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Word from the Editor

The last couple of years have been a time of change for the Western Indian Ocean Journal of Marine
Science. The journal has a new and more modern layout, published online only, and the editorial
Board was increased to include more disciplines pertaining to marine sciences. While important chal-
lenges still lie ahead, we are steadily advancing our standard to increase visibility and dissemination
throughout the global scientific community. The central objective of the journal continues focused
on the Western Indian Ocean region and serving its growing scientific community.

We are pleased to start the publication of special issues of the journal, launched here with the publi-
cation of manuscripts from the University of Mauritius Research Week 2016. The special issues aim
to contribute for advancing marine science in the WIO by focusing on specific themes, geographical
areas or assembling contributions from scientific meetings. The editorial processes are exactly the
same as for regular issues, with double peer-review, and guest editors are considered.

José Paula
Chief Editor



Editorial Note - Coral reefs of Mauritius
in a changing global climate

The University of Mauritius Research Week (UoM RW) has been held on an annual basis since 2007
and was organized for the 9 time from 19-23 September 2016. The Research Week is geared towards
dissemination of knowledge generated through research activities at the University and by relevant
stakeholders in accordance with the UoM’s vision of “Excellence in Research and Innovation”. In line with
national priorities, the UoM organizes this event to provide insightful research outcomes not only
for the advancement of academic knowledge, but for the benefit of the community at large, through
robust policy recommendations.

Out of the multiple submissions made during the UoM RW 2016, a number of manuscripts in the field
of ocean/marine sciences were selected to be published in the Western Indian Ocean Journal of Marine
Science (WIOJMS), as a special issue entitled “Coral reefs of Mauritius in a changing global climate”.
This issue is presented in the context of Mauritius being surrounded by a beautiful but delicate coral reef
ecosystem, which provides ample ecosystem services contributing to the national economy, but which
is subjected to extreme climatic events. Hence, in this special issue several contributions advancing our
scientific understanding for sustainable use and management of marine resources in a globally chang-
ing marine environment are articulated. The original article by Mattan-Moorgawa et al. investigates the
photo-physiology of diseased and non-diseased corals. Coral diseases are becoming more common on
reefs worldwide due to both local and global stressors. Ramah et al. then present a short communication
related to substrate affinity by two giant clam species found on the Mauritian coral reefs. Giant clams
are under threat worldwide and information on their substrate affinity and habitat aims at providing
insightful information towards their sustainable management. In addition, Nandoo ez al., in an effort
to optimize nucleic acid extraction protocols from marine gastropods, present an original article based
on a comparative study using the gastropod genera Planaxis, Cypraea and Drupella. These marine gastro-
pods are ecologically important for coral reefs, especially the coral-eating Drupella. Moreover, given the
importance of intertidal molluscs, Kaullysing et al. document the density and diversity of the benthic
molluscs while comparing sheltered and exposed coastal habitats. Appadoo & Beeltah report on the
biology of Platorchestia sp. (Crustacea, Amphipoda) at Poste La Fayette, Mauritius. Studies on Amphi-
pod diversity and distribution are important especially since studies on marine biodiversity are scarce
around Mauritius. Another original article by Ragoonaden et al. analyses the recent acceleration of sea
level rise in Mauritius and Rodrigues. Such studies are more important than ever in the light of a glob-
ally changing marine environment with small island states faced with issues related to rising sea level.
Two field notes, based on field observations, are presented by Bhagooli et al., documenting a variety
of coral diseases, and Stylophora pistillata-like morphotypes occurring around Mauritius Island, respec-
tively. Kaullysing et al. also present a field note on coral-eating gastropods observed around Mauritius.

Apart from the local contributors, international collaborators also contribute two original articles in
this special issue. Casareto et al. characterize the chemical and biological aspects of a coral reef of Mau-
ritius focusing on benthic carbon and nitrogen fixation. These studies related to benthic productivity
are important for understanding sustainability of coral reefs and/or lagoonal fisheries. On the other
hand, Tokumoto et al. document the first detection of membrane progestin receptor (mPR)-interact-
ing compounds from Mauritian coral reef and lagoonal seawater. They used cutting-edge technology
to detect key regulators of reproduction in seawater. These contributions in terms of original articles,
short communications, and field notes generate new scientific knowledge that may better inform policy
and decision making in the field of coral reef studies and management in Mauritius, while contributing
to the understanding of coral reefs in the wider Western Indian Ocean region.

Prof. Sanjeev K. Sobhee
Pro-Vice Chancellor (Academia)
The University of Mauritius
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Abstract

This study compared spatial variations in the density and diversity of marine benthic molluscs along Belle Mare and
Gris Gris, a sheltered and an exposed intertidal zone, respectively, in Mauritius. Species density was assessed using
the random quadrat method (I m x 1 m). Grain size distribution was measured by sieve analysis. Shannon-Wiener
(H)), evenness (E) and Simpson’s (D) indices were used to assess diversity. Coarser sediment was found at Gris Gris
indicating the prevalence of relatively harsher wave conditions as compared to Belle Mare. Sixteen mollusc species
were identified at Belle Mare (12 on rocky and 4 on sandy substrata) and seven species at Gris Gris (6 species on
rocky and 1 on sandy substrata), with the families Planaxidae, Cerithiidae and Neritidae being common to both
sites. Shannon-Wiener and evenness indices were higher at Gris Gris. Simpson’s index indicated higher dominance
at Belle Mare, evident from the high density of Planaxis sulcatus (514.42 + 221.63 individuals m-?) (mean + SE). Turbo
setosus was found in highest density (1.20 + 0.20 individuals m) at Gris Gris. Though Belle Mare has higher intertidal
mollusc abundance, the diversity was lower due to high dominance of species. This observation possibly signifies

suitable physical conditions for species growth and survival at Belle Mare.

