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Abstract: Molluscs assemblages inhabiting subtidal habitats (sandy bottoms, photophilic and sciaphilic hard bottoms, Posidonia
oceanica seagrass beds) represent a valuable part of coastal biodiversity and were studied in four Italian Marine Protected Areas.
Quantitative samplings were carried out in late spring - summer of 2015. A total of 776 individuals were identified, belonging to
the classes of Polyplacophora (5 species, 24 individuals), Gastropoda (62 sp., 240 ind.), Bivalvia (51 sp., 488 ind.), and Scaphopoda
(3 sp., 24 ind.). Multivariate analyses revealed significant inter-habitat differences in the composition of mollusc assemblages, es-
pecially between soft bottom and all the other habitats. In all MPAs, the highest species richness and feeding guilds occurred in the
photophilic hard bottom, where, in contrast, a lower number of individuals was found. On the contrary, in the soft bottom the highest
number of individuals and the lower species richness and feeding guilds were found. Although the results pointed out some intra-
habitat differences among MPAs, the molluscan assemblages showed a valuable degree of taxonomic and trophic similarity, especially
in vegetated habitats. These results are of primary importance for ecosystem functioning and management as the considered habitats

are the most relevant of the coastal zones.
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1. Introduction

Molluscs are among the more diverse groups of the marine
benthic communities, occupying a wide range of habitats
and ecological niches and largely contributing to local bi-
odiversity (Hemminga and Duarte, 2000; Zuschin et al.,
2001). In the Mediterranean Sea more than 2,000 molluscs
species have been identified and almost 53,000 have been
described worldwide, especially in costal zones (Bouchet,
2006; Coll et al., 2010). This world-wide distribution is
mainly due to the ability of the molluscs to adapt to dif-
ferent forcing factors and food sources, with appropriate
and diversified functional morphologies (Russo, 1989;

Chemello et al., 1997). Groups of species exploiting the
same class of environmental resources in a similar way
are defined by Root (1967) as ‘guilds’, that is the name of
medieval association of craftsmen.

Beyond taxonomic composition of marine assem-
blages, trophic guilds can be studied to better understand
the functional diversity, as they express the main energy
pathway of ecosystems and, indirectly, the main physical
forcing factors of environment (Diaz and Cabido, 2001;
Arruda et al., 2003; Vassallo et al., 2017). Habitat hetero-
geneity greatly influences the associated mollusc commu-
nities through a variety of energy pathways, increasing spe-
cies diversity which, in turn, generates a more structured
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community with a greater trophic complexity and feeding
mode, despite the dominance of single or few guilds at
a defined time (Lastra et al., 1991; Zuschin et al., 2001;
Tews et al., 2004). For instance, a higher variety of grazer
snails is related to habitat with high primary production,
as Posidonia oceanica beds and rocky photophilic habi-
tats (Milazzo et al., 2000; Pitacco et al., 2014). Predator
species are dominant in tropical reefs characterized by
a high diversity of reef building animals (Paine, 1969),
while, suspension and deposit feeders mainly occur in soft
bottom surrounded and characterized by high amount of
particulate organic matter (Heip et al., 1995; Newell and
Clavier, 1997).

Among marine systems, coastal zones are the richest in
species and habitats and, therefore, are also the most threat-
ened. As a consequence, conservation policy and manage-
ment strategies for these habitats have been more and more
implemented in the last decades (Cicin-Sain and Belfiore,
2005; Meiner, 2010; Katsanevakis et al., 2011). Along the
Italian shores, Marine Protected Arecas (MPAs) have been
instituted by the law 394/91 and, together with the Habitat
Directive (92/43/EEC) on European species and habitats of
priority importance for conservation, they represent a use-
ful tool to protect marine biodiversity and to implement
sustainable practises of coastal zone management (Brow-
man et al., 2004; Halpern et al., 2010; Rassweiler et al.,
2012). Several studies demonstrate the effectiveness of
MPAs for the conservation of marine biodiversity (Appol-
loni et al., 2017, 2018; Ferrigno et al., 2017, 2018), the
increase of ecosystem services and the production of eco-
logical and economic benefits that are exported in the sur-
rounding coastal areas (i.e., Guidetti et al., 2008; Fenberg
et al., 2012; Franzese et al., 2008; 2015; 2017; Picone et
al., 2017). In this framework, it is very important to assess
how the assemblages of those systematic groups, as mol-
luscs, with high levels of biodiversity are structured. This
is particularly true in MPAs to evaluate habitats quality and
assess management actions.

Molluscan assemblages might be effectively used in
environmental quality assessment (Gladstone, 2002), being
generally distributed from shallow to deep marine water, in
different types of habitats such as seagrass beds (Russo et
al., 1984; Russo and Patti, 2005; Gacia et al., 2009; Don-
narumma et al., 2016; 2018a), photophilic algac communi-
ties (Chemello and Russo, 1997; Chemello and Milazzo,
2002), coralligenous concretions (Ballesteros et al., 2006;
Casellato and Stefanon, 2008), caves (Cattaneo-Vietti and
Russo, 1987), soft bottoms (Russo et al., 1985; Urra et al.,
2011), and rocky shores (Richards, 1983; Terlizzi et al.,
2003; Antoniadou and Chintiroglou, 2005; Donnarumma
et al., 2018b). Thus, the present investigation aims at as-
sessing the structure and function (through the use of feed-
ing guilds) of molluscan assemblages inhabiting different
habitat types and comparing them among different Italian

MPAs. Taking into account the positive effect of MPAs
protection on the biodiversity, we test the following hy-
potheses: (i) among habitats, there is a higher trophic and
species diversity in the most spatially complex ones, (ii)
among MPAs, there are no significant differences in the
composition of mollusc assemblages within the same type
of habitat.

