
Furthermore, studies of P. elongatus in its native
range (e.g., Jones 1977; Jones and Greenwood
1982; Pellegrino 1984) focused on the factors
that affect its abundance and distribution, such as
intertidal zonation, desiccation and distribution
limitations. However, unlike P. armatus, limited
ecological research has been conducted on
P. elongatus in its introduced range of Tasmania
(e.g., King 1997).

Petrolisthes elongatus was first introduced
into south Tasmania from New Zealand in the
late 19th century in ships’ dry ballast during the
transport of timber and fruit and as a hitchhiker
during the transfer of live Bluff oysters, Ostrea
chilensis (Philippi, 1845) (Lodder 1902; McLay
1988; King 1997). Petrolisthes elongatus has
since expanded up the eastern and onto the
northern coasts of Tasmania (Aquenal 2001); and
mainland Australia (unconfirmed sighting)
(Species Bank 2007).

Despite its high abundance in parts of
Tasmania, the lack of research on P. elongatus
makes it difficult to determine the negative
impacts on native biodiversity similar to findings
identified for P. armatus (see above; Hollebone
and Hay 2007). Petrolisthes elongatus 1is
included as a non-target species within
Tasmanian introduced species reports (see
Aquenal 2001, 2002; Whitehead 2008), however,
there have been no management actions taken to
control the abundance and spread of this species.

Biotic factors that may affect the distribution
and density of P. elongatus include possible
competitive and predator-prey interactions with
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the dominant native grapsid crabs. Research
conducted on the native Petrolisthes cinctipes
(Randall, 1840) and Petrolisthes eriomerus
Stimpson, 1871 on the west coast of the United
States indicates that competition and predation
affect the distribution of these species along the
intertidal gradient (Jensen and Armstrong 1991).
As well, abiotic factors such as availability of
suitable habitat and exposure to wave energy
could also affect the distribution of P. elongatus
around Tasmania (Jensen and Armstrong 1991;
Stillman 2002; Emparanza 2007). Thus the goals
of this study were to assess the distribution and
density of P. elongatus populations along
Tasmania’s coastline, and to evaluate the
possible effects of Grapsid crab presence,
substrate type, and exposure to wave energy.

Materials and methods

Distribution and Density

An initial visual survey of sites at various
locations around Tasmania, (west [Strahan to
Marrawah], north [Smithton to Little Musselroe
Bay], east [Musselroe Bay to Triabunna] and
south [Port Arthur to Recherche Bay]) was
conducted to qualitatively evaluate the distribu-
tion of P. elongatus, and the native grapsid crabs
Paragrapsus quadridentatus (Milne-Edwards,
1837) and Paragrapsus laevis (Dana, 1851)
(Figure 1, Appendix 1). A total of 57 sites were
visited during low tide between December 2010
and January 2011 (austral summer) where a
search for the target species presence was
conducted from the low tide to the high tide
mark. A 30 minute timed search targeting the
preferable habitat of these crabs (rocky
substrate) was used with presence/absence of the
target species being noted (Jones 1976).

Five sites on the north coast, two sites on the
east coast, and five sites on the south coast were
selected for more detailed sampling. A stratified
sampling regime based on tidal height was
implemented at each site. Three transect lines
(10 m apart along the shoreline) were laid
vertically from the low tide mark and extending
to the wupper limits of the P. elongatus
population. Transects were placed randomly
within the intertidal zone where rocky substrate
was present. Each transect line was sampled at
three points using a laser level to identify tidal
heights for the placement of quadrats: Q1 at the
lowest tidal point (0 m above sea level); Q3 at
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Figure 1. A) Tasmanian distribution of Petrolisthes elongatus (introduced species). Filled shapes represent presence; open circles represent
absence; squares represent sites found through literature with P. elongatus presence. Black bars represent the separation of north, south, east
and west. B) Tasmanian distribution of Paragrapsus quadridentatus and Paragrapsus laevis (native species). Filled circles represent the
presence of both Paragrapsus species; top half-filled circles represent the presence of P. quadridentatus only; bottom half-filled circles
represent the presence of P. laevis only; open circles represent absence of Paragrapsus species. See Appendix 1 for additional information.

