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Abstract. Our understanding of the physical factors driving fine-scale structuring of marine biodiversity remains
incomplete. Recent studies have hypothesised that oceanography and coastal geometry interact to influence marine
biogeographic structure on small spatial scales. The coastal waters of eastern Tasmania, located at the oceanographic
interface between two major boundary current systems (the East Australia Current (EAC) and the Leeuwin Current (LC))
represent an informative system for assessing this hypothesis. Parallel biogeographic and oceanographic analyses,
focusing on the relative abundance of two widespread, larval-dispersed Nerita gastropods, suggest that the relative
influences of the EAC and LC at this interface are modulated by coastal topographical variation. Specifically, east-facing
that larval supply, recruitment and community composition can
vary over fine geographic and temporal scales (e.g. Gaines and
Roughgarden 1985; Underwood and Chapman 1996; Lagos
et al. 2005; Hidas et al. 2010), a diversity of biotic and abiotic
phenomena can underlie such patchiness. For instance, diverse
factors such as temperature, topography, upwelling, hydro-
dynamics, predation, disturbance and competition have all been
suggested to play roles in the spatial structuring of marine bio-
diversity (e.g. Underwood and Fairweather 1989; Sabatés 1990;
Graham and Largier 1997; Guichard et al.clear need for confirmation of this phenomenon, our under-

standing of the marine biological effects of coastal topography

remains limited (but see Wolanski and Hamner 198 8 ;

McCulloch and Shanks 200 3 ; Banks et al. 2007). Although
numerous studies have recognised that deep embayments
retain locally produced larvae (e.g. Bucklin et al. 2000; Perrin
et al. 2004), and that oceanographic variability can influence
retention of planktonic-developing species (Graham and
Largier 1997; Banks et al. 2007; Condie et al. 2011), the
biological effects of shoreline orientation still receive little
attention. In particular, there is a need for more detailed
analysis of marine biogeography at coastal convergence zones
(but see Dawson 2001; Wares 2002).

On the basis of previous data (Archambault and Bourget
1999), we predict that the biological distributions at oceano-
graphic interface zones (where currents meet) are influenced by
coastal geometry. Eastern Tasmania sits at the interface between
Australia’s major eastern and western boundary current sys-
tems. The East Australia Current (EAC) is the main western
boundary current of the South Pacific, with eddies extending as
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far as south-eastern Tasmania in summer (Ridgway 2007a,
2007b). The Leeuwin Current (LC) is arguably the longest
boundary current in the world, following the western coast
and then southern coast of Australia, before linking with the
Zeehan Current (ZC) in winter to flow counter-clockwise
around southern Tasmania (Ridgway and Condie 2004).

The rocky shores of southern Australia are dominated by two
widespreadNerita gastropod species (Waters et al. 2005;
Waters 2008), one of which is abundant in south-eastern
Australia (N. melanotragus) and the other in southern and
western Australia (N. atramentosa) (Fig. 1). Although these
species seem ecologically identical, and live together in close
proximity at sites of sympatry, they can be quickly and reliably
distinguished by genetic analysis (Waterset al.2005), and also
distinguished in the field by their opercular coloration (Spencer
et al.2007). Both species range widely from the subtropics to the
cool temperate, and both also occur in a wide range of exposed
and sheltered rocky habitats. Biogeographic data (Waters 2008)
imply that Nerita melanotraguslarvae (, 5-month duration;
Underwood 1975) are dispersed via the EAC, whereasN.
atramentosalarvae are dispersed via the LC (Fig. 1). A recent
study (J. M. Waters, S. A. Condie, M. Cirano, P. R. Teske and L.
B. Beheregaray, unpubl. data) demonstrated that inter-annual
shifts inNeritabiogeography in Bass Strait (Fig. 1) are attribut-
able to short-termtemporaloceanographic variation. By con-
trast, the current study focuses on abiotic factors underlying
fine-scalespatialvariation in biodiversity.