2. Materials and methods
2.1 Study areas and sampling design

The study was carried out in four different Marine Pro-
tected Areas along a latitudinal gradient (Fig. 1). Three
of them are located in Tyrrhenian Sea, [from north to
south: Isole di Ventotene and Santo Stefano MPA (IVS)
40°47'08.59"N 13°26'12.22"E, Santa Maria di Castella-
bate MPA (SMC) 40°14'46.35"N 14°53'44.95"E, Costa
degli Infreschi e della Masseta MPA (CIM) 40°00'05.46"N
15°2621.04"E], while the southernmost site is located in
Ionian Sea [Capo Rizzuto MPA (CR) 38°53'29.66" N,
17°5'55.42" E]. Within each MPA the following habitats
were investigated: soft bottom (SB) mainly characterized
by fine sandy-muddy sediment, Posidonia oceanica sea-
grass bed (HP), photophilic hard bottom covered by algal
turf (PHB) and sciaphilic hard bottom covered by biocon-
structions (SHB, coralligenous habitat).

Both SB and HP habitats were sampled at a depth
range of 10 — 20 m, PHB habitat at a depth of about
10 m, and SHB habitat at a depth range of 28 — 33 m.
Samplings were performed by SCUBA divers during late
spring - summer 2015. At each site (IVS, SMC, CIM, and
CR), three random replicates were collected by means
of an air-lift pump (Bianchi et al., 2004) equipped with
a 0.5 mm mesh bag.

On the hard bottoms (SHB and PHB) the sampling
technique described by Chemello and Russo (1997) was
adopted. This technique is based on the use of a 40x40
cm frame and is carried out in three steps: (I) sucking by
air-lift pump the vagile fauna; (II) scraping by a spatula the
sessile flora and fauna; (IIT) sucking again by air-lift pump
to collect cryptic species of the substrate crevices. In the
Posidonia beds (HP), vagile fauna was sucked by air-lift
pump both on the leaf stratum and on the sand among the
rhizomes (Russo et al., 1986), in a 40x40 cm frame. In the
soft bottoms (SB), macrofauna was sucked by air-lift pump
in a 50x50 c¢cm frame, reaching a depth in the sediment
of 20 cm. Samples were fixed in 4% formaldehyde/sea-
water solution and successively macrobenthos was sorted
in laboratory and molluscs were selected and identified at
species level using a stereomicroscope. Mollusc nomencla-
ture follows the World Register of Marine Species database
(WoRMS; Editorial Board, 2018).
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Fig. 1. Map of study area with the location of the four Marine Protected Areas investigated (IVS - Isole di Ventotene and Santo Ste-
fano; SMC - Santa Maria di Castellabate; CIM - Costa degli Infreschi e della Masseta; CR - Capo Rizzuto)

2.2 Data analysis

Mollusc assemblages were analysed using sinecological
indices such as total abundance of individuals (N) per m?,
species richness (SR), the Pielou’s Evenness (J) and the
Shannon-Weaver species diversity (H’). The quantitative
and qualitative dominances (%DI and %DQ) and frequen-
cy (%F) were also calculated. To each mollusc species
a feeding guild was assigned, according to Purchon (1977),
Fretter and Graham (1994) and Rueda et al. (2009). The
following categories were considered: Micro- and Mac-
ro-Grazers (MQG), feeding on both diatoms and/or algae;
Deposit Feeders (DF), feeding on the organic particles of
sediment; Suspension Feeders (SF), feeding on the organic

particles suspended in the water; Predators (P), feeding on
vagile and sessile animals; Scavengers (SC), feeding on
dead animals; Ectoparasites (E), feeding on much larger
animals.

The functional (trophic) diversity of the molluscan as-
semblages at each habitat was analysed through the Index
of Trophic Diversity (ITD) (Help et al., 1998), which rang-
es from 0 to 1 (high and low trophic diversity, respective-
ly), and is calculated according to the following equation:

ITD = g2

where g, is the relative contribution of the number of in-
dividuals of each trophic group (i) to the total number of
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individuals. According to the modified version applied to
molluscs (Antit et al., 2016), ITD was calculated as 1-ITD
to have the highest trophic diversity with the greatest
weight.

Differences in the structure of mollusc assemblages
both in Habitats and Sites (two fixed and orthogonal fac-
tors) were evaluated through a permutational analysis of
variance (PERMANOVA, Anderson, 2001a). 4999 permu-
tations of residuals under a reduced model were applied
(Anderson, 2001b) and a pairwise was used in order to
evaluate differences between pairs of habitats and sites.
Data were log transformed according to Clarke and War-
wick (2001) to reduce the effect of the dominant species
in the samples. Multivariate patterns were shown through
a constrained ordination plot after Canonical Analysis of
Principal Coordinates (CAP, Anderson and Willis, 2003).
Similarity percentage (SIMPER) was performed to identify
those species that better contributed to the similarity among
the same habitats of the four sites. All multivariate analyses
were performed using the PRIMER-PERMANOVA+v.6
software package (Clarke and Gorley, 2006; Anderson et
al., 2008).