Keywords: sheltered, exposed, molluscs, species density, species diversity, grain size

Introduction

Intertidal habitats are one of the most productive areas
of the globe (MacKinnon et al., 2012). They are hotspots
of biodiversity and support several processes such as
bioturbation and bioirrigation by lugworms (Volken-
born et al., 2007), microbial hydrocarbon degradation
(Cravo-Laureau & Duran, 2014), erosion and deposition
(Shietal., 2012), and porewater exchange (Bouillon ez al.,
2007) which determine the survival of intertidal com-
munities. Flood and ebb tides, and river outflow allow
continuous reworking of nutrients in the intertidal
zone (Yin & Harrison, 2000), and subsequently con-
trol primary productivity (Davies & Ugwumba, 2013).
Thus, primary consumers such as marine molluscs are
also sustained by grazing on primary producers.

Marine molluscs (Phylum Mollusca) are one of the
primary components of intertidal zones (Vaghela et al.,
2013) and are found at all latitudes, but are extremely
diverse in tropical and temperate regions. Inherent
physiological and behavioural adaptations of marine
molluscs control their distribution and density in the
intertidal region (Meyer & O’Gower, 19638). In addition
to intrinsic adaptations, the distribution, density and
diversity of intertidal molluscs are also a function of
other factors such as predation (Navarrete et al., 2000)
and competition (Arribas et al., 2016).

While temperature is a well-established factor in
determining zonation in intertidal areas (Tomanek &
Helmuth, 2002), it is noteworthy that wave action and
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sediment characteristics can also influence the abun-
dance of intertidal molluscs (Harger, 1970; Denny,
1985; Etter, 1989; Boulding & Alstyne, 1993; Huz et
al., 2002; Vanagt et al., 2008). It has been reported
that strong wave regimes prevent gastropods from
attaching to the substrate (Walsby, 1977) and their
shell growth is adversely affected. Gastropods on shel-
tered coasts tend to grow a thicker shell compared to
their conspecifics from exposed coasts (Avery & Etter,
2006). This has been reported as a defense or adapta-
tion to the protected environment where the risk of
predation by organisms such as crabs is higher (Boul-
ding et al., 1999). Brown & Quinn (1988) have reported
greater mean shell length of intertidal molluscs such
as limpets Collisella digitalis and C. scabra, and the thai-
did whelk Nucella (Thais) emarginata at protected sites.
Akester & Martel (2000) reported that the mussel My:-
tlus trossulus from wave-exposed habitats had a thicker
shell and more robust dysodont teeth which helped in
minimising the harsh effects of wave action.

Intertidal molluscs are undergoing an exceptional
rate of anthropogenic removal, especially for con-
sumption, via extractive means (Martins et al., 2008)
such as dredging or artisanal collection. This pressure
has been further accentuated due to the higher acces-
sibility to the intertidal zone (Hill et al., 1998), espe-
cially during low tides. Intertidal molluscs have been
overexploited from the shores of Mauritius mainly
as a source of protein by coastal populations and as
bait in artisanal and recreational fishing. More impor-
tantly, marine molluscs, especially gastropods, have
been excessively removed from Mauritian waters for
their attractive shells (Kay, 1995) which are used as
jewellery and decorative items. With climate-change
induced sea level rise, and other potential global and
local stressors in action, such as ocean acidification
(Parker et al., 2018), heavy metal pollution and low
hydrodynamics (Guerra-Garcia & Garcia Gomez,
2004), many coasts around the world are imminently
faced with stronger wave action and greater wave
heights (Wang et al., 2014). Mauritius, as a small island
in the Western Indian Ocean, will not be spared from
such impacts.

There is a lack of reliable and validated baseline infor-
mation on the distribution, abundance, density and
diversity of marine molluscs as they have not been
thoroughly investigated in varying hydrodynamic
conditions in the coastal waters of Mauritius. The lim-
ited published scientific data on the spatial distribution
and diversity of benthic mollusc diversity is restricted

to only particular regions of Mauritius on selected
rocky shores (Charles et al., 2011) and mangrove sites
(Appadoo & Roomaldawo, 2005). This work intends to
provide additional data on the situation in Mauritius
by comparing intertidal mollusc density and diversity
on sandy and rocky substrata at a sheltered intertidal
zone with relatively low wave action, and an exposed
intertidal zone with relatively strong wave action.

Materials and Methods

Site description

The two study sites, Belle Mare and Gris Gris (Fig. 1a)
were selected due to their differences in exposure to
wave regimes. The differences were expressed quali-
tatively as being sheltered or exposed. Both intertidal
zones are characterised by stretches of sandy and
rocky substrata along the shoreline. Belle Mare (Fig.
1b) is situated along the eastern coast of Mauritius and
it experiences relatively low wave activity throughout
the year. The lagoon is bordered by a stretch of fring-
ing reefs which dissipates the wave energy reaching
the intertidal zone to a great extent. Belle Mare has
a gently sloping topography and thus, the intertidal
zone extends over an average width of 11 m. Con-
versely, Gris Gris (Fig. 1c), located on the southernmost
coast of the island, experiences relatively strong wave
action throughout the year, especially during high
tides. Harsh conditions in terms of exposure to wave
action in the intertidal area are prevalent at Gris Gris.
The intertidal zone of Gris Gris stretches over a width
of approximately 5 m with a relatively steep slope.

