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First workshop on marine mollusc communities of the
Mediterranean: introduction and concluding remarks

Primo workshop sulle comunità dei molluschi marini
del Mediterraneo: una premessa ed alcune considerazioni

Renato Cbenelkt & Gìorami Ftrlt,ìo Russo

R- CHEI\IELLO. Dipartimenlo di Biologia AnirEle, Univesirà di Palermo, via A(hi66 18, t 90 l2l Palermo (lralia)
G.F. RUSSA SÉzione Zoologica A.ton Doh.n', Laborarorio di OceanogÉfia Biolosicà, Villa (omunale, I 80121 Napolj (Ielia)

LA PREMESSA
L iàea di otganizzate un workshop sulÌe comunità a moliuschi
oasce dall'osservazione critica di quanto prodotto nella lettemtu-
ra malacologica. La sempre maggìore "tendenza riduziooista" nel
campo delle scienze biologiche e naturali (MACINrosH, 1985) ha

pesantemenre infl uenzato anche l'orientamento delÌe ricerche
suÌla malacofauna. In particolare, nell ultimo decennio si è assi-

stito ad una divarjcazione sempre piÌr spinta tra le linee di ricer-
ca di sistematica e di tassonomia da un laro e quelle di fisiologia
e, al piìr, di autoecologia, dall'altro. Nella recenre sintesi di Porg-

DER (1995) sullo stato dell'arte delle ricerche in malacologia, si

sottolinea la netta prevaleoza degli str:di di sistematica e tasso-

nomia rispetto alle altre discipline della malacologia. La 'sindro-

me da Etotation index" àegli ultimi aoni, poi, ha dato ìl colpo

definitjvo alle ricerche di carattere sinecologico, in quanto coosi-

derare una versione arruale degli 'antiquati'studi faunistici.
L informazione sulle associazioni malacologiche è stata sem-

pre più spesso considerata di interesse prevaleotemente locale e,

quindi, non degna di apparire su riviste deposirarie di una cono-
scenza 'di ìnteresse globale'. Eppure, proprio gli studi di comu-
oità sono il fondamento delle analisi olistiche dei sistemi ecolo-

gici, che consenrono la catatterizzazione di un determinato terri-
torio attraverso l'analisi dell'assortimento delle tipologie biologi-
che presenti (ad es. studi bionomici). Peraltro, un tale tipo di
approccio ha un risvolto applicativo di particolare rilevanza negli
scudi di fattibilità di aree protette (CHEMELLO, 1991; Russo &
SGRosso, 1997). In quest'ambito, i molluschi marini rivestono
un ruolo dì primaria importanza per la loro ampia radiazione

adattativa, che li rende descrittori molto efficaci deÌle tipologie
ambientali (GAMBI et a/., 1982). Tuttavia, attualmeote i mollu-
schi costituiscono un gruppo poco considerato nell ambito delle
analisi sinecologiche, rispetto, ad esempio, ai Crostacei Anfipodi.

II rischio è che la cultura sinecologica, ìntesa come ambito di
convergenza e di sintesi dell'esperienza tassonomica, autoecologica

e bionomica, nonchè di sviluppo di tecniche concettuali ed analiti-
che adeguate ad affrontare un tale livello di complessità (cfr. ad es.

BoccHI & CERU'fl, 1985), se trascurao troppo a lungo potrebbe

portare ad un impoverimento delle conoscenze tale da non consen-

conclusive

INTRODUCTION
The idea of organizing a workshop on mollusc commuoities was

the result ofcritical observations made on the malacological lit-
erature. The growing "reductionist trend" in the biological and
narural sciences (MACINTosH, 1985) has had a great influence
on the direcrion of malacofauna research. In parricular, an
increasingly marked divergence has been observed during the
Ìast decade between che research lioes of systematics and taxon-
omy on the one hand, and those of physiology and, to a lesser

extenr, autecology on the other. In a recenr article by PoNorn
(1995) on the state of the arr in malacology, the clear predomi-
nance of studies of systematics and taxonomy with respect to
the other disciplines was highlighted. The "quotarion index"
syndrome of the last few years has giveo the definitive blow to
research of a synecological nature, inasmuch as it is considered

a currenr version of "antiquated" faunistìc studies.
Information on malacological associatiorìs has always been

considered to be of prevaleotiy local interest and thus not rvor
thy of appearing in journals, che depositories of knowledge of
"global interest". Yet, just such str-rdies of commuoities are the
basis of the holistic analysis of ecological systems, allowing the
characterizarion of a particular area through an analysis of the
biological typologies present (for example, bionomic str.rdies).

Moreover, there are importaot implications for the application
of rhis approach co feasibility studies of protected areas
(CHEMELTo, 1991; Russo & ScRosso, 1997). In this conrext,
marine molluscs hold a role of primary importance due to their
wide adaptive range which makes them effective descriptors of
environmeotal typologies (GAMBI et 41., 1982). Nevertheless, at
presenr molluscs consrirure a rather neglected group in syneco-

Iogìcal analysìs compared, for example, to Amphipod Crus-
taceans.

There is a tìsk that synecological culture (intended as a con-
vergence and a synthesis of taxonomic, autecological and bio-
nomic knowledge, as well as rhe developmeot of conceptual and

analytical techniques capable of confroncing hìgh levels of com-

plexity (cf. for example BoccHI & CERUT, 1985), if neglected

too long, cor-rld experience an impoverishment from which it is
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impossible ro return. This is especially true ifone considers that
the level of complexity of the lìttoral marine systems of the
Mediterranean ìs incomparably greater than that of rhe systems
studied by the reigning Anglo-Saxon school of ecology, which
renders an uncritical transfer of the models developed by the
latter to the Mediterranean context impossible. ft ìs no coiflci-
dence that studies of simple systems (i.e. with few components)
such as those of the northern Atlantic or northern Pacific (cf.

review of all the landmark studies in PAINE, 1994) have allovred
the developmeflr of an experiwntdlirt sthool which favours the
analysis of interactions, whjle srudies of complex sysrems (i.e.

with many components) such as rhose of the Medirerranean,
have contributed to the development of the French-Canadian
holiti scbool which favours structural and functional analyses of
irs components (cf. for all PIELou, 1984; LEGENDRE &
LEGENDRE, 1979).

The former school, which selects relatively few control vari-
ables, operates in the context of a "paradigm of simplification"
(.rrtur MoRIN, 198J), to which are adapted the classic methods

ofexperimental ecology which are often associared srirh rhe ana-

lycical techniques of mathematìcal rologl. The latter school, oo
the other hand, demands a differeot approach which operates in
a "paradigm of complexity" (razrz MouN, 1983), making use of
a large oumber of variables and the techniques of r/1me/ìLal ecola-

3y (ci on this point also ALLEN & Sr^RR, 1982).

This workshop is rhe product of the need to regaio our
ancient faunistic patrimony, which draws oo the classic !axo-
nomi. and bronomit studies. and rhe d(remp( to rn(erprer it in
syoecologìcal terms using modern analytical methods.

SOME CONCLUDING OBSERVATIONS
During the three days of the workshop, the scientific contribu-
tions and lhe long and articulate discussions iovolving all the
researchels present offered several lines of future study which
will prove useful and interesting.

Analytical methodology
Io the thtee categories of benthos examined in the workshop
(soft bottoms, hard bottoms and seagrass bottoms), the concep-

tual evolurion towards considering, more realistically, coenotic

cafrtinua (or coeooclines) rather than coenotic "units" (or com-
munities) calls for an adjustment in sampling methodology and

a differeot sampling strategy. A berter understanding of the

efficiency of the sampling systems currently used can thus be

gained.

As far as soft bottoms are concerned, rather than employing

the standard sampling volume of 50 litres (PIcARD, 1965), it
would be useful to establish experimeotally the optimal sam-

pliag volumes for the principal sedimenrary envitonments and

their associated malacofauna. The ìmportance of carrying out
more replicas of each sample must also be considered. Such

studies would prove useful, above all, in the optìmisation of
sampling effort and data quality io studies ofpopulations which
are rathe! dispersed (for example, those of detritic or unstable

soft bottoms) or particularly aggregated (such as those of
Iagoons).

tirne il recupero. Ciò è tanto più vero se si considera che il livello
di complessità dei sistemi marini litorali del Mediterraneo è

ìncomparabilmente superiore a quello deì sistemi oggetto di stu-
dio da parte dell'imperante scuola di ecologia anglo-sassofle, per

cui non è possibile il trasferimento acritico dei modelli sviluppati
da questa scuola in ambito mediterraneo. Non è un caso, infatti,
che da un lato sistemi semplici (cioè a poche componenti), quali
quelli del Pacifico Setcentrionale (cfr. per tutti gli studi riassunti
in PAINE, 1994), abbiano consentito lo sviluppo di una scuola spe

rimentalista che privilegia I anaÌisi delle interazioni, meorre, dal-
l'altro, sisremi complessi (cioè a molte componenti), quali quelii
del Mar Mediterraneo, abbiano cootribuito allo svìluppo della
scuola olista franco-canadese che privilegia ì analisi strutturale e

funzionale delle componeoti (cfr. per tti PIELou, 1984 e LEGEN-

DRr & I-EGENDRE, 1979).lÀ ptima, muovendosi nell'ambito di un
'paradigma di semplificazione' (lerr MoRIN, 1981), uilizza i
metodi classici dell'ecologia matematica, menire la seco.da si

avvale delle tecoiche di ecologia numerica (ad esempio, analisi
multivariata), poichè necessita di uo approccio diverso che si muo-
va nell'ambito di un 'paradigma di complessità' (cfr. Au-rN *
STARR, 1982). II workshop nasce dall'esigeoza di recuperare l'anti
co patrimooio di cultura faunistica (che attinge dai classici studi
tassonomici e bionomici) e dal teotativo di interpretarlo in chiave

sinecologiLa con i moderni mecodi analirici.

ALCUNE CONSIDERAZIONI CONCLUSIVE
Dai contributi scienrjfici e dalle Iunghe ed artìcolate discussiooi

che hanno animato i tre giorni del §Torkshop e che hanno coin-
volto tutti I ricercatorì presenti, sono stati individuati aìcuoi
indirizzi di studio e di lavoro che potrebbe essere parricolarmen-
te utile ed interessante segLrire nel fucuro.

Metodologie di analisi
Nei tre compartimenti deÌ benthos considerati durante il work-

shop (fondi molli, fondi duri e fondi a fanerogame), I'evoluzione

coocettuale iodirizzata a considemre piìt realistic roente contìruà

cenotici (o cenoclini), invece di 'individualità' cenorjche (o comu-

njtà), comporta un adeguamento delle metodologie di prelievo ed

rna drfferenre srrurrur.zione dei piani di campionomenro. È srara.

quindi, rilevata I'opponunità di approfondire le analisi sull'effì-
cìenza dei sistemi di campiooameoto attualmente in uso.

Per i fondi mobili, invece dei classici 50 litri (PICARD,

1969), sarebbe utìle stabilire sperimentalmeote volumetrie di
campioflamento oitìmali per i principali ambiti sedimentari e

per le associate malacofaune, prendendo io considerazione anche

la necessità di effettuare più repliche dello stesso campione.

Queste analisi porrebbero essere utili soprattLrrlo Per otrimizza-
re lo sforzo di campionameoto e la qualità dei daci durante lo
studio di popolamenti che si presentano alquanto dispersi (ad

esempio, quelli dei fondi molli detritici o instabili) o Particolar-
meote aggregari (ad esempio, quelli laguoari).

Per i fondi a faoetogame, ulteriori ricerche dovrebbero essete

condotre per verificare I'efficìenza delle tecniche attualmente
adottate (retino e sorbooa), soprattutto confrootando pratelie

coo cararreristiche strutturali diverse (cfr Russo r/ a/., 1985;

Rrrsso & VrNCr, Ì991).
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As regards seagrass bottoms, futther research needs to be car-
ried out to veri$, the efficiency of the techniques in current use
(hand-towed net and suction pump), especially by comparing
prairies with differeot structural characreristics (cfr Russo e/ a/.,
1985; Russo & VrNCr, 1991).

As regards hard bottoms, research is still at the planning
stage, sic a inplicìter. The "suction-scraping-suction technique
recently adopred (Csrlcrro, 1991) seems an efficient one, but
too few synecological studies have been carried out so far to
allow useful comparisons to be made.

Functional Organizaiion
The oecessity of characterizing malacological communities ber-
ter, not only in terms of their taxonomic organization but also

as regards their organization on a morphological-functional
basis, was highlighred. Taxooomy must, however, srill be con-

sidered the essential tool ofany ecological iovestigation.
Taking taxonomic data Às the starring poiot, research should

be carried out by identifying descriptors which are homoge-
neous with respect to the functional aspects co be considered in
the community analysis (see for example Russo, 1986; 1989),
something which ofren does not happen. To this end, informa-
tion derrved lrom the biology of rhe species is imporranr. in

particular that regarding diet, reproduction and population; it
ìs regrettably true thar very little is known about almost all the
species of mollusc in the Mediterranean that are nor of commer-
cial ioterest.

To improve links between studies of the various levels ìn the
organisarion of liviog systems (JerJl ALLEN & STARR, 1982), it is

necessary to begin to scudy the biology of the species of impor-
taoce to synecological analysis. It would therefore be appropri
ate to begio from structural "images" of communities so as to
individuate the "structuring" species which can theo be submit-
ted to population and autecological analyses according ro a ra2-

d o u' n h r e r ar chic al app r o ach.

The importance of integration
between research groups
Given the high degree of integration between the above themes

and che large number of 'rudy perspeccives. opporcuniries ro
link the activjtjes of the various groups studying the ecology of
malacological communities ofthe Mediterranean must t,e taken.

§7hat has also emerged is the importance of developing research

on populations which belong to borh present aod earlier time
scales. More integration with palaeontology, palaeoecology and

palaeoclimatology is essenrial for an understanding of the real

life history of species which ìs reflected in the life history of
communities.

Per i fondi duri la ricerca è tutta da impostare, ric et sinplicì-
ter. lnfatti, nonostaote la tecnica'sorbona-grattaggio-sorbona
r-rtilizzara di recente (CHEMEIo, l99l) sembri essere efficiente,
sono ancola troppo scarsi gli studi sinecologici sino ad oggi
pubblicati per consentire confronti utili.

0rganizzazione f unzionale
È risultato necessario caratterizzare meglio Ie comunità malaco-
logiche non solo per la loro organizzazrone tassonomica. ma
anche per la loro organizzazione su base morfologico-funzionale,
sebbene Ia tassonomia debba sempre considerarsi lo strumenro
essenziale per qualsiasi indagine di tipo ecologico.

Partendo sempre e comunque da dati tassonomici, la ricerca
dovrebbe essere condotta individuaodo descrittori omogenei
rispetto agli aspetti funziooali da considerare nell'analisi di
comunità (ad esempio, Russo, 1986 1989), cosa che spesso non

awiene. A tal fine risultano importanti le informazioni che deri-
vano dalla biologia delle specie, in particolar modo quella ali-
mentare, riproduttiva e di popolazione: è purtroppo un fatto
noto che, in Mediterraneo, nulla o poco si conosce di quasi tutte
le specie di molluschi che non siano d'interesse commerciale.

Per migliorare il collegamento tra gli studi condofti sui vari
livelli dell'organizzazione gerarchica dei sistemi viventi (tenu

ALLEN & STARR, 1982), diventa oecessario ioiziare a studiare la

biologia di specie che risultano essere importanti nelle analisi
sinecologiche. Sarebbe, quindi, opportuno parrire dalle 'immagi-
ni' strutturali delle comunità per poi iodividuare le 'specie-strut-

turaflti'da sottoporre ad analìsi di popolazione e ad analisi autoe-

cologiche, secondo un approccio gerarchico ài tipo top-dou,n.

Necessità d'integrazione tra i gruppi di ricerca
Data Ia forte integrazione fra le tematiche sudderte ed il gran

numeio di prospettive di studio, per tuzlor,alizzate lo sforzo di
ricerca, è emersa l'opportunità di collegare il più possibile l'atti-
vità dei gruppi che operano nel settore dell'ecologia delle comu-
nità malacologiche del Mediterraneo. E'emersa anche la neces-

sità di un maggiore sviluppo delle ricerche mirate sia sui popo-

lamenti appartenenti all'attuale che a scale temporali diverse,

con una maggìore ìntegrazione con paleontologia, paleoecologia

e paleoclimatologia, essenziaÌi per comprendere la reale ttoria
delle specie che si rrflette poi nell^ rtaria delle conmìtà.
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Soft bottom mollusc biocoenoses and thanatocoenoses

Saluatore Giacobbe €t Nanziacarla Spanò

KEY WORDS: Biocoenoses, rhànatocoenoses, soft bortoms, Aeolian lsLands.

ABSTRACI Preliminary data on mollusc bioco€noses and rhanaiocoenoses sampled alons th€ westero side ofrhe island oflìpari are discussed. The circalitroral
soft bortoms are characÉrired by coa.se sediments, te.rigenous inpurs and a high level ofwate. movement. The biocoenosis ofcoarse sand and nne
gravel under bottom currents (SCiCF of PÉRÈs & PX:ARD, 1964) was identilìed in oo stations. Some evidence of sedìmenrÈry iostabiliry was found
in rhe other srarions. The qualiràtive afld qua.titarivc composition of the mollusc thanarocoenoes was relared .o the occufuenc€ of rhe va.ioùs bio-
coenotic sro(ks: very hiah domioance values were found io rhe srock ofspecies characte.isric of the der.itic biocenoscs complex. The obseryed dif-
fercnces between biocoenoses and rhanarocoenoses are probably not relared to the gradMl modificarion ofthe biorope, bur are the lesutc ofir.egular
variarioss ifl rhe sedimentary rare.

RIASSUI{To I fondi mobili cncaliromli dell lsola di Liparì sono s(ari indasari nel corso del proganma 40% M.P.I. "Colonna d acqua e foodo marino; relazioni

tra l€ compon€n.i del sisrema nei mad siciliani". In panicolare è staro effertuaro uno studio .ompamtivo su compo6izione e struttura dej popola-

menri e delle ranarocenosi a molluchi su quatrro campioni volumetricì, rappresentativi di altrerra.re srazioni. LambienÈe indagato è caBrrerirzato
da sedimenri a.osso1a"i. prevaleo.e sedimenrazione leffigena e lntenso idrodinamismo. Evidenze di destrutcuEzione sono srate osteNare in rutti i
popolmenti a moUNChi, anche quaodo rife.ibili a ben definite biocenosi (SGCF di PÉRÈs & PICARD, 1964). prcbabilmenre in relazione àd instabil-
ita del subsrrato. La composizione delle raoaroceoosi a mollNchi ha evidenziaro, risperro ai popolahenri, differenze di ordine qualitativo e qùanrita-
rivo, sop.arrufto io Egione degli ak;ssimi valori di dominanza dello srock dei fondi bioderririci. Si ritiene che le differenze risconrra(e nell'organiz-
,aljone delle comunirà arruali e pregr€sse sjàno principalmeore da Àrrribuire a irregolari variazioni.el reSime sedimenrario, piuttosto che ad una

Sraduale modifiezione d€l biotopo.

S. GIACoBBE, N. SPÀNÒ, Dipanimenro di Bioloaia Animale ed E(olosia Marioa - Salira Sperone, l1 I-98166 S.Agara - Messioa (Iialia)

in the Island of Lipari (Aeolian Islands)

INTBODUCTION
Biologists and palaeontologists have become increasiogly inter-
ested in the relationships between biocoenosis and thanatocoeoo-

sis. §fith regard to this subject, a specific researchproject (TSM)

has recently investigated detritic circalittoral biocoenoses of the

Tuscan Archipelago and Pootine Islaods (BAsso e/ a/., 1990). In
these environments the scarce terrigenous input and high water

movemenr produce feedback processes between organisms and

the substratum; insular areas with voicanic activity, such as the

Eolian Islands, have not been exteosively studied.

In this paper, prelìminary data on mollusc biocoenoses and

thanatocoenoses investigated along the western coast of the
isÌand of Lipari, ate shown and discussed. The resuìts are a con-

tribution to knowledge of soft-bottom communities in vulcanic

insular eovironments, with regard to biotic stability.

MATERIALS AND METHODS
Samples were taken r.rsing a modified Van Veen grab, which

allows the collectioo of 70dm, (BAsso a, ,/., 1990) of sediment

from a surface of 0.4m2.

Benthic malacofauna and the associated mollusc thanato-

coenoses were studied on a volume of 50dm1, retained oo lmm
mesh sieves (PÉRÈs & PICARD, 1964), according to the method

described by Dt GERoNIMo & RoBBA (1976). The complete lists

of the living macrobenthic species, and of those of the mollusc

thanatocoenoses, are given in a seperate data report (AA W,

in press). All biocoenoses were identified and named according

ro PÉRÈs & Prc^RD (1964).

The texturai features of the sediments were obtained by dry-

sieving the fiaction greater than 63 mm and using a sedimenta-

tion column for pelitìc fractions (BucnaNAN & KAIN, 1971). As

suggested by For« & §rARD (1957) the most important statisti-
cal parameters (Mz, sk, s and Kg) were also examined. Calcium

carbonate content was evaluated by NaOH titration after etch-

ing (BARNES, 1959).

Sampling location
Samples of benthos and sediment were collected on October 20

1989, in two different areas along the western coast of the
island of Lìpari (Fig. 1). The southern area (area A on the map),

abeam of Punta Le Grotticelle, faces a steep and indented coast-

which is markedly hollowed by small torrents. From the shore

to a depth of 30m, tocky bottoms are common and partially

covered by Potidonia seagtass; at 30-60 m depth, sandy and

gravelly soft bortoms are prevalent. Two quantitarive samples

were taken at depths of 39m (station 1A) and 47m (station 2A).

The northern area (area B io Fig- 1) is located near Punta Pal-

meto, a stretch of coast characterized by a high, sheer cliff, with
a sharply sloping bottom. From the shore to a depth of 40m,

rough hard bottoms are prevalent, whereas coatse sedimeots are

common at greater depths. Quanritative sampliog was carried

out at tvr'o stations at 56m (st. 18) and 59m (st. 3B).
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Geographic al and bathymetric data ofthe sampling stations
are reported in Table t.

Station Depth m Geographic Co-ordinates

1A 39 38"27.53 N 14"54,86 E

2A 47 38"27.49 N 14"54.81 E

18 56 38"29.81 N 14.53.47 E

38 59 38"29,89 N 14'53.72 E

Table L. Sampling srarions data.