the upper limit of P. elongatus population; and
Q2 half of the elevation difference between 0 m
above sea level and the height measured at the
upper limit of the population. Each quadrat was
composed of a bottomless bucket (similar to a
box core) of 300 mm diameter (providing a
quadrat area of 0.071 m?). The use of high-
walled quadrats helped to reduce the likelihood
of crabs escaping the quadrat arca (Emparanza
2007). At Kettering (south coast), equipment
failure (laser sensor malfunction) resulted in the
inability to use tidal heights. Instead, a length

measurement was taken along the intertidal from
low tide (Q1) to the point of highest distribution
(Q3) and Q2 was placed at the middle point.

All P. elongatus individuals within each
quadrat were collected, placed in quadrat speci-
fic marked zip lock bags, and then stored on ice
until euthanised and preserved in 70% ethanol.
The density of the two native grapsid crabs
(Paragrapsus quadridentatus and Paragrapsus
laevis) was recorded in situ. Density was
expressed as the total number of individuals per
square metre.
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Biotic Factors

A chi-square test of independence was carried
out to identify a relationship between the
presence of P. elongatus and the presence of two
native grapsid crabs at all 57 sites visited.

A Kruskal-Wallis non-parametric test was
applied (as a result of the data violating the
assumption of normal distribution) to identify
significant differences between the P. elongatus
and grapsid crab species densities. In addition, a
Spearman’s correlation coefficient was used to
test for a correlation between species densities
across sites and within sites at a quadrat scale in
order to evaluate the hypothesis that P. elongatus
and native grapsids compete for space and that
native grapsids influence P. elongatus distri-
bution due to predatory behaviour. Data was
scarce for Paragrapsus laevis therefore; the data
for both native grapsid species were pooled for
this analysis.

Abiotic Factors

Physical characteristics (abiotic information)
were evaluated at each of the 57 sites. Substrate
type was classified using the Wentworth Scale
(1922) summarised as: mud (1/256 - 1/16 mm),
very fine sand (1/16mm - 1/8mm), fine sand (1/8
- 1/4 mm), medium sand (1/4mm - 1/2mm),
coarse sand (1/2 - 1 mm), very coarse sand (1mm
- 2mm), granules (2mm - 4mm), fine gravel
(4mm - 8mm), medium gravel (8§mm - 16mm),
coarse gravel (l6mm - 32mm), very coarse
gravel (32mm - 64mm), cobble (64 - 256 mm),
and boulder (256 - 2048 mm). A Spearman’s
rank correlation coefficient was used to identify
any relationships between the presence of
P. elongatus and the type of substrate at sites
surveyed around Tasmania.

Also, wave energy (low, moderate, high) were
characterised based on a Tasmanian environ-
mental report providing a map of wave exposure
(Tasmanian Planning Commission 2009). To
determine whether or not wave energy influences
the distribution and presence of P. elongatus, a
chi-square test of independence was used.

Results

Distribution and Density Patterns

Petrolisthes elongatus has successfully invaded a
large proportion of the Tasmanian coastline,
although it is more prevalent in the north and
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south shores (Figure 1A). At the time of the
study, P. elongatus was present in 32 out of 57
sites sampled along the Tasmanian coastline
(Figure 1A), and was also found through
reviewed literature in Bathurst Harbour (Hirst et
al. 2007), South Bruny Island (unconfirmed
sightings), Taroona, Cremorne, Norfolk Bay and
Lauderdale (King 1997), resulting in a total of 39
sites with P. elongatus. Paragrapsus quadri-
dentatus was present in 37 out of 57 sites, while
Paragrapsus laevis was present in 15 out of 57
sites surveyed (Figure 1B).

Higher densities of P. elongatus are more
prevalent within the south coast of Tasmania
(Figure 2). Four out of five of the southern sites
where research was conducted returned >150
individuals/m?, in contrast to <50 individuals/m?
per site seen in all sites within the other two
coastlines (north and east), showing the
latitudinal difference of population numbers.