In situ survey of intertidal molluscs

The survey was carried out along the intertidal zone at
low tide in April-May 2016 (summer) at Belle Mare and
Gris Gris. At each site, 10 random transects perpendic-
ular to the shoreline having an average length of 11 m
and 5 m at Belle Mare and at Gris Gris, respectively,
and stretching from the high to low water mark, were
surveyed. Three random 1 m x 1 m quadrats (n=30 per
site) were placed along each transect such that each of
the following three tidal height locations distributed
over the intertidal area was represented by one quad-
rat: supralittoral (Mean High Water, MHW); eulittoral
(between MHW and Mean Low Water, MLW); and
sublittoral zones (MLW). The quadrats were appor-
tioned between sandy (Belle Mare, n = 18; Gris Gris,
n = 25) and rocky (Belle Mare, n = 12; Gris Gris, n = 5)
substrata within each site. The types and abundances
of benthic mollusc species encountered were quanti-
fied within each quadrat and recorded for computing
density and diversity.
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Figure 1. a) Map of the Western Indian Ocean and Mauritius (20.2000° S, 57.5000° E) showing location of Belle Mare and Gris
Gris. b) The study site of Belle Mare. c) The study site of Gris Gris (Maps adapted from http://www.worldatlas.com/webimage/
countrys/africa/outline/muout.htm and https:/www.google.mu/maps/)

Identification of intertidal molluscs

Representative samples of intertidal molluscs were col-
lected for morphological identification in the laboratory
with a hand lens, or a light microscope (Novex B Series)
for smaller specimens. Published guides of Michel
(1985) and Abbott & Dance (2000) were used to identify
marine molluscs at species level wherever possible.

Assessment of intertidal mollusc

density and diversity

The density of intertidal benthic molluscs was expressed
as the mean number of individuals m2 + standard error
(mean *= SE). Shannon-Wiener (H), evenness (E) and
Simpson’s (D) indices (Magurran, 1988) were used to
assess intertidal mollusc species diversity.

Grain size distribution analysis

A sediment sample was collected from the eulittoral
zone at each site. The sediment sample was further
processed in the laboratory by oven-drying at 60°C

for two consecutive days to remove the moisture con-
tent prior to further analysis. The method of Folk &
Ward (1957) was followed to determine grain size dis-
tribution using a sieve shaker (Endecotts, EFL2 MK3).
The mean grain size of the sample and the sorting
(standard deviation) were logarithmically computed
using the program GRADISTAT (version 8.0) (Blott
& Pye, 2001). GRADISTAT uses a modified Udden—
Wentworth grain size classification scale (Udden, 1914;
Wentworth, 1922; Blott & Pye, 2001) to describe the
mean grain size in terms of phi (¢) units.

Nutrient analyses

Seawater samples were collected from each site in trip-
licate for determination of nitrate and phosphate con-
centrations by the cadmium reduction and the ascorbic
acid methods of Greenberg et al. (1992), respectively.

Statistical analyses
The normality of the data was determined by the
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Shapiro-Wilk test. Upon lack of normality, den-
sity data was log (base-10) transformed and nutrient
level readings were arcsine (square root) transformed
before conducting further statistical analyses. A two-
way ANOVA was carried out to analyse the differences
in mean densities under the effect of the two site con-
ditions (exposed at Gris Gris and sheltered at Belle
Mare) and substrate type (sandy and rocky). A one-way
ANOVA was performed to compare nutrient levels at
both sites. A dendrogram was generated to depict the
level of dissimilarity in terms of mollusc density for the
substrata at both study sites. All statistical analyses were
carried out using STATISTICA software (version 8.0).

Results

Density and diversity of intertidal molluscs

A total of 7,827 benthic mollusc specimens were
recorded along the intertidal zones of Belle Mare and
Gris Gris. These included 19 gastropod species belong-
ing to 13 families and 2 bivalve species belonging to 2
families. At Belle Mare, 16 species were observed, out
of which 12 species were found on rocky substratum

and 4 on sandy substratum (Table 1). Gris Gris har-
boured 7 species, where 6 species occurred on rocky
substratum and 1 on sandy substratum (Table 2).

The density and range for each species encountered
are provided in Tables 1 and 2. At Belle Mare, the high-
est density was recorded for the family Planaxidae
with a value of 514.42 + 221.68 individuals m? from
the rocky shore, followed by the family Isognomoni-
dae (109.17 + 86.42 individuals m-?). Cypraeidae had
the highest density (8.50 * 5.86 individuals m?) along
the sandy shore of Belle Mare. On the other hand, the
family Turbinidae found on the rocky shore of Gris
Gris had the highest density (1.20 * 0.20 individuals
m-?), while only 1 species from the family Conidae
(0.80 + 0.80 individuals m?) was recorded from the
sandy substratum. The families Planaxidae, Cerith-
iidae and Neritidae occurred both at Belle Mare and
Gris Gris.

The total density of intertidal molluscs was higher
along the rocky shore of Belle Mare as compared to

Table 1. Density of mollusc species (individuals m?) recorded in the intertidal zone of Belle Mare.