RESULTS
The main granulometric features of the samples are shown in
table 2. Sand is rhe prevailing class, with a maximum rate of
100% in station 18. A small percentage of sik (14-l6Vo\ is pre-
sent in sediment sampleslA and 2A; a quantity ofgràvel (16%)

was fouod in the sediments ofstation lB. Sediments ofsamples
1A and 2A show the same grain size average (Mz = 2.8 F), simi-
Iar to the value of sample 18 (2.26 F), bu very differen. from
that of 38, which has a coarser texrure (0.72 F). There are no
marked differences in sk aod kg values, showing symmetric and
mesocurtic grain size distributions. Sedìments are moderately
sorted in stations 1A, 2A and 38; only in starìon lB are rhey

mildly sorted, according to rhe highest textural homogeoeity.
Calcium carbonate cofltenr, entirely biogenic, is very low
G3,5%).

Thirty-one maclobenthic species of living molluscs (twenty-
fout Bivalves and seven Gastropods) were found in the samples
(Tab. 3). Three species only v/ere found in starion lB, 12-15
were Éound in the temainiog stations. A high number of species
(twenty-four) was found only once, lwenty-two of them with
one specimen only. Abra prisnatira is the only species found
throughout, although with a losr number of specimens. The
highest abundance values were obselved in sration 1A, due to
the bivalve Ptaùrneit nirl,tta 

^nd 
!o rhe gasrropod Natica rìzzae

(13 and 12 indivìduals respectively).

Species were given a bionomic attribute according ro the lit-
erature data; six biocoeno[ic stocks were identified, excluding
the eurytopic species with large ecological distributions (Lre).

Dominaoce values ofthe srocks are shown in Table 4.

Dioaticella dioaticata is the sole species found which is char-
acteristic of the Iìne, well-sorted sand biocoenosis (SFBC); the
presence of this infralittoral species only in station 2,{ is acci-

dental. The specìes ofrhe coarse sand and fine gravel under bot-
tom culrents biocoenosis (SGCF) form the greatest part of the

benthic mollusc assemblages in stations 1A and 38; this is

related to high hydrodynamism. The coastal detritic biocoenosis
(DC) is well represented in all the stations (12-24% of domi-
nance values); the very high value of dominance (80%) attained

in the unstructured populations of sration lB is clearly not to
be considered. Another species, Timoclea nata, charac[eristic of

the detritic biocoenoses complex (DC-DE-DL) was found in
samples 2-A and lB; the higher frequency in statiot 2A (.l6Vo of
dominance value) is justified by the presence of a percentage of
silt in the sedimeot as T. ouata is a rypical mixrophile species.

In sample lB (J%) it is probably an accidenral species.

The record of characteristic prefereotial species of the ter-
rigenous mud biocoenosis (VTC) io the 7A and 2A samples is

also related to the silt fraction of the sedìment. The dominance
value of this stock is very low io borh rhe srarions (2Vo ar.d 8/o
respectively).

Besjdes the stock of specìes which come from well-defined
benthic biocoenoses, mollusc assembiages include some specjes
q.hich are "indicators" of sedimentary instability, and which
have an important role io the make-up of rhe so-called Het-
erogenous Community (PE: PICARD, 1965). These species are

present in all four stations, but particularly in starion 2A in
which they make up almost halfof the whole moliusc fauna.

The most significant species in this stock is Corb a gibba,

recorded wìth 8 specimens in station 2A (32 dominance).
Natìca rizzae laas found io statioo 1A with 12 specimens, and

was also included in this stock, although its role in the composi-
tion ofthe heterogenous community is still not well known.

As far as ltahitus and trophic roles, are coocerned it was

observed that rhe communities are almost entirely made up of
infaunal species; filter feederc are prevalent, but there are also a
Iow number of deposir and detritus feedersi carnivorous species

arc vely rare, but twelve specimens (28.577o dominance value)

of Natica rizzae werc found in sample 1l{. These obsecvations do
not concero station 18, whose benthic populations are quite
unsttuctured,

The mollusc thanatocoenoses presented 205 species (105

Gastropods, 3 Scaphopods and 97 Bivalves). The complete list of
molluscs, with rheir respective abuodances and domioance val-
ues, is publìshed in the data report menrioned above (AA.VV.,
in press). The highest number ofspecies (166) was found in sta-

tion 1A, the lowest in srarion 18 (49), the same applies for the

number ofspecimens (2590 and 233 respectively).

As regards che biocoenoses, a bionomic significance was also

attribured to the single species of the mollusc thanatocoenoses,

in accordance with rhe to literature. The various stocks idenri-
6ed were put into 8 groups, including the stock of the species

without any specific ecological role (Lre)- For example, the char-

acreristic exclusive and preferencial species of the Posìdonia

meadows (HP) were unired with those of the photophilic algae

biocoenosis (AP) due ro the much higher incidence of the for-

mer and ro the high number of species which live in both bio-
coeooses. Io the same way, species characleristic of terrigenous
mud (VTC), species of the circalittoral-bathyal transition and

those typical of the upper horizon of the bathyal zone were

merged. Iurthemore, a stock including all midlittoral and

infralittoral species of rhe soft bottom was created.

The numerical relationships between the various stocks

identified in the four samples are shown in Figure 2. We

observed that starìon 1A ìs mainly characterized by the high
incidence ofthe AP-HP stock (13.49Vo), which was present as a

minimum percentage (O,14% in 2A) in other samples. This
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entirely allochrhonous stock orig;oates from the seagrass mead-
ow of area A. Another allochthooous stock composed of various
midlittoral and infralittoral species ìs present in all starions
(fiax 21.37% in 1A). The aurochthonous compoflent is domi-
nated by species characteristic of derritic biocoeooses. Two
stocks sr'ere identiFied. The first involves species characerisric of
the coastal derritic biocoeoosis (DC), which include the few
coralligenous species found;
rhe highesr values are ro be

found in the re/o deeper sta-
tions. The second srock
includes characteristic prefer-
ential species of the coastal
detritic (DC) aod muddy
detri tic bottom (DE) bìo-
coeooses. Except in station
14, in which the dominance
is orly 14.19Vo, this stock is

by far the most importanr,
and in the deeper sratioos
(lB and 24) it alone consti-
tutes more than half the
thanatocoenoses (59.57o

approx). lr musr also be
emphasized thar the high
incidence of this stock is
almost eotirely dre to Ti»o-
.lea otata, ptesent with high
dominance values, above all
in the two deepest stations
(43-45%). Anorher group of
species related to envìron-
ments with a high level of
hydrodynamism sras foÌìnd
in all statioos with domi-
nance values ranging from
5.67a Gtatton 1B) to l3.5Va
(station 1A). The stock
attributed ro rhe biocoenosis

of coarse sand and fine gravel

under bottom currents, is entireÌy autochthonous only in the
tq,o deepest thanatocoenoses (24 and lB). On.he other hand, a

notable allochthonous component is present in the t§/o more
superficial samples, especially in sample I §/here the relation
ship between soft bottoms and Poidonia meadows (channeÌs of
"intermatte") seems to be imporranr.

Finally, a small group of species characteristic of the terrige-
nous mud bìocoenosis, together with a few orhers with bathyal
affinities, is present in the four stations. Its incideoce is gefleral-

ly very modest, with dominance values lower ahaD lVo, except

in starion 18 where it exceeds 9a/o.ln stùtio(! 18 the entirely
autochthonous stock is to be considered with the presence of a

significant fine sedimeot fraction.

The species indicating bottom turbidity,which are not very

numerous, have higher dominance values in the shallowest sta-

tions (5.7-107o) thao in the deepest ones (abov 3.5%).

All the stocks described here include a high number of
species, the majority of which are present as a limìted number
of specimens. Excluding the aurochthonous stocks, only 20
species have dominance values higher than lVo in at least one

sample (Table 5). Moreover a clear differcnce is noted berween
the high dominance 'rallues of Tìmoclea otuta aod Cerithiditm uù-
na»millattm the mrtch lower values ofall the other species.

DISCUSSION
AND CONCLUSION
The granulometric and faunistic
data of this study have allowed
the identification in starions 1A
and lB of molluscan assem-
blages wich belong ro the bio-
coeooses of coarse sand and fine
gravei under bottom curreots
(SGCF). In both stations, it can

be hypothesized that (here ate
conditìons of relative sedimen-
tary instability due to the pres-

ence of specifìc secondary stocks
(PE) related to the poor trophic
structure of the community. Oo
the other hand. differences in
the specific composition of the
t§/o stations are to be attributed
to their bathymetric locarions
and differeot relatiooships to
rhe adjacent bioropes. The
iostability factor noted in these

two stations seems ro be even

more marked in station 2A, the
populations of which are made

up of a small number of charac-
teristic species of different bio-
coenoses (SFBC, DC, DC-DE-
DL and VTC), numerically sub-
ordi nate to the opportunist
species stock (PE). Finally in

station 1B, the limited number of species and iodividuals show
a marked involution ofrhe community.

The quali-quantitarive composition of the mollusc thanaro-
coenoses show, with respect to the biocoenoses, a different
occurrence of the various biocoenotic stocks considered. These

differences are only partly explained by the presence of a large

allochthonous componenr in the thanatocoenoses, which is easi-

ly identifiable on both a deductive basis (the autoecological
characteristics of the species) and an objective one (the state of
cooservatiod of the specimens). All this leads us to suppose that
rhe present beorhic communities §/ere preceded, in a recent
past, by differeot ooes whose salieot appearance was lent, to a
different extent, by species characteristic of detritic enviton-
ments. The exact temporal distaoce between rhe two types of
commuÀiry cannot be quantified here, although it certaioly
comes withih the evolution times of benthic marioe mesoe-
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cosystems (PICARD, 1985), but on a smaller scale. This hypothe-
sis is also suppofted by the sedimentary characrefislics oF rhe
site, which is fed intensìvely by easily-eroded piroclastic
deposits while the high acclivity of rhe bottom, the low specific
weight of the sediments and the inrensive hydrodynamism all
contribute to determining a more or less marked condirioo oF

sedimentary instabiliry.
Thus, io our opinioo, the observed differences berween the

biocoenoses and thanatocoenoses should not be interpreted ìn
terms of a gradual modificarion of the biorope but as different
manifestations of a siogle phenomenon. Once again, with refer-
ence to the composition of the mixed detricic stock, we observe

that its dominant role wirhin the thanatocoenoses is almosr
entirely due to only two species, Ti ldea otata aod Ceritbìdìnt
ùmauttìllatml, whose dominance is much greater than that oF

aoy othe! species present in rhe thanatocoeroses. As rhe srock js

entirely autochthonous, these species musr obviously at some

time have had the possìbiliry of forming luxuriant populations.
An alteroative hypothesis is rhat rhese species were rhe only
ones among all those found to have populated the biotope in a

significant and continuous way. We find rhe larter hypothesis
Iess plausible, given thar the species with the highest domi-
nance values in the biocoenoses (including Tin\c/ea at,ata) ate
also well represented in the thanarocoenoses, while Cùtbiditott
rrfuman ùlldton is absent from the biocoenoses, even though it
is extremely abundant jn the [hanatocoenoses. Moreover, what
is known about the autoecology of the two mixtophile species

suggests that both might have profired Érom a phase character-
ized by a higher rate of fine redimenr.rrioo.

In conclusion, these data coorribure ro characreriziog aD

environment with a high level of hydrodynamism, a more or
less marked sedimencary instability and, consequently, a vari-
ability in the benrhic communities in short and medium time
periods. This variabìlity, which can be hyporhesized on the
basis of the poor structure of the mollusc assemblages, is also

documeoted in thequalitative aod quantitarive compositioo oF

the thanatocoenoses, despite the rather non-conservative sedi-
mentary environmeot. Recent investigations on deep benthic
assemblages (ALBERTELLI et al., 1995; DI GERoNIÀIo e/.7/.,
1995) also show a very scanty presence of living organisms,
notwithstanding a much more diversi6ed taoarhocoeoosis. Io
rhis §/ay we believe that environmental instability could be rel-

atively common in the insular biotope of the Eolian Islands.
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Llr!99 (lL)!p!!i te n W AGU)

La ptaxi nu s subovalu s \JEF F RE\ S)

rotundala

Pleron e ris (Cglbj a) m inuta

t 2 6:45

i r 3:23

-- 3-rzs

2A

2138

30.95 7 22.58

Dlsita!{!!9!!qta \L)
Aslane lusca \P!4L
GoLAa c4lgwna I1ALL)
GaodaI|ia tianguIaris (MO)! !\GU)
P4ypaElln !! i A rn! m (P HtLtP P t)

7.14

1

fe Ìna (l oerella) donacina L
Tel ina (M o e rel a) pygnae a LOV EN

P s an !!@ i 4lt)lgu e!t! (GMEtt!\_
ltbn (A) tsnatica (MONTACUI

lr
4 9.52

1 
'S8T 

1T

4.76

3 60 11 3:23

1 I 3123--f--T 1T 323-....l_ +
Clausinela lasciata (DA CASTA)

Iiimoclea ovata {PENNANT)
G o u I d i a ni n!q1(MON"l AGU)

Ca ista chione (L.)

Cotbula (Varborbula) gibba \OllVl)
Thracia I.) villosiuscula ll!,'lC GILLIWHA

---f--i

Table L Molìusc caxocoenoses abundance ,rod dominance values.

DC.DE.DL

Lyonsia (1.) noyegica IGMELINI
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SFBC SGCF PE DC DC.DE-DL VTC Lre

12 0.00 7.14

16

1B

45.17 9.68 16.14 22.59

Station 1A 2A 1B 3B

Species and related biocoenotic stocks Dom

SGCF

Goni\ia ca iglypta \DALL)
4.02

133

0§5

'-!1

118

Tellina (Moe rella) pygmaea IOV EN

Psamnobia (Psammobella) costulahf UÀTON

Pte ro me ris (C oi pi a) n/huta (SCACCHI)

PE

Corbula (Vaticotbula) gibba (Ollvl)

Nucu\ana (LenbuIus) pe alL.) 1.54

1T

133

1/8

620

!89

Tell i n a (Tel linell a) di storta POll

DC

T el lina (Moe rc ll a) do naci na L

Goodall ia tiangula tis (MONIAGU)

Li m atu I a subauricul ata (l\,'I0NIAGU)

Limatula gwni\SYKES) 15

Ptagiocadiun (Papillocardium) papillosum \POLI)
0.30

::42

+:oo

DC.DE.DL

Jujubinus nontagui \W . WOOD)

Iir?oclea ovafa (PENNANT)

Ceithidiun submamnirialum (DE RAYNEVAL & PONZI)
'13.29

H y a I o pecte n ( S i m i I p e clen, s/lrrillis (LAS KEY)
1 .36

Glans (Centrocatdita) aculeata \PQll)
0.'18

VTC-VP

Y oldiela ph i lippiana \NY SI)

Ke ie a abyssico\a \FORBESI

Alvania (A.) testae \AAADAS e MAGGIORE)

Table 4. Biocoenotic stocks in mollusc taxocoeooses

Table t. Main species ofmollusc thanatocoenoses (abundance and dominance values)'
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The Molluscan assemblage of the Ieaf stratum in a Cymodocea

Renato Cbemello, Gianfranco Scotti €z Siluano Riggio
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ABSTRACT The malà.ofaùnà of the l@t srtu n in 
^ 

Cytolnea zalara bed in the "sragnone di Marcala lasoon (w6rern Sicily) has been used as an ecolosical
d€sc.iptor of rhis coasral system. The results ind;cate a relarive temporal homosenejry in rhe assemblage, with a few differences due to the demo-
graphjc explosions of Risso;ds durinS rhe spring. The disrribution ofrhe species in rhe basin is reldted ro à pa.t;culà. hydro.lyoamic gmdìen! caused

by surface currents.

BIASSUNTO I: maracofauna di stmto foliare di una pmteria di C)qodru tudota ;i 8a lastna mediterranea.
Viene descrìrta la distribuzione del popolamenro a molluschi di strato foliare d; va ptater;a a Clmdocea zalar dello Stagnone di Ma.sàla (Sicilia

occidenrale). Questo studlo sj inserisce nel renrarivo di inquadrare il popolamenro a rolluschi dello Sragno.e nell'ambito di uno schena zonale,
jndividuando i fartori che ne governano la srrurrurazione. Dal risulrati emerse che il popolamento a molluschi rìmane piùttosro srabile nel rempo,
arche se la sraaionalità senbm influeoare le abbondasze di àlcune specie di R;ssoidi. la malaofauna mosrra, in6ne, una buona correlazìone con il
modello idrodinamico dell'àEa studiata, senza apprczzabili differenze tm le diveise tÉzioni legate a fenomeni di confinamento.

R. CHEIIELLO, G. SCOTTL S. RI6G1O. Diparrimenro dj Biolosia animaie, Univelsirà di Palermo, viÀ Archira6, 18 I-90121 Pàlelmo (Itàlìa)

nodosa bed of a marine coastal Iagoon

INTRODUCTION
Numerous studies have beeo carried out on the malacofauna of
the foliar stratum of Posidonia oceanìca beds (e.g. Russo ?, z/.,
\984a, 1984b, l99la, 1991b) with the aim of describing the

structure of the assemblages dr:ring the annual cycle or during
their diel variations, while Iess is known about the molluscs

associated wirh the other Mediterranean phanetogam, Cymodocea

nodosa (Ucria) Asche$ (Scor-tt et al., 1995).

This small marioe plaot lives on sandy and sandy-muddy
botroms both in lagoon and open-sea habitats. Bionomically it
belongs to the SVMC biocoenosis (muddy bottoms in calm
warers) of the PÉRÈs & PICARD (1964) system and can form
dense plots called "turf' (Butt et al., 1985), of wover rhizomes

and sediment. In the "Stagnone di Marsala", a shallow marine

lagoon along the western coast of Sicily, Clmodocea nadota

prairies cover about 707o of the sea bottom (CALYI el al., l98O
1982), either in a pure facies or ìn a mixed assemblage with
Ca erpa prolifera or Zostera noltìi.

Regarding the malacofauna of this basin, a numbet of stud-

ies have recently been carried out describing the taxonomic

composition of this tax|n (CATTANEo-VIETTI & CHEMf,LLo,

1992; CHEMELLo & RIGGIo, l99la, l99lb). The relationships

between molluscan comrnunities and oature cooservation have

also been examined (TuMBtoLo et dl., 1992).

MATERIALS AND METHODS

Study area
The "Stagnone di Marsala" is a large marrne lagoon (seut

MoLINIER & PlcARD, 1951) which extends for 7 Km along a

oorth-south axis offthe western coast of Sicily (Fig l). It can be

divided into two different basins: the first, more southerly,

basin has a large exchange of water with rhe open sea, and the
second, more oortherly, one has more marked lagoon character-

istics and, with its shallow bortom, presents three islets and a

number of superficial biofotmations which regulate the hydro-

dynamic pattern.
The bottoms of the northero basin are mainly sandy and

sandy-muddy (AGNEsL, al., 199)) and are covered by deose

meadows of Cynodocea nodou. Hard calcarenitic bottoms are

relatively scarce. Posidotia aceanica meadows also appear in the
southern part of the basin with singular "recif' and "atoll" for-
maUons (CArvo & FRADA-ORtsrANo, I984).

Hydrological exchange with the open sea occurs through
two mouths of different widths which produce a particular cur-

rent scheme characterized by oscillating and whirling motions

Accordiog to a theoretical model (Dt PISA & RIGGIo, 1982),

water circulation can be linked to a laminar flux regr-rlated by

the rides aod winds, above all those comìng from the north and

north-west (Fig.2).

Sampling techniques
Sampling was performed durìng one year in 6 stations (Fig. 1),

atong a hypothetic al N-S and E-W hydrodyoamic gradient The

samples were collected seasonally ot Cytodocea fildoia meadows

§r'ich a percent age cover of about 1007a ofthe total surface, using

a standard hand-towed net (Russo et al, 1986:' Russo & VINCI,

1991) on a 20m length transect. This distance was obtained from

the rarefaction curve ofthe arealspecies ratio (Iig. 3).

Data analysis
The raw data were inserted in a sample/species matrix. Descrip-

tive analysis was performed by considering the quantitative
dominance ofspecies (l-D), tbe Shannon iodex of diversity (H')
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Figure 1. The Stagnone di Ma.sala las@n with the starions ofsamplinA (r 6).

and the evenness Q) fot each sample; the Dajoz index of fre-

qtency (Fr%\ and the Glemarec index of total dominance
(DtVa) were calculated for each species. The firsr index (DAloz,

1971) separates the species into frequency classes: the taxa with
a frequency of occurrence lOO>FrVo>16 are defined as "con-

stanr"; the species with 75>FrVo>51are considered "very com-

moo": with 50>Fr/a>26 area "common" aod with 25>Fr%>12
"less common". Finally, the species withFrVo<12 are defìned as

"rare".

Prior to carryìng out the structural analyses, the rare"

species were excluded from the matrix. "Rate species" were con-

sidered those present only once with orc ìndividual. Ptuillina
spp. juv and R*saa spp. juv were also excluded as these tdxa

were composed of species which in practice were undistioguish-
able from each other.

Structural analysis, based on the time series of samples, was

performed by cluster analysis using the Jaccard index on a pres-

ence/absence matrix while the 2 index §/as applied on rhe semi-

quantitarive dara matrix (PtELou, 1984). Both matrices were

clusterìzed using the UPGMA technique. Multìvariate corre-

spondence aoalysis (BENZECRÌ, 1973; LEGENDRE & LEGENDRÉ,

1971) was carried out to determine structure, and the signifi-
cance of the axes was tested using the method of FRoNTIER
(197 6).

RESULTS AND DISCUSSION
A total of 17466 individuals belonging to 53 species of foliar
stratum were found. The dorfiin Lr taxd were the Gasttopods,

with 52 species, and the Bivalves, which were presenr with only
ooe species, Patuicarlium exigrrm, associated with the lower part
of Cymodocea nadosa leaves, Among rhe gastropods, Naeotae-
nioglossa was the dominant order, with the 15.8% of the total
number of species, followed by Neogastropoda (24.5%), l{et-
erostropha (l1.2Vo\ and Vetigastropoda wrth 11,.3%. All the
orher ordes together reached only 15.1% (RiS. 4).

Using the coostancy index ofDajoz (Tab. la), only 1l species

were considered "constant", with a high frequency of occurrence

in the assemblage: Tricolia qeriasa, Gran )na occklta, Pailtina
doliun, Colunltella ntstìca, Puillina rrlatgì ata, Vexillan trìcolor,

Ocinebriaa acìc ata, Retua truncatula, Ristoa paradoxa, Nassariut

catt atrfi, Hamiuaed bydatt and Pan icardium exigurm. A secood

group §/as composed of Contrt »editettaneas, Gibbrla ardens,

Cffilhint lulgarl»t arld Ristoa inilù, all "very common" species

in the assemblage. Vexillrm ebenu, Alaania cìnex, Hamirxla sp.,

Pitìxta glabrata, Chryvllidz nanodea, Abania pagod a, Tragula

fene$rata were "common". The other taxa did not reach signifi
cant constancy values and 20 were "rare" species.