3. Results
3.1 Composition of mollusc assemblages

Overall, 121 species of molluscs, belonging to the classes
of Polyplacophora (5 species; 24 individuals), Gastropoda
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(62 sp.; 240 ind.), Bivalvia (51 sp.; 488 ind.), and Scaphop-
oda (3 sp.; 24 ind.) were identified in the four MPAs (Ta-
ble 1).

In each habitat, a characteristic taxonomic group was
dominant (Fig. 2). In the SB, bivalves were dominant both
in species richness (DQ 63.8%, 23 sp.) and abundance (DI
85%, 302 individuals) followed by gastropods (DQ 27.7%,
10 sp.; DI 8.1%, 29 ind.) and scaphopods (DQ 8.3%, 3 sp.;
DI 6.7%, 24 ind.). The most abundant and frequent spe-
cies were the bivalves Lucinella divaricata and Moerella
donacina (DI 43.9%; F 83.3% and DI 13%; F 91.6%, re-
spectively), followed by the gastropod Tritia pellucida (DI
2.2%; F 33.3%) and the scaphopod Fustiaria rubescens
(DI 5.6%; F 25%).

In PHB, gastropods were the dominant taxon both in
species richness (DQ 62.2%, 28 sp.) and abundance (DI
62.2%, 112 ind.), followed by bivalves (DQ 28.8%, 13 sp.;
DI 30%, 54 ind.) and polyplacophorans (DQ 8.8%, 4 sp.;
DI 7.7%, 14 ind.). The highest densities and frequencies
were recorded by the gastropod species Bittium latreillii
and Alvania subcrenulata (DI 11.6%; 50% and F 10.5%;
25%, respectively), followed by the bivalve Striarca lactea
(DI 10%; F 58.3%) and the polyplacophoran Acanthochi-
tona fascicularis (DI 2.7%; F 33.3%).

In SHB, bivalves were dominant in species richness
(DQ 47.3%, 18 sp.) and abundance (DI 59%, 62 ind.), fol-
lowed by gastropods (DQ 47.3%, 18 sp.; DI 32.3%, 34
ind.), while Polyplacophorans were poorly represented
(DQ 5.2%, 2 sp.; DI 8.5%, 9 ind.). The most abundant
and frequent species was the bivalve S. lactea (DI 28.5%;
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Fig. 2. Total contribution to qualitative (Species richness - %DQ) and quantitative (Abundance - %DI) dominances for each habitat
(SB - soft bottom; PHB - photophilic hard bottom; SHB - sciaphilic hard bottom; HP - P. oceanica bed)
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Table 1. Taxonomic list of mollusc species with their feeding guilds (FG: MG Micro- and Macro-grazers, DF Detritus feeders, E
Ectoparasites, SF Suspension feeders, P Predators, SC Scavengers), abundance (N), dominance (D%) and frequency (F%)
for each habitat (SB - soft bottom; PHB - photophilic hard bottom; SHB - sciaphilic hard bottom; HP - P. oceanica bed)

SB PHB SHB HP
FG species N D% F%» N D% F» N D% F% N D% F%
Gastropoda
MG Alvania cancellata (da Costa, 1778) - - - - - - 1 095 833 - - -
MG Alvania cimex (Linnaeus, 1758) - - - - - - 1 095 833 - - -
MG Alvania discors (T. Allan, 1818) - - - 11 611 833 1 095 833 1 0.74 833
MG Alvania geryonia (Nardo, 1847) - - - - - - 2 190 16.67 - - -
MG Alvania hirta (Monterosato, 1884) - - - - - - 1 095 16.67 - - -
MG Alvania hispidula (Monterosato, 1884) - - - - - - 4 381 16.67 - - -
MG Alvania lineata Risso, 1826 - - - 3 1.67 1667 1 095 833 2 148 833
MG Alvania mamillata Risso, 1826 - - - 1 056 833 - - - 1 074 833
Alvania pagodula (Bucquoy, Dautzenberg
MG & Dollfus, 1884) - - - - - - - - - 5 370 16.67
Alvania subcrenulata (Bucquoy,
MG Dautzenberg & Dollfus, 1884) - - - 19 10.56 25.00 - - - - - -
MG Ascobulla fragilis (Jeftreys, 1856) - - - - - - - - - 1 074 833
MG Barleeia unifasciata (Montagu, 1803) - - - 5 278 2500 - - - - - -
MG Bittium latreillii (Payraudeau, 1826) - - - 21 11.67 50.00 6 5.71 3333 5 370 25.00
MG Bittium lacteum (Philippi, 1836) - - - 1 056 833 - - - - - -
MG Bittium reticulatum (da Costa, 1778) 7 197 16.67 6 333 3333 - - - 1 074 833
P Cerithiopsis sp. - - - 2 111 16.67 - - - - - -
MG Cerithium sp. - - - 1 056 833 - - - - - -
P Chauvetia brunnea (Donovan, 1804) - - - - - - - - - 2 148 833
P Chauvetia sp. - - - 1 056 833 - - - - - -
MG Columbella rustica (Linnaeus, 1758) - - - 13 7.22 50.00 - - - - - -
P Coralliophila sp. - - - 2 111 16,67 1 095 833 - - -
P Episcomitra cornicula (Linnaeus, 1758) - - - 4 222 16.67 - - - - - -
E  Eulimella acicula (Philippi, 1836) 1 028 833 - - - - - - - - -
P Fusinus pulchellus (Philippi, 1840) - - - - - - 1 095 833 - - -
P Fusinus sp. - - - - - - - - - 1 074 833
P Gibberula philippii (Monterosato, 1878) - - - 1 056 833 - - - - - -
P Gibberula recondita Monterosato, 1884 - - - 2 111 833 - - - - - -
MG Gibbula ardens (Salis Marschlins, 1793) - - - - - - - - - 2 148 16.67
MG Haliotis sp. - - - - - - - - - 2 148 833
MG Haminoea sp. - - - - - - 2 190 833 - - -
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Mangelia costulata Risso, 1826
Mangelia taeniata (Deshayes, 1835)
Manzonia crassa (Kanmacher, 1798)
Melanella sp.