Sr. No. Family Species Mean = SE Range
Rocky substratum

1 Planaxidae Planaxis sulcatus 514.42 + 221.63 0 - 2120
2 Muricidae Morula sp. 1.58 £ 1.01 0-12
3 Cerithiidae Cerithium sp. 0.38 + 0.26 0-3
4 Neritidae Nerita atramentosa 4.00 £1.90 0-17
5 Neritidae Nerita plicata 0.67 + 0.67 0-8
6 Littorinidae Echinolittorina ziczac 0.08 + 0.08 0-1
7 Neritidae Nerita polita 0.08 £ 0.08 0-1
8 Buccinidae Engina mendicaria 0.08 £ 0.08 0-1
9 Littorinidae Littorina sp. 7.83 £ 7.74 0-93
10 Isognomonidae Isognomon sp. 109.17 + 86.42 0 -1023
11 Cypraeidae Cypraea moneta 0.08 £ 0.08 0-1
12 Ranellidae Cymatium nicobarium 0.17 + 0.11 0-1
Sandy substratum

13 Cypraeidae Cypraea annulus 8.50 * 5.36 0-90
14 Cypraeidae Cypraea caputserpentis 0.06 + 0.06 0-1
15 Strombidae Canarium mutabile 1.28 +1.22 0-22
16 Pinnidae Pinna muricata 0.33 £ 0.24 0-4
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Table 2. Density of mollusc species (individuals m?) recorded in the intertidal zone of Gris Gris.

Sr. No. Family Species Mean = SE Range
Rocky substratum
1 Turbinidae Turbo setosus 1.20 + 0.20 1-2
2 Siphonariidae Siphonaria sp. 0.08 £ 0.08 0 -4
3 Patellidae Patella sp. 0.40 £ 040 0-2
4 Neritidae Nerita plicata 0.20 = 0.20 0-3
5 Cerithiidae Cerithium sp. 0.80 £ 0.80 0-1
6 Planaxidae Planaxis sulcatus 0.80 £ 0.80 0-1
Sandy substratum
7 Conidae Conus corronatus 0.80 + 0.80 0-2

Figure 2. Total intertidal mollusc density on the sandy and rocky
shores of Belle Mare and Gris Gris.

that of Gris Gris (Fig. 2). Significant differences were
noted in the density of intertidal molluscs at the two
sites and on the types of substrata (two-way ANOVA,
p<0.001) (Table 3).

The dendrogram illustrated that the two substrate
types at Gris Gris are very similar in terms of mollusc
density. The rocky substratum at Belle Mare stands
as an outlier having considerable dissimilarity to the
sandy substratum at the same site and to both sandy
and rocky substrata at Gris Gris. The sandy habitats
of Belle Mare and Gris Gris, and the rocky habitat of
Gris Gris are closely linked with regard to mollusc
density (Fig. 38).

Both Shannon-Wiener and evenness indices were
higher at Gris Gris (H" = 1.82, E = 0.94) as compared
to Belle Mare (H” = 0.70, E = 0.25). Simpson’s index
revealed higher dominance at Belle Mare (D = 0.65)
compared to Gris Gris (D = 0.18).

Grain size distribution

Sediment samples collected from the intertidal
zones of Belle Mare and Gris Gris revealed differing
sediment characteristics at both sites. The intertidal
zone of Belle Mare consisted of moderately sorted
medium sand (grain diameter 250 — 500 pm) while
Gris Gris had well sorted coarse sand (grain diame-
ter 500 — 1000 pm). The characteristics of the sed-
iments at the two sites are summarised in Table 4.

Belle Mare - sandy shore
(sheltered intertidal zone)

Gris Gris - sandy shore
(exposed intertidal zone)

Gris Gris - rocky shore
(exposed intertidal zone)

Site - substratum type

Belle Mare - rocky shore
(sheltered intertidal zone)

0 100 200 300 400 500 600

Linkage distance

Figure 3. Dendrogram depicting the relationship in terms of mollusc
density among the study sites, Belle Mare and Gris Gris, and the sub-
strata, sandy and rocky.
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Table 3. Two-way ANOVA to compare total intertidal mollusc density on sandy and rocky substrata at Belle Mare and Gris Gris. *** - p<0.001.

Dependent variable Source of variation df MS F p-value
Intertidal mollusc density Site 1 18.55196 62.5722 0.000000***
Substratum 1 18.61021 85.9272  0.000000%+*

Site*Substratum 1 6.44468 29.7564  0.000001%**

The sediment at both intertidal zones had a uni-
modal distribution (Fig. 4 a, b).

Nutrient levels

Nitrate concentration recorded at Belle Mare and Gris
Gris were 0.259 £ 0.001 mgNO,-N/L (mean * SE) and
0.017 £ 0.001 mgNO,-N/L, respectively (Fig. 5a). Phos-
phate concentration did not vary much at the two
sites; 0.231 + 0.047 pmol/L (mean * SE) at Belle Mare,
and 0.278 * 0.094 pmol/L at Gris Gris (Fig. 5b).

Nitrate concentration was significantly lower at Gris
Gris as compared to Belle Mare (one-way ANOVA,
p<0.001), whereas phosphate concentration at the two
sites were comparable with no significant difference
detected (one-way ANOVA, p>0.05).