The highest value oftotal dominance (Tab. lb), according to

4 Surface currents tuqlil..
* Prevailing currents

Figu.e 2. The h)drodinamic model ofsurface cucrenrs

(from Dr PsA & RIGGro, 1982, slightly modi6ed).
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Mollusas in a lagoon Cynodocea bed
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Figure l. Rarefaction cuNe of sampling arearnumber of spe(ies rario.

the Glemarec index, was obtained by Ptsillina narginata, fol-
lowed, with a lower vahe, by Grantrlina occtrlta, Puillina doliunt

ar.d Tricolia qeciasa,

Seasonality biased the relative abundances of some species,

above all Puillina narginata ar,à P. ry'oliazr, which were the domi-
nant species during spring and summer, Gibkla ardeu, which
was dominanr in rhe spring and summer samples ofstation l, and

Setia t rric lata, preseot oniy in the spring sample ofstation l.
Plots of the seasonal values of H -J and D-E (Fig. 5-6) indi-

cate ao overall homogeneity during the year, with a constant
decrease between summer and winter in the samples in which
the low diversity is due to the high specific domioance ofa small
oumber ofspecies present with a large number ofindividuals.

The cluster analysis on ahe preseoce/absence matrix, carried

out using the similarity index of Jaccat<J, shows a homogeneous

group of samples without marked differeoces in composition
(Fig. 7). The second cluster analysis on quantitarive dara, usiog u,

separates samples ofrhe starioo 1 from the other stations (Fig. 8).

The FAC on qualitative data (Iig. 9) presents only one sig-
nificanc axis (explained variance - l4.2Va of the total). The dis-
tributioo of the sample-points in the F1-F2 plane is similar to
that in the graphic model called "circular cloud" proposed by
FRtsI & GÀMBI (1982) and resrifies ro the homogeneìty of the
assemblage. due ro (he specres composjtion.

The FAC on quantitative dara (Fl= 32.1%, F2= 18.8o/o,

R)= 12,1% of the total variance) ordinates the sample-points in
three separate groups in the F1-F2 plane(Fig. 10a): the first
includes all the samples ofstatioo l; the second gachers togeth-
er all the sprìng samples (2P, 3P, 4P, 5P.6P); the thìrd group

assembles all the remaining samples. On the Fl-Fl plane (Fig.

10b) only the samples ofstation 1 are separated from the others,
while 3I and 5l clusterize separately.

lo this tridimensional sysrem, the F1-axis can be interprered
as an open-seaioner lagoon gradìent whjle the F2 axis is proba-
bly a seasonal gradient due ro the rearrangemenc of specific
abundances more thao to a change in the species composition of
the assemblage. The F3-axis is more complex to ideotify.

To highlight the development of the principal gradient, the
baryceotres of the sample-points were projecced on rhe Fl axis
(Fig. 11 above). This arrangement indicates a marked polariza-
tion in the negative part of the first axis ofthe samples collected
from stations 2-6. This is due to the high variance iohetent to
statioo I very different in composition to the others. This sta

tion can be, in facr, coosidered "open-sea"-like due ro its posi-

tion near the northern mourh, in a more vivified area. This
model separates two sub-basins, the first, more norcherly, and

rhe second in the centrai area, distinguished by the ir different
hydrodynamic condirions (MAzzoL^ & SanÀ, 1995). The hydro-

dynamic pattern of the surface currents seems again to be the
principal factor conditioning the distributioo ofthe species.

In order to show rhese differeoces in species distribution or their
belonging to one or more assemblages, the barycentres with the

species-poiots were repofted on the Fl axis, in comparison of

Neotaenioglossa 3 5,\oh

Vetigastropoda 1l.3Yo

Veneroida 1,9olo

Nudibranchia 5,7%

Cephalaspidea 7,5%

Heterostropha 13,270
Neogastropoda 24,50
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Figure ,. Shannon \fljene. diversiry indices and rheir eve.ness.

The open quadrars mean the values of the Shannon index while the black doÉ

mean rhe relarive values of.h€ evennes§.

of sample 1P. The second group is composed of: Bìttitt»t
latreillii, Hexaplex trunculat, Vexilhrm tricolor, Haminoea hldatit,
Cerihirm uulgatut, Na$dria clJt ldtut, 1cinebrita acìrulata, Tri-
.\lia qe.iow. All these species are present in more or less all the
samples and constiture the "fundamenral group" ofspecies asso-

cìated with the leaf stratum in this area. The third cluster
assembles all the species living in rhe ìnner part of the
Stagnone, present during the year srith low abundances and
wirhour demographi, explosrons. The continuiry among groups
and the low values of scores do not allow the recognitioo of
more lhan orìe assemblage.

coNcLusroNs
The model of distribution obtaìned from the malacofauna ofthe
Cymodoea nodota leaf stratum in the Stagnone shows a species

zonalion maioly related to the hydrodynamic partern (Fig. 12),
hence to an ìnverse gradienr of "vivi6cation" (SAccHr, 1919) or
"marinization" (ZAou^Lr & BAETEN, 1983) from the northern
mouth to rhe inner part. The assemblage of station 1 differs
throughout from that of the other statiots and presents a high
number of species more akin to the opeo-sea assemblage, like
Cibb a ardeat e Setia lrlticllata.

The hydrodyoamic model proposed by DI PISA & RIGcIo
(1982) and reviewed by MAZZ)LA & SAR,{ (1995) seems to be

confirmed by the disrribution pattern of the malacofauna of rhe

foliar stratum.
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Tricolia speciosa 100

Pusillina dolium 95,83
Columbella rustica s5 Rl

Granulina occulta 95,83
Pusillina marginata 91,61
Ocinebrina aciculata 91,6',1

Vexillum tricolor 9t,6',7

Rissoa paradoxa 87,5
Retusa truncatula 87 ,s
Nassarius costulatus 83,33
Haminoea hydatis 83,33
Pawicardium exiguum 79,11
Conus mediterraneus 66,67

Gibbula ardens 62,5

Cerithium wlgattrm 62,5
Rissoa similis 54,17

Vexillum ebenus 50
Alvania cimex 4s,83
Haminoea sp. 45,83

Pisinna glabrata 41,61

Chrysallida nanodea 37 ,5
Alvania pagodula

Tragula feneshata 29,17
Dikoleps nitens 25

Bittium latreillii 25

Barleeia unifasciata 25

Rissoella globulans 25

Odostomia plicata 25

Chrysallida sp juv 20,83
Peringiella elegans 16,67

Odostomia sp juv t6,6"1

Setia turriculata 12,5

Nodulus contortus l, (

exaplex trunculus 12,5

Runcina sp. I

P"i[a.ca6., ------.].=-.--------{
12,5-833t

Gibbenrla philippii
rhitoma purpurea 8,333

Anisocycla pointeli 8,333

Hlpselodoris messinensis 8,333

Polycera dubia 8,333

Sinezona cingulata 4,167

Calliostoma laugieri 4,167

Juiubinus striatus 4,167

Pirenella conica 4,167

Rissoa sp. 4,167

Alvania discors 4,167

Truncatella subcylindrica 4,167

Nassarius corniculus 4,16',1

Mangelia cosh.rlata 4,167

Aeolidiidae ind. 4,167

Table Ia. F.equency ofoccurrence for each species, acco.ding ro rhe Daioz Index. Tàble lb. Total dominance for each species, accordins to the Gl'mar( Index'

Dto/o

Pusillina marginata 27,42
Granulina occulta 14,72
Pusillina dolium 13,85
Tricolia speciosa t3,42
Gibbula ardens 5,49s
Retusa truncahia 4,598
Vexillum tricolor 854
Columbella rustica 265
Nassarius oostulatus 092
Setia hrriculata 1,485
fussoa paradoxa 1,446
Haminoea hydatis 1,35
Cerithium r,tlgatum 1.253
Conus mediterraneus 0,819
Parvrcardium exiguurn 0,771
Alvania cimex 0,684
Ocinebrina aciculata 0,665
Rissoa similis 0,588
Odostomia plicata 0,588

Odostomia sp juv 0,366
Dikoleps nitens 0,357
Haminoea sp. 0,337-6WPeringiella elegans

Vexillum ebenus 0,251
Pisirma glabrata 0,241
Chrysallida nanodea 0,241
Alvania pagodula 0,231
Runcina sp. 222
Barleeia unifasciata ,193
Tragula Ènestrata 0.164
Chrysallida sp juv 0,13s
Rissoella globularis 0.1 16

Bittium latreillii ,087
Alvania discors 0.067
Nodulus contortus ,048

exaplex trunculus ,039
Gbbenrla philippii ,029

aphitoma purpurea 0,029
Sinezona cingulata 0,019
Pollia scabra 0,019
Mangelia costulata 0 019

Anisocycla pointeli 0t9
ypselodoris messinensis ,019

Polycera dubia 0,019
Calliostoma laugieri 0,01

ubinus striatus 0,01

Pirenella conica 0,01

Rissoa sp. 0,01

Tnmcatella subcylindrica 0,01

Nassarius comiculus 0,01

Aeolidiidae ind. 0,01
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The molluscan taxocoene of ditferently-exposed
Cymodocea nodosa beds: year-long structural patterns
and sampling methods

Antonio Terlìzzi & Gìayanni Faltìo Rtnlo

KEY WOBDS: Molluscs. Communny strucrure. Samplins methods, Sc.as.ass e.oloay.

ABSTRACT The strucruml chadses durin8 one year in the mollusc rdocoene livins ìn rwo differently-exposed C/a oluea nodosa beds or the island or Ischia (cutf
ot NaPles - l(aly) a.e di$ussed. The eflìciency of two samplins devi.es, the haod-rowed ner and the sucrion sampler, is also compar€d.
Higher valu€s ofabu.daoce and sp€ties richn6s are recorded rhroushourrhe yea. in the shel.ered hed, which is chamcrerized by a well-developed
turf aod a hish densìty of shoots. ln bo(h beds, yeaÈlons trends of basic commuoiry pararerers stìow maxima durins rhe suDme. and minima
durins rhc winrer. as dre does densiry ofplaor cove..
Tlìe sucrioo-sampler collecls more species aDd more ind;viduls, al though it covers a smaller surfre rhao rhe hand-ner. This device is also more
eff<tive at sampliog molluscs from borh rhe leaves and rhe sedimenr at rhe base of rhe plant, while rhc hand-ne. collecrs almoct exclusively rhe
màlacofaùm livins a. the leafsrrarum.
From a bionomic poirir of\;es,rhe C)ùadlcea system seems ro be more rhan a simplefr;ar ofone ofthe coenorjc units wirh which ir has been asso-
.iared.

RIASSUNTO Vensono discussi ; dari relarivi alla dis$ibÈione ed alla composizione della compooente malacolosica di due siri limir.o6 dell isota d lschia (ararre-
tizntì da phretìe di C),tul«ea nodtta diffete«emenre srruttorare.
I campiooamenri so.o srari effettuati lra l'esrare del 1988 e qNlla del 1989, con cadenza bimesrràle ed urilizzando due differen.i atrrezzi di campio-
nàmenro, il rerino manovraro a maoo e Ia sorbona.
Il conrjburo maggior€, sia in r€.mini quantitativi che quati.arivi. è staro forniro dai .mpiori di $rbona con ì119C. del rorale deSli individui,
apparreoenri a l8 sp€cie.
La differenza tra le struttuie dej popolamenrl delle due stazìooi consjderate è p;urrosro ma.cata. Ia parricolare, indipendenremenre dai merodi di
campionamenro adortatì, la stazìone con il prato a maggiore densita risulta essere caratterizzara da un numero sìa di specie (he di individui di B.an
lunga masgiore risperro ali ak.a.
Il trend stagionale è piutrosro evidente in entembi i siri, con Elo.i massimi di abboodanza e ricchezza sp(in@ duran.e il periodo 6tivo e valori
minimi in inverno. TaÌe andamenro generale è evidenre soprarrurro nei campionì di Étìno e, io pani.olare, in quelli del praro meno deoso, in cuì è
minore la presenza di specie tlpiche del mbstlaro e, qùindi, il ta*ocene rìsulta dipendere maagiormenre dalla densirà dello srraro foliare, molto
va.iabile durante l'an!o.
I dati orrenuri sembEoo suSgerire ùm maggiore efficien?a della sorbona, che campiom ugualmente bene sia lo sr.aro folia.e sia il subrrraro alla base

delle pianre. Turtavia, sop.amùrro i. estate, con il massimo sviluppo dello srraro foliare, il campionmenro.on rerino, pani.olemente efiìciente pcr
quesro s.rato, porrebbe fornire inà.mazio.i complementàrì sulla strur.um comple$iva dell'assmiazione malacologica.

A. TERL|ZZI. G.F. RUS.t0, Stazione Zoologica A. Dohrn, V;lla comùnal€, I-80121 Napoli, aod Dipart,mento di Zoologia dell'Università degli
Srudi dì Napoli Federico II, via Mezzoennooe 8, I-80114 Napoli

INTRODUCTION
Along the coast of the Mediterranean Sea, C),nadoea ncdasa

(Ucria) Aschers. is the most common and widespread seagrass,

together with Potidonia oceanìca (L.) Delile. The former generally
occurs in shallow (not more than 5-6 m deep) sandy-muddy
bottoms, characterized by sheltered conditioos, as in the case of
closed bays, ports and lagoons. However, Cytodocea beds have

recently also been reported along opeo coasts, but on bottoms of
greater depth (from 5 to about 20m deep) (Buta et dl. 1985^:

Gr^NGRANDI & GAì.rBr, 1986).

The rhizomes and the root system of Clnzodocea form a com-
plex interlaced structure called turf. This structure stabìlizes

the soft bottom and is well developed in sheltered conditions,
where it may be over 20 cm thick (Bura et al., 1985b) Iying n

few centimeters under the surface of the sedimeot (Fig. 1),

Early studies considered the C1»odocea bed to be a seral stage

of successioo, as it is thought that it prepares the soft bottom

for colonjzation hy the Posidonia prairie, which represents the
clìmax ecosystem io the coastal areas of the Mediterranean
(MoLrNrER & PrcARD, 1952; DEN H^Rroc, 1977). Hos/ever,
recent evideoce seems to support the theory that the two sea-

grasses are independent as concerns substrate colonization (Bou-
DouREseuE et al., l9a9). Likewise, contrasting opinions have

been put forward regarding the benthic fauna associated with
Cymodocea nadc,ta plants. There are doubrs as to whether these

associacions of organisms have a coenotic identity or whether
they are simply facies of other biocoenoses. Some authors (e.g.

PÉRÈs & PICARD, 1964) consider the animal associarions occur-
riog on soft bocoms covered by Clmodocea u lttst "facìes a épiflo-

re" of the coenotic uoit of'well-sorted fine sands' (Freoch

acronym, SFBC). On the other haod, LEDorER (1966) emphasi-

zed that the vagile far:na living in the foliar stratum of Cynodo-

rea beds give rise to what may be considered an impoverished

facies of the Posidonia oceanica coerotic unìt. In any case, data are
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raaher scarce and mai y concern the variability of the associa-

tion jn space (DIEUZEIDE & GolAu-BRIssoNNIERE, 1951;
LEDoYER, 1962; 1966;1968; H,{RMELIN & scHLrNz, 1963),

even though Cymodocea beds show a strong seasonality, in terms

of growrh rate and plant density (But^ et dl, 1992). As regards

Italian coasts, synecological studies have been conducted only
for polychaetes (GIANGRANDE & GAMBI, 1986; I-ANTRA & GÀM-

Br, 1993; G^MBI & BREMEC, in press).

The methods used to samPle the v^gile faltna frcrn the Ci»to-

docea seagrass beds are maioly the hand towed net and the suc_

tion-sampler (or air-lift), which are the same as those adoPted

for the farra of PoidozzT. However, unlike that dotained for the

latter seagrass (e.g. Russo et a|.,198i; RUSSO & TEF]IZZL
thjs issue), no comparative information is available oo the effi-

ciency of sampling gears in collecting the dìÉfereot faunistic

components of 6.1'rz odotea beds.

The aim of the p(esenr papei is, 6rsrly, to shed light on the

srructure and rhe year-1ong dynamics of the mollusc taxoceoe

Iivìng in two differently-exposed Cynadocea beds and, secondly'

!o compare the information on the taxocoene dotained using the

rwo sampling methods mentioned above.

METHODS

Sampling sites
Two Cynodocea nodosa beds faciog San Pietro beach along the

northern coast of the island of Ischia (Gulf of NaPles) were stu-

died (Fig. 2a). They colooize adiacent soft bottoms (at a depth

range of 0.5-4.5 m) separated by a rocky artificiaÌ barrier (Fìg

2b). The presence of the barrier influences the characteristics of

the rwo beds: ooe of the in starion I Tvas foundro be very shelte-

red, being characterized by muddy-sandy sediments and a well

developed 'turf, while the other (st. 2) is more exposed, being

characterized by sandy sediments without the presence of'turf'
In the sheltered bed (station l) seagrass density(shoots/m2) ran-

ges from approximately 1100 (November-May) to 2300 Quly-

September), while ic ranges from approximately 550 (May) to

950 (Seprember) in the exposed bed (Figs 2 
^nd 

3). k\ the C:!ma-

dacea nadov bed with 'turf, the co-occurrence of the seagrass

Zortera noltii contributes to approximately 307a of the high den-

sity values for the bed (Buv, et a|.,1985 b).

Collecting methods and data analysis
In both sites, sampling was performed bimonthly during the

course of a year Quly 1p88 - May 1989), at a depth of 2.5 m.

Vagile fauna was collected by SCUBA divers using two diffe-
renr techniques: (a) a hand-towed net, over a surface ofabout 20

m2 (Russo & VINcr, 1991), and (b) a suction-sampler, over a

surface of 1 m2 (Russo et a|..1986).
Molluscs were sorted aod identified following SABELI-I et al

(1990). The descriptive analysis was carried out taking into
account the presence of specìes and their relative and absolute

abundaoces in the samples. A comparison of the results obtai-
ned using the two collection methods in the different beds

allowed a preliminary evaluation of their efficiency with respect

to the different mollusc species.

In order to ideotìfy coenotic patterns on a tempolal scale, a

srluctural comParison of the malacological associatìons was

performed srarting fiom a matrix of ras, data and using the

multivariate ordination techoique of correspondance aoalysis

(CA) (PIELou, 1984). The significance of the axes was tested

accordiog to the method proposed by FRoNTIER (1974).

FiguÉ 2. The hyd.odinamic model ofsurface curreors

(from Dr PrsA & RIGcro. 1982, sliShrÌy modìfied).

m
ù
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RESULTS

Descliptive analysis
Sampling yìelded 5ll8 Mollusc individuals of,3623 Gastro-
pod.s (68a/o\ and 1695 Bivalves (127o). OI rhese, 1l9l (19o/ò

were collecred by suction sampler and 1127 Ql%) hy han<l

towed net. In both srations, and in every month, the air-lift col-
lected more individuals than the oet, despite the fact that the

former sampled from a much smalÌer area (1m2) than the latter
(about 20 m2) (Fig. 2).

The species with the highest abuodance values were, from

rhe gastropods,and Bittint reti. dtan (2811; 53%) Jtrfubinrs
gralinae (291 ind.: 5.)Va\. As for the bivalves high abundance

values were obtaioed by Luipet lactetr (l))\ 26%).

Different time-trends of abuodance values wereobserved ìo

the samples collected by the two sampling methods (Fig. 3).

Regarding data obtained by airJift, in both statioos the values

remained quite constant dìrring the year, with higher values

during summer and a slight decrease in November- However, a

difference of one order of magoitude was faund between the
abundances recorded io srarion 1 (abour 1000 individuals) and

sration 2 (abour 100 individuals). As for the data obtained by
hand-net, the values were mote variable, showing a remarkable

decrease during the winter. Also usiog the hand-net, there was a

difference of one order of magnirude between the abundances

recorded for statioo 1 (hundreds) and rhose recorded lor station
2 (tens). The two stations reached their minimum abuodance in
different months: January and March.

In totals 42 species were sampled, 28 Gascropods (67%) and

14 Bivalves (11Vo). Of these 42 species, 19 (45 7o) were collected

using both methods (e.g. Biuìutt retienlaaot, from the gastro-
pods, aod L|ùret lacte t, from rhe bivalves), 2O (48Vo) were
exclusively present in the samples collected by airJift (e.g. Nar-
rari$ retiùlat$, from the gastropods, ard Tellìu tentrìt, Papbia

rhonboidet ard Chanelea gallìna, from the bivalves) and just 3
(7%) were exclusively preseot in the samples collected by hand-
to§/ed ner (the gastropods 'fticolia speciosa, Riuc'a uariabilis atd
Risoa ùolacea). As abundance, species richness was also higher
io the samples collected by air lift than in those coliected by
net, in both stations and in every month (except station I in
September; cfr. Fig. 4).

In both statioos, samples collected by hand-net had smaller
fluctuations in species richness during the year than rhose col-
lected by air-lift. In the latter case, lower values were recorded

io November aod higher values io March; secondary peaks

occurred inJuly (station 1) and September (station 2),

The efficiency of the two tools at collecting species v,/as

variable during the year but thesuction-sampler always collec-
ted more exclusive species than the hand-net (Fig. 5). The num
ber ofspecies collected by both methods was higher in station I
than in station 2. Species which v/ere exclusive to the haod-oet

were completely lacking io January (statiorì 1) and March (both

srations), while they were qui!e abundant in July (station 2) and

September (statioo l).

Structural analysis
After the elimination of 9 'singletoos', a first raw data matrix of
dimensions )4 x (2 x Qx6)) (i.e. species x (stations x (sampling

merhods x months))) §/as obtained. The matrix was utilized to
obtain a CA ordination model in which the first two factors

were significant. However, the dìstrjbution of the 24 sample-

points on the plane described by the factors was difficult to
interpretate as roo many sources of variabìlity were present

together in the starting matrìx. Therefore, as a second step, two
matrices of (species x (methods x months)), i. e. each containing
the data of a single statioo, were urilized separately in rhe mul-
tivariate analysis.

The CA ordination model of the samples collected lrom sta-

tion I was obtained from a 29 x (2 x 6) matrix of raw data and

is shown in Fìg. 6. Only the first factor of the model was signi-
ficant (F1= 48.8o/a,F2= 17.7% of the rotal variance). Along the

axis expressed by this factor, two main Patterns of sample-

poiots may be observed. First, points are clustered according to

rhe collecting method, as most of the samples by air-lift have

negative values of satùlation (only two have low positive

800

400

st.2
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values), while rhose by hand-oet are strongly polarized in the
positive portion of the axìs. Second, the distribution of sample-

points into each cluster is well related to their time-positìon
along the year cycle, descrìbing the consistent temporal drift of
the station. In Earticular, in the cluster related to the hand-net
(N), ìncreasing saturation values are associated with the samples

of January (1N), March (lN), May (5N) and July (7N); a stroog

discontinuity is evident between the samples ofJuly (7N) and

September (9N), showing a marked decrease in the value of
saruration, As for che cluster related ao the air-lift, a marked

discontinuity between samples of the cold season (1S, lS, !S,
115) and those of the warm season (rS, 75) is evident.