Mitrella minor

Muricopsis cristata (Brocchi, 1814)
Neverita josephinia Risso, 1826
Ocenebra edwardsii (Payraudeau, 1826)
Parthenina emaciata (Brusina, 1866)
Pusia savignyi (Payraudeau, 1826)
Pusia tricolor (Gmelin, 1791)

Pusillina philippi (Aradas & Maggiore,
1844)

Pusillina sp.

Pusillina cf. radiata (Philippi, 1836)
Pyrgiscus rufus (Philippi, 1836)
Raphitoma bicolor (Risso, 1826)
Raphitoma sp.

Rissoa auriscalpium (Linnaeus, 1758)
Rissoa rodhensis Verduin, 1985

Rissoa variabilis (Megerle von Miihlfeld,
1824)

Rissoa violacea Desmarest, 1814
Roxania utriculus (Brocchi, 1814)
Smaragdia viridis (Linnaeus, 1758)
Tectura virginea (O. F. Miiller, 1776)
Tricolia punctura Gofas, 1993
Tricolia pullus (Linnaeus, 1758)

Tricolia speciosa (Megerle von Miihlfeld,
1824)

Triphoridae

Tritia pellucida (Risso, 1826)

Turbonilla acutissima Monterosato, 1884
Turritella turbona Monterosato, 1877

Volvulella acuminata (Bruguicre, 1792)
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SB PHB SHB HP
FG species N D% F%» N D% F% N D% F% N D% F%
Bivalvia

SF  Acar clathrata (Defrance, 1816) - - - - - - 2 190 16.67 - - -
SF  Arca noae Linnaeus, 1758 - - - - - - 2 190 16.67 - - -
DF Arcopella balaustina (Linnaeus, 1758) - - - - - - 1 095 833 - - -
SF  Asperarca sp. - - - - - - 1 095 833 - - -
DF Bosemprella incarnata (Linnaeus, 1758) 1 028 833 - - - - - - - - -
SF  Cardita calyculata (Linnaeus, 1758) - - - 4 222 2500 1 095 833 - - -
SF  Chama gryphoides Linnaeus, 1758 - - - - - - - - - 1 074 833
SF  Chamelea gallina (Linnaeus, 1758) 4 1.13 3333 - - - - - - - - -
SF  Chamidae - - - 1 056 833 - - - - - -
DF Ctena decussata (O. G. Costa, 1829) - - - - - - - - - 3 222 833
SF  Corbula gibba (Olivi, 1792) 2 056 833 - - - - - - - - -
SF  Diplodonta trigona (Scacchi, 1835) 7 197 2500 - - - - - - - - -
SF  Donax venustus Poli, 1795 1 028 833 - - - - - - - - -
SF  Dosinia lupinus (Linnaeus, 1758) 1 028 833 - - - - - - - - -
DF Fabulina fabula (Gmelin, 1791) 28 7.89 25.00 - - - - - - - - -
SF  Flexopecten hyalinus (Poli, 1795) - - - - - - 1 095 833 - - -
SF  Galeomma turtoni W. Turton, 1825 - - - 1 056 833 - - - - - -
SF  Glans trapezia (Linnaeus, 1767) - - - 1 056 833 - - - 28 20.74 66.67
SF  Glycymeris glycymeris (Linnaeus, 1758) 1 028 833 - - - - - - - - -
SF  Gouldia minima (Montagu, 1803) 1 028 833 1 056 833 - - - 6 444 25.00
SF  Gregariella semigranata (Reeve, 1858) - - - - - - 4 381 3333 1 074 833
SF  Hiatella arctica (Linnaeus, 1767) - - - - - - 6 571 3333 2 148 16.67
SF  Kurtiella bidentata (Montagu, 1803) 2 056 833 - - - - - - - - -
DF Lembulus pella (Linnaeus, 1758) 4 1.13 2500 - - - - - - - - -
SF  Limaria sp. - - - 5 278 16,67 2 190 16.67 2 148 833
SF  Lithophaga lithophaga (Linnaeus, 1758) - - - 3 1.67 16.67 - - - - - -
SF  Loripinus fragilis (Philippi, 1836) 11 3.10 25.00 - - - - - - 1 074 833
SF  Lucinella divaricata (Linnaeus, 1758) 156 43.94 8333 - - - - - - 1 074 833
SF  Mimachlamys varia (Linnaeus, 1758) - - - - - - 1 095 833 - - -
SF  Modiolula phaseolina (Philippi, 1844) - - - - - - 1 095 833 - - -
DF Moerella donacina (Linnaeus, 1758) 48 13.52 91.67 - - - - - - - - -
DF  Moerella pulchella (Lamarck, 1818) 4 113 16.67 - - - - - - - - -
SF  Musculus costulatus (Risso, 1826) - - - 13 722 4167 3 286 16.67 3 222 25.00
SF  Musculus subpictus (Cantraine, 1835) - - - 3 167 1667 1 095 833 2 148 16.67
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SB