Discussion

The intertidal region is home to a variety of marine
molluscs. Though intertidal communities are among
the most studied ecosystems worldwide due to their
easy accessibility (Hill ez al., 1998), reliable scientific
information on marine mollusc assemblages along
the shores of Mauritius is scant. This study attempts
to provide baseline data on the density and diversity
of intertidal benthic molluscs under varying hydro-
dynamic and substrate conditions at two coastal sites
in Mauritius.

In the present study, grain size distribution was used
as a proxy in order to confirm the qualitative categori-
sation of the sites into sheltered and exposed in terms
of relative wave action. Generally, high energy shore-
lines with strong wave activity are usually composed

of coarse sediment (Gray, 2002; Light & Carlton,
2007; Karleskint et al., 2018) having higher porosity
(Karleskint et al., 2013) and homogeneity due to con-
stant mixing by wave action. However, a sediment
sample is never completely of the homogeneous type.
Sediments which are well-sorted and predisposed to
homogeneity are representative of high wave action
or high energy areas, whilst poorly sorted sediments
are heterogeneous and typical of low wave activity or
low energy areas (Gray, 1981). High energy beaches
also consist of steep slopes (Gray, 2002; Adams,
2003). The present study confirms that Gris Gris is
the exposed or high wave activity site and Belle Mare
the sheltered or low wave activity site. The grain size
distribution analysis of sediment collected at these
sites confirmed the corresponding qualitative classi-
fication of the two sites into exposed and sheltered,
and indicated a marked difference in the prevail-
ing wave action. The analysis also revealed that Gris
Gris, where a steep beach is present, had coarse sand
(x = 0.35) in the intertidal area with well-sorted parti-
cles (o = 0.36). On the other hand, Belle Mare, charac-
terised by a gently sloping beach, had medium sand
(x = 1.22) which was moderately sorted (¢ = 0.75). Thus,
Gris Gris exhibited reflective beach conditions (coarse
sand, steep slope), whereas Belle Mare tended toward
dissipative conditions (medium sand, flat slope).

Shannon-Wiener and evenness indices were higher at
Gris Gris as compared to Belle Mare, whereas higher
Simpson’s index indicated the dominance of certain
species at Belle Mare. Diversity and dominance are
negatively correlated (Berger & Parker, 1970; Shaukat
et al., 1978). Thus, even though a higher number of

Table 4. Grain size distribution parameters based on Folk and Ward’s logarithmic method (Folk & Ward, 1957), computed using GRADISTAT

program (Blott & Pye, 2001).

Belle Mare Gris Gris
Parameters Logarithmic, ¢ Description Logarithmic, ¢ Description
Mean (): 1.22 Medium sand 0.35 Coarse sand
Sorting (o): 0.75 Moderately sorted 0.36 Well-sorted
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Figure 4. a) Distribution of intertidal sediment at Belle Mare. b) Distribution of intertidal sediment at Gris
Gris. Grain size or particle diameter is expressed as ¢ units.

intertidal mollusc species was present at Belle Mare,
high Simpson’s index (dominance) at this particu-
lar site could be attributed to the high abundance of
P. sulcatus in comparison to other species. In other
words, the species were not evenly distributed along
the intertidal zone. This also resulted in the low even-
ness value at Belle Mare. At Gris Gris, though a fewer
number of species and individuals were recorded,
they were more or less evenly distributed.

High concentration of dissolved nutrients in the inter-
tidal region indicates anthropogenic input from adja-
cent coastal human settlements. On certain sections of
the intertidal stretch of Belle Mare, fresh groundwater

seepage from inland sources was observed. This could
possibly explain the high level of nutrients recorded
at this site. High nutrient (nitrate and phosphate) lev-
els are known to promote the growth of phytoplank-
ton (Sakka et al., 1999) which in turn can boost filter
feeding (Asmus & Asmus, 1991; Arapov et al., 2010)
and increase bivalve production. This observation
probably explains the high density of Isognomonidae,
deeply embedded within crevices, recorded in the
present study at Belle Mare under high nutrient levels.

In general, the intertidal zones of both Belle Mare and
Gris Gris were numerically dominated by gastropods.
P. sulcatus vastly dominated the rocky shores of Belle

Figure 5. a) Nitrate concentration at Belle Mare and Gris Gris. b) Phosphate concentration at Belle Mare and Gris
Gris. *** p<0.001 (one-way ANOVA) representing comparison between nutrient levels at Belle Mare and Gris Gris.
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Figure 6. Scenario depicting conditions at sheltered and exposed regions and the effect on mollusc abundance (Adapted from: Gray,
1981; McLachlan, 1990; McLachlan, 1993; Adams, 2008; Light & Carlton, 2007; Karleskint et al., 20183).

Mare, an observation in line with a study conducted
by Charles et al. (2011), where the authors reported
P sulcatus as the dominant species at two stations along
the rocky shores of Pointe aux Sables, with mean
abundances of 196.86 + 179.71 and 168.10 * 113.44 per
m?. In this study, none of the mollusc species found
on the rocky shore were recorded on the sandy shore.
Gastropods from families such as Cypraeidae, Strom-
bidae and Conidae were recorded on the sandy bot-
tom. This is an indication of habitat preference by
clinging gastropods for cracks and crevices in rocky
shores, and burrows in sandy bottoms by bivalves and
cypraeid gastropods. The bivalve Pinna muricata was
recorded only at Belle Mare and no bivalves were seen
on the sandy substratum at Gris Gris. Huz et al. (2002)
reported the shortest burrowing time of the bivalve

Donazx trunculus in fine and medium sand compared
to coarse sediment (gravel), an observation in accord-
ance with the studies conducted by Trueman et al.
(1966) for D. vittatus. Similar observations were made
by Vanagt et al. (2008) in the case of the gastropod Oli-
vella semistriata where an increase in burial time was
noted with increasing sand size class. This is indicative
of the suitability of fine to medium sediment (as in the
case of Belle Mare) for burrowing activity, and conse-
quently growth and survival.