The CA ordinarion model of the samples collected from sta-

rion 2 was obtained from a 22 x (2 x 6) matrix of raw data and

is shown in Fig. 7. Only the first axìs ofthe model is significant
(Fl= 40.3Vo: F2= 14.6% of the total variance). Also in this

model sample-poìnts are cluslered along the first axis according

to the collecting method, as samples by air-lift have negative

values of saturation, while those by hand-net are distributed in

the positive portion of the axis (with rhe exceprion of 3N). As
for the distribution of sample-points in each cluster (temporal

drift of the statìon), the discontinuity between May (5S) and

July (7S) in the cluster of samples by air-lift, and the strong
polarization of September (9N) and especially November ( 11N)
ìn the group ofsamples by hand-net should be noted.

DISCUSSION
The two Cy»odocea norlora beds showed remarkable differences in
the structure of their mollusc raxocoene. Basic community para-

meters, such as abundance and species richness, have much
higher values in the more dense bed (sration 1), where a well-
structured turfwas present, than in the other bed (station 2).

Seasonal rrends in qualrtarrve anr.l qLranr,rarive communiry p.rrd-

meters were fairly clear, br.rt were differentdepending on the
sampling method used and rhe bed structure. In botll stations,
high values of species richness durìng winter (January- March)
are associated wirh taxocoene living in rhe substrate (saody sedi-

meot tùrfl which is better sampled by air-lift. As has also been

pointed out for Posidoùa oteania beds (TERLrzzr & Russo,
1996), the grearer effecriveness of the suction-sampler could be

due to a lower 'obstruction effecr'caused by leaves, which are

less dense in this period.
High values of species richness during summer Quly-Sep-

tember) are due to the important contribucion ofsnails liviog in
the leaf stratum (e,g, Trocbidae and Riroidae) when the deosity

of the beds reaches a maximum. In this period the community
paramerers recorded by hand-net, which are strongly related to
leaf cover, also reach their maxima, while the minima are recor-

ded in winter Qanuary-March). Descriptive analysis and the
ordination model show that the period of November to January
seems ro be critìcal for rhe structure of rhe beds and for the

associated malacological assemblages. This may be due to the

fact that, during this period storms uproot the plants, causing a

srrong decrease in bed density and, as a consequence, a quali-
quantitative reduction in the malacofauna. This geoeral trend is
particularly evident io the more exposed bed (station 2), where

the planr cover almost disappears during the winter.
As regards the two methods, they did not shov marked qua-

Iitative differences io efficiency in sampling the characteristic

species of the leaf stratum, although the hand net collected

more individuals, as the surface sampled is greater. The suction

sampler is more efFective, both in qualicative and quantitative
tetms, at collectiog species from the substrate. On the whole,

the latter sampling gear is better suited to the structure of
malacological associations, but in summer the hand-net may
give some further quanritative ìnformation on the structule of
leaf stmtum taxocoenoses.

Although the mollusc association ofC),2/odacea mdota showed

several species present io rhe Posìdoxìa oceanica leaf stractm,
their rotal numberwas much lower. This is probably due to dìf-
ferences in morphology and phenology between the two plants.

The smaller Cynotlocea offers a lower degree of habìtat structure

thar Posidoxia. Furthermore, compared to the more stable beds

of Poidonìa, where the yearly varìabiiity in habitat structure is

maioly related to changes in leaf length, C),modocea beds show a
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Figure 5. Shinnon-§riene. diversity indices and thei. eveflnes.

The open quadrats mean the vaLues ofthe Shannon ìndex

while rhc black dors mean rhe.elarive valùes ofrh€ ryenness.

higher degree of variability, related to the marked fluctuations

in shoot density. The presence of the 'turf (scation 1) contribu-
tes to stabilizing the plant cover on the sandy bottom against

uprooting by wioter storms and provides for a higher faunistic

diversification and a lower seasonal variabiliry in the mollusc

taxocoene.

In conclusion, the malacological associaaion of Cytodocea

nodav beds considered here seems to be a comPoner! of a

system which is more complex rhan a simple facies of a coenotic

unit, ofeither enriched soft bottoms (PÉnÈs & PICARD, 1964) or

of impoverished secondary hard botroms (LEDoYER, 1966). This
is parricularly true in cooditions which allow a more developed

habirat structure (turfl. In any case, this benthic sysrem appears

ro have peculiar structural and functional characterisrics, which

make it particularly elastic.
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Sampling techniques and structure of the malacofauna
associated to the rhizome zone in Posidonia oceanica (L.) Delile

Antan;o Bonf;tta, lda Fellegara €z Gialiana Gillone

KEY WORDS: Polida"ia ou»ica,s mpting techniques, abundaoce disrriburion models, nomoceno6is, Medirerranean Sea.

ABSTRACT The jntroducrion o( merhodological va.ia'rs jn smplins ftoùsh air pump in rhe rhìzome tzyet ot Pai,lo,id a.edtìrd beds attows to stress u '6lter
effecr'due ro the presence ofrhe lavs durins the pumping.
loslde thc srne Potidoaid bed, on areas of the sme surface, the sample area in which .ll lcaves are preventively cut offro uncover rhe rhizome layer
show an jncrea$ of informarion wirh respect ro areas with leaves. The comparative analysis ofabundance distribution modeLs shows rhar similar
resulrs are obtaimd by increasin8 the sample area.

RIASSUNTO Tecoiche di.ampionde.to e st.uftm della malacofauna asso.ia(a alla zona dei l:.omi di Posìtrnia N.a"ì.d.
L'int.odu,ione di varhnti metodologiche nel .ampionamento coo sorbona dello steto dei rizomi di ln^ pmeti^ di P|ti,tanìa aednicd (.L.) Delile h^
consenti(o di eviderriare un norevole effetto filtlo" operaio dalle foglie all'arione di aspirazione. Considemndo aree campione di stessa superficie
all'ioterno di un medesimo posidoniero, aree p@enrivamente defoliate rendono disponibile um magsiore qudnrirà di informazione risFerro ad a.ee
oon defoliate. L'analisi compara(iva dei modelli dj distribuzione di abbondana, rel.rivi ai due ripi di aree, mostm che i risultati sono analoshi a

quelli ottenibili aumenrando la supedìcje campione.

À. aONFITO, Mus€o di Zooloaià, Universirà di BoloSna, vià Selmi 1,.{0126, Bologna, kslia
I. FELLDGAM,-fhe Univelsity of Queensland, Brisbaoe QLD 4072, Ausrralia
G. C l|,I,ANE. yia P,J:,otàm ica 8, 40069, Zola Prcdosa (BO), Italia.

INTRODUCTION
The analysis of structurally and ecologìcally complex environ-
ments, as Poidoria oceanica beds, needs setting up of suitable

sampling technìques in order to obtain both the maximum
information through the minimum effort and the preservation

of the univocal relation between the surveyed elemeot and its
relative information.

Considering the elemeots of a bed (the rhizome stratum, the
foliar stratum, the "mattes"), the relative information seems to
point out the presence of different biocenosis associated to the

different microhabirats (OTT & MAURER, 1977; IDAT) et al.,
1983; Russo et al., 798j: Russo er a/., l984ai P.usso et al.,
1984b; Russo er a/., 1984c; B|^NCHI ?, /., 1989), for which dif-
ferent sampling techniques have been set up. The most utilized
techniques are direct ones as they foresee an active and aimed

action by rhe scuba-diver operator. They can be summarized as:

a) sampling through an air-pump, r-rsed in the rhizome layer and

in the "matres" (Cotsrru, 1980i DE METRIo et al. 1978; DL

METRTo ,/ a/., 1980).

b) sampling through a hand-net, used in the leafJayer (Lroov-
rR, 1962; Lrpovrn, 1966; Russo ar a/., 1985; Russo É, a/.,
1986; Russo & VNcr, 1991)

c) removal of a whole clod of weed (BreNcur et al,, 1989\.

Each tecnique has some bias affecring the ioformation about

the population, because of the Posidonia wee<J structure with
leaves covering rhe underlaying rhizome. The most common

bias is the veil-effect of the leaves aod a mixing of material due

ro the hydodinamic disturbabce produced by the air-pump.

This leads the aoimals falling according to the well koown

"falling reflex (IssEL, 1912; Russo, 1989). Concerning the
technique proposed by BIANCHI et al. (1989) there is no doubt
that ir involves a losr of informatìon about the probable vertical

distribution of the popularion but it allows a whole recover of
rhe qualrranve and .lu"nrirarive informarion.

Because of these reasons and withìn a program of investiga-
cion of the biocenosis associated to rhe Posidonia beds ar Isola

del Giglio (Grosseto, Italy) we decided ro test the most appro-
priate sampling techniques comparing, inside the same bed,

two samples carried out wirh methodological varìants on areas

of the same surface.

MATERIALSAND METHODS
The samples have been collected at Campese (lsola del Giglio,
Grosseto, ftaly), (Ìast week of March 1992, calm sea, cloudy
weather) wirhin a Poridonia bed growìtg on "mattes" lying on a

detritical substrare ! m depth. Two J m2-areas have been sam-

pled using a PVC air-pump with a 7 cm-diametre openiog and

with a nylon sampling bag having a 0.5 mm-mesh. The first
area (called area A) has been treated as usual: the rizhome layer

having been pumped, while the 2nd area (area B) has beeo net-

ted by 30 strokes in order to remove the leaf population. The

oet consisrs of a rectangular frame (4Ox2O cm) provided with a

nylon sampling bag with a 0.5 mm-mesh. 30 more strokes have

been carried out outside the investigated area in order to get a

rapresenrative sample of the leaf population (Russo & VINCI,

1991). In the netted area, all the leaves have been cut off by

scissors and the uncovered rhizome area has been pumped usìng

rhe same air quantity (about 150 atm) used for area A.
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Fi8ù É l Perccnrases of dù lrs (A) and juvrniles 0) of the diffeorent classes.

The sorting has been carried out withio few hours in order
to an easier identificatìon o[ the living specimens. The species

occurring io all samples with only one individual afld the para-

sitic species were not considered io rhe numerical analysis (FRESI

& GAMBI, 1982). §7e consìder the presence of the parasites

relaced more to their guest than to the specific envilooment.

Quantitative and qualitative analysis has been carried out on the
samples considering also the luveniles ofeach species. §7e con-
sidered as juveniles smaller individuals with uncomplete aper-

ture and penstome.

The structural differentiation degree of population has

been evaluated by the Shannon-lVeaver's diversiry index and

rhe comparisoo amoog rhe values has beeo carried out by the
eguitabilìty index (PIELou, 1966; PIELou, 19664; Dactr,
1976).'We decided ro use, as other authors (BIaucul at a/.,
1989) a model of abundance distribution, in particular the
log-linear ooe of Motomura aod the log-normal of Preston
(D^GEr et al., 1972', DAcEr, 1976;
AMANIEU d, z/., 1980), in order ro test the
range and the trend frequency to evaluate

the possible analogy and dissonance among
the samples. The correspondence degree to
the models has been evaluated accordiog
ro the values of rhe correlar ron coefficienr,
accordìog ro the empirical role, deter-
mined by INAGAKI (1967) for the Moto-
mura model and exteoded by Avaxtru ar

al. (I98O) for the Prescon model, which
establishes rhar the adjustmeot is bad if
lrl< 0,!5, approximate if 0,9, < lrl < 0,98,
sufficient if 0,98 < lrÌ < 0,99 and strict if
r > 0,99.

RESULTS AND DISCUSSION
A total of 59 species vr'ith 645 individuals
have been collected in two samples (area A

and area B); io the sample coming from the leaves ll species

have been collected (of these Jrybiatu exatperattts and R*soa uio-

lacea ate excl:usive), with 303 individuals. The results of rhe bio-
nomical analysis are reported in tab. 1. If we do not consider the
species with only one specimen (FREsl & GAMBT, 1982) and the
parasites (indicated in tab. 1 with an asterisc), we get a partial
sub-sampÌe, area A + area B, of 33 species and 607 individuals.
24 species (12,13%) and lJ0 individuals (21,42%\ have beer,

found in the area A, while J2 species (96,97%) and 411
(78,58%) individuals are preserrt in the area B. §flithin tÌre sam-
ples, the percentages of adults aod juveniles of the different
classes are shown in Fig. l. Altogether, area B seems to be clear-
ly richer ìn every component. The data referred to the juveniles

seem to be extremely important, borh in the rotal and among

the classes, in particular 80,17a of all the juvenile and 87 ,6Vc of
young gastropods have been found io rhe leafless area.

The diversity index, calculated for both samples, are

1,1)4a9 for area A and 1,01058 fo! area B. According to the
equitability index, that is to say according to the relationship
between the observed dìversity and the maximum dìversity, the
two samples are structurally different; in particular area A, §.ith
value of 0,822 shows a higher differentiation compared to area

B having a value of 0,685. In area A the coefficient of correla-

tion lrl is approximate in both models (Motomura's model rl=
0,962; Preston's model lrl= 0,952). [n the leafless area the corre-
latioo is bad for the logJinear model ( rl= 0,935) and approxi-
mate for the Preston's model ( rl= 0,950).

Two are the remarkable aspects: the distribution of the com-
monest species approximate the normality in both samples (Fig.

2), and the frequency percentages of the species havìng the same

rank are very similar (Fig. 3) excepr the first rank species.

According to Au,rNrEU et dl. (1980), in order to save the ecolog-

ical information ofthe lengthened populations aod don't overes

timate the significance of the low frequency species, it is useful

ro consider the rarest species as only one class. These considera-

tions lead us to group the p rarest species of the area B in order
to obtain the same rank number (24) in the two samples.
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Figùre l. Disrribution ofthe species on a log scale.
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accordiog to Moromua s rnodel.

In both samples the log-linear model seems rhe
most appropriate ro dta§/ rhe distribution of the 14
frequencies (Fie.6). The linear correlacion coheffi
cienr reaches the sufficienr level both in area A
( rl=0,988 (corresponding to a Motomura constant
m=0,824) and in area B (lrl=0,987; m=0,766). Corre-
lations are apptoptiate (i.e. Iower) (area A lr =0,981;
area Blrl=0,98)) according to the model ofPreston if
we consider the same rank number.

As regards the leafpopulation, rhìs is made trivial
by the rather infesring presence of Bittir/rrì latftill;
(chiefly in adulr stage) represeorjng 81,l3Vo of the
whole rndividuals lound. Such a mdssive presence
could explain, to some extenr, the very high relarive
frequency of this species in the sample from the area
B where a greater handlìng of the leaf srrarum was
surely carried out. Another characteristic of the leaf
popr-rlation is the absence ofbivalves.

CONCLUSIONS
In both areas the capture-colÌectiDg ranks are quanti-
tatively and qualitatively significantly different. The
cutting of leaves seems to induce a widening of the
samplìng area. As a consequence we observe an
increase of information both about the increase of fre-
quencies of the commonesr species and juveniles and
about the finding of new species oor previously col-
lected in area A. The apparent wideniog effect in area
B is also evident if the abundance distribution models
of the most common species are analyzed (14 ranks
model)- As a matter of fact rhe relarive relationships
among these species distriburion look totally compa-
rable between rhe two samples; this simiiarity is evi-
deot above all by the m values. This costant is eqìral
to the antilogarirhm of the angular coefficìeor; rhe
degree of the geometrical increase which exìsts

30
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Fisure l. Frequency percenrège ofrhe specie§.

17 21l9t816l5141312 24

i

rùUe have been able, io such a way, ro compare exactly the lrl
values derived from models applied to samples with the same
rank number (DAGET, 1976). §7e have then reduced, step by
step, rhe rank number ofeach sample by grouping io the single
class of rare species rhose ones haviflg the lowesr frequency.
Variations in correlation coefficienr of rhe two models are

shown in Figs. 4 and 5. Such a data anlaysis indicates:
l) rare species contrasr with the trend to normality by length-
ening the end distribution of populations having several
gtollps ex deq 0:

2) rares species are chiefly responsable for dìfferentiation of
the information about the stucture of the sample. Such a dif-
ference is going to dìsappear while the rank number redìrces.

\We especially have a strong analogy in the information
regarding che distribr.rtioo of the first l3 species plus a

cumulate class (14 ranks model). In the area A the cumulate
class tepresents lO,767o individtals of the sample; the per-
centage of the same class from the area B is is very similar,
that ),67o.

between the two species insìde the distribution can be valued by
it. Moreover it allows a balanced valutatioo of the structure of
the sample because its value does not change wheo the structur-
al level, sufiìcienr to definy a "oomocenosis", is reached; this
means a population whose frequeocy distribution relates suffi-
cieotly to the models of Moromura ot Preston (D,{GET, 1972).

A nomocenosis is basically charaterized by an m value and
by the number of species, independently from their taxonomy.
Moreover, once this has beeo defined, it becomes independent
from the sample size. Practically the straighr lioe laying under
it moves parallel from itself maintaining tbe same angular coef-
ficient and, therefore, the same m value too. This aspect seems

to come out from the considered distributions: the Firsr 14

ranks (see Fig. 6), in the area A and in rhe area B, are occupied
by species with absolute frequency very different (higher in B
than in A), but this does not seems to highly affect the relarive
distribution of the frequencies (same degree ofcorrelation, same

costant of Motomura). \ù7e can after all consider both samples as

representatives of the same nomocenosis; we can consider suffì-

,r;.
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cieot the information hold in tÌ're area A as far as regards the
sampling and the definition of a nomocenosis, while in the area

B the cutting of leaves gìves us a better qualìtative but not
quantitative information. In fact the relative relantionships
among the frequeocies of the most common species, jn B and in
A, is costant. The juvenìles of both bivalves and gastropods rep-
reseflt the maio differeoce in rhe jnformation surplus, The high
number oF youog specimens collected io area B seems to indi-
cate a clear preference as regards the microhabitar oF rhe rhi-
zome stratum. This clearly appears if we analize the distribution
of the most abundant species (Bitti m latftillii). This can mean

thar rhis species, and moie in general most of the gastropods,

use such microhabitat as a nursery and move successively, as

adults, preferably Èowards rhe leafsrrarum. A bigger quantiry of
epiphiric nutrienrs and a higher hydrodinamic stabìlity can

determine this vertical seriation of the different developmental
srages. As regards the bivalves, their absence from the foliar
srratum is probably due to the higher hydrodinamism with
respecr to the rhizome stratum, which appears a more suitable
substratum for the bivalve habitus.

The last aspect to be considered is the probable recruitment,
oo the rhizomes of species coming from foliar stratum. The
analysis of the three samples (two air-pump samples and the
net-sample) allows to parrly minimize rhe effect of rhe hydrodi-
namic discurbance caused by rhe air-pump on the area with
Ieaves. As a matter of fact we utilize the adults of B. Iatreilli as

markers of rhis effect, considering the very high number of
specjmens on the leaves, we can stress how in the area A we col-

lecced few specimens. On the contrary, a quite high number of
adults of B. latreìlli in the area B, which slightly contributes to
the increase of m value, seems to suggest that not the whole
popularioo living on Ìeaves has been collected by rhe hand-net
and the adjustmenr-rearrangement ofthese, during the leaf-cLlt,

may have determined the falling of adults on the rhizome.
Probably a second collection by the hand-net after few hours

from the first ooe, on the area when the cutting ieaves will be

executed, could.ontribute to minimize this ellect.

§7e can conclude that the variants introduced in the sampling

Figure 5. Trends ofcorrelarion .oeffi.ienr I . related ro rhe number ofspe(ies {i)
according ro Presron s model.

methodology are satisfactory concernìng the
amounr of informarion collected. The varianr intro-
duced in sampling area B doesn t appears as an arre-
fact able to affect the ìflformarion about the popula-
tion of the rhyzome stratum collected io the area

with leaves- Such an information is conversely pre-
served and enhaoced leadiog to put in evidence a

"filter effect" due to the presence of the leaves dur-
ing the pumping which would not be suspected.

The last remark is about the presence of liv-
ing specimens of rhe FissLrrellidae Endryi uta prl.t-

tala Thiele in Kuester, 1913, that confirms irs
presence inside the biocenosis o( Posidonia
oceanica, ts ic was already pointed out in other
samples collected at the Isola del Giglio (BoNrIT-
ro & S^BELLr, 1992).
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Sampling lechniques and structrre ol Poslirorà bed matacolauna e
-

SPECIES

I Callodfton septemvalvis €uplaeae

2 Smaragdia ùridis
3 Emarginula pustula

4 Oancdus jusseui'
5 Jujubinus exasperatusa
6 Jujubins graùMea
7 Jujubinus striatus
8 Tricolia pullus pullus

9 Tricolia tenuis
I 0 Cerithium alucasterr
1 I Cerithium wlgatun
12 Bittium jadcninum
13 Bitthim latreillii
14 Rissoa auriscalpium

15 Rissoa decorata
16 Rissoa veotrico6a
17 Rissoa vaolacea*

I8 Alvania cimex
19 Alvania discors
20 Avania geryonia

21 Alvania lineata
22 Alvaoia pagodula

23 RJsillina radiata
24 Rissoina bruguierei
25 Natica dyllr.{ynii

26 Triphoridae indet.r
27 Marshallora adversa*
28 Cerithiopsis sp.r
29 Epitohium communei
30 Mdandla politar
31 oesnomurex scalaroidesr
32 Eucdnulum corncum'
33 Fusinus pulchellusa

34 Nassarius incrassat6
35 Coumbella rusticar
36 vexillum tricolor'
37 Gbberula miliaria'
38 Gibbcrula philippii*

39 Granulina margtnata
40 Fa6ciolaria ligna.ia

41 MangeliastoEsicianar
42 Mangdia vauqudini
43 Raphitoma linearìs

44 Edimdla sp.'
45 Odostornia a6.Ita'
46 odostornia conoidear
47 Turbonilla lactea'
48 Turbonille striatular
49 Arca noae

50 Barbathia barbatar
5t Stritca lactea

52 Gregarieila petagìaé

53 Modioluìa ph6eolinai
54 Cteia decussata
55 Chama gryphoid6i
56 Ncdepton sdcatuluor
57 Glans trapezia
58 Parvicardium ovale'
59 Venus verrùcoEa

60 Gouldia minima

6l Hiatella arctaca
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Structuraf patterns in the mollusc assemblages of Posidonia
oceanica beds: methodological, edaphic or biogeographical
product?

Gioaanni Fuh,io Russo & Antonìo Terlizzi
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P,\kleid.