PHB SHB HP

FG species N D%

F% N D% F% N D% F% N D% F%

SF  Ostrea edulis Linnaeus, 1758 - -

SF  Papillicardium papillosum (Poli, 1791) - -

Parvicardium scriptum (Bucquoy,
Dautzenberg & Dollfus, 1892) - -

0.28

SF

DF  Peronidia albicans (Gmelin, 1791) 1

SF  Petricola lithophaga (Retzius, 1788) - -

SF  Pitar rudis (Poli, 1795) 2 0.56

SF  Polititapes aureus (Gmelin, 1791) 3 0.85

SF  Pseudochama gryphina (Lamarck, 1819) - -

SF  Rocellaria dubia (Pennant, 1777) - -

SF  Solemya togata (Poli, 1791) 1 028

SF  Spisula subtruncata (da Costa, 1778) 4 1.13

SF  Spondylus gaederopus Linnaeus, 1758 - -

SF  Striarca lactea (Linnaeus, 1758) 1 028

SF  Talochlamys multistriata (Poli, 1795) - -

SF  Tellimya ferruginosa (Montagu, 1808) 1 028

SF  Thracia villosiuscula (MacGillivray, 1827) 5.07

SF  Venus verrucosa Linnaeus, 1758 - -

Polyplacophora

MG Acanthochitona crinita (Pennant, 1777) - -

Acanthochitona fascicularis (Linnaeus,

MG 1767) .

MG Acanthochitona sp. - -

MG Callochiton septemvalvis (Montagu, 1803) - -

MG Chiton corallinus (Risso, 1826) - -

Scaphopoda

DF  Fustiaria rubescens (Deshayes, 1825) 20 5.63

DF Dischides politus (S. Wood, 1842) 3 085

DF  Antalis vulgaris (da Costa, 1778) 1 028

25.00 - - -
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F 58.3%), followed by the polyplacophoran Callochiton
septemvalvis (DI 6.6%; F 25%) and gastropods belonging
to Triphoridae family (DI 3.8%; F 25%).

In HP, gastropods were dominant in species richness
(DQ 55.2%, 21 sp.), with an abundance of 47% (64 ind.),
followed by bivalves (DQ 42.1%, 16 sp.), with an abun-
dance of 51.4% (70 ind.). The most abundant and frequent
species were the gastropod Smaragdia viridis (DI 11.1%;
F 50%) and the bivalve Glans trapezia (DI 20.7%; F

66.6%). The polyplacophoran A. fascicularis belongs to
the third taxonomic group occurring in HP habitat, with
a single individual (DQ 2.6%, DI 0.3%).

3.2 Trophic diversity

In the four MPAs six feeding guilds were identified (Fig. 3).
Only three of them showed a high dominance: suspension
feeders (SF) (DI 51.4%; DQ 42.6%), micro- and macro-
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grazers (MG) (DI 23.9%; DQ 33.9%) and deposit feeders
(DF) (DI 14.6%; DQ 6.4%). The three remaining catego-
ries in total reached DI 9.9% and DQ 20.6%.

The feeding guild SF was dominant in SHB habitat of
all MPAs (DI 57.6+17.3%; DQ 52.5+12.9%). This guild
was mainly represented by the bivalve species L. divarica-
ta (157 ind.) and S. lactea (64 ind.). The feeding guild MG
was mostly dominant in both PHB (DI 51.9£15.2%; DQ
43.8+11.9%) and HP (DI 46.6+16.2%; DQ 47.4+13.9%)
habitats. The main representative grazers were the gas-
tropod species B. latreillii (32 ind.), 4. subcrenulata
(19 ind.) and S. viridis (16 ind.). The third dominant feed-
ing guild, represented by DF, was dominant in SB habitat
(DI 55.5421.7%; DQ 27.745.7%) and was mainly repre-
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sented by the bivalve species M. donacina (total abundance
of 48 ind.) and Fabulina fabula (28 ind.).

3.3 Structural analysis

Total number of individuals (N) per m™, species richness
(SR) and diversity indices (H’, J) were reported in Ta-
ble 2. The highest mean density among MPAs was ob-
served in SB habitat, while the lowest occurred in SHB
habitat. The highest and lowest mean species richness
occurred in both hard bottoms, respectively in the pho-
tophilic (PHB) and sciaphilic (SHB) habitats. Both the
diversity indices (H’ and J) resulted lower for SB than all
the other habitats.
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Fig. 3. Feeding-guilds (MG Micro- and Macro-grazers, E Ectoparasites, P Pre"dators, SC Scavengers, SF Suspension feeders, DF
Detritus feeders) contribution to quantitative (DI) and qualitative (DQ) dominances for each habitat (SHB - sciaphilic hard
bottom; PHB - photophilic hard bottom; HP - P. oceanica bed; SB - soft bottom;) and site (IVS - Isole di Ventotene and
Santo Stefano; CR - Capo Rizzuto; SMC - Santa Maria di Castellabate; CIM - Costa degli Infreschi e della Masseta)
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Table 2. Mollusc assemblages: number of individuals per m (N), number of species (SR), and diversity indices (J, H”) measured for
each habitat (SB - soft bottom; PHB - photophilic hard bottom; SHB - sciaphilic hard bottom; HP - P. oceanica bed) among
MPAs (mean + SD). Significance levels of PERMANOVA test: * (p < 0.05), ** (p < 0.01); *** (p < 0.001)