Biotic Factors

The presence of P. elongatus was found to be
significantly associated with the presence of
native grapsid crabs (y’ 21 = 23.786; P<0.001)
(Figure 3). Almost 94% of sites visited around
Tasmania with P. elongatus presence (n=32) also
had grapsid crab populations (n=30).

The density of P. elongatus was significantly
higher than that of the native grapsids (H [} =
7.593; P<0.01) (Figure 2). The density levels of
P. elongatus are minimal in northern and eastern
sites compared to the large densities within
southern sites (Figure 2). In contrast, the density
levels of native grapsid crabs from north
Tasmania to south Tasmania is similar, with
density levels only spiking in Wynyard and
Tinderbox (Figure 2). The correlation between
densities of Petrolisthes and Paragrapsus at both
site and quadrat scale was, however, non-
significant (Figure 4).

Abiotic Factors

A statistically significant correlation was found
between the presence of P. elongatus and some
substrate types, including coarse sand (p= 0.439,
P <0.01), rocky cobble (p= 0.294, P <0.05) and
small rocks (p= 0.587, P <0.01) (Figure 5).
Around 76% of all intertidal sites with
P. elongatus presence visited contained small
rocks. Simultaneously, P. elongatus were present
at 84% and 83% of sites containing rocky cobble
and coarse sand respectively. In contrast,
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P. elongatus absence was statistically correlated
with the presence of fine sand (p= -0.464, P
<0.05), and large immovable rocks (p=-0.447, P
<0.05) (Figure 5).

Wave energy (low) significantly influenced
the presence of P. elongatus (XQ[Q] = 11.993;
P<0.05; Figure 6), with it being absent at sites
with high wave energy. Petrolisthes elongatus
exhibited a higher preference for areas with low
to moderate wave energy (contributing to 56.2%
of P. elongatus presence around Tasmania).

Discussion

Introduced species are a threat to global
biodiversity (Carlton 1996; Bax et al. 2003;
Hewitt 2003; Hewitt et al. 2004). Our research
explicitly focused on the distribution and density
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of P. elongatus around Tasmania with an assess-
ment of biotic and abiotic factors that contribute
to the current range of this introduced crab. The
rarity of P. elongatus along the east coast its
absence on the west coast of Tasmania, and its
putative initial inoculation site on the southern
coast presents a conundrum: what mechanism(s)
of dispersal inoculated this large proportion of
the north coastline? The wide-spread and
disjunct distribution suggests either a suite of
inoculation events in disparate locations, or
subsequent spread.

Two potential hitchhiker pathways have
resulted in the Tasmanian invasion of P. elonga-
tus: 1) the live Bluff oyster, O. chilensis, trade
from southern New Zealand to southern
Tasmania (Port Davey, Bathurst Harbour, and
Recherche Bay) and potentially to northern sites;
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Figure 4. Density of Petrolisthes elongatus (y-axis) vs. density
of grapsid crabs (x-axis) at site scale (upper chart) and at quadrat
scale (lower chart).

and 1ii) dry-ballast of early trading vessels
between Tasmania and New Zealand. These two
vectors are the likely mechanisms for the
introduction of the suite of New Zealand benthic
invertebrates to Tasmania, including the seastars
Astrostole scabra (Hutton, 1872) (Mallick and
Driessen 2009) and Patiriella regularis (Verrill,
1897) (Dartnall 1969; Waters and Roy 2004); the
chiton Chiton glaucus Gray, 1828 (Bax et al.
2003); the mollusc Maoricolpus roseus (Quoy
and Gaimard, 1834) (Mallick and Driessen
2009), as well as the porcelain crab P. elongatus
(Furlani 1996; King 1997; Bax et al. 2003), with
significant populations in the south.