ABSIRACT Mollusc asso(iàtions lìvtn1 in rhe Po'idonid 6unz beds of 6ve seogephic areas of the Medirerraneàn $ere compared. Complemenrary samplins
methods were dopred: the hand+owed net, more effecrive on rhe leafsrrarum, and the suction-sample., more effecrive on !hizomes. The aim of rhe
study was to gather iDformatio. on overall coenotic vàriability, taking into accounr rhe conrriburion ofthe two majn mollùs. assemblages srrari6ed
along rhe verrical axes ofrhe plan(s.
Results show a wide variabiliry j. the composition ofrhe assemblages, as few species were found ro be liviog in more than one bed. On the basis of
the *sùmprioù ofthe bionomi. model of PÉRiìs & Prc^RD (I96{), n is very dificùlt ro .ecognise a unjque ànd well-defined malacological raxocoe
ne tot the Po!ìd',id beds. whi.h a.e, in rùrn, rhemselves considered as sinsle bionomic tini§. Presenr a-ecolosiGl dara a8.e berrer wirh rhe poly
blocoenitic hypoùesis ofBIAN.rrr,r,/. (1989), although b ecology provìdes a bettec understandìng ofthe ecological processes underlyins lhe
sr.ucr@l pafteros des..ibed.

RIASSUNTO venaono ripoltari i risuhati relarivi ad ùna campasna di càmplonàmeoto effettuatà durante la crociera o(eàno8ra6cà M^REVIVO', nell'estate del
1992, a bordo della n/o Minefla . NeIl."alisi $no stare considente le sta2ioni più' sùp€.ficiali c5m) delle pÀrerie d; Potidokia a..c,r.z di S.Domino
(kole Tremjti). GalLìpoli (Costa Salenti.a), Lànpedusà (hole Peliìgie), MareÈtìmo (Isole Egadi) e Medas (Costà Brava, Spagnà). In ciascuna stazio.e
sono stare compiute due raccolre: la prima, che campiona circa 20 mr di preteria medìanre un retino manovraro a nanot la seconda, effettuaca cam

pìonando I mr di prareria medianre una sorbona manovrara in imm€Isione.on A.R.A.
Nei càmpioni sooo stàti rinvenùti complessivàmente 2122 ìndividui di molluschi, apparrenenri a 8t specie (62 di Gasteropodi e 2l di Bivalvi). Di
guesre solo l4 (10%) sono srare campionare.on enrÉmbi i metodi, mentre ben.il (rlZ) sono srare rinvenute esclùsìaamente oei campioni da
sorbona.
I prelìevì da sorbona, nonostanre la minore area campionara, fanno registrare ricchezze specifiche piir elevare, mè presentano valori di abbondmza
inferiori risp€rm ai campioni di retioo. Fm i G6re.opodi, l8 specie eoo Eppresentare da un solo individuo in un sinsolo campiooe. Le famiglie pii!
stre(ramenre lesare allo sff rc foliarc (:Tta.bìdae e R;rrrlar) sono senpre s(ace raccolre più elrcacemenre medìan.e .erino. I Bivalvi, invece, sebbene
presenti sempre in maniera piutrosto cospicua, sono limirali quasi esclusivamente ai campiodi da sorbona.

Si osseNa una marcala differenza rra le srrutrure dei popolamenti delle dive.se praterie, ulreriormeote sorrolineata dall analisi srru«umle, etretruata
medianre un modello dì ordinamenro. Per qùanro rìguarda l asperro qualitar ìvo, solo Bhtìh,ldtftilliì è sempre presenre in turri i camp;ooi. Aludnid

in rucre le raccolte effertuate mediante retino.
Tali rìsultati, se da un lato coofern:ano la diversa efficacia di raccoka degli srrumenri ùtìli,zati {il retiDo per ìo st.aro foliàre e la sorbona per il sub

srraro d impianto € lo srraro dei .izomi), dall'al(.o eviderziaoo ora forre differenza srrurtuole tra ; popolamentì malacologici consideoti. Non si
reSisrE, i.fafti, almeno per ìl raxocene a Molluschi, l'esisrenza di una comuniià che nel suo complesso possa d€fìni6i ripica del sistema a faneloaa-
me cotrid€.aro. Ciò susgerisce che vari fa!rori, tra qù,li soprarrurro ta densirà dei cluffi foliari. la narura del substrato d'idpianro, e la sto.i! locale

delle aso.iazioni malacologi(he (piu..osro che la distribuzione biogeografica delle specie), concorrano a determina.e le differenzc srrurrurali osserva-

re ne; diversi sìri.

Quaoro rilevaro nel presen.€ làvoro sembra esse.€ in conrrasto con gli xsunti del modello di PrRÈs & PrcARr) (196.i), in cui ì sisremì benronici cos.!
ruiti dall€ prarerie di P,r;lonia oaarica del Mednerraneo sono cons;deoti apparreflere ad un'unica ent;tà c€notica e biooomica. Il presenre srudio a-

ecologico, ìnvere, sembra meglio supporrare l ìporesi di BIANCHI d a/. (1989) del crocevia ecologico' o della natura poli-biocenotica' dei slsremi a
Pu aùd ù-,aù.d, che,perranro, avrebbero caraneristiche st.ùftùrali differenri a stcooda della storia gologica e bioloaica dei sit'.

A. TERLIZZI. G.F. RUSSA, *^zione Zoologìca A. Doh.n, Villa comunaie. I-80121 NapÒli, and Dipa.timento di Ziolos;a de11'Università desti
Sord, dj Napoli F€deri.o Il, via Mezz(ànnone 8, I-80I1{ Napolj

INTHODUCTION
The multifunctìonal role exertccl il
ecosystem represcntecl by rhe seagrass

rhe Irrr -'U 1r.rr.. prompred a sertc.

the littoral zone

Potidonia oceanica

of investigations. Apart
from ics widespread and extensive quality (it covers abott 2o/o of
the bottoms in the Mediterranean basin), this plant plays an

imporranr ecological role as oxygen producer, shelter and nurs-

ery site for a rich benthìc and necto-benthic littoral fauna. It
aÌso provides a stable eovironment offering opportunities for

, ocvolur ionary procerses ro tcke place.

Th< vagrle launl represents one o[ the mosr rmPorr.tnt compo'

nents of this littoral system, both in terms of abundance and

species richness. However, the vertical structure of the plant,
which increases the habitat complexity and heterogeoeity, and

the large number of orgaoisms from a variety of taxonomic
groups, body sizes and life habits, are all facrors which add to
the difficuiry of collectiog this ìmportant faunistic compooent

in rhe most appropriate manner. To overcome this difficulty,
different collecting tools and technìques have beeo proposed

and efforts have been made to mioimize, or at least standardize,

the bias introduced by these different methods (for a review, see

Russo ?, a/., 1986).
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Molluscs are one of the best-represeoted groups in the vagile
fatoa of Potidotia beds (GAMBI e,al., 1992) and have for some

time been the object of sinecological studìes. The results
obtained from recenc research indicate a notable structural vari-
ability in the malacological community, despite the early srud-
ies of LtrDoYER (1962, 1966), urilised in the bionomic model of
PÉRÈs & PICARD (1964), which recognize a single 'biocoenosis'

inhabitrng the Posilozfu beds of the Mediterranean.
The 'intra-sie' variability of the mollusc community has

been studied both in time, caking inro consideration diel and
year cycles (Russo er z/., 1984, 1991 a), and in space, taking
into account environmental gradients related to water move-
ment (Russo et al., L98\). The 'intet-site' variability is poorly
understood, as fesr' compamtive analyses on a large geographic

scale are avaìlable (e.g. Russo ,/ r/., 1985 a, 1991 b).

This latter aspecr seems to be of particular importance in
assessing the bionomic 'status' of seagrass systems as, iD the
most complete study carried out so far, which took into accounr
sereral Potidonìa be«ls ofa well defined geographic area (Apulia),
BIANCHI s/ a/. (1989) found such a high structural variability in
the macrobenrhic associaaions as to hypothesize that this system
replesents a sort of ecologic 'cross-roads', io which four com-
partmenrs which are'eco-ethologically independent of each
othet are assembled in a 'poli-biocoenotic' complex.

The present paper is the second part of a study compariog a

number of mollusc associations from different geographical
areas of the Mediterranean. In a previous comparative analysis, a

high quaÌi-quantitative variability in the mollusc assemblages

was observed (TERLIZZI & Russo, 199i). This characteristic of
the associations was inrerpreted as a product of the sampling
method utilised, the suction-sampler, which was considered to
be effective mainly oo the subsrrare arid at the base of the sea-

grass leaves. This is the most variable ponioo ofthe habitar rep-
resented by rhe seagrass (i.e- raoging from rock to mud passing

chrough gravel and sand), the leaf srrarum being far more
homogeoeous in its constitutive components (leaf shoors).

Therefore, the observed coeooric variabiliry may be consid-
ered'topological', being related !o'intrinsic'factors such as the
physical characteristics of rhe sites, rather rhan to 'extrinsic'
ones such às the biological accommodations to large spario-tem-
poral scàles, from which biogeographicaÌ and coevolurive com-
munity patterns originate.

The complemeorary sampling method of rhe hand-towed net,

more effeclive on the leaf stratum, §r'as coruideled in the present

study aod compared with the sùction sampler. The aim was to
gather more information about both the overall coenotic variabili-
ty and the contriburion made to it by the different strato-coenoses.

MATERIALS AND METHODS
The investigations were part of the oceanographic cruise
'MAREVM' (o/s 'Minerva'), io (he Adriaric and lonic Seas and

in the western Mediterraoean, during summer $uly-Augr-rst)

Figure 2. Collecring merhods: (a) sucrion-sampler (after Russo rr,/., Ì986)t (b) hand rowed net (.frer Russo ?r d/., 1985 b).

Figure 1. Map with the five sampling sirè.
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1992. Samples were collected at a single deprh C5m), in thc
Po,tJnata ateanica beJs o[ S Domino rTremin lsl"nd.. Adrirrir
sea r. Call ipo. i, Puglia Regiun. lo'lr.rn 5el,. Lam;,edu:a r Pelagi.rn

lslands, Channel of Sicily), Marettimo (Egadì Islands, Channel of
Sìcily) and Meda Grande (Medas Islands, Balearic Sea) (Fig. i). ! .roo

The density of the prairies §/as recorded according to the :
ciassificatìon of GInau» (1977). All the prairies fell into the 7
'very rìense' category (more than 700 shoots/mz), except for that :00

of the Medas. which was classified as 'dense' (500-700
shoots/m2).

For each station two different sampies were collected by

SCUBA divers. The first sample was collected by an'air-lift'(or
'sutrion sampler'rrFit. 2at over a :urla,e of one (qu<rre merer;

rhe second was obtained by a hand-towed net'(Fig. 2b), over a

surface of about tv/eDty squàre meters, according to the tech-
nique described by LroovEt (1962) and standardized by Russo

* al. (1985 h).

Molluscs were sorted aod identified following SABELLT et dl.
(i990). The descriptive analysis was carried out taking into
account the presence of species and their relative and absolute

abundaoces. The comparison of the results obmined by the two
collecting methods in the different beds allowed a preliminary
evaluation oftheir efficiency with respect to the different sPecies.

In order to identiiy coenotìc patterns on a large geographical

scale, a structural compatison of the malacologicaÌ associations

was performed starting from a matrix of raw data and using the

multivariate ordioation technique of Correspondence Analysis
(CA) (PlELou, 1984). The significance of the axes was tested

accordjng to the method proposed by FIoNTIER (1974)

RESULTS

Descriptive analysis
Samples yielded 2122 specimens of Molluscs: 1847 Gastropods

(87 ol) and,275 Bivalves (8%\ L)07 specimens (41%) were col'
lected by suction sampler, 1215 (57%) by hand-towed net

§/ith the exception of the Medas, io all other stations the

net collected many more indivlduaÌs than the suction sampler
(Iig. la). On the contrary, the air lift sampled more sPecies .hàn

the net, except from the station ofLampedusa (Fig. lb).
Overall, 85 species were collecred, ofwhich 62 were Gas-

tropods (73%) and 2l Bivalves (:21%) 34 species (40%) were

collected by both sampling methocls, 43 (5 I %) were exciusively

sampled by aìr-ÌÌft and just 8 (9%) exclusiveiy by hand-net.

The number of species yielded by the two sampling tools

was quite dìflerenr in all the srarìons. In S. Domino, about

50% of species were exclusively coÌlected by net, while in
Medas about 70% of species were exclusively colle«ed by suc-

rion sampler.

The number of species collected by both sampling tools is

quite high in Lampedusa and Marettimo (about 40%), and very

low in the other three stations (about 20%). By consideriog the

exclusive aod the common species, it is once again evident that

in all the stations the suction sampler collected many more

species than the net (Fig. 4).

z

callipoti

Erir-lift Tlhand-net

Fisure i. Valùes of(a) abundan.e rnd (b) sl,ecie ri.hness Per samrlina dethod,

in rhe fivc shtnrns.

As regards the samples collected by air lift, the station of
Medas showed the highest values ofspecies richness (53 species,

69 %); lower values of qualitative dominance were observed for

Gallipoli (31%), Marettimo (30%), Lampedusa (22%) ar.d S.

Domino (19%) (Fis. 5a). The highest values of,rblÌndance
obtained by air-lift were recorded in the statioo of Medas (523

individuals 58%), the lowest fot GaÌlipoli (6%) and LamPedusa

(5%)i intermediate values were observed fot Marettimo (19%)

and S. Domino (12%) (Fig. 5b).

Regarding the samples collected by hand-towed net, rhe

rankìng of stations accordiog ro species richness has an almost

opposite trend: Lampedusa and S. Domino showed rhe highest

values (55 species and 48%), intermedjate values v/ere observed

for Marettimo G6o/o) a . Medas (16a/o) while the lowest values

were observe.l in the prairie of Gallipoli (o y 12 species, 299h)

(Fig. 6a). The highest values of abundance using the hand-

to§/ed net wele recorded for the prairies of Marettimo and S

Domiro (75/o and 327a, resPectively), while iower values were

observed for Lampedusa (15ù/o), Gallipoli (10%) and the Medas

(8%) (Iis. 6b).

As regards the distribution of single species in the samples,

quite a hìgh number of species (18 species, 21%) were 'single-

tons'(e.g. preseot in only one station wìth a siogle individual)'

Oriy Bitìttt lateillii was present in all the stations and in al1
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60%

400/.

20%

ovo
S. Domino Callipoli Lampedusa Marenimo

f-l airJift exclusive [:] Common species fl hand-net exclusi

the samples, collected by both air lift and hand-towed net.

Alaania dirors, Virezli a philippi aod. Gibberala pbilippii were
preseor in all air lift amples, while Jrjrbitu$ filialrt and Bi-
tìu reticalatun were p(esent in all hand-towed net samples. The
bivaive species, almost exclusively collected by air lift, were

well represented, in quaotitative terms, in all the stations and

especially in Medas.

Each prairie was srell characterised by the high quantitative
dominance of particular species: S. Domino by Rixoella itflata;
Gallipoli by Bìttitn reticulatlri, Bittiun latreìllii, Nauaritrt
incraxatus, Callìostoma can un, Jttjtbìnns $riatu aod Yexerìcardìa

a tiquata; L^oÀpedùsa by R*roa aaritcalpimt, Triolia prllu and

Aluania lìneata; Marettimo by R*soa aaùabil*, Altanìa discan

and Vitre(iina pbilipPj end Medas l:y Bittin»t retic latuù, Nat@r-
ìu intatsatas, Gibber,lla philippii ànd Mmcrhc costalatrc.

Structural analysis
A first structural analysis was carried out srarting from a 82 x
10 matrix (species x (stations x methods), mathematically treat-

ed to obtain a CA ordioation model. The model showed, along
the first factor, a strong opposition between the samples From

the Medas (both hand-net and air lift) and all orher samples

and, along the second factor, the oppositioo of the samples of S.

Domino to all others (both factors were significant).
A second 54 x 9 matrix (species x samples) v,ras theo set up

by erasing the samples of the Medas, in order to eliminate dis-

tortion in the first factor ofthe model. In the new CA ordina-

tion obmined from this matrix (Fig. 7) the first two factots v/ere

significant and showed, aloog F1, the same Pa.tern present

along F2 in the previous model, that is, the oppositioo of the

samples from S. Domino to all others. In addition, some other

ìnteresting ordinarion patterns can be observed in this latter
model, Along Fl, the two sample poiots (ai ift and hand-net)

of the same site have a saturation which is more simiiar to that

of other sites; station
points have saturations
which follow one aooth-
er consistent with their
geographic al position:
S. Domino and Gal-
lipoli, Lampedusa and
Marettimo were ordered

respectively, proceeding
from the posicive to the
negative portion of the
factor, which could
therefore be interpreted
as an East-\Vest longìtu-
dinal gradienr. Along
F2, apart from the
strong polarisation of the
samples collected by air
lift at Gallipoli, a clear

separarion of the samples

according to the collect-
ing method was obrained:

all the samples by air lift had positive scores, whìle all those by

hand-towed net were in the negative part ofthe factor.

DISCUSSION
Remarkable differences in the structure of the moÌlusc associa-

rioos liviog in the five seagrass beds of rhe Medirermnean were

observed. This high structural variability may be interpreted as

rhe resulr ofa number of;nreract;og facrors.

First of all, differently-structured malacological assemblages

were obtained by the two sampling merhods, as clearly shown
by the ordinatìon model, in which along F2 the samples by o€t
have an opposite polarisarìon v/irh respect to those by air lift.

The material obtained by the two sampling tools was differ-
eot in both qualitatìve and quantitative terms. Despite the fact

that the hand-net covers a larger sampljng area (about 20 m:
compared to I m2) and collects many more individuals, the suc-

tioo-sampler gives more complete information on the overall

species composition Iivìng in a particular prairie stand. Samples

collecred by air-lift are richer in specìes and more variable, the

appararus being more effective at the base of che leaves, where

the malacologìcal stock is richer in species and reflects the vari-
ety of the subsrmte. Conversely, samples collected by hand-net

are less rich in species and less varìable, this tool being more

effective on the leaves which are inhabited by a more homoge-

oeous malacoÌogical stock. Therefore, the sucrion-samPIer
would be preferable when the qualitative aspects are to be

emphasized with respect to the quantitative ones, as is the case

for coilections for structural analyses of communities; the hand-

net may be more useful when the quaotitative aspects prevail

over the qualitative ones, as in the case ofpopulation analyses.

Secondly, in the large-scale structural comparison of the

associations from the five Posido a beds, both sampling meth-
ods were effective and gave similar informatioo. Thìs ìs clearly

shown by the AC (F1/F2) ordination model, where the intra-site

Fisure 4. Percenr ofspecìes collecred by both the merhods and exclus;vely by each sjnsle merhÒ.1
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sample-points §/ere more closely arranged than the inrer-sire
o[es. As a consequence, rhe hypothesis rhar rhe 'irra-sire' vari-
ability of the malacological associatioos is the effe« of a bias
introduced by the sampling method should be excluded. The
large-scale variability of the malacofauna of the seagrass beds

seems to be so intrinsic ro the associations, and the structural
'signal' so strong, that they are recognisable independently of
the sampling method urilised. Consequently, the stroog struc-
tural differences between the Mediterranean sites seem to be

related mainly to the edaphic factors characcerizing each sea-

grass bed. The densiry of the prairie seems ro have an important
role in determining the slrong srrucrural differentiation ofthe
malacological assemblage of the Medas, with respect ro all other
sites. In this site, in facr, the air-lift was far more efficient than
the hand-ner, as indicated by the high presence of molluscs
more strictly related to the substrate, such as bivalves and,
among gastropods, the families of Alvaniidae aod Marginelli-
dae. Aparr from the vegetal cover of the substrate (e.g. density
of plant shoots), the quality of the substrate itself, its exposure
to water movements and the related sedimentation rates may be

among the main edaphic facrors affecting the quali-quanri.arìve
composirion of the malacological associarions and derermining
the variety of functional adaptation. In fact, the dominance of
herbivore-deposic feeders (e.g. BititDt spp.) is typical of sea-

grasses under conditioos of low environmental energy, while, on

lhe contrary, brusher-hetbivores (e.g. Jnjrrbinu spp. and Tricolia
spp.), are abundanr in conditions ofhigh q/ater movement.

In additioo, the ìflformarion collected suggests the presence

of a latitudinal coenotic gradient. This is fairly evideot in the
ordination model, §rhere the station points show saturation
along F1 coosistent with their geographical (i.e. loogicudinal)
positions. There are no species wich narrow bìogeographical dis-
rributions affecring rhe composition of the assemblages. There-

fore, chis latitudinal pattern is likely to be of the structural
type, a product of the way widely distributed species are sorted
together, rarher than the result of the presence of endemic
species in a narrow region of the Mediterranean. This geograph-

Fisure ,. Samples by air-lifr: (a)qual;rarive

aod (b) quanrirarive dominances !mon8 rhe sires.

ical aspect is of particular interesr aod may be a promising field
of investigation. In facc, up to now most malacological research

actìvity has focused on investigating the historical aspecrs of
siogle species, such as their evolution and biogeography, with
little or no artentiofl paid to the study of the history of assem-

blages rhey form.
Last, but not least, the large varìability ìn the composirion of

the assemblages described in the presen! paper implies a great
difficulty ìn recognising a unique aod well-defined malacologi-
cal taxocoene for the Potìdonìa beds. Species co-occurring in the
different beds constitute a very low percentage of the total.

Therefore, rhe present analysis of one of the main faunisric
components of the vagile fauna does not agree with the model
oF PÉRÈs & PIcARD (1964), where the Mediterraoean Posìdoxìa

beds are considered as a single biocoenotic and bionomic unit
(lIP). Presenr a-ecological data agree better with the 'poly-bio-

coenitic hypothesis (BIANCHI e, a/., I989), although b-ecology

needs to be focused in the ftrture in order to gain a better under-
standing of rhe ecological processes underlying the structùral
patterns described.

coNcLUsroNs
- The suction-sampler and the hand-towed net discriminate the
intra site varial>rlity, as they sample different parts of the habi-
tat producecl by the seagrass. This gives rise ro 'merhod-depen-

dent' patterns whìch correspond to a real 'topologìcal' stratifica-
rion of the malacological association within the seagrasses.

Therefore, the study of this type of variability needs sampling
by both the above complementary techniques.

- §7hen izler-site comparisoos are performed, a new and stronget
structural variability is added, against which the discriminating
power of the two meahods becomes ineffective, as chey produce

similal patrerns. Thìs new variability may be considered as

'edaphic', being related to local factors affectiog the seagrasses.

Consequenrly, for the srudy ofthis second type ofvariability, one

ofthe two techniques may be adopted indifferently.
- A longitudinal treod was observed even if no species with nar-

row biogeographical distributions were recorded. Therefore this
pattern is more likely to be related to the 'history' of the assem-

blage (e.g. successional stages) mther than to the history of some

of the species belonging to them (e.g. evolutionary ecology).