Habitats N I: i J
SB 178.75+54.97*** 6.75+1.35%* 1.81£0.33%%* 0.73+0.05*
PHB 94.08+53.63%* 7.834+3.15 2.58+0.55 0.93+0.03
SHB 54.834+33.44 5.5842.24 2.13+0.49 0.90+0.06
HP 71.08+26.91 6.16+1.82 2.38+0.41 0.94+0.02

PERMANOVA test (Table 2) highlighted significant
differences of mollusc density, species richness and diver-
sity indices among the SB of the four MPAs. A significant
difference of mollusc density was also observed among the
PHB sampled in the four MPAs.

In all MPAs, the composition and structure of mol-
lusc assemblages among the four habitats was significant-
ly different (F=8.078, p=0.0002, df=3). Therefore, sig-
nificant differences were also detected by comparing the
four MPAs (F=3.317, p=0.0002, df=3), so as interactions
between habitats and sites (MPAs) (F=2.294, p=0.0002,
df=9). Pairwise comparisons of habitats (Table 3) showed
that, in all sites, SB was significantly different from the
other three habitats (PHB, SHB, and HP). Significant dif-

Table 3. Results of PERMANOVA pairwise comparisons among
the habitats (SB - soft bottom; PHB - photophilic hard
bottom; SHB - sciaphilic hard bottom; HP - P. oceanica
bed) for each site (IVS - Isole di Ventotene and Santo
Stefano; SMC - Santa Maria di Castellabate; CIM -
Costa degli Infreschi e della Masseta; CR - Capo Riz-
zuto), using 4999 permutations

ferences were also detected at SMC site, between SHB
on one side and PHB and HP on the other side (p<0.05).
Further significant differences were also found at CIM site,
between PHB and HP (p<0.05).

Pairwise comparisons of MPAs (Table 4) showed sig-
nificant differences between CR and all the other three
sites, as for the SB habitat (»<0.01). Significant differences
were also detected between CR on one side and IVS and
SMC on the other side, for the PHB habitat (p<0.05), and
between CIM on one side and IVS and SMC on the other,
for the HP habitat (»p<0.05). Significant differences among
the four sites for the SHB habitat were not detected.

The differences in structure of mollusc assemblages
were evident in the CAP plot (Fig. 4).

Table 4. Results of PERMANOVA pairwise comparisons among
the sites (IVS - Isole di Ventotene and Santo Stefano;
SMC - Santa Maria di Castellabate; CIM - Costa degli
Infreschi e della Masseta; CR - Capo Rizzuto) for each
habitat (SB - soft bottom; PHB - photophilic hard bot-
tom; SHB - sciaphilic hard bottom; HP - P. oceanica
bed), using 4999 permutations

Sites Habitats

Habitats ISV CR SMC CIM Sites SB PHB SHB HP

t-p t-p t-p t-p t-p t-p t-p t-p

SB — PHB 3.53%*%  2.89%*  2.64%* 2.05% IVS - CR 3.66%%  2.19% n.s. n.s.

SB — SHB 1.98%* 2.09%  337%x  1.83*% IVS — SMC ns. n.s. n.s. n.s.
SB — HP 2.11%* 2.04*  330%*% 3.76%* IVS - CIM n.s. n.s. ns.  2.07*

PHB — SHB n.s. n.s. 1.87* n.s. CR - SMC 3.87**  2.06*  ns n.s

PHB - HP n.s. n.s. n.s. 2.01% CR - CIM 3.01**  ns. ns. o ons
SHB — HP s, ns. 2.14%  ns SMC - CIM 202*  ns.  ns. 199

Significance levels: n.s. (p > 0.05), * (p < 0.05),
**(p < 0.01); *** (p <0.001).

Significant levels: n.s. (p > 0.05), * (p < 0.05),
¥ (p < 0.01); *** (p < 0.001).
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Fig. 4. CAP plot showing spatial distribution of mollusc assemblages for the habitat factor (a) (SB - soft bottom; PHB - photophilic
hard bottom; SHB - sciaphilic hard bottom; HP - P. oceanica bed) and the site factor (b) (CIM - Costa degli Infreschi
e della Masseta; CR - Capo Rizzuto; IVS - Isole di Ventotene and Santo Stefano; SMC - Santa Maria di Castellabate)

As for the habitat factor (Fig. 4a), the total sample
points of SB form a cluster apart from all other habitats,
clearly separated along CAP1. The other sample points
were displaced along CAP2, forming a gradient from pho-
tophilic bottoms, with positive saturations, sciaphilic bot-
toms, with intermediate saturations, to seagrass beds, with
negative saturations.