On the basis of the broad correlation between Australian
oceanography andNerita biogeography (Fig. 1), we expect the
interface of the LC and EAC to produce a mixture of
N. melanotragusandN. atramentosain south-eastern Tasmania.
Specifically, under a sink–source model, larvae ofN. atramen-
tosaare expected to arrive in eastern Tasmania from the south-
west, via the ZC (the southern portion of the LC (Figs 1, 2).
Here, we use this biological oceanographic system to assess
the hypothesis that coastal topography and hydrodynamics
influence species distributions at a coastal convergence zone.

Materials and methods

Biology

In early–mid 2012,Nerita specimens were sampled from 12
intertidal sites in eastern Tasmania (Table 1), and from two sites
in western Tasmania (Fig. 2). The eastern sites were selected to
provide a replicated suite of east-facing and south-facing coastal
sites. Sampling was conducted so as to assess proportional
abundances of the two taxa with respect to one another, as
opposed to absolute abundance estimates. In total, 3271 speci-
mens were morphologically assessed in the field, with each
individual being categorised asN. atramentosaor N. melano-
traguson the basis of operculum coloration (Waterset al.2005;
Spenceret al. 2007). Using the approach ofWaters (2008),
representative sampling ofNerita specimens was performed
across each rocky-shore locality. Specifically, clusters ofNerita
specimens were sampled from the upper to the lower intertidal
zone, with large numbers of specimens (including a range of size
classes) taken from a broad range of the potential microhabitats
available at each site, including from rock crevices, underneath
stones, from rock pools and from exposed vertical and hori-
zontal rocky surfaces. Biased sampling of these two taxa with
respect to one another is unlikely, because they exhibit no
apparent ecological or size-differentiation (Waterset al. 2005;
Spenceret al. 2007; J. M. Waters, S. A. Condie, M. Cirano,
P. R. Teske and L. B. Beheregaray, unpubl. data), and indeed, to
our knowledge, it is not possible to establish an individual-
species status in the field before opercular inspection (which
was performed here after sampling). Notably, their status as
distinct taxa went unnoticed until 2007, despite their abundance
and prominence on Australian rocky shores.

Shell size was measured to help account for any temporal
(interannual) variation in relative recruitment rates between the
species (see Waterset al. in prep). The shell length of each
specimen was measured to the nearest 0.1 mm with digital
calipers. On the basis of the normal distributions observed for
these size-frequency data, in most cases, we used a parametric

Fig. 1. Map of southern Australia, showing distributions of intertidal gastropodsNerita atramentosa(red line)
and N. melanotragus(yellow line). Dashed arrows provide a schematic representation of the region’s major
boundary current systems: the East Australian Current (EAC; yellow), and the Leeuwin Current (LC), South
Australian Current (SC) and Zeehan Current (ZC) (hereafter referred to together as the LC; red).
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summer–autumn period (Fig. 5). Under these conditions, there
was strong potential for the EAC to deliver larvae to east-facing
localities, as inferred from biological data (Fig. 2), and also for
the LC to deliver larvae to southern-most south-facing sites,

again consistent with biological observations (Fig. 2). However,
the circulation was unfavourable to near-surface transport of
larvae into Great Oyster Bay (the large embayment enclosed by
Freycinet Peninsula;Fig. 2).
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Fig. 3. Size frequency ofNerita atramentosa(red) andN. melanotragus(yellow) samples at the eight eastern Tasmanian localities where
substantial frequencies of both species were detected (Table 1). The horizontal axis indicates shell length (in mm), and the vertical axis
indicates frequency of occurrence. Shell-length differences between species in sympatry were assessed using a Student’st-test, withP-values
provided for each site.
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Fig. 5. Modelled surface wind stress (left), surface currents (centre) and currents at 20-m depth (right) at
1200 hours on 3 days in March 2012. The wind-rose for average March conditions is shown in the top left
map. The surface-current maps include the biological sampling sites (colour-coded to indicate the dominant
Nerita species, as per Fig. 2) and arrows indicative of the broad oceanographic transport patterns (colour
coded for the EAC and LC). LC water (bearingN. atramentosa; red) is regularly transported to south-facing
bays, whereas EAC water (bearing N. melanotragus; yellow) regularly reaches east-facing localities.
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