- The high variability in the composition of the malacological
assemblages does not fit with the model by Pérès and Picard
which considers the Mediterranean systems of Poidoria oceani.d

beds as belongiog to a single bìonomic uoit; oo the contmry,
our findings represent addìrìoflal evidence in suppom of the

hypothesis coosideriog the system as an 'ecological cross'roads'.
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The molluscan Taxocoene of photophilic algae from the lsland of
Lampedusa (strait of Sicily, southern Mediterranean)

Renato Chemello & Gìoaanni Falaio Rasso

KEY WoRDS: Moll$cs, Phorophilìc alsàe, HÀbirar complexiry, MedirerEnean.

ABSTRACT In rhe Medirerranean sea, phorophiljc algae are rhe maio farure ofwell-lir lnroral rocky borroms. Despire differen(es in rhe srrucrurc of th€ alsal
.over, rheir faunjsric associarions are considered m falrly be homogeneous. The aim ofche present study is to rel.re th€ structùraL va.ìarjons in spÈ.e

ofphorophilic altsae assemblages and thejr associared malacolosical tarocoeoes.

Two main srrucruEl parrerns, respecrively dep.h-relared and algae-r€lated, have been found for the mollusc associations- The 6rsr partern may be

consid€red as a soff of bioloSical record of overall deprh-relaEd (hanses in water movemenr. The second better reflects the variability in habirÀr

complexiry resulr;ng from rhe morpholoSy of rhe dominanr algal rhalli.

RIASSUNTO Il ruocene a molluschi delle alghe foro6le dell'isola di Lampedusa (Strerro di Sicilia, Mediterraneo meridiooale).
Nel Medireffaneo, le alghe forofile sono la principale emeraena fisiooomica dei fondi rocciosi ben illuminari. Nonosranre lè differenze nella strur
tura della copertura àlgale, l€ arsdiazioni hunistìche sooo coosider.te come abbctanza omogene. S.opo del presente lavoro è di conelare le varia
zionj srrurrurali nello spazio delle associazioni di aLshe forofile e delle malacocenosi ad esse lesare.
Sooo stari evidenziatj due diversi patterns s$uttuoli delle àssocjazioni malacologiche, rispetrivamenre profondità-dipendente' e 'alga-dipendente.

Il p.imo pùò ess.re coosideato una sorra di regisr.arore bioloaico deÌla variazione complessiva dell eneraia ambienrale (idrodinamismo) che si sv;
luppa.on la profondirà!. In particolare, una pr,ma aa§o(iaione, composm da Foche e slezionare specie, semba essere sreremenre legata alla zona di
fmngenre; una seconda associazione, più divelsificata, si rinviene al livetlo immediaramente sottostante. Queste due malacocenos; superficiali sooo

nertamente separare da un sortosraore cenoclino, che si sviluppÀ con l'aumentare della profondità, artraverso uoa forte discontinuità faunistica. ll
secondo partern è b€n correlato con la variabilità nella compl€ssirà di habìtar prodotta dalla morfoloSia dei talli al8al; dominaori. Is parricolare,

sono sraÉ messe iD evidenra rre malacocenosi principali, as(iare rispeftivamenre a macrofire di gaode taglia con cauloide sinaolo ererto e b€n ani-
colaro (ad esempio Clr,reiru girold), n^$ofite ererre di raalìa media con cauloide cespitoso (ad esenp\o Ctio\eira d»ì.ntd.ù\ ed, in6oe, a macrolìte
di taglia medio-piccola con talli poco articoìati, ad esempio le feofite dei geoeti Hdlaptùi! e Dicttotd.

R. CHEMELLO,Dipatinenro di BioloSia Atrimale, via Arhirafi, I8 l-90123 Palemo (Iralia).

G.F. RUSSO, Stazione Z@losica A. Dohrn , Iab. di Oceanografia Bioloaica, villa Comunale, I-80121 Napoli (Italia).

INTRODUCTION
According to the bionomic model of PÉtÈs & PIC^RD (1964),

photophilic algae are the main feature of well-lit Iittoral rocky

bottoms in the Mediterranean Sea and are at the same time, the

structuring component of the coenotic system of the infralit-
toral plain. Yet, the algal components of rocky bottoms are

very variable both qualitatively aod quantitatively, in space

and rime.
This srare of affairs was bionomically resolved through the

ideotification of a number of'facies' of the same singie bio-
coenosis, named accordiog to the dominant species. Facies are

the result of rearrangemencs in the dominance of different algal

populationswhich are mainly related to light intensity, water

movement and nutrient suppiy. More recently, PÉRÈs (1982)

considered these bionomic units merely as 'assemblages', i.e.

groups of co-occurriog species which are the direct effect of the

historical evolution of the environment. MEINEsz ,, al. (1983)

re-evaluated the ecological meaning of'facies', coosidering them

as single, different'biocoenoses', i. e. well-integrated systems

recurring ìn space and time.

Despite rhis bionomic re-evaluation, the ecological organiza-

tioo of chese systems, in cerms of structure and function, has

been poorly ìnvestigated, mainly as tegards the animal compo-

nent. The first comprehensive studies of BELLAN-SANTINI (1962)

and LEDoYER (1962) gave a descriptive analysis of the vagile
fauna associated withthe different algal facies of shallow rocky
bottoms, but little attention was paid to their variability in
space and time. Molluscs seem to be an important group in the

fauna living in these systems. PouLrcEK (198i) found an almost

homogeneous mollusc assemblage between I and 30 m depth,

on a rocky bottom near Calvi (Corsica), but gave no information

on the structure of the associated algal cover.

The problem is therefore to couple investigations oo differ-
ent types ofalgal cover with those on their associated fauna. The

aim of the present study, carried out on the rocky bottoms of
Larnpedusa, a southern Meditetranean island, is to examine vari-
ations with depth and exposure of both the photophilic algae

assembiages and the associated malacological taxocoene. Lirtle is
known about the malacological associations Iiving around this
island, as the qualitative collections ofSptot et al. (1971) rcpre

sent the ooly data available. In their study, each species was

artributed to a biocoenosis rezrn PÉnÈs & PIcARD (1964\, ar,à

the presence ofa certaìn number of littoral systems was deduced

by sirnply assuming a srrict relationship between species and

ecological systems. Apart from the fauoistic interest of thìs

work, the Authors did not provide information on the structure

of the different mollusc assemblages and on the habitat they

originated from.
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MATERIALS AND METHODS

Study area
The island ofLampedusa, in the Pelagian archipelago (Strait of
Sicily), is a calcareous plateau belonging to the North-African
platform (Fig.l). The name 'Pelagian', meaning "island of open

sea", explains why the island has ooly 40-60 days/year of calm
waters. The morphology of the coast and the slope of the bot-
tom are varied: the northern side is characterized by high cliffs
with fallen boulders, the southern side is indented by rias which

descend gently ioto the sea.

Sampling procedures
In July 1990 a total of forty-five samples of benthos were col-

lected from hard bottoms by scuba divers, The sampling proto-

col considered 5 levels (0, -1, -1, -5, -10 m) along 9 transects

distributed around the island (Fig. l).
A homogeoeous area of 900 cmz (30x30cm) was sampled in

three phases, in order to preveot the escape of the vagile fauna

Firsr, a suction sampler was used for the collection of vagile fau-

na; the algal cover was then scraped off with a hammer and chis-

el and stored in a nylon bag; Iastly, the suction sampler was used

again to remove the organ-
is ms of the hypostratum
(CHEMELLo. 1991). After eval-
uation of the algal cover, the

samples were washed through
a 0.5mm mesh sieve and all
living specimens were sorted,

identified and counted.

Data analysis
Community pa,r^meters 1 Jen-

.r// BouDotrREseu[ ( 197 I ),
such as abuodance, species

ric h oes s, quali tat ive and
quantitative dominance, fre-
queocy and diversity, were
ca lcu lated on the cheraw
data, arranged io a

species/samples matrix. The

SHANNoN & tWE^vER (1948)

diversity iodex (H'), based

on rhe probabilistic sorting
of individuals among species

and evenness (J), calculated
accordiog to the form ula

ptoposed by PIEtou (1966), were u.ilized as measures of
assemblage organization.
Srructural analysis was performed using multivariate techniques

of correspondence analysis (BENZECRì, 1973). The significance
of the factors in rhe ordinarioo model was evaluated usiog the
test of Frorrlrt ( 1974)-

RESULTS

Descriptive analysis

N

t

Figurc l. The Island of lmpedusa sith the smplina t6nr«s.

A preliminary analysis of the biocoenoses highlighted two A total of 10562 individuals belonging to 176 species were col-

maio enviroomeotal factors characterizìng the coastal area: Iected. I38 specres (7 8.4%') and 9356 individuals (88.6/o) were

water movemenr and sanding down. The former affects the Gastropods, lO species (5.7 7.) 
^nd 

617 iodividuals (5 .4a/o) wete

northero coast, characterized by pebbles and gravel while the Polyplacophorans, and 28 species (15.9Vo) and 589 individuals

Iatter factor affects rhe sourhern coast, where sandy bottoms are (5.6%) were Bivalves (Tab.1). Among the gastropods, the fami-
covered by dense beds of Poidonia aceaxicd. As regars the hard ly Rissoidae (26 species and 3491 individuals) was dominant in

subsrrara, above t2 m depth rhese are covered by rich assem- borh qualitative and quantìtative terms, wich some species of
blages ofphotophilìc algae, wìthout marked differences in com- particular biogeographical interest, such as Rirraa sùt//a and

position around the island (CHEMELLo & DI GERoNIMo, 1992). Abatta arantca-

On the whole, the most Frequent species (100% of samples)

wete Vemktnt tliquetrn, Dendropona p*taet» anà Sinezona ting*
lata at O m; Acantbothitona cri ita 

^t 
I m;Jtjùinrs grauinae and

Cahmbella rartica at 3 m,Jrjabinur y&inae and Rìsua aaiabìlit

^t 
5 rni Bittiw. latreilliì, Tricolia tewù arLd Alaania liwata at lO

m depth (Fig. 2).

The dominant species vr'ere De dr7paùa petrae rìt (57.0t%),

Sinezona cìxgtlata (9,4%), Aloanìa benia tind (7.\Va), Vefl et r

triqletrtu (6.6%) and Cartlìta callulata (1.5Vo\ at Orn1, Setia

anbìgta (13.3), Acanthochitona rinia (11.1/o), Aloanìa beniant-

na (l0.1Vo), Dendropond Petlaeuù (9.2Vo) and Rissoidae spp. juv.

(5j-

01

LAMPEDUSA Island

I
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(8.4o/o) zt lm; Setìa anbìgru (25.7 o/o), Btttinn larreillii (l'l.r%),
Risoa imìtù l).7 ), Acantbochitona trinita (1.8a1) andJtjttbinus
grauiue (1.\Vo) at 3mi Bittimt latreìllii (78.0o/o), Eatanina fitlgi
dd 6.6%\ Setìa anltigra (6.4Vo), lvbrsc to cosrttlat$ (5.5Va) and

R*soa sinilù (5.2Va) at 5m; Biti/n ldtreìllii (2O.)%), Aluania
lineata (8.1%),Tricolia tewu (7.87o), Aluania aratica (6.8/o\ arLc)

Pitinu glabuta (4.7 a/o) ar 7Om.

In Fig. 3, the values of abuodance (log scale) and species

richness, obtajned by grouping rhe samples accordiog to depth,
are reported in a direcr biplot. A linear trend of increasing val-
ues for both parameters is evident, except for the 5 m level,
which is characterized by a dectease in abundance.

The variarion with depth of the qr-rantiative domioaoce of
molluscs in rhe hyposrratum add epist(arum is reported in Fig.
4. Ar the 0 m level, the malacofauna of the hypostratum domi-
nates with"75Vo of total abundance. From a depth of lm, the
dominance of the epistratum malacofauna increases, wirh the
increase in algal cover, reaching values between 5OVo aod 8O/a

berween I and l0 m depth,
As regards the diversity indexes, the same pattern is found in

all the transects: H' increases with depth (Fig. 5) as does J,
which shows a particularly marked increase between 0 and 1 m
(Fig.6).

Slructural analysis by ordination
Fig. 7 shows the ordination model obtained by correspondence

analysis (two sìgnificanc factors: Fl= l7.l% and F2= 10.4% of
the total variance). In the factorial plane, the station'poinrs have

a parabolic distribution, typical of a quadratic relationship

between the two factors (FRESI & GAuBI, 1982). Along F1, the
station-poinrs are distributed wirh their consistent position
along the depth traosects, with the shallowest ones stroogly
polarized in the positive portion and the deepest ones in the
negative. The lack of strong discontinuities accounts for the

development of a coenotic gradient (coenocline). However, the

shallow station-points (0-lm) are less clumped thao the others,

as a result of a higher coenotic variability at these levels (note

the small discontinuity among the lm stations). Along F2, the

intermediate and the deepest stations are rather spread out, with
che larrer srrongly polarized rn rhe posirive parr.

In order to better distìnguish the patterns of the model, the

saturarion values of the station-points along each of the two
axes were considered separately (Fig. 8). Io the plot, the
'depth-related'pattern along Fl becames more clear, while the
distributìon of sration-poinrs along F2 is well related to the
chaoges in the dominant species of the algal cover. Thìs 'algae-

related' pattern is due to the opposition of the statioos charac-

terized by C)\t|kird spp., and the stations characterized by
'other phaeophycaeae', io the negative part of the factor.
Amoog the Clgoreird spp. stations, the displacement along F2

is, in turn, deprh-related'. In fact, the deep stations (character-

ized by C. spinota) have a strong polarization while the shallow
starions (chancterized by C. anentacea ùnd C. camprerra) h,\e
Iow sarurarion values.

In order to assess how the malacological taxocoefle behaves in
relation to the 'depth-related' gradient described, a plot of the

sarurarion values along F1 of both sration-points and species-

points was made (Fig. 9). Three clusters of specìes, accounting

S. ambiBua-

V- triquetrus
Où€rs

s ambicua
S ambisua

C- calyculata

S. ambigùa

Figurc 2. dominanr speciB per depth.

B laueillii

B.latreillii
B.lareillii
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for three different malacological assemblages, are evident (Tab.

J). Cluster A is associated with the 0 m s@tions, cluster B is

associated with the I m stations, and cluster C includes the
species related to the stalions in the l-10 m depth range, where
a clear coenocline is evident.

In ordet to assess how the mollusc taxocoene ìs related to
the algae-related gradienr, a plor of rhe saturarion values
along F2 of both the sration-points and rhe species-points was

made (Fig. l0). A malacological coenoclìne is displayed along
this axis. However, some slight discontiouities may be

observed, coflsistent with the pattern of rhe statioo-points. A
first discontinuity in the malacological coenocline (between

clusters A and B; cfr. Tab. 3) separates the species associated

with Cyttoteia spp. from rhose associateà with Halopterìs spp.,

Dictypteù spp. and other Phaeophyceae. A further slight dis-

Abundance (log scale)

-10m

60 80 100

Specific richness

continuity within cluster A separates,
in turo, the malacological association
related to the deep species of Clrra-
seira from that related ro the shallow
ones.

The shallow starions PM1 and
PG1, characterized by a turf com-
posed of rhìzoids of Dit)tata fafi\la
and Anphìroa igida, are strorgly
polarized in the negative part of the
factor. togecher wirh the mollus,.s Rr:-
J\a tcttrfd, Setia ambigua and Acantbo-

cbit0na crit?ita. Together with the
deepest stations, colonize<J by Cytta-
yira rpito$, is clusterized an ioterme-
diate one (PGl), characrerized by §ar-
gattttnt t,rlgare, whìch has a sìmilar
malacological associarion despite rhe

difference in depth.

DISCUSSION AND CONCLUSION
The Pelagian archipelago is along way from polluted areas and

is iofluenced by large exchanges of sr'arer masses berween the
western and eascerrì basins of the Medicerranean. Also from a

biogeographìcal point of view, the islands may be coosidered a

aransìtioflal zone between the eastern and western Mediter-
ranean sub-regions. The co-occurence in the malacological asso-

ciations of abundant populatioos of eastern (e.g. Ritu,a wrna)
and sr'esreln taxa (e.g. Alc,ania \rdni@) is fùrther evidence of a

biographical crossroads.

The coastal envrronment around the island is of parcicular

inrerest, as a high variability in enviroomental and biological
paramerers occurs over a restricted area. The environmental gra
dients are particularly steep, allowing a more effective interpre-
tation of rhe natural paarerns. On rhe other hand, the main lit-

toral feature of shallow rocky bottoms,
above 10 m depth, is the preseoce of
Iuxurìant algal associarions which are

almost homogeneous in species compo-
sition (Sc^MMACcA sr al., l99jr.

The malacological taxocoene living
in this eflvironment show their two
main structural patterns, related to
Jeprh and to tlpe ofalgal cover respe(-

tively. The first pattern may be consid

ered as a sort of biologìcal record of
depch-related changes in environmental
energy (i.e. warer movement). Two
maiacological assemblages (groups F1-A
and Fl-B in Tab. l) may be recognized

in the upper levels of the transects (0

and lm). In rhe Ìiterature (PÉRÈs &
PTGRD, 1964; BELLAN-S^NTINI, 1962;

1964; PANDorro et dl., 1992), these
assemblages are mixed in the single
association of the 'exposed upper

14012040

Fisure l. Direct biplo! ofÀbundance values, in lo8 scale, and specific ri(hness per deprh

100o/o

a0"/o

600/o

4Ùo/o

20%

0o/o im 5m lom

Figure 4. Variar;ons with depth ofquànrirarive dominance of mollusc§ in rhe ePisrrarum and lìvPosrratum

of Cltro$ìta zlgù rùft.
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Sr""'"9!Iq9re!ry"qlglgygfoccurrence Ff/.

1 Vermetus triquetrus 77,8

Species ordered by total dominance

1 Dendropoma petrueum

otoh

17,8

2 Rissoa sinilis 75,6 2 Bittium latreillii 11,2

3 Acanthochitonacrinita

t uitra ariiuta-
75,6 3 Setiaambigua .___

8,27

73,3 4 Alvania beniamina 4,07

5 Bittium latreillii 68,9 5 Rissoa similis 3,56

6 Setia anbigua

7 Jujubinus gravinae

68,9 6 Sinezona cingulata 
_.._

7 Acanthochitonacrinik

3,5

68,9 3,45

I Sinezona cingukk 66,7 I Vernetus tiquetrus 3,07

9 9448!!!v!e!t_ - §r I Eatonina fulgjlL

10 Alvania lineata

2,7

10 Colunbella rustica 64,4 2,63

11 Conus mediterraneus 64,4 11 Tricolia lenuis

12 Eatonina tulgida

13 Tticolia tenuis

57,8 12 Alvania oranica

55,6 IJ Cardik calyculata 2,17

14 Musculus costulatus Jé,J 14 Mitra cornicula '1,93

15 Alvania lineata 48,9 15 Musculus costulatus 1,8

ta leqyglil!!' __ ,,u0

1! !9,,!9!!!9p- -- 1,4e

18 _ Juiubinus gravinae _- _ - :,37

19 Alvania cancellata 1,23

16 Celijhium sp.juv. .__. _,__.46,7
17 Rissoa variabilis 46,7

18 Alvania beniamina yA
42,219 Alvania oranica

20 Haminoea hydatis t22 ?9 !!!4or!it9n!!o,,uC!!u 1 ,15

21 Nassariuscostulatus 42,2 21 Ceithiun sp. juu. 1,07

22 Alvania cimex 22 Rissoa scurra 0,86

0,8523 Alvania cancellata 37,8 23 Columbella rustica

24 Chiton olivaceus

zs aioo"*ta àiiiara

33,3 24 Chiton olivaceus _ 0,82

0,81J.',J 25 Barleeia unilasciak

26 Musculus discors 31,1 26 Gibberula miliaria 0,8

27 Rissoa guerinii 31,1 27 Granulinaclandestina 0,74

0,7128 Chauvetiasubmamillata 31,1 28 Nodulus contortus

29 Muricopsis cristata 3'1,1 29 Nassariuscostulatus 0,67

0,65

0,57
30 Arca noae 31,1 30 Runcinasp.

sl !!4@p!,arSyr!!yftii 31,1

3] !yqop9!!t49!m 

-- 

28'e

31 Conus mediterraneus

32 Musculus discors 0,55

33 Pisinna glabruta 28,9 33 Rissoa vatiabilis 0,53

34 Barleeiaunilasciata 28,9 34 Pusittina radiata 0,52

35 Gibbula tubinoides 28,9 35 Rissoa guetinii 0,47

36 Lepidochitonacorrugala

37 Rissaa scurra

26,7

zo,l
3:L 9!ary9!! rubry?mlllta 0,43

37 Pisania striala 0,35

38 Grunulinaclandestina 38 Muricopsis cristata

9e !!ryr"rp. 261

26,7

39 Gibbula turbinoides

40 Cerithium tupestre 40 Vexillum sauignyi __ __ !32
41 Vexillum savign\i _-2!! 41 Alvania cimex 0,3f_

i4
0,25

12 lE*!d!!9!t!'
43 Vexillun ebenus

24,4 42 Marshallora adverca

43 Ceùhium vulgatum

44 Fissurella nubecula44 Nodulus contoftus trt ozs

45 Pisania striak ,c, 45 Arca naae

46 Clanculus cruciatus 46 Hergt"!!!ncu!!t _

47 Striarca laclea

48 Marshallora adversa

222

20 48 Cora iophila rneyendorffii

49 Cerithium ru1estrc 0,21

17,8 50 Clanculus cruciatus50 Chrysallidadoliolum
0,17

Table 1. species arrangecl in order oftheir frequencv of occurrence and dominnnce' resPectivelv'
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Transect Sample Depth

2,20802 0,6777

-1 250 1,57613 0,55631

IEì / 2,81862 0,85521

Ptlt5 3,26383 0,89089

-10 141 3,4137 0,87715

PGA PGO 19 1,27545 0,43317

PGl -1 2,28575 0,70156

185 3,31',119 0,86984

PG5 103 :1ry1
2,77008

0,934'12

PGX -10 1028 0,68816

13 0,75717 0lesl
0,8s422tc1 -1 14 2,35989

tc3 17 _.
30

2,25832 0,79709

tc5 2,1y24

2,46501

0,62632

-10 51 _ 482

390

0,62694

cPo 1,6783 q!4!9_

cP1 -1 137 2,36557 0,77699

2,97955 0,87603

cP5 2,77096 0,7'1579

-10 2,27678 qf4qq
0,54518

SPI 12 178 1,35472

sP1 -1 164 2,01587 qf129l

0,78135SP3 19 2,30063

2,35434 0,76167

SPX -10 35 100 3,10392 0,87303

FAR FRO 17 0,9153 0,32306

-3

2,0jq02 0,81 131

_2.84451 _- 0.87306

a99829 _ 0,89979 _
-10 3,075 0,9438

PAL PAO 0,715 0,28774

PAl -1 14 60 2,099 0,79536

17 114 2,043 0,72109

PA5
a o/./. 0,8835

PAX -10

0

49 142 3,499 0,89907

CGR 17 _156 _ 1.422 _
27 92 2,8401

0,5019

CGl .,| 0,86172

trlrJ 32 415 2,pq1 0,57711

CGX -10

165 _2,8e4 _ !w5
338 2]0L_- 0,4955

PS0 18 1,752 0,60615

-1 196 2,003 0,63026

PS3 32 610 _ 1,678 

- 

0'48!y

PS5
e ae,

3,1701

0,9502s

0,84815-10 153

PSO

Table2.Numberofspecìe§(S),numberofinLlividuals(N),shannondivcrsitvindex(H')andevennessQ)ofeachsample'
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Molluscan Taxocoene ol pholophilic algae b
!È.'