Our results rule out the natural dispersal of
mature P. elongatus along the Tasmanian coast-
lines, because of a lack of suitable habitat.
Larval dispersal around Tasmania may be
explained by nearshore currents (Grosholz and
Ruiz 1995; Largier 2003). The currents that
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surround Tasmania show a south to north
movement with a resulting flow into Bass Strait
along the north coast. Yet, the behaviour of
P. elongatus larvae refutes larval dispersal of
P. elongatus to new sites. Ulloa and Palma
(1998), in their study in Valparaiso Bay (Chile),
suggest that Petrolisthes larvae do not relocate
or easily disperse to new locations. However,
others argue that the retention of larvae is
explained by eddies and the sheltered nature of
Valparaiso Bay, which limits the release of
larvae (Johnson et al. 1980; Aiken et al. 2008).
The continuous presence of ovigerous females
throughout the year may provide a constant
supply of recruits that can maintain a population
of crabs in an occupied area (Antezana et al.
1965) which may facilitate the spread of P.
elongatus. This aspect 1is currently being
investigated.

An alternative notion is that larval dispersal is
facilitated by human mediated movement from
southern to northern sites in Tasmania, through
domestic shipping and recreational marine
activities. Recreational boat users can act as
potential vectors of introduced species (e.g.,
Hewitt and Campbell 2001; Johnson et al. 2001;
Ashton et al. 2006). For example, secondary
transfers could have occurred via the Huon pine
timber and apple trade between southern and
northern Tasmania (Campbell and Hewitt 1999).
Similarly, multiple vectors may be operating
(Floerl and Inglis 2005), or new inoculations
could have occurred via direct shipping from
New Zealand.

Molecular analysis is a useful tool to identify
multiple vector events such as invasions of Euro-
pean green crab Carcinus maenas (Linnaeus,
1758) populations in Nova Scotia (Roman and
Palumbi 2004; Roman 2006; Roman and Darling
2007; Darling et al. 2008), Tasmania, and North
America (Roman and Palumbi 2004; Roman
2006; Roman and Darling 2007; Darling et al.
2008). Similarly, in New Zealand the varying
haplotype groups of the introduced populations
of the macroalga Undaria pinnatifida (Harvey)
Suringar, 1873 have been used to identify source
populations from northern Japan, Korea and
China (Uwai et al. 2006). In addition, the local
spread of the haplotype group on the north island
of New Zealand is thought to be linked to
recreational and commercial vessels (Uwai et al.
2006). Thus, future research on the distribution
of Petrolisthes in Tasmania could focus on
molecular analysis to determine if there have
been multiple invasions events.
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The density of P. elongatus is greater within
the southern coastal zones of Tasmania compa-
red to the east and north coasts. This supports the
concept of an initial incursion and establishment
in southern Tasmania (Lodder 1902; McLay
1988). An introduced species’ population within
close range to the primary hypothesised invasion
point may produce a more robust introduced
population (more fecund, high larval and juve-
nile survival rates). Simultaneously, this may be
a factor of an introduced population having
adapted to recipient communities over a longer
period of time, which aligns with the Abundant
Centre Hypothesis (ACH; Rivadeneira et al.
2010). The ACH theory however, does not
consider potential multiple invasions.

Competition and predation can influence the
success (or failure) of introduced species’
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establishment and spread within receiving
intertidal communities (Grosholz and Ruiz 1995;
Bax et al. 2003; Thresher et al. 2003). No signi-
ficant competitive or predatory relationship
exists between P. elongatus and grapsid crabs.
Similarly, in North America, the distribution and
density of P. armatus are not impacted by native
mud crabs (predators) (Hollebone 2006;
Hollebone and Hay 2007). The lack of impact
described by Hollebone (2006) and Hollebone
and Hay (2007) was attributed to the sedentary
nature of P. armatus.

Petrolisthes elongatus is typically detected
under rocky substrate within the low tide (Figure
5). Sheltering under rocks is a common strategy
used by less aggressive crabs (Viviani et al.
2010) such as Allopetrolisthes punctatus (Gué-
rin, 1835) (Eastern Pacific porcelain crab). This

497



strategy enables crabs to maintain high densities
(swarms) of individuals that effectively reduce
predation pressure. Competition over food
resources is unlikely between the introduced and
native crabs as the native grapsid crabs are
omnivorous (Bishop and Kelaher 2008) and P.
elongatus is a filter feeder (Steger and Gardner
2007).