Instead, as for the MPA factor (Fig 4b), the sample
points of CIM form a cluster apart from the all other
MPAs, clearly separated along CAP1. The other sample
points were displaced along CAP2, forming a gradient
from CR, with positive saturations, IVS with intermediate
saturations, to SMC with negative saturations. In all MPAs
the most widespread replicate points were those of PHB,
according to a higher variability in the mollusc taxocoene.

The SIMPER analysis (Table 5) showed that the high-
est similarity of dominant species among the samples tak-
en in the four MPAs occurred for the SB habitat (average
value of 36.51%), where the species that mostly contrib-
uted to this similarity were at all sites the deposit feeder
M. donacina and the suspension feeder L. divaricata. In
HP (average value of 18.55%) and PHB (average value of

18.04%) habitats, the species that are mostly responsible
for the similarity at the assemblages found in MPAs were
respectively the suspension feeders S. lactea and Glans
trapezia, and the micrograzer B. latreillii. The lowest simi-
larity was observed in the SHB (average value of 13.86%),
where S. lactea and B. latreillii were the most abundant
species.

As for the trophic structure, the PERMANOVA anal-
ysis showed that the assemblages significantly differed
among habitats (F=19.95, p<0.001). Significant differ-
ences were also present by comparing the trophic struc-
ture among the four MPAs (F=2.98, p=0.002), while the
interaction between habitats and sites was not significant
(F=1.61, p=0.059).

The ITD analysis showed that the habitats with the
highest trophic diversity were PHB and HP, with a mean
value respectively of 0.604+0.06 and 0.549+0.12, fol-
lowed by SHB and SB, with a mean value respectively of
0.516+0.12 and 0.365+0.08.
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Table 5. Results of similarity of percentages test, showing species that mostly contributed to similarity of the samples for each habitat
(SB - soft bottom; PHB - photophilic hard bottom; HP - P. oceanica bed; SHB - sciaphilic hard bottom)

Species Av.Abund  Av.Sim  Sim/SD  Contrib% Cum.%
Moerella donacina 2.81 18.59 1.34 50.92 50.92
Lucinella divaricata 3.28 11.39 1.24 31.18 82.1
SB - average similarity: o, o104 eqllina 0.66 147 031 4.04 86.14
36.51%
Tritia pellucida 0.76 1.37 0.31 3.76 89.9
Diplodonta trigona 0.62 0.9 0.22 2.46 92.36
Glans trapezia 1.94 6.93 0.83 37.35 37.35
Smaragdia viridis 1.34 3.14 0.53 16.95 54.3
Striarca lactea 1.35 2.81 0.53 15.15 69.45
HP - average similarity: Tricolia speciosa 0.85 1.44 0.31 7.75 77.2
18.55% Bittium latreillii 0.58 0.68 021 3.69 80.89
Pusillina cf. radiata 0.55 0.68 0.21 3.66 84.54
Gouldia minima 0.63 0.65 0.22 3.49 88.04
Musculus costulatus 0.5 0.55 0.21 2.98 91.02
Striarca lactea 1.57 3.63 0.65 20.11 20.11
Bittium latreillii 1.43 291 0.53 16.12 36.23
Columbella rustica 1.31 2.44 0.52 13.55 49.78
Musculus costulatus 1.14 1.87 0.41 10.36 60.15
Bittium reticulatum 0.76 1.49 0.31 8.26 68.4
;I;In}igla-ri;;erf Sg% 4% Acanthochitona fascicularis 0.71 0.87 0.3 4.81 73.21
Pusia tricolor 0.71 0.81 0.3 4.48 77.7
Acanthochitona crinita 0.55 0.68 0.21 3.78 81.48
Alvania subcrenulata 0.93 0.58 0.21 3.21 84.69
Callochiton septemvalvis 0.55 0.56 0.19 3.11 87.8
Cardita calyculata 0.55 0.45 0.22 2.52 90.32
Striarca lactea 1.74 5.73 0.61 41.34 41.34
Bittium latreillii 0.74 2.15 0.31 15.47 56.81
Gregariella semigranata 0.66 1.47 0.29 10.62 67.44
Hiatella arctica 0.74 1.03 0.31 7.4 74.83
Sii?la'r;; erf;geg 6% Triphoridae 0.55 0.74 0.22 5.35 80.19
Callochiton septemvalvis 0.62 0.62 0.21 4.45 84.63
Arca noae 0.33 0.32 0.12 23 86.93
Pusia tricolor 0.33 0.3 0.12 2.19 89.12
Muricopsis cristata 0.33 0.25 0.12 1.82 90.94
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4. Discussion

Four habitats have been taken into account: P. oceanica
seagrass beds, hard bottoms with photophilic or sciaphilic
coverage, and soft bottoms, mainly represented by sandy
substrate. Results revealed marked differences in mollusc
assemblages among the investigated habitats in four MPAs
located along a latitudinal gradient of the Italian shores.
Even though the MPAs are at a considerable distance from
each other, from the Tyrrhenian to the Ionian basin, a bio-
geographical variability on the mollusc assemblages was
not evident.

The highest species richness and trophic diversity were
detected in photophilic hard bottom, which in turn showed
a lowest number of individuals compared to the other habi-
tats. In contrast, the soft bottom, even though character-
ized by the lowest species richness and trophic diversity,
showed the highest number of individuals. This inverse
relationship between species richness and abundance is
rather frequent in ecological systems. In fact, the most ac-
cepted hypothesis is that higher is the number of species,
smaller is the dimension of their populations due to the
resource partitioning (Schoener, 1974; Brown, 1984).