Groups Groups

F1 F2 F1

1 Vermetus triquetrus 51 Chtysallidadoliolum

2 Rissoa sinilis 52 Pollia dotbignyi

3 Acanthochitonacrinita 53 Calliostomalauoieri

4 Mitta conicula 54 Chauvetia brunnea

5 Bittiun latreillii 55 Alvania discors

6 Setia anbigua 56 Bittiun rcticulatun

7 Jujubinus gravinae 57 Pinctada radiata

I Sinezona cingulata 58 Patella caerulea

I Cadita calyculata 59 Pollia scabru

10 Columbella rustica 60 Fusinus rudis

11 Conus nediterraneus 61 Juiubinus striatus

12 Eatonina fulgida 62 Lame aia peBpicua

63 Odostomiaeiaveciana

B

A'13 Tricolia tenuis

14 Musculus costulatus 64 Fissurella nubecula

15 Alvania lineata 65 Mytilastet minimus

16 Cetithiun sp. juu. 66 Lepidopleuusscabridus

17 Rissoa vatiabilis 67 lschnochito issoi

18 Alvania beniamina 68 Alvania senislriata

19 Alvania oranica 69 Ocinebrinaedwardsii

20 Haminoea hydalis 70 Ctena decussata

21 Nassatiuscostulatus 71 Emarginulaoctaviana

22 Alvania cimex 72 Aplysia lasciata

23 rAlvary cancellgg 73 Plagiocardiumpapillosun

24 Chiton olivaceus 74 Pusillina radiata

25 Gibberula niliaria 75 Ammonicerafischeriana

26 Musculus discors 76 Woforceps aristata

77 Elysia timida27 Bissoa oueinii

28 Chauvetiasubnanillata 78 Thuridilh hopei

29 Muricopsis crislata 79 Mitrella scipta

30 Arca noae 80 Elysia vitidis

31 Coralliophilameyendotffii 81 Acmaea viginea

32 Dendrcpoma pettaeun 82 Stnmonilahaemasloma

33 Pisinna glabrata 83 Mitra nigra

34 Baleeia unifasciata 84 Acanthochitonalascicularis

35 Gibbula turbinoides 85 Alvania scabra

36 Lepidochitonaconugata 86 Mitrella sp. juv.

37 Rissoa scura 87 Vexillum ticolor

38 Granulinaclandestina 88 Rissoella intlata

39 Runcinasp. 89 Colubra a reticulata

40 Ceithium rupestre 90 Lepidochilonacinerea BB
41 Vexillum savignyi 91 Mitre a spelta

42 Hexaplex trunculus 92 Clavagellamelitensis

43 Vexillun ebenus 93 I'langiliellataeniata

94 Clanculus jussieui44 Nodulus contoftus CA'
45 Pisania striata 95 Megalomphalusazonus CA'
46 Clanculus cruciatus 96 Lithophaga l fiophaga C B

47 Striarca lactea 97 Gibbulavaria B B

F48 Marshallora adversa 98 Alvania getyonia c
49 Brssoa juv, ind. 99 Buccinulum comeun B

50 Cerithiun vulgatum 100 Aplysiopsiselegans

Table 3. Groups ofspecies according their posirion of Fl and F2. The species are numbered according to rheìr frequency of occurrence
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3,5

3

2.5

2

t.5 I

Fisure 6. Par.e.ns ofeveoness index, accordins co PrFLou, io all th€ rransecÉ.

infralittoral'. In the present study they are clearly secluded, mark-
ing a dìscontinuity between the true surf zone and a deeper level

with relatively low water movement. The assemblage ofthe upper
level (0m) is characrerized by low evenoess values due to the dom-
inance ofa few selected species such as Dendropama Petrde n. A
more even aod diversiiìed assemblage is present io the iower level
(1m) due to the less selecrive environmental conditions.

Below 3m, a depth-related coenocline (group Fl-C in Tab.

3) follows a coenotic dìscontiruity which probably marks the
chaoge from lacerating to oscillating water movements ('first
crìtìcal depth' of the zonation model of RIEDL, 1971). The coen-

ocìine is <haracterized by an increase rn communiry organiza-

rion wirh depth, reflected by the increasing values of diversity
and evenness.

Apart from depth-relared changes in envitonmental ener-

gy, the malacological assemblages sho§/ a secood structural
patrern related ro the habitat complexity of the dominant
algal morphology. Two main assemblages lelated to differenr
types of algal rhallus morphology §/ere recognized. The first
(group F2-A in Tab. 3) is associated with structurally complex

macrophytes of large size (10 40 cm) with erect and well-
articulated cauloids, which were found at all depth levels (e-g.

species of the genus Clttoseira). The second malacological
assemblage (group F2-B in Tab. 3) is associated with simple
structured macrophytes of small or medium size (5-15 cm)
with less articulated thalli, such 

^s 
ahe phaeophytae Hal,lteit

spp. aod D)ct1,ota spp.
In addition, among the species associated with Cjttokird

spp., a furrher distincrion may be made (AMtco et dl., 1985\
between those living on large algae with single cauloids (e.g. C.

tpìrold), which maioly colonize the lower levels of the transects,
and those liviog on medium-sized algae with coespitose
cauloids (e.g. C. anentacea), which colonize rhe upper levels
(sub-groups F2-Al and F2-42 respe«ively in Tab. 3).

Similar coeootic patcerns on hatd substrates, more related to
biologicaÌ (e.g. algal cover) than physical condirions (e.9.

depth-related warer movement), have beeo described for Poly-
chaetes (ABBTATI et al., l)87; GIANGR,{NDE, 1988). On the
basis of species composition, these srudies point out the co-
occurence on rocky bottoms of a faunistic and a floristic
coenotic gradienr. However, the relationships between the dif-
ferent structural morphologies of the thalli and the related fau-
nal association Iiving 'on' and 'ioside' this bìological substrate
§rere not iovesrigated.

The preseot study shows how the habicat structure repre-

sented by the organisms is an environmental parameter which
plays an imporrant role in rhe marine envlronmenr.
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Molluscan assemblages associated with intertidal vermetid
formations: a morpho-functional approach

Renato Cbemello, lgnazio Cìuna, Analìa Pandolfo G Siluano Riggio

KEY W0RDS: inretidal, vermer formarions. mollur, Sicily, Mediteraoeao.

ABSTBACT Vermetid phdorms are peculiar bioconsrrucrions srrerchìng along the calcareous shores ofwestern Si.ìly where rhey appea. d a r«ky framewock at
rhe ìnrertidÈl level. A suriey of their gasrropod fauna was carried out bred on rheir shell morphology and dre feeding role of each species. The
.esults turrhe. sùbsrÈntìate our prevjous hyporhesis refers io the vermetid plarform às a hori,onral extensiÒn ofùe sparial niches ofdre most signiff-
caot inlmljtronl taxa. Species disrriburion along à muftifacror;al g.adient is also ;ndicated. Two major dimensions cha.acterize the spacing of rhe
biorìc components: one refes co the sealand ais; rhe second is related to the heiahr ofrhe structùre above meÈn sÉa level.

RIASSUNTO L app.occio morfo-funzionale allo srudio del popolamento a Molluschi a'sffiaro alle fo.mazioni a vermeri.
Lr nalacofauna di una b;eostruzione a vermeti della Sicili. nord-occidentale è stata esdminata utilizzaodo alcuni descittori morfolosic; e funziona-
li, bdari sui paramerri coochislia.i e sulle caratteristiche rrofiche delle specìe. I .isùltati, ottenuti urìlizzaodo i soli Gasreropodi .onchiSlìati, hanoo
conseorito di confermare il ruolo ecologico del rrotton" a ve.meti, inleso come dilatazione dellà oicchiÈ spaziale di moLte specle, sopÉt!utro infrali-
roraLi. In secondo luogo di leggere in maniera molro pjù derrasliara la disrlibuzione delle specie lungo l'iporerico gradienre mulrifàttoriÀle (hc rego-
la la comunità, disposro sia secoddo la direrione (os.a-màre sia secondo I alrezza della strutrura sul livello medio del mare. I morfogruppi "leggono"
questo doppio gradiente e si dispongono lungo la piat.aforma in relaziode àd esso.

R. CHE^IELLO, L CIUNA, A. PANDOLFO. S. RIGGIO. Dipartimento di Biologir Animale, Uoiv€Birà di Palermo, via Ar.hnafi, l8 I-90r21
Pale.mo

INTRODUCTION
"Trottoir à vermecs" (PÉnÈs & PIC^RD, 1952) are biogenic con-

structions (Jerjl/ L,A.BoREL, 1987) formed by the species Daz-
dropana pettue,lm (MoNTERosATo, 1884) and are typical of the
rocky coasts the norrhwestero Sicily. They are flat horizontal
reefs lining most rocky calcareous shores in the southern
Mediterranean where they make up a highly indented structure.

They grow perpendicul to the coastline, from land to sea,

forming true "récif-barriere" in which a well-developed commu-
nity is found (CHEMELLo, 1989; MÀNNINo, 1992; ORL,{NDo,

1978; PANDoLFO et dl., 1992a, 1992b; SATRIEL & BIN-ELIAHU,

1991). Vermerid platforms were first reported on the rocky
shores of lsola delle Femmine (northwestern Sicily) (Qu^TRE-

FAGES, 1842; PÉRÈs & PrcARD, 1952; MorrNrER & Prc,rRD,

19t3) aod are docLrmented to inhabit the rocl<y coasts of tem-
perate ancl tropical seas (KEEN, 1961). §flith the ìsolated excep-

tions of the Caribbeao Sea QoNrs & HuNrER, 1995) and the
Island of Fernando de Noroàa in Brazil (KEMPF & LABoREL,

1968), rhe most important constructions are found in the
Mediterraneao sea. Apart from io Sìcily, vermetid platforms are

present along the coasts of Isreal (SATRIEL, 1966; 1914,1915\
and Lebanon (D,{LONGEVILLI, 1977; Brr^R & Brr,{R-Koulr,
1991a; 1991b), southern Turkey (LABoREr, 1987), Crete (Krt-
rcr», 1979, LABOREL, 1987), Malta (AzzopARDr, 1992), Alge-
ria (MoLrNrER & Prc^RD, 1953), Corsica (MoLlNrER, 195ra;
1955b) and Spaio (TEMqL^Do et al.,1992).

The "trortoirs" of NV Sicily are by no means simple struc-
tures, but are complex syscems which shate the major features of
mid- and iofralittoral levels aod include many habitats subject-

ed to diverse environmental conditions. A typical vermetid
platfom can be divided into a number of differeot zones
(CHÉMELLO, 1989): a- Lythophilltrn li.henoides cushions, rhe bio
logical marker of the ìnner margin of the vermetid platform; b-

one or more "cuverres", Iittle pools which remain covered by sea

water and separated from each other by small vermetid crests; c-

an elevated outer margin; d- the upper infralittoral fringe. I-evel

is characterized by a "facies" of rhe Phaeophycaea Cyttoteìra
a Nntacea vat. a entd.ea (GIACCONE & DE LEo,1966),

Information on the malacofauna of Sicilian platforms is

restricted to a few taxonomic reviesr's (ORL,{NDo, 1978; Pars-

DoLFo et al., 1992a), dimensiooal analyses of the "trottoir"
(BADALAMENTT et al., 1992^; 1992b; CHEMELLo, 1989) and
descriptions of the assemblage structure (CnrMlt-to rt a/.,
1990; PANDOLFo e/ al., 1992h) while the relationships between

habitat complexity and associated polychaete communities
have been indicated only for formations jn Israel(SAFRIEL &
BEN-ELTAHU, 1991).

Attempts to propose simple developmental models of the
"ecological functioning" of vermetid bioconstructions and to
trace significanr relationships between gastropod growth and

the abiotic environment have been frustrated by the high
degree of complexity of the ecosystem. §fater movement and

turbulence through the platform are the main physical factors
affecring the vermetid constructions. Their high variability
and chaotic growth make assessment difficult and rather
unreliable.

Our attempt to overcome thìs constraint has led to rhe use of
appropriate biological descriptors, based oo the slrpposed corre-
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spondence between the morphology of shelled gastropod mol-
luscs and the structure of their settlements under the influence
of the main abiotic factors. Aoumber of morpho-functìonal
paramerers have beeo chosen, which have already been tested in
other molluscan communiries (Russo 1986; Russo, 1989). Our
survey has resulted io a thorough analysis of the eÉfects of
hydrodynamism on the dìstribution of shelled gasrropods along
a shor! environmental gradienr. The result ìs significant despite

the fact that oon-shelled and non-fit molluscan species sr'ere not
included in the analysis. Bivalves, polyplacophorans and oon-
shelled gastropods are thereFore not lakeo into considerarion,

although they play an important role ifl the structuring of the
malacocoenosis (P,tNDoLro et al., 1992b\.

MATERIALS AND METHODS
Eight square samples (400 cm2 in area) were scraped from the

surface of the biogenic platfotm using a hammer and chisel in
March 1994. The study site was Cape Gallo,
ar rhe wesrernmosr limìt of the Gulf of Paler-

mo (N'§7 Sicily) (Fig. 1). Samples were col-
ìected from the following zones and bionom-
ic facies characterizing the platForm (Fig. 2):

1 - Lithopblllrn lichenzid"! (Ll'I) cùshionsi 2 -
inner border (BI) formedby a rhin vermetid
layel,3 - first cuvette (CVl); 4 - second

cuverte (CV2); 5 - DendroPona ?uruettn (CP.)

crest; 6 - third and deepest cuvette (CVl); 7 -

outer border (BE) formed by a thick vermetid

layer; 8 - outer side of reef at the "biological

zero", populated by the Cy$ateìta anentacea

v^r. amentdcea (CYS) facies. Sampling was

then carried out along a shore-sea transect,

taking into account the "intetnal-external"
hy,Jrodynamic gradienr highlighted in previ-

ous surveys (P,rxoorro et al.,1992b).

Samples were washed through sieves with mesh sizes
decreasing from 2mm to 0,5mm, and then sorted. After sortiog
and taxooomic determination to the species level, the collected
taxa were arranged in a species/station matrix (Tab. i). The
abundance for each species in each sample was also reported as

percent age dominance (Fig. 3).

A number of morphological characters (Fig. 4) for each

species (Russo, 1989) were measured using a rVild M3Z micro-
scope: a - shell length (sl); b - shell width (sw); c - mouth
height (al); d - mouth width (aw); e - foot length (fl); f - foot
width (to).

The following morphological descriptors s/ere then obtaioed
from the above measurements (Russo, 1989): 1- size (TG); 2 -
sleodemess (SL= sl/sw); 3 - spiralization (SP= sl/aw); 4 - mouth
opening (AP= allaw)l 5 - shape of foot (PI= allaw); 6 - tenacity
(AD= PI/SL).

The attribution of each species to a trophic guild (CT) was

based on the literature dara (e.g. Gr,urau, 1988) and oo the
first-hand observations of the Autho6. The relationships with
rhe substratum have been inferred by iz sriz observacions made

by the Authors.
The progressive ranking order for each morphological

descriptor (Tab. 2) was produced, based on the mean values per

species (Tab. 3). The abundance and relative dominance of each

single descriptor was obrained by summing the individual num-
bers ofeach species included in each rank clius. Data aoalysis was

then performed on a lhree-way matrix rank/sample/abundance,

by the separate analysis ofeach single descrìptor.

Factorial analysis ofcorrespondeoce (FAC) was carried out on

the malacofauna using a semi-quanritarive species/station
matrix (BENzECRÌ, 1976). This made it possible to arrange the
taxonomic descriptors (species) along a gradìent. The signif!
cance of the explained variance for each axis was tested usjng
rhe FRoNTIER (1974) merhod,

BESULTS
Twenty eighr species of shelled gastropods was idencified from

rhe examination of 107 sampled specimens. The quantitative

N

A

BE
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Eatonina fulsida
F ossarus ambis'uus
Nodulus contÒ"rfBs

Ammonicera fischeriana

Nodulus contoflus
Patella uh,ssiuonensis
l\fonodoita iurbinara

Fissurella nubecula

Nodulus contortus
Eatonina fulsida

Fissurella nubeEula
Setia oulcherrima

Cerithiirm rupestre
Patella cncrulea
Pisinna glabrata

Nodulus contortris
tlerithium ruDestre

Pisinna dàbrata
,.\lv:rnia cfr suhcTenulata

.{rrania lineata
Rissoa variabilis

Ve rillum tricolor
Trimusculus mammillads

Gibbula turbinoides
Patella ulyssiponensis

Fossarus ambiguus
llatonina fulEida

Ammonicera fischefana

Patella caerulea
§l'ania mammillata

Pisinna slabrata
Eatonina"fulgida

Alvania cfr. suhcrenulata
Rissoa variabilis

l-ìatonina fulsida
Fossanrs ambiiuus
tÉsurella nubeuula

Acmea r,irsinea
Tdmusculus mammXlaris

Setia nulchenima
Pisania striata

Gibbula adansoni
Nodulus contorhrs

Alvania cfr. discors
Patella caerulea

Patellaul.vssiponensis

Sinezona cinsulata
Bittium litreiilii

Setia oulchemima
Rissor similis

Ammonicera fischeriana
Badeeia unifasciata
Gibbula turbinoides

,{cmea virsinea
Columbella nistica

Ocinebrina edrvardsiì
Avania mafiìmillata

Fisure l. Perceùtage dominànce.
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Shell length

Aperture height

Foot length

oot width

Fi8ure 4. Me6ures taken on the shell aod lhe foot.

dominance analysis for each morpho-functional descriptor pro-
duced rhe following results:

a) height
Five size classes were identified and arranged into ranks of
increasing order (Fig. 5), Individuals of the smallest size-class

(TG1) appear io all samples, with a lower frequency in CV3 and

CYS, whete the largest-sized individuals are more numerous.
TG2 is lacking fmm LIT and CR, and is rare in the remaining
samples, wìth the exclusion of BI and CVl, s.here it is at its
maximum. TG3 is found in Cy2, CV3 aod ir the Cytovira
facies. TG4 is only found in CV1 and CV2, whereas TG5
appears in BE aod CYS. There is a trend of an iocreare in the

size of the shells from the inner margin to the outer.

b) slenderness
Slenderness was divided ioto four decreasing classes (Fig. 6). SLI

is only found in CYS. SL2 is present in CV2, CV3 and CYS. SL3

is dominant among the classes, but its role is quite negligible in
CYS, CVI and BI, whereas SL4 is found in all samples, attainiog
a maximum value in BI aod CYS and a minimum io LIT.

c) coiling
Three classes of coiling (Fig. 7) were plotted in decreasing
order. SPl is dominant in BI, CV1 and CV2, and is a minor
component of the CVI aod CYS malacofauna. SP2 is represent-

ed in all samples, although in smaller numbers in BI and CV2,
whereas it is dominant in CR. Few individuals make up SP3,

which is absent from LIT and CR, while attaining its maximum
in Bl and CV3.

d) mouth
Among the four classes idenrified (Fig. 8), indecreasing order,

the highest value is represented by API in which the aperture is
more or less circular. The frequency of APl is particularly low
in CV2, BE and CYS, whereas AP2 characterizes only BE and
CYS. AP3 and AP4 arc the domioant classes along the transect.

e) foot
Foot shape was also divided into four classes (Fig.9). The
Iargest-foot class, PIl, appears ooly in CV1, CV2 and CYS. PI2
is missing from Bl and increases in LIT and BE. PI3 is ubìqui-
tous, but with lower percentages. Class PI4 is also uniformly
represented in all samples.

0 tenaciry
The values of the four AD classes are arranged on a low-to-high
scale (Fig. 10). The lo§/esr tenacity, AD1, is typical ofCVl,
CV2 and CYS, all environments with reduced wave action.
AD2 is found in LIT and represented by low numbers in CVl,
CV2 and BE. It is more abundant in CR and CV3 and missing
from Bl. Its peak is attained in CYS. AD3 is ubiquitous. AD4
is presedt in Bl, CVl, CV3 and BE; low numbers ofthis class

appear in CV2.

g) relationships with substralum
The relationships of the functional descriptorswith the substra-

tum were grouped into the following caregories (Fìg. I l):
a endolithic (STl), i.e. organisms finding refuge in the trottoir

marrix. These are rypical ofLIT, CR and BE;

b epilithic (ST2), living on the "rrottoir" surface and collected

from all samples, with a minimum in CVI and CYS, and

missing from LIT;
c epiphytic (STl), living on benthic algae and present in all

samples;
d ST4 groups species which present more than one relationship

with the substratum (e.g- Bittimr latrcìllii) b* this category

is resrricted to CYS. CYS seems ro represenr a more diversi-
fied habitar and the same gastropod can occupy diflerent lay-
ers of its substratum (e.g. both algae and incrustation).

h) trophic guilds
Three trophic guilds were recognized (Fig. 12): algal grazers

(BRV); detritus feeders (DET) and carnivores (CAR). The BRV,
feeding both on diaroms and/or on macroalgae, are the more

represenred along the cransect. The DET appear in all samples,

alrhough in small numbers; whereas the CAR are a oon-negligi-
ble component of the CYS sample. This last group inciudes

IIl
t1
Shell width
Aperture width

G

F
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spoflge-eating species (Vexìll D trinloò and predators of poly-
chaetes (suchas Piwnìa niatu a.,rl Calrmhella l.ttìcd\ 

^nd 
stnall

l>ìval'res Irke Ocinebrina eduarrÌsii that feeà on ùl)lila$er inìm$.

FCA
Three clusters aloog the fitst two axes (F1=36.a% a ,

F2=32.1o/c of the total explairìed variaoce) are evident from
FCA (Fig. 13), arranged at the tips oFa triangÌe (FRESI &
GANIBI, 1982). This figure shows strong polarization due to the
presence of the CYS sampÌe, which probably belongs ro the dif-
ferent system of the infralittoral fringe. On the other, all the

remaining samples belong to an iotertidal system.

