Molluscan Research6(1): 51-60 ISSN 1323-581
{2 http://www.mapress.com/mr/ Magnolia Pres

Patterns of occurrence of grazing molluscs on sandstone and concrete seawalls in
Sydney Harbour (Australia)

J. MOREIRA
Centre for Research on Ecological Impacts of Coastal Cities, Marine Ecology Laboratories A11, University of Sydney, NSW
2006, Australia
jmoreira@bio.usyd.edu.au

Abstract

Proliferation of artificial structures is a common feature in urbanized environments. In Sydney Harbour (NSW, Australia),
much of the coastline is composed of seawalls that have replaced natural habitats, such as rocky shores. Many of these seawalls
are made of sandstone blocks or concrete, but the effects of the type of substratum on assemblages living on seawalls has not
been documented. Nevertheless, differences in characteristics of substratum have been shown to affect composition and devel-
opment of intertidal assemblages. Grazing molluscs are important agents in the structuring of intertidal assemblages affecting
numbers and distribution of other organisms. This study compares species and numbers of grazing molluscs at midshore levels
between concrete and sandstone seawalls across Sydney Harbour. The two habitats supported a similar suite of species,
although in different numbers and frequencies of occurrence, particularly higher on the shore. Therefore, concrete and sand-
stone seawalls provide different habitat for intertidal molluscs depending on tidal height. Experimental work is needed to
assess properly the impact of construction of seawalls with different materials on intertidal biodiversity.
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Introduction intertidal assemblages in natural habitats through complex
interactions that affect the distribution and abundance of
The continued growth of human populations and consequenalgae and sessile and mobile animals (Underwood 1980;
expansion of cities and towns is having a strong impact onHawkins and Hartnoll 1983; Petraitis 1987; Anderson and
natural systems (Carrofit al. 2004). Urbanization removes Underwood 1994). Previous work has documented that,
and fragments natural habitats and results in a number o&lthough many molluscs found on natural habitats also live
new structures being added to the environment (Glasby an@n sandstone seawalls (Chapman and Bulleri 2003), some
Connell 1999). In coastal areas, artificial structures such asre very sparse on seawalls (Chapman 2003; in press). There
jetties, pilings, pontoons and seawalls are, in many casesare also important differences in behaviour and performance
built at the expense of natural shores (Glasby and Connelbetween seawalls and natural rocky shores. For example,
1999; Chapman and Bulleri 2003; Bulleri and Chapmansome limpets can be found in similar densities on the two
2004). These new structures are made of a variety ohabitats, but show differences in grazing behaviour and use
materials and differ from natural habitats in terms of of habitat (Bulleriet al. 2004), sizes and reproductive output
composition, orientation, features of the surface and(Moreiraet al, in press). However, it is not known whether
provision of microhabitats (Chapman and Bulleri 2003). As concrete seawalls support similar species and densities of
construction of new structures will undoubtedly continue, it grazing molluscs as sandstone seawalls.
is necessary to assess their value as alternative habitats for  Although sandstone and concrete seawalls in Sydney
marine organisms. Harbour are generally vertical or steeply sloping and
Although there is a tendency to build seawalls using thetherefore have a similar intertidal extent (about 2 m), texture
natural rock of the area (sandstone), some seawalls irand features of exposed surfaces are likely to differ. In
Sydney Harbour (NSW, Australia) are made of other addition, sandstone seawalls are made of blocks separated by
materials, particularly concrete. In addition, the lack of a crevices, which may provide shelter for some intertidal
common policy among local councils means that collapsedmobile organisms (Chapman 2003). Characteristics of
sandstone seawalls are not always repaired or rebuilt with theubstratum strongly affect numbers and survival of intertidal
same original material. Thus, a variety of materials used tograzing gastropods (Underwood and Chapman 1992;
build seawalls causes a mix of artificial and natural habitatsWilliams and Morrit 1995). For example, some limpets and
that make up the fragmented shoreline of Sydney Harboursnails retreat to cracks and crevices during low tide to avoid
(Chapman and Bulleri 2003). physiological stress (Gray and Hodgson 2004). Furthermore,
Grazing molluscs, such as limpets, snails and chitonsthere are different behavioural responses to small-scale
are among the most abundant mobile organisms on rockyopography between different species (Underwood 1976,
shores in New South Wales (Underwood 1978; Creese2004). The nature of the substratum may also determine
1981). These animals play a major role in structuring settlement and recruitment of sessile organisms and therefore
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the amount of space they occupy (Raimondi 1988;extensive enough both in length and intertidal extent for the
McGuinness 1989; Anderson and Underwood 1994; Bulleriproposed sampling. Locations were separated by distances
2005a), which, in turn, may influence the presence andbetween hundreds of metres and several kilometres. On each
densities of grazing gastropods (Branch 1981; Minchintonseawall, two heights representing different assemblages of
and Ross 1999; Steffani and Branch 2003). Thus, if intrinsicorganisms were chosen to examine the assemblages of
characteristics of concrete and sandstone seawalls argrazing molluscs: 0.9-1.2 m (high midshore) and 0.6-0.8 m
different, it can be predicted that numbers and mixes of(low midshore). Detailed descriptions of the full suite of
species of grazing molluscs will differ between these two sessile and mobile organisms of these assemblages on
habitats. sandstone seawalls can be found in Chapman (2003) and
This study aims, therefore, to investigate differences inChapman and Bulleri (2003). Lowshore levels (< 0.4 m
composition of intertidal assemblages of grazing molluscsLWST) were not sampled because they were not available in
between sandstone and concrete seawalls across Sydneach location and molluscs are sparse at these tidal levels
Harbour. (Chapman, in press). The sampling design did not eliminate
potential sources of confounding due to intrinsic
characteristics of locations, but was a sensible scheme on the
fragmented shoreline of Sydney Harbour (Chapman and
Study sites and sampling Bulleri 2003). Nevertheless, all selected locations have
Five sandstone and five concrete seawalls werepreviously been studied in similar studies (Chapman and
sampled across Sydney Harbour between April and MayBulleri 2003; Bulleriet al 2004, 2005; Chapman, in press)
2005 (Figure 1). Hereafter, the two different kinds of and were chosen because they were located inside Sydney
seawalls (sandstone, concrete) are referred to as habitatslarbour, sheltered from strong oceanic swell and subjected
Locations were selected because they had a seawalb similar wave-wash caused by intense maritime traffic.