In the intertidal zone, marine molluscs are vulnera-
ble to predation (Underwood, 1979; Gosselin & Chia,
1995), competition (Underwood, 1979), desiccation/
heat stress (Gosselin & Chia, 1995) and salinity stress
(Pechenik, 1982). It is well documented and accepted
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that the distribution of many intertidal sessile animals
is to some extent limited by wave exposure (Walsby,
1977). Wave exposure has the ability to affect the biol-
ogy of intertidal organisms directly through dislodge-
ment and indirectly by altering food availability, biotic
interactions and foraging efficiency (Etter, 1989; Defeo
et al., 2001). McLachlan (1990) proposed the hypoth-
esis that the distribution, abundance and diversity of
species are controlled by the swash climate such that
dissipative beaches that have a gentle slope and con-
sisting of fine sediment have high species abundance
and diversity. Further to this, McLachlan (1993) put
forward the ‘swash exclusion hypothesis’ (SEH) where
it was postulated that the swash climate becomes
harsher from dissipative to reflective beaches and
thus, increasingly vigorous swash excludes species
from the intertidal zone. Moreover, the benign swash
of dissipative conditions is suitable for all beach spe-
cies, although only very mobile and robust ones can
stand the harsh conditions of the reflective beaches
(McLachlan, 1993; Brown & McLachlan, 2006). How-
ever, the SEH does not always hold true for all beach
species (Gomez & Defeo, 1999; Defeo et al., 2001).
Though the SEH has mostly been tested on specific
intertidal organisms rather than an amalgam of inter-
tidal species, the observations during the present
study conforms to the SEH in the sense that the total
abundance of species recorded at Gris Gris was far less
than that recorded at Belle Mare (Fig. 6).

The growth of intertidal organisms can alsobe afunction
of wave activity. Harger (1970) demonstrated the impact
of waves on molluscs by the use of a simple device on
two mussel species (Mytilus edulis and M. californianus)
in an intertidal zone. The mussels were subjected to
exposed and protected conditions. While no differ-
ence in the growth was observed for M. californianus,
the growth of M. edulis in the exposed condition was
only one-third of the growth in the sheltered condition.
This difference in growth was attributed to increased
exposure to high wave activity in the exposed condition.

The low abundance of intertidal molluscs at Gris Gris
could possibly be explained by the fact that wave action
displaces the organisms away from the intertidal zone
toward areas of minimal wave effects. Organisms dis-
lodged or washed off from wave-exposed sites may
not be able to reattach to the substrate until they find
a suitable condition for attachment, usually in calm
water, and may eventually die as demonstrated by
Walsby (1977) for the turbinid Lunella smargda in the
waters of New Zealand. Harger (1970) showed that a

greater force was required to dislodge M. californianus
from a rock face compared to M. edulis. This suggests
that an intertidal zone with high wave activity such as
Gris Gris may not be a suitable environment for the
growth and survival of bivalves with relatively weak
attachment strength. Indeed, it is noteworthy that
no bivalves were recorded from the intertidal shore
of Gris Gris. Etter (1989) determined variations in
the life history of the gastropod N. lapillus across a
wave-exposure gradient and revealed that mortality
rates increased with wave energy. The present study
corroborated the study of Etter (1989) where very few
benthic molluscs were observed along the exposed
intertidal zone. The presence of high wave activity
may potentially have a role in causing mortality of
mollusc larvae, if not dispersing them away from the
wave-swept intertidal zone.

In conclusion, it can be inferred that Belle Mare, with a
sheltered intertidal zone, provides less stressful condi-
tions for organisms to survive. Therefore, Belle Mare
harboured a higher number of mollusc species owing
to the suitability of the environment for growth as
compared to Gris Gris, which is exposed to relatively
stronger wave action. Future studies at various other
sites around the island will provide further insight
into the observations documented in this report.

Acknowledgments

The authors are thankful to the University of Mauri-
tius for providing logistics and support to complete
this work. D. Kaullysing also expresses her gratitude
to the Mauritius Research Council (MRC) for a post-
graduate award and the Ministry of Ocean Economy,
Marine Resources, Fisheries, Shipping and Outer
Islands for granting permits for sample collection.

The authors acknowledge the anonymous reviewers
for critical comments and suggestions that have
improved the manuscript.