The prevalence of P. elongatus was found to
be highest along the north and south coasts of
Tasmania and supports the concept of a relation-
ship between the presence of P. elongatus and
the type of substrate within sites. This may also
explain why there is a lack of prevalence on the
east and west coasts of Tasmania. Consistent
suitable substrate types can act as suitable
pathways for introduced species inoculation and
further distribution (Jensen et al. 2002). Sites
within the northern and southern coastlines of
Tasmania have a preferred consistent-substrate
type (small rocks and rocky cobble) for P.
elongatus. Consistent substrate types between
coastal zones may act as stepping stones and
contribute to the successful establishment of P.
elongatus. The east coast of Tasmania provides
suitable intertidal habitats (St. Helens, Bicheno,
Swansea and Triabunna) for P. elongatus to
inhabit, however harsh open coastal regions,
with minimal shelter, exist between these sites
and may act as a barrier to natural dispersal.

Weather exposure plays a role in the distri-
bution of intertidal species, and the inoculation
success and population density of introduced
marine species (Menge 1978; Jensen et al. 2002;
Shanks et al. 2003). Petrolisthes elongatus is a
prime example of the relationship between
exposure to weather and the success of inocu-
lating intertidal zones. Petrolisthes elongatus
was present in intertidal zones that have a low to
moderate wave energy but was absent from
locations with high wave energy (Figure 6). High
wave energy coastlines are known to disrupt
filter feeding and to displace shelter (Jensen and
Armstrong 1991). Jensen and Armstrong (1991)
found that P. cinctipes and P. eriomerus have
reduced feeding efficiency in high wave energy
locations because of the inability of fine sedi-
ments to settle out of suspension (Osborne and
Rooker 1999). Furthermore, high concentrations
of sediments in the water column have been
shown to increase energy consumption during
filter feeding in P. elongatus (Steger and
Gardner 2007).

Abiotic stress such as the inability or diffi-
culty to filter feed contributes to the absence of
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P. elongatus within high energy intertidal zones.
High wave energy coastlines can displace
important P. elongatus food items such as
macroalgae and phytoplankton (Vadas et al.
1990; Jensen and Armstrong 1991). Thus,
potentially high energy coastlines offer reduced
shelter, reduced ability to filter feed, and as food
resources are removed, all of which would
impact upon P. elongatus. However, it is
important to note that this inference of high
energy coastlines restricting the natural dispersal
and inoculation success of P. elongatus is not
apparent in its native range in New Zealand
(located in coastal zones of high energy
including Wellington Harbour, Taranaki coast,
Wanganui and others) (see Jones 1977). The
difference seen between native and invaded
coastlines is potentially explained by founder
effects. It is possible the individuals transported
to Tasmania were from a population sheltered
from high energy coastlines (phenotypically and
genetically less hardy individuals), thus the
Tasmanian populations of P. elongatus may
contain these traits. However, further research is
needed to determine whether these potential
genetic differences exist.

Introduced species have adapted to survive
and expand in suitable new environments regard-
less of the resistance met from native species and
abiotic factors (Torchin et al 2001, 2003; Shea
and Chesson 2002; Dunstan and Johnson 2007).
Since the initial invasion of P. elongatus, this
species has extended its range to most of the
habitable intertidal ecosystems around Tasmania.
However, this study suggests that there are still
uninvaded intertidal zones within Tasmania that
consist of suitable substrate and exposure levels.
The range expansion of this species in Tasmania
over the last century suggests that inevitable
uptake into the remaining suitable intertidal
zones will occur. Therefore, this preliminary
research provides a framework to guide more
detailed future research on P. elongatus inclu-
ding the identification of ecological impacts.
Furthermore, this study provides important
ecological information for the management and
prevention of further spread of this species. We
have highlighted an important relationship
between the presence of P. elongatus with
suitable substrate availability and wave exposure
within sites and now further research is needed
to determine the vectors that have led to the
disjunct populations that are evident.
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