Materials and methods
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FIGURE 1. Study sites in Sydney Harbour, New South Wales, Australia. White squares, concrete seawalls: WB,
Woolloomooloo Bay; KU, Kurraba Point; CP, Cremorne Point; OQ, Old Quarantine Station; LM, Little Manly. Black
squares, sandstone seawalls: Kl, Kirribilli; MP, Mrs Macquarie’s Point; TA, Taronga; DP, Darling Point; BH, Bradley’s Head.

Two sites, approximately 10 m long and separated bypercentage of cover of sessile organisms and the amount of
5-10 m, were selected at each location to measure spatiddare rock as a measure of unoccupied space were estimated

variation within each seawall. Five replicate quadrats (0.05from 50 intersection points per quadrat.

m? each) were randomly positioned in each site at each

height (Chapman and Bulleri 2003). Quadrats within the Analysis of data

same site were separated by at least 50 cm. On sandstone Sessile assemblages and grazing molluscs were
seawalls, quadrats were placed at least 10 cm away fron§ompared among habitats separately for each tidal height.
crevices. Grazing molluscs were counted in each quadrat an@Ssemblages from different heights were not compared
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because tidal heights were selected to represent different  Abundances of common taxa were compared among
assemblages within the same habitat (Chapman and Bulletabitats for each tidal level by analysis of variance (three-
2003). Permutational analysis of variance (PERMANOVA; factor ANOVA), to test for effects of habitat (fixed), location
Anderson 2001; McArdle and Anderson 2001) was used to(nested in habitat) and site (nested in habitat and location).
test the hypothesis that assemblages would differ amondiomogeneity of variances was checked using Cochran’s test
habitats. This analysis was done using Bray-Curtis measureprior to analyses and data were transformed when
of dissimilarity calculated from the full set of untransformed appropriate. Data were analysed untransformed when
data. Non-metric multidimensional scaling (nMDS) was homogeneity of variances could not be achieved. ANOVA is
used to produce a visual representation of the ordination of robust analysis despite heterogenous variances when there
sites for each tidal height. For nMDS, Bray-Curtis are many independent replicates and size of samples are
dissimilarities were calculated from data averaged acrossqual (Underwood 1997). Nevertheless, a more conservative
quadrats producing centroids for sites as replicates. Thesignificance level was used when Cochran’s test was
percentage contribution of each taxon to dissimilarity significant (see Tables).
between and within habitats was calculated using SIMPER
(PRIMER; Clarke 1993).