References

Abbott RT, Dance SP (2000) Compendium of seashells:
a color guide to more than 4,200 of the world’s
marine shells. Odyssey Publishing, California

Adams AJ (2008) Fisherman’s coast: an angler’s guide
to marine warm-water gamefish and their habitats.
Stackpole Books, Pennsylvania

Akester R], Martel AL (2000) Shell shape, dysodont tooth
morphology, and hinge-ligament thickness in the
bay mussel_Mytilus trossulus_correlate with wave
exposure. Canadian Journal of Zoology 78: 240-253



40

Appadoo C, Roomaldawo NB (2005) A preliminary study
on benthic and arboreal fauna associated with man-
grove Rhizophora Mucronata on the east coast of Mau-
ritius (Indian Ocean) with special reference to the
Mollusca. Journal of Coastal Development 8: 107-121

Arapov J, Ezgeta-Bali¢ D, Nincevi¢ ZG (2010) Bivalve feed-
ing — how and what they eat? Ribarstvo 68: 105-116

Arribas LP, Bagur M, Soria SA, Gutiérrez JL, Palomo MG
(2016) Competition between mussels at the rocky inter-
tidal zone of La Loberia, Rio Negro, Argentina. Revista
del Museo Argentino de Ciencias Naturales 18: 1-7

Asmus RM, Asmus H (1991) Mussel beds: limiting or pro-
moting phytoplankton? Journal of Experimental
Biology and Ecology 148: 215-232

Avery R, Etter R] (2006) Microstructural differences in
the reinforcement of a gastropod shell against pre-
dation. Marine Ecology Progress Series 823: 159-170

Berger WH, Parker FL (1970) Diversity of planktonic
foraminifera in deep-sea sediments. Science 168:
1845-1347

Blott SJ, Pye K (2001) GRADISTAT: a grain size distribu-
tion and statistics package for the analysis of uncon-
solidated sediments. Earth Surface Processes and
Landforms 26: 1237-1248

Bouillon S, Middelburg JJ, Dehairs F, Borges AV, Abril
G, Flindt MR, Ulomi S, Kristensen E (2007) Impor-
tance of intertidal sediment processes and porewa-
ter exchange on the water column biogeochemistry
in a pristine mangrove creek (Ras Dege, Tanzania).
Biogeosciences 4: 311-322

Boulding EG, Alstyne KLV (1993) Mechanisms of differ-
ential survival and growth of two species of Littorina
on wave-exposed and on protected shores. Journal
of Experimental Biology and Ecology 169: 189-166

Boulding EG, Holst M, Pilon V (1999) Changes in selection
on gastropod shell size and thickness with wave-ex-
posure on Northeastern Pacific shores. Journal of
Experimental Biology and Ecology 232: 217-239

Brown AC, McLachlan A (1990) Ecology of sandy shores.
Elsevier, Amsterdam

Brown KM, Quinn JF (1988) The effect of wave action
on growth in three species of intertidal gastropods.
Oecologia 75: 420-425

Charles J, Appadoo C, Poonyth A (2011) A study on assem-
blage of invertebrates inhabiting rocky shores within
the port-limit of Port-Louis, Mauritius. Journal of
Coastal Development 14: 159-167

Cravo-Laureau C, Duran R (2014) Marine coastal sed-
iments microbial hydrocarbon degradation pro-
cesses: contribution of experimental ecology in the

WIO Journal of Marine Science Special Issue 1/2017 31-41 | D. Kaullysing et al.

omics’era. Frontiers in Microbiology, Vol. 5. doi:
10.3389/fmicb.2014.00039

Davies OA, Ugwumba OA (2013) Tidal Influence on nutri-
ents status and phytoplankton population of Okpoka
Creek, Upper Bonny Estuary, Nigeria. Journal of
Marine Biology. doi: 10.1155/20138/684739

Defeo O, Goémez ], Lercari D (2001) Testing the swash
exclusion hypothesis in sandy beach populations:
the mole crab Emerita brasiliensis in Uruguay.
Marine Ecology Progress Series 212: 159-170

Denny MW (1985) Wave Forces on Intertidal Organisms:
A Case Study. Limnology and Oceanography 30:
1171-1187

Etter RJ (1989) Life history variation in the intertidal snail
Nucella lapillus across a wave-exposure gradient.
Ecology 70: 1857-1876

Folk RL, Ward WC (1957) Brazos River bar: a study in the
significance of grain size parameters. Journal of Sed-
imentary Petrology 27: 3-26

Gomez ], Defeo O (1999) Life history of the sandhopper
Pseudorchestoidea brasiliensis (Amphipoda) in sandy
beaches with contrasting morphodynamics. Marine
Ecology Progress Series 182: 209-220

Gosselin LA, FS Chia (1995) Characterizing temperate
rocky shores from the perspective of an early juvenile
snail- the main threats to survival of a newly hatched
Nucella emarginata. Marine Biology 122: 625-635

Gray JS (1981) The ecology of marine sediments. Cam-
bridge University Press, Cambridge

Gray JS (2002) Species richness of marine soft sediments.
Marine Ecology Progress Series 244: 284-297

Greenberg EA, Clesceri LS, Eaton AD (1992). Standard
methods for the examination of water and wastewater.
18" ed. Washington, American Public Health Associ-
ation, American Water Works Association and Water
Environment Federation. http://www.mwa.co.th/
download/file_upload/SMWW_1000-3000.pdf

Guerra-Garcia JM, Garcia-Gomez JC (2004) Soft bottom
mollusc assemblages and pollution in a harbour with
two opposing entrances. Estuarine, Coastal and Shelf
Science 60: 273-283

Harger JRE (1970) The effect of wave impact on some
aspects of the biology of sea mussels. The Veliger 12:
401-414

Hill S, Burrows MT, Hawkins SJ (1998) Intertidal reef bio-
topes: An overview of dynamic and sensitivity char-
acteristics for conservation management of marine
SACs. Scottish Association for Marine Science (UK
Marine SACs Project)

Huz R, LastraM, Lopez ] (2002) The influence of sediment
grain size on burrowing, growth and metabolism of