The most abundant species found in the photophilic
habitat belongs to different feeding guilds, and were mainly
represented by grazers, suspension feeders and carnivores;
this explains the highest value of trophic diversity index
(0.604+0.06), and it is due to the habitat heterogeneity ef-
fect (Tews et al., 2004). Macroalgae are the main compo-
nent of the cover in photophilic hard bottom and provide
an excellent substratum for microalgae (e.g. diatoms). In
this habitat, grazers were mainly represented by the gas-
tropods B. latreillii, Bittium reticulatum and Columbella
rustica; other herbivore molluscs were the polyplacopho-
rans A. fascicularis, Acanthochitona crinita and C. sep-
temvalvis. This diversity in herbivore grazer species could
be explained by the number of the different available food
sources. Indeed, Chemello and Russo (1997) and Chemel-
lo and Milazzo (2002), pointed out that different types of
macroalgae with their complex and variate architecture
promote both abundance and diversity in the molluscan
assemblages. The hard substrate would also enhance the
presence of suspension feeders, as M. costulatus and S. lac-
tea, which anchor themselves to the bottom through byssus
threads (Hrs-Brenko and Legac, 2006).

A rather high trophic diversity index (0.549+0.12) was
also detected in P. oceanica seagrass beds. Mazzella et al.
(1992) reported that in the photophilic layer, formed by the
plant’s leaves and their epiphytes, the high vegetable avail-
ability explains the high abundance of herbivores. Coher-
ently, in this study micrograzers as B. latreillii, S. viridis,
and 7. speciosa strongly characterized seagrass beds in all
the four MPAs. Beyond the herbivore gastropods of leaf

stratums, SIMPER analysis also selected some bivalve spe-
cies (G. trapezia, S. lactea, M. costulatus and G. minima)
as important in structuring mollusc assemblages of the P
oceanica beds in the four MPAs. This is due to the contri-
bution to the assemblages of species living in the rhizome’s
stratum, at the base of the plant, colonized by sciaphilic
coralline algae and covered by sandy-muddy sediments
(Orth et al., 1984; Mazzella et al., 1995).

Boudouresque et al. (1981) pointed out that even if
a high number of sciaphilic algae species could be detected
on Posidonia rhizomes, these are not characteristic of such
habitat but their presence is simply due to the low light
condition. Therefore, such algal assemblages can also be
found in other sciaphilic habitats as those of hard bottoms.
In fact, some mollusc species found both in photophilic
hard bottom and seagrass bed habitats (e.g. B. latreillii,
S. lactea and M. costulatus, together with Hiatella arc-
tica and Gregariella semigranata) were also found in the
sciaphilic hard bottom. This latter habitat showed a lower
trophic diversity index (0.516+0.12) due to the dominance
in the mollusc assemblage of suspension feeders (about
58%). This result, found for all the four investigated MPAs,
strongly agrees with Gili and Coma (1998) who stressed
that the species belonging to this trophic group are the
dominant components of the coralligenous community of
the Mediterranean Sea. According to the present study, this
is true not only for sessile animal species but also for sed-
entary and vagile molluscs.

The PERMANOVA analysis pointed out significant dif-
ferences in mollusc species composition among the phot-
ophilic, seagrass and sciaphilic habitats. Yet, the SIMPER
test also underlined common elements among these three
habitats due to the co-presence of few very abundant spe-
cies.

The mollusc assemblage of sandy bottom was totally
different from those living in the three previous habitats
and this is particularly evident in the CAP plot. The low-
est trophic diversity index of 0.365+0.08 was detected for
this habitat. This is due to the very high dominance of
two feeding guilds: deposit feeders (about 56%) and sus-
pension feeders (about 38%). The most abundant species
found in the soft bottoms of the four MPAs were the bur-
rowing deposit feeder M. donacina, which sucks organic
matter on the sediment by its long extensive siphon, and
the suspension feeder L. divaricata, which obtains approxi-
mately 40% of its metabolic requirements from gill en-
dosymbionts (Le Pennec et al., 1995; Dey, 2006). These
bivalves are among benthic species defined by Simboura
and Zenetos (2002) as “sensitive indicators”, well adapted
to fine sands, the type of sediment more widespread in the
four MPAs.
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5. Conclusions

At present, some peculiar habitats, such as P. oceanica
beds and coralligenous formations, are considered of pri-
ority interest for conservation and protected by European
Habitat Directive (92/43/EEC) as they are key habitats for
a huge variety of associated species. The present results
highlighted an important mollusc diversity not only in the
well-known priority key habitats but also in those less in-
vestigated and considered in relation to nature conservation
and more exposed to human pressure, such as photophilic
hard bottom. Their status may be a good indicator of effec-
tive management and preservation of life in MPAs.

Several authors recognized molluscs among the major
components in the biodiversity of different marine habi-
tats, through which the environmental state could be evalu-
ated (Sanchez-Moyano, 2000; Salanki et al., 2003; Arribas
et al., 2014; Dimitriadis et al., 2014). Therefore, the as-
sessment of mollusc assemblages can represent a useful
tool for the management of coastal environments. In fact,
changes in structures of mollusc assemblages can indicate
fast response to changes in environmental conditions.

Finally, we conclude that habitats characterized by
a well-structured molluscan assemblage can indicate
a good quality status of MPAs.
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