To compare the frequency of occurrence of each specieResults
among habitats regardless of actual densities, counts of S
presence/absence were added across locations for each tidgPurtéen molluscan taxa were found, which included one

level and habitat (Chapman, in press). These frequencieghiton' 11 prosobranch snails and limpets and two pulmonate
siphonarian limpets (Table 1). Of these taxa, 11 were present

were compared throug)f contingency tests for all species on the two habitats.

which gave expected values5 for each cell (Underwood
1997).

TABLE 1. Mean number (S.E.) of quadrats per location in which each species of grazing mollusc was found in each habitat at high and low
midshore levels.

High midshore Low midshore
Taxon Concrete Sandstone Concrete Sandstone
Class Gastropoda
Family Nacellidae
Cellana tramosericgHolten, 1802) 3.8(2.0) 1.2 (0.6) 0.6 (0.4) 1.0 (0.5)
Family Lottiidae
Notoacmea petterdiTenison-Woods, 1876) 3.6 (1.4) 2.4 (0.5) 0.4 (0.2) -
Patelloida alticostatg Angas, 1865) - - 2.2 (0.9) 5.2 (1.0)
Patelloida latistrigata(Angas, 1865) 7.4 (1.7) 3.0 (0.6) 3.0(1.3) 3.8 (1.5)
Patelloida mimulglredale, 1924) 2.4(1.7) - 5.4 (0.8) 2.4 (0.8)
Patelloida mufria(Hedley, 1915) - - 0.2 (0.2) -
Family Fissurellidae
Montfortula rugosgQuoy & Gaimard, 1834) 0.6 (0.6) 0.4 (0.4) 4.2 (1.8) 4.4 (1.4)
Family Trochidae
Austrocochlea porcat@A. Adams, 1851) 0.8 (0.8) - - -
Family Littorinidae
Littorina unifasciataGray, 1826 2.4 (1.9) - 0.2 (0.2) -
Bembicium nanur(Lamarck, 1822) 4.0 (1.5) 0.4 (0.2) 1.4(1.2) -
Family Neritidae
Nerita atramentos&eeve, 1855 0.4 (0.2) 0.2(0.2) - -
Family Siphonariidae
Siphonaria denticulat®uoy & Gaimard, 1833 3.2(0.7) 9.6 (0.4) 8.8 (0.8) 9.6 (0.4)
Siphonaria virgulataHedley, 1915 3.2(1.8) 3.6 (0.7) 2.2(1.49) 1.0 (0.8)

Class Polyplacophora
Family Chitonidae
Sypharochiton pelliserpent{Quoy & Gaimard, 1835) 2.4 (0.9) 1.6 (0.8) 7.8 (1.2) 7.8 (0.9)
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Multivariate analyses

midshore levels (Table 2, Figure 2) and dissimilarities were
mainly due to bare space and the oyst8accostrea
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TABLE 2. Results of PERMANOVA on untransformed data based

Cover significantly differed between habitats for high On Bray-Curtis dissimilarities, comparing sessile and grazer
assemblages at high and low midshore levels (Ha, habitat; Lo,

location; Si, site). ns, not significant; 1¥< 0.01.

commercialis (Iredale & Roughley, 1933) (> 40% Sessile Grazers
dissimilarity each). Thus, cover by oysters was generally : :
. High Low High Low
greater on concrete seawalls and more unoccupied space was
found on sandstone seawalls. Dissimilarities among df F F F F
locations on concrete seawalls were due to differences inSource
space covered by oysters (> 40% dissimilarity). Cover by 5 1 306*  035ns 489*  092ns
oysters ranged from 30-70% at Kurraba Point and
Y 9 0 : Lo (Ha) 8 6893* 557 4.95% 5 A7 *
Woolloomooloo Bay to less than 5% at Little Manly and
. . . i *% *% *%
Cremorne Point. These differences are responsible for the>! (Ha, Lo) 10 0.76ns  6.65 3.02 2.64
separation among these locations in the nMDS plot (FigureResidual 80
2). On sandstone seawalls, barnacles and bare space were thigig) 99
main contributors to dissimilarities among locations (> 45%
dissimilarity each).
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FIGURE 2. Two-dimensional nMDS plots of centroids comparing assemblages of sessile organisms and grazing molluscs
for sites on concrete (white symbols) and sandstone (black symbols) seawalls at high and low midshore levels. Code fol

locations as in Figure 1.