D. Kaullysing ez al. | WIO Journal of Marine Science Special Issue 1/2017 31-41 41

Donazx trunculus L. (Bivalvia: Donacidae). Journal of
Sea Research 47: 85-95

Kay A (1995) The Conservation Biology of Molluscs. Inter-
national Union for Conservation of Nature and Nat-
ural Resources, Gland, Switzerland. https:/portals.
iucn.org/library/efiles/documents/ssc-op-009.pdf

Karleskint G, Turner R, Small J (2013) Introduction to
Marine Biology. Brooks/Cole California

Light SF, Carlton ]J.T (2007) The Light and Smith man-
ual: intertidal invertebrates from central California
to Oregon. University of California Press, Berkeley,
California

MacKinnon J, Verkuil YI, Murray N (2012) IUCN situa-
tion analysis on East and Southeast Asian intertidal
habitats, with particular reference to the Yellow Sea
(including the Bohai Sea). Occasional Paper of the
IUCN Species Survival Commission No. 47. IUCN,
Gland, Switzerland, and Cambridge

McLachlan A (1990) Dissipative beaches and macrofauna
communities on exposed intertidal sands. Journal of
Coastal Research 6: 57-71

McLachlan A, Jaramillo E, Donn TE, Wessels F (1993) Sand
beach macrofauna communities: a geographical
comparison. Journal of Coastal Research 15: 27-38

Magurran AE (1988) Ecological Diversity and its Measure-
ment. Princeton University Press. Princeton, New Jersey

Martins GM, Jenkins SR, Hawkins SJ, Neto Al, Thompson
RC (2008) Exploitation of rocky intertidal grazers:
population status and potential impacts on commu-
nity structure and functioning. Aquatic Biology 3:1-10

Meyer GR, O’Gower AK (1963) The ecology of six species
of littoral gastropods. Australian Journal of Marine &
Freshwater Research 14: 176-193

Michel C (1985) Marine Molluscs of Mauritius. World
Wildlife Fund. International Union for Conserva-
tion of Nature and Natural Resources. Editions de
I’Océan Indien

Navarrete SA, Menge BA, Daley BA (2000) Species inter-
actions in intertidal food webs: prey or predation
regulation of intermediate predators? Ecology 81:
2264-2277

Parker LM, Ross PM, Portner HO, Scanes E, Wright JM
(2018) Predicting the Response of Molluscs to the
Impact of Ocean Acidification. Biology 2: 651-692

Pechenik JA (198) Ability of some gastropod egg capsules
to protect against low salinity stress. Journal of Exper-
imental Marine Biology and Ecology 63: 195-208

Sakka A, Legendre L, Gosselin M, LeBlanc B, Delesalle B,
Price NM (1999) Nitrate, phosphate, and iron limita-
tion of the phytoplankton assemblage in the lagoon

of Takapoto Atoll (Tuamotu Archipelago, French
Polynesia). Aquatic Microbial Ecology 19: 149-161

Shaukat SS, Khairi MA, Khan MA (1978) The relationships
amongst dominance, diversity and community
maturity in a desert vegetation. Pakistani Journal of
Botany 10: 186-196

Shi BW, Yang SL, Wang YP, Bouma TJ, Zhu Q (2012)
Relating accretion and erosion at an exposed tidal
wetland to the bottom shear stress of combined cur-
rent-wave action. Geomorphology 138: 380-389

Tomanek L, Helmuth B (2002) Physiological Ecology of
Rocky Intertidal Organisms: A Synergy of Concepts.
Integrative and Comparative Biology 42: 771-775

Trueman ER, Brand AR, Davis P (1966) The effect of sub-
strate and shell shape on the burrowing of some
common bivalves. Proceedings of the Malacological
Society of London 37: 97-109

Udden JA (1914) Mechanical composition of clastic sedi-
ments. Bulletin of the Geological Society of America
25: 655—744

Underwood AJ (1979) The ecology of intertidal gastropods.
Oceanography and Marine Biology — An annual
review 16: 111-210

Vaghela A, Bhadja P, Kundu R (2018) Diversity and dis-
tribution of interitidal Mollusca at Saurashtra coast
of Arabian Sea, India. Global Journal of Bio-Science
and Biotechnology 2: 154-158

Vanagt T, Vincx M, Degraer S (2008) Is the burrowing per-
formance of a sandy beach surfing gastropod limit-
ing for its macroscale distribution? Marine Biology
158. doi: 10.1007/s00227-008-1035-7

Volkenborn N, Hedtkamp SIC, Beusekom JEE, Reise K
(2007) Effects of bioturbation and bioirrigation by
lugworms (A4renicola marina) on physical and chem-
ical sediment properties and implications for inter-
tidal habitat succession. Estuarine, Coastal and Shelf
Science 74: 331-343

Walsby JR (1977) Population variations in the grazing
turbinid Lunella smaragda (Mollusca: Gastropoda),
New Zealand. Journal of Marine and Freshwater
Research 11: 211-238

Wang XL, Feng Y, Swail VR (2014) Changes in global
ocean wave heights as projected using multimodel
CMIP5 simulations. Geophysical Research Letters
41: 1026-1034

Wentworth CK (1922) A scale of grade and class terms for
clastic sediments. Journal of Geology 30: 877-392

Yin K, Harrison P] (2000) Influences of flood and ebb
tides on nutrient fluxes and chlorophyll on an inter-
tidal flat. Marine Ecology Progress Series 196: 75-85