Assemblages of grazing molluscs were significantly absence data were analysed (not shown). The main
different among habitats at high midshore levels (Table 2,contributors to dissimilarities in molluscan assemblages

Figure 2) and similar results were obtained when presenceamong habitats for high midshore levels w&iphonaria
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denticulata Quoy & Gaimard, 1833 (44%)Patelloida Average Bray-Curtis dissimilarities among locations
latistrigata (Angas, 1865) (19%) antittorina unifasciata within the same habitat for sessile and grazer assemblages
Gray, 1826 (13%). Dissimilarities within habitats were due were larger on concrete than on sandstone seawalls for high
to S. denticulata(84%) on sandstone seawalls, andPto  midshore levels and the reverse was found for low midshore
latistrigata (30%), L. unifasciata (29%) and Siphonaria levels (Table 3).

virgulata Hedley, 1915 (12%) on concrete seawalls.

TABLE 3. Average Bray-Curtis dissimilarities between and within habitats for sessile and grazer assemblages at high and low midshore
levels (range for values of dissimilarity among locations are included in brackets)

Between habitats Within habitats

Concrete Sandstone
Sessile High 24.5 33.9 (3.2-69.3) 2.5(1.0-5.2)
Low 50.1 48.7 (26.8-93.6) 57.7 (27.7-94.8)
Grazers High 75.6 67.4 (48.8-88.6) 38.7 (22.4-69.1)
Low 55.6 44.7 (33.3-66.5) 68.4 (43.4-96.2)

Cover of substratum was mostly occupied by encrusting algae, barnacles, the
Substratum was dominated by bare space at highmusselMytilus galloprovincialisLamarck, 1819 and foliose
midshore levels in both habitats (> 75%). The remaining coralline algae. At low midshore levels, there was, in
space was mostly occupied by the oyssecommercialison general, a greater percentage of space covered by oysters on
concrete seawalls and the barnaclesseropora rosea concrete than on sandstone seawalls and the opposite pattern
(Krauss, 1848), on sandstone seawalls. The oySer, was observed foB. caespitosaThese differences in cover of
commercialis and the tubeworm@Galeolaria caespitosa  particular taxa were, however, only significant among
Lamarck, 1818, occupied much of the available space at lowocations and/or sites within habitats (Tables 4, 5).
midshore levels (> 65% cover) while the remaining space

TABLE 4. ANOVA results comparing percentage cover of substrata by bare space and oysters and abundance of grazing molluscs betweel
habitats at high midshore levels (Ha, habitat; Lo, location; Si, site). When Cochran’s test was sign#i€affl] a more conservative
significance level op < 0.001 was used. ns, not significang % 0.05; **p < 0.01; *** p < 0.001.

Cover of substrata Grazing molluscs

Bare space S. commercialis B. nanum P. latistrigata S. denticulata
df MS F MS F MS F MS F MS F

Source
Ha 1 3237.6 3.59 ns 3136.0 3.06 ns 12.2 4.29ns 13.6 5.26 ns 42.1  32.84 **=
Lo (Ha) 8 900.9 61.41 *** 1023.7 99.20 *** 28 0.85ns 2.6 9.04 *** 1.3 3.55*
Si (Ha, Lo) 10 147 0.77 ns 10.3 0.65ns 33 3.13ns 0.3 1.29ns 0.4 1.82 ns
Residual 80 19.1 15.9 11 0.2 0.2
Total 99
Cochran’s test (C) ** * * ns ns

TABLE 5. ANOVA results comparing percentage cover of substrata by sessile organisms and abundance of grazing molluscs betwee
habitats at low midshore levels (Ha, habitat; Lo, location; Si, site). When Cochran’s test was sigpific&@01) a more conservative
significance level op < 0.001 was used. ns, not significant;p« 0.01; *** p < 0.001.

Cover of substrata Grazing molluscs

G. caespitosa S. commercialis P. alticostata S. denticulata

S. pelliserpentis

df  MS F MS F MS F MS F MS F
Source
Ha 1 14440 0.97 ns 3968.3 3.38ns 10.9 0.60ns 13104 1.97ns 43.5 0.38 ns
Lo (Ha) 8 1484.7 2.28 ns 1174.7 2.70 ns 182 1.77ns 666.4 2.29ns 113.5 56.18 ***
Si (Ha, Lo) 10 651.2 14,13 *** 4354 12,79 *** 10.3 3.13ns 291.6  3.80 *** 2.0 0.24 ns
Residual 80 46.1 34.0 3.3 76.7 8.3
Total 99
Cochran’s test (C) ns ns o ** *
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Frequency and numbers of grazing molluscs showed significant differences among locations and/or sites.
The most widespread grazing molluscs across habitatsSome species tended, however, to be more abundant in one

(appearing in at least 30% of quadrats; n = 200) were theof the two habitats (Figures 3, 4). At high midshore le\ils,

limpets,P. latistrigatg Patelloida mimulglredale, 1924)S. nanumandP. latistrigatawere in general more abundant on

denticulata S. virgulata and the chiton,Sypharochiton  concrete than on sandstone seawalls, w8iledenticulata

pelliserpentis (Quoy & Gaimard, 1835). The snails, showed the opposite pattern. For low midshore levels,

Austrocochlea porcata (A. Adams, 1851) andNerita alticostata S. denticulataand S. pelliserpentisappeared to

atramentosaReeve, 1855 and the limpétatelloida mufria be more abundant on sandstone seawalls.

(Hedley, 1915), were sparse in the two habitats (< 10% of

quadrats). The snail,. unifasciata was only found at high

midshore levels on concrete seawalls although it wasDiscussion

observed on sandstone seawalls at higher tidal levels not

sampled in this study. This study showed that concrete and sandstone seawalls
Frequencies of occurrence of molluscs were comparedUPPOrt @ similar suite of species of grazing molluscs.

between habitats through contingency tests, adding all the SPecies commonly found on natural rocky shores were

counts of presence/absence across locations for each tid@f€Sent on the two types of seawall and those considered as
level. At high midshore levels, the limpetSellana rare on sandstone seawalls, such as the shaidsnstricta

tramoserica(Holten, 1802)P. latistrigata, P. mimulaand the andN. atramentosdBulleri et al 2005), were also sparse on

snail,Bembicium nanurfLamarck, 1822), were significantly concrete seawalls. Although there was great variability in
more frequent on concrete than on sandstone seawalls, whilg0Ver and molluscan assemblages among locations within
S. denticulatashowed the opposite pattern (Table 6). At low the same habitat, there were, however, consistent differences

midshore levels, the limpetBatelloida alticostata/Angas, in frequencies of occurrence and relative humbers of some
1865) andP. mimula were more frequent on sandstone and COMmMon and widespread species between the two habitats at

concrete seawalls, respectively. The limp&s,virgulata higher tidal levels. This situation suggests that concrete and
Notoacmeapetterdi (Tenison-Woods, 1876)Montfortula sandstone seawalls do not provide the same kind of habitat

rugosa (Quoy & Gaimard, 1834) and the chitorg.  OF grazing molluscs.

pelliserpentis did not show significant differences between Differences in assemblages at higher levels on the shore
the two habitats. among natural and artificial habitats have been related to

differences in the characteristics of substrata whose effects

on intertidal organisms are accentuated by the more
TABLE 6. Summary of contingency tests for comparisons of restrictive environmental conditions at those levels (Bulleri
frequency of occurrence of grazing molluscs among concrete ancet al. 2005). Surfaces of concrete and sandstone seawalls are
sandstone seawalls at high and low midshore levels. Con, concretdikely to present differences in texture and complexity
San, sandstone; ns, not significantp< 0.01. because of their different nature, the way in which they are
built and different periods of exposure to weathering agents,
with sandstone seawalls generally decades older than those
made of concrete (Bulleri 2005b). These structural
differences may be responsible for potential variations
between the two types of seawall in types and availability of
microhabitats, algal dynamics, cover of sessile organisms,
settlement and recruitment of grazing molluscs, which, in

High midshore Low midshore
Con > San (**) -
Con = San (ns) -

San > Con (**)

C. tramoserica
N. petterdi

P. alticostata -

Con > San (**)

P. latistrigata Con = San (ns)

P. mimula Con > San (**) Con > San (*) turn, may determine different patterns for these animals

P. mufria - - between the two habitats.

M. rugosa ) Con = San (ns) Microhabitat availability is known to have a great
influence in numbers and survival of grazing molluscs. For

A. porcata - -

L. unifasciata
B. nanum

N. atramentosa
S. denticulata
S. virgulata

S. pelliserpentis

Con > San (**)
Con > San (**)
San > Con (**)
Con = San (ns)

Con = San (ns)

Con = San (ns)
Con = San (ns)

Con = San (ns)

example, presence of crevices, pits and tidal pools on rocky
shores may enhance recruitment and densities of some
species (Underwood and Chapman 1992; Deddra) 1998;
Underwood 2004). Thus, the sparse presenée obnstricta
and N. atramentosaon each type of seawall may be
attributed to the lack of pools and similar structures
(Chapman and Bulleri 2003), or microhabitats in which these
species can be found on natural rocky shores (Underwood
1976).

One major difference in the structure between the two

Analyses of abundances of widespread species showesdtudied habitats is the regular presence of crevices among

significant differences between habitats $ordenticulataat

blocks in sandstone seawalls. On natural rocky shores,

high midshore levels (Tables 4, 5). Many of those taxa onlycrevices may enhance survival of limpets and chitons by
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providing protection against strong wave action, desiccationcould significantly differ between habitats if this
and predation (Boyle 1970; Levings and Garrity 1983; microhabitat was sampled. Extensive presence of crevices
Harper and Williams 2001). Their importance increases atmay also alter patterns of movement of limpets and snails
higher levels on the shore, where the effects of physical(Levings and Garrity 1983; Underwood and Chapman 1989)
stress are accentuated (Moran 1985b). Furthermore, largand limit the potential extent of their feeding excursions.
concentrations of grazers and predators that seek shelter iBulleri et al (2004) showed that, on sandstone seawalls,
crevices can have profound influences on the structure oframosericaseemed to be unable to move across contiguous
surrounding intertidal assemblages (Menge 1978; Levingssandstone blocks being apparently restricted to the
and Garrity 1983; Fairweather 1988). Thus, it is likely that boundaries of the same block. In contrast, concrete seawalls
the presence of crevices in sandstone seawalls may hauwmake a more or less continuous surface that would not offer
different effects on survival and behaviour of grazers. Forlimitations for movement. HereC. tramosericawas more
example, species such & rugosaandS. pelliserpentis  frequent on concrete seawalls at high midshore levels
were frequently seen during low tide in crevices in sandstonealthough numbers were small in the two studied habitats.
seawalls (pers. obs.). Therefore, because of the general lack

of crevices in concrete seawalls, numbers of these species
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FIGURE 3. Mean number per quadrat (+ S.E.)B&mbiciunnanum Patelloidalatistrigata andSiphonariadenticulataon
concrete and sandstone seawalls at high midshore levels (n = 10 for each location). Code for locations as in Figure 1.
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FIGURE 4. Mean number per quadrat (+ S.E.)Rdtelloida alticostatg Sypharochitorpelliserpentisand Siphonariadenticulataon
concrete and sandstone seawalls at low midshore levels (n = 10 for each location). Code for locations as in Figure 1.

Assemblages of sessile organisms differed only at highthe greater frequency of this limpet on concrete seawalls, in
midshore levels, mainly due to the greater cover of oystergvhich oysters were, in general, more abundant. In fact, on
on concrete seawalls. Biological components of therocky shores and other natural habitats, this limpet is
substratum such as oysters, mussels, tubeworms an@iequently found in association with oysters (Minchinton and
barnacles may affect differently the abundance andRoss 1999).
distribution of grazing molluscs by competing for space Assemblages of grazers differed at high midshore levels
(Underwoodet al. 1983) and altering complexity of surfaces although dissimilarities were mostly due to the greater
(Jernakoff 1985). Recruitment and survival of juvenile numbers ofP. latistrigataon concrete seawalls and those of
grazers can be enhanced within aggregations of sessil&. denticulataon sandstone seawalls. These opposite patterns
organisms (Saier 2000; Sebastistnal 2002), while dense  may be the result of differences in ecological processes
covers can make a barrier for adults and large-sized specie®etween the two habitats at these tidal levels. On rocky
which are generally unable to move, forage and/or homeshores in NSWP. latistrigata can be found among the
(Branch 1976; Creese 1982; Steffani and Branch 2003)barnacle,T. rosea which provides this limpet with shelter
However, analysis of correlation did not show consistentagainst desiccation, wave action and competition from the
relationships among sessile and grazer taxa. @niyimula larger limpetC. tramosericaCreese 1982). In addition, the
showed a significant correlation with percentage cover ofpredatory whelkMorula marginalbaBlainville, 1832, may
oyster at high midshore levelp € 0.01). This may explain ~ greatly reduce numbers of bd®hlatistrigataandT. roseaon
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rocky shores (Creese 1982; Moran 1985a). HdPe, Acknowledgements
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