The first cluster iocludes onÌy the CYS sample, which
inclused the following species:.llnezona cing ata, Bìttit/l2 la eil-

lii, Rittoa sinìl*. Barleeia rnifaùata, Ocinebrina eduardtiì anà

Colmtbella fi./ttic.t. CR, LIT and BE are Srouped in the second

cluster, with the follo§/ing 5 associated species. Gibbala
adansoni, Foraru antbìguas, Eatonina falgida, Alaanìa cliron and

Amnanicera fitcheiana. The remaining statioos, i.e. CVl, CV2,
CVI and BI are represented in the thitd clustet, wjth which are

associated: Patella rllriponersìt, Monodanta tarbinata, Cerìthiart
rupesffe, R*tua Jìnìlit, Alt.lnia lìneata, Altania cfr. obctenrlata,
Nod/./L.$ c|ntortùt, PiJinna glabrata and Trimascrht mammìlarit.

These three clusters identify two major gradients. The first
gradient refers to the F1 axis and is due to a marked separation

between all the samples on the horizontal platlorm and rhe C1r

taleira sample. This can be explaioed as the "midlittoral .A
infralittoral" factor. The F2 axis intercepts an "emersion -

immersion" factor due to the relative positioo of each sample

with respect to avetage sea level.

DISCUSSION
The spectrum of dominance of each single descriptor highlights
the major role of small-sized gastropods in the eotire habitat

Calcareous algae such as Neogoniolithon ,rlzli.tii (MANNINo,

1992), small crevices and empty vermetid shells are very likely
to act as refuges for this fauna, and thus ensure a highel survival

rate during the frequeot and long-lasting periods of desication

BanK: HEIGHT TG1<3mm

3<TG2<6mm

6<TG3<9mm

g<TG4<12mm

TG5>12mm

Rank: SLEN0ERNESS

=SUSW

sL1>3,5

2,5<SL2<3,5

1,5<SL3<2,5

0<sL4<1,5

Rank: COILING

=SUAW

SP1>3

1<SP2<3

sP3<1

Bank MoUTH AP1>2

1,6<AP2<2

1,2 <AP3<1,6

0,8<AP4<1,2

Rank: F00T Pt1>4

3<Pt2<4

2<Pt3<3

1<Pt4<2

Table 2. Div,slon h.lasses for ach rank.

of the platform, which occur especially during the spring and

autumo syzygial tides.

Taxa vrith higher TG, AP, PI and SL values are restricted to
the 'cuvettes (pools) and the Cltt1seira fringe. The relatively
low hydrodynamism at the bottom oF the "cuvettes" very proba-

bly has a stabilizing effecr on the habitat, whereas the oetwork

of branches ancl leaf'lets of the thick Clstoseìra amentacea staads

effectively dìssipates high wave energy, thereby contributing ro
the creation ofa shelter zooe durìng storms.

The elongated foot shape, which affords less cootact the bot-

tom, should accouot lor the lack in CR and BE of low-tenacity

taxa, which are unable to withstand wave action; the reverse is

rrue regardrng rhr presertr o[highly adhes.ve rAD l) spe(ie' a(

BI and BE. AD4 species, namely Patella yssìpanensir and Patel

la caertlea, are also found in the "cuvettes", due to their opcimal

tenacity to the sLÌbstratum.

Intriguingly enough, the arraogement of organisms
ìncluded in the ST1 class closely fits with the spatial develop-

ment of the pìatform, in which the incrustation in CR and

BE is proportionately thicker, whereas the hìghly irregular
ground ar LIT prevents a large number of opportunities for

reluge and settlement. The algal assemblage dominated by

Larre cid PaPillta, distributed along the whole platform,

shelters a rich epiphytic malacofauna with some RissoaceaFigure 5. Distrìbution ofheighr raoks.

> '109 <



e
-ì--

Benato Chemelo,lgnazio Ciuna, Amalia Pandollo & Silvano Riggio

7 Gibbulatubinoidesjuv

I Monodonta turbinala

12 Eatonina tulgida

13 Rissoa similis

15 Alvania lineata

16 Alvania mammillata

17 Alvania ct discots

18 Alvania d( subuenulata

23 Olinebflna edwadsL

24 Pisania striata

27 Ammoniceratischeriana

28 Trimusculusmannillatis

Nrrbgq!p..,!.
Number of individuals

Table 1. Species/starioo marrix.

such as Eatonìna falgìda, Nodrlu cotllrttr and Pitifit/,
glabrata.

The distribution of detritivorous species can be explained by

rhe presence of small detritus pools represented, again, by emp-

ty shells and microcaviries in the platform. The only record of
carnivorus species on the Cytaseira amnetaced belt is due to the

high degree of habitat complexity that enhances the presence of
such sessile organisms as sponges, hydroids and bivalves which

are the favourite prey items ofcarnivorous gastropods

The total set of gastropod species makiog up the "trottoir à

vermets" taxocoene can be thought of as composed of the fol-

lowing 4 leadiog morphogroups (Fig. 14) (CtuNr^ et dl , 1995),

whìch have oo real taxonomic significance, and are similar to
those indicatedby MooRE (1960):

1. patetloid, with morphoiogical parameters like those of
Patella and Aonaea, i.e,', short shell, Iow sleoderness aod high
tenacity due to a large, round foot;

2. trochoid, resembling to lllanoda ta or Gibbsla, with medi-

um height, medium slenderness and high tenacity;

3. rissoid, in according with the data obtained from Rjsoa or

Pitinxa, wrth Iow or medium height, high slenderness and low

tenacìty;
4. muricoid, with parametem llke those of Pitania or M ricop-

rrÌ i.e. very high shell, high slenderness ard low tenacity.
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LI BI cv1 cv2 CR CV3 BE cYs Fto/" Dro/.

1 Patella caerulea 1 2 1 38 1,3

2 Patellaulyssiponensis 2 1 1 38

3 Acnea virginea 3
,1

25 1,3

4 Fissurella nubecula 1 4 3 38

5 Sinezona cingulata I 13 2,6

6 Gibbula adansoniiuv 1

1 25 0,7

1 13

I Cerithium 1 6 25 2,3

10 Bittiun latreillii b 13 2

11 Fossarus 6 4 14 7,8

13 16 2 1 71 63 34

2 13

14 Rissoa vatiabilis 2 1 25 1

2 13

1 1 25

1 13

4
,l

25 1,6

19 Setia pulcherima 2 2 4 38

20 Nodulus contortus 2 7 34 48 1 63 30

21 1 4 l 38 2

22 Barleeiaunilasciata 2 13

1 13 0,3

1 13

25 Columbella rustica 1 13 0,3

26 Vexillun tricalot 1 13

1 1 2 38 1,3

1 3 25

4 4 7 10 3 6 12 11

22 11 59 70 7 7 102 29
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Moluscs of vermelid p atforms

TG SL SP AP PI AD ST CT

Patella caerulea BrV

2 Patellaulyssiponensis BrV

3 Acnea virginea BrV

4 Fissurella nubecula BrV

5 Sinezona cingulata Det

6 Gibbula adensoni BrV

7 Gibbula tukinoides ju\t. BrV

8 Monodonta tubinata juv. BrV

I Ceilhiun rupeste Del

10 Biniun latreillii Det

11 Fossarus ambiguus Det

12 Eatonina tulgida Det

13 nissoa similis Del

14 Bissoa variabilis Det

15 Alvania lineata Del

16 _Alvania nanmillata Det

17 Alvania cft discors Del

18 Alvaniacltsubcrcnulata Det

19 Setia pulcherima Det

20 Nodulus contolus Det

21 Pisinna glabata Det

22 Ba eeia unitasciata Del

23 Ocinebrinaedwardsii Car

24 Pisania stiata Car

25 Columbella rustica Car

26 Vexillun ticolor Car

27 Annonicerafischeiana BrV

28 Trimusculusmammillaris BIV

Table l. Classificarion in rank for each species.

Finally, Fig. 1! shows the distribution patterns of the above

morphological groups along rhe platform, which closely agree

with the capacity of the species to sense the eovironmental para-

meters, above all rhe hydrodynamic pattern. This pattern can be

modelled (Fig. 16) using the distribution of the morphogroups
as descriptors of the average hydrodynamic conditions along the
plarform. Obviously this "indirect" model could be considered

descriptive only o[ the environmental condìtìons during the

sampling. A more accurate study will be performed combining
two seasons ofsampling (summer and winter).

CONCLUSION
From this survey, the gastropod taxocoene alone can be deemed

an exhaustive and quite satisfactory descrìptor of the gradieot

examined. Nforeover, the information provided by this syntaxon

are in close agreement with the conclusions from previous
research (PANDOLFo ,, a|.,1992a: 1992b).

Three groups ofspecies are highlighted: the first is related to
the Clatoseira anefiacea belt, and can be considered as belonging

ro the true infralittoral; a second group is restricted to the high-
est portioos of the platform (midlittoral species-group) and a
rhird ooe is resrricted to the tide-pools and crevices inside the

reef (infralittoral species-group). These species belong to four
different morphogroups which are distribuced differently along

the platform, reflecting their hydrodynamic toleÉnce.

One conclusioo of the above discussion is that there exist at

least two disrinct conditions in the same environment which are

responsible for the diversity of the faunistic assemblages: one

can be deemed as an emersion condition and is related to the

vermerid crests and protruding edges which emerge above the
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CVI CV2 CR CVJ BE

Fjgure 6. Disrriburion ofslenderness ranks.

CVI CV2 CR CV3

FiSure 7. Disrriburion ofcoìling rank.

cvt cv2 cR cv3

Fisure 8. Distriburion ofaperture shapes.

tide level and therefore endure more or less loog intervals of
complere drought. The second conditioo is related to those Por-
tions of the platform continr.rously submerged or lined with a

thin film ofwater. The traosition between these two extremes,

complicated by the wave action, can be seen as the hydrody-

namic gradient highlighted by the distribution cluster ofFAC.

The identification of an "emersion-immersion" factor alo[g

-lT Br cvl cv2 cR cv3 BE cYs

Figure I l Disrributioo accordida rhe relationships vith $'bstrÀrum.

the vermetid pladorm is rhe major findiog ofour survey. Such a

finding gives new ìnsìght in che understanding of the role and

spatial distribution of the platform's bìotic components, and

aids the designing a of new dynamic model of this habirat. This
model indicates the coexistence of at least ts/o distioct zo[es in

a restricted space, distiguished by the prevalence of hydrody-

namic factors.
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Shell outline Foot scheme

CVI CV2 CR CV3 BE

FiauÉ 12. Disr.iburioo ofthe trophic guilds.

Figure 11. Factorial analysh ofcotrespondance on raw dara.
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Malacological associations from the marine reserve of S. Maria

multivariate analysis and cartographic representation
by the Kriging interpolation technique

Giouanni Fulaio Rus:o & Siluìa Sgroxo

KEY WORDS: Mari.c rcs(6..s. Nlollus. .ommùnirì.s, (ìùil,ls. Nfulriva.iatc èo.lyiis, Knain-q

ABSTRACT A formal procedure that alloas the id€ntificat;oo of mollusc communiry srru.rures ànd r he slur;al parrerns isso(iared w;rh rhem in thc area of rhe
marine park ofs. Maria di Catellabare was tested. A set ofqualitarive dara from rhe lir(rarure wa rransformed and mrsanized in such a way c ro
be(om€ .obwt enough ro ùnde.so srarisri(al reatment.
Significanr communit, patterns were.ecognizcd which, on one hand, provideinformation on rhe bionomi( features aod, on the orher, auow the
dcscrip.ion in funcrional rerms ofrhe associsrions as rhe p.oducrs of rhe in.egràted action of lhe majo dynamic and hydroLogical characrerisrics.
This analytical procedure was shown to be effective for urilizing, in syoecoloAical analyses, ìnformatìon wlich was origìnally collected for different
pùrposes,6 is the case for most conchological collecrions.

BIASSUNTO Nel prcnte lavo.o venaono p.senrari i .isultdti della sperimentazione di una procedura di analisi che porrebbe coflrorne uoa le*ura 'formale di
dari pmvenienrida rac(oke qualjÉrive € da m€.i elenchi faùoistici.
Per I analisì sono stari considenr; dari malacolosici proveoienti da raccolre subacquee efferruare .on merodi.he moko diverse nell area del Pafto
marino dì S. Maria di Castellabare (Sale.no), alL epoca dellà sua istituziooe (nei primi anni 70). L area era srata suddivisa in lI settori per ognuno
del qualj era srato fornito un elenco fÈunlsrico con indicàzioni qualìtative dell'abbondanza delle specje e dell inrervallo batimeùico rn cur crÀno srare
rinvenute. I serrori sono srari ragaruppall in 4 sub-aree, cidcuna alquanro omosenea èl suo inrerno per fisionomia della linea dj cosra e del subsrraro
marino anrisranre. Nel preseore scudio sono state coosidemte Ie due sub aree più meridionali, quella di Vallon€ Alto (dal porto di S. Mar.o di
Carrellabare a Punra Licosa), conprendenre 7 serror;, e qu€lla di Li(osa (dalla punra omonima alla Baia di Osliasrro Marina), comprendenre 9 serro-
ri. OgÒi seftore è sraro assinilato ad un rranserro cosra-largo di s(azioni a.bitrariamenre 6ssar€ alle p.ofond,tà di 0, t, 10, 20, lo € ,i0 m. Le associa-

zìone malacologiche presenti in queste sràzioni sono state definire in ba* agli interyllli batìme.ri.i ripoftali, pe. cias.ù@ delle spe(ie, nell elen o
fauoisrico qual;larivo. Le i.djGzjoni qualirarive di abbondanz! delle spe.ie (rua, scarsa, comune, abbondante) sono «ate converrirÉ in ranghi nume-
.ici. La Darrice di rango così otrenura è srara trattata coo recniche di analisi multiva.iata pe. ottenere modelli di ordinamenro che.onsenrissero di
eviden,iare le pdncipali tipologie strutturnli e tuozionali delle associazìonì maLacologiche presenti nell area. Sono srari ut;lizzàri tre differenti tipi di
des.rittor;: tassonomici, .ronci e bionomici. Questì so.o srarì ottenuti .aggruppando gli individul rispertivamenre in b6e alla loro affinirà rassono-

mica a ljvello di specier alìa amnià di alimenrazione ed alla àffinirà di ambiente di appartenenza. L'analìsi spazjale delle diverse ripolosie cenoti.he
presenri nelle sub-aree in esme è stata orrenura con la recnica di inrerpolzìone su mappa denominaù À/igì,19, lr;lizando i \alori delle sarurazionj
sù8li dsi de; puoti-siaz,one oei modelli di ordiùamenro. Olrre alla cl*si.a zonazione con la profoodirà dei popolamenri malacologici, nell analisi
sono ehersi gradienri larerali che rivelano dis(onrinuità cenoriche r.a i diversi serori, sopra.rurto nei livelli più pmfondi. Un inreressanie .elazione
rra ripologie geomorfolosiche e cenoriche è stata evidenziata f,el settore più merìdionale di Vallone Alro, ove la .isalira della soslia del bassofondo di
Licosà è màrcara da un .ipidissimo cenoclino malàcologico, che comp.ende un dmsrico cambiamento delle ripologie alimenrari domioanri. I risultati
ottenuti, consenrendo una effi.ace capacirà analìri.a del1e rìpologie ceooriche ed una restituzione gra6cà di immediata lettum, confermano, da uo
lato, l'efl'ìclenza della procedura di organiz:azione e di elaborazione fornale adot.arr nel recupero di daii occolti qualitarivamente e, daLl altro, 1a

robuste,za e 1'affidabilirà del rdocene a mollus.hi per analisi inlerprerarive dell'ambieote marìno sù larsa scala quali, ad esempio, quelle ne.essarie

prr glì srudi di fa«ibil,rà deile aree proterr€.

6.r- RUSSO, Srazione Zooloaj.à A. Dohrn', LaboErorio di O.eanof.$a Biolosica, villa Comunale, I-8o l2I Nàpoli.
G.F. RUS.'O. S. 6ROSSO, D;partine.ro di Zoolosia dell Unive6irà di Napoli Federico II, via Mezzocanoooe 8, I-tl{)ll4 Napoli.

Firsl Wokshop on maine nollusc cotÌìnunilies of the Medileruréar. R. Chemello & G.F. Busso (eds)
Bolettira Malacologbo, Rofia, 33 (5-8): 1 15n 22, [1 9941998 , Società ltaliana di l\,lalacologia E,-

di Castellabate (southern Tyrrhenian sea):

INTRODUCTION
Mollusc communitìes are among the best descriptors of licoral
benthic systems (GAMB| et a/,,1982), as they inregrate the envi-
ronmeotal variability well thanks to their species richness (the

resuk of wide adaptive radiation) and the heterogeneity of their
assemblages. Therefore, their structural and spatial patteros can

be urilized successfully to characterize coastal areas in terms of
biodiversity and habitat heterogeneity, as in the case ofplanned
marine reserves.

In spire of the considerable collecting activity carried out by

malacologists, quantitatìve data obtained by standardized sam-

pling and sorting procedures,which allow the use of a mathe-

matical approach in rhe ioference of community traits are quite
rare in the literature. Most of the informarion is confined to
species Iisrs, at best accompanied by broad indications, sam-

pling depth and, sometimes, qualjtative estimates of species

abundance (i.e. rare, common, abundant, etc.). One of the main
problems wheo dealing with such inadequate qualitative infor-
mation is the difficulty of assembling and comparing sets of
data to allow the evaluatron o[ molluscan rommunity srrucrures

and, hence, associated ecologìcal patterns.

A paper by Orrno (1985), which contains the most complete

malacological list available for the marine reserve ofS Maria di

Castellabate, represents a typical example ofa considerable sam-
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Fisure L Map of rhe Marine Park ofs. Maria di Casrellabare wirh rhe

sion i. ll secro.r (dfrer O1rÌo. 1985).

pling effort mereiy resulting in a qualitative set of data. The
information contained in the paper ofOTERO is utilized were in
an attempt to set up a formaÌ procedure which allows the identifi-
cation of molluscan community structures and the spatial pat-
terns generated by them. Qualitative data were transformed and

reorganized inco a set robust eoough for statistìcal treatment so as

ro reveal recogntzable and srgnificanr commuoiry parrerns.

MATERIALS AND METHODS

Sile and sampling procedures
The marine reserve of S. Maria di Castellabate is one of the ear-

Iiest established io Italy (Ministerial Decree, August 25 1972),
and has recently been included in the list of national marine
parks (Law o. 194, 1991). ft covers the southernmost coastal

area of the Gulf of Salerno, in the region of Cilento (southern

Tyrrhenian coast), where a rerrestrial national park has also

recently been established (Russo & ScRosso, l99r).
Since the institutìon ofthe marìfle reserve, some floristic aod

faunistic studies have been carried out, including a malacologi-

cal one, assembled and published several years later by Omno
(1985). The author djvided the reserve into 31 arbitrarily-cho-
sen sectors, from the Cape of Agropoli to the Bay of Ogliastro
Marina (Fig. l), collecting with different sampling procedutes

in each sector. The shallow malacoFauna (0-12 m) was mostly

sampled by snorkelling, while the deeper malacofauna (12-40

m) was collected by picking up specimens trapped in fishing

nets and by washing the algal tr.rfrs and seagrass leaves collected
by SCUBA divers. Dredging was also used on soft bottoms to a
depth of60 m.

This activity generated a list of 279 taxa at the species or
sub-species level, including for each taxon the sector and depth
ofcollection, the overall depth range (e. g. 0-5 m; 1O-45 m;40-
60 m) and the p(esence rank (RR= extremely rarei R= rare; S=

scarce; C= common; A= abundant).

Organization of data
In the present work, l6 of the l1 sectors were taken into
account, covering rhe area from the port of S. Marco to the bay

of Ogliasrro Marina (sectors 2.016-031 in Fig. 1). Each sector

was considered as a depth-transect, along which six formal sta-
tioos of 1, 5, 10, 20, 30 and 40 m were located. For each sta-
tioo, a list of species (present within the sector and the depth
range) was compìled.

Species names were updated accoiding to rhe recenr nomen-

clarure (SABELU et. al., l99O). AII sub-species or varìeties were

grouped into the species taxon. To each species, rhe followiog
numerical raoks were assigned on the basis of the qualitative
code ofabundance used by Orrro (1985): RR= l; R and S = 2;

C=3: A= 4.

The numerical data set was arranged at first in a matrix of
ranks wìth dimensions which proved too large to be deak with
on a personal compurer, and §/as therefore split inco two sub-
sets which included sectors 2.16-22 (called Vallone Alto) and

2.2)-31 (c^lled Licosa). The 131 species x 42 stations (6 depths
x 7 transects) rank matrix of Vallone Alto and the 91 species x

54 statioos (6 depths x 9 transects) rank maarix of Licosa rlele
therefore utilized in the multivariate analysis. In these matrices,
all the specìes whose total for each row §/as 1 or 2 (very rare in
one or tvr'o srarions; rare or scarce in only one station) were

excluded ìn order to avoid distortion in the structure of the data
(PrELou, 1977).

Considering the species from the point of view of their feed-

ing habirs, as proposed by SrrNrx & §trArLING (1982), PUR-
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Analysis of data
The six data matrices were utìlized as the bases for the ordina
tion models obtained by Correspondeoce Analysis (CA) (Ptuou,
1984). Six ordination models were generated, utilizìng three
different types of descriptors (taxonomic, trophic, and bionom-
ic) for each of the two areas (Vallone Alto and Licosa). The sig-
nificance of the faccors was tested according to the method pro-
posed by FRoNTIER (1974).

The factor scores (three ar rhe mosr) ofthe srarion poìnrs, $,,hich

can be considered as synthetic variables of the different coenotìc
patrerns, were theo utilized for Atigixg, a cartographic method
which uses stochastic inrerpolatioo techniques (CRLssE, 1991).

Kriging is a very flexible merhod and is useful for interpolating
almost any type of data set. A roral of 1000 interpolating values,

arranged on 20 x 50 rectangular grìds, wirh rl,eir longest side
almost parallel to the coastline, were utilized (mesh size of about

110 m). The known values were 42 (Vallone) and 5.1 (Licosa)

respectively, so that 5 of the grid points were interpolated. The
maps §/ere dmwn using the best-fitting surface, i.e. a quadrant and

a linear variogram. Eighteen isoline maps were obtained from the
F1, F2 and FJ scores ofeach ofthe six ordinarion models.
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Figure 3. VALLONE ALTO, kriging maps. scores of taxonomic descriptors on

Fl (à) and on F2 (b).

Transects from A ro G correspond to secrors from 2.016 toZ.O22.

cHoN (1977) and BARNES ,/ 4/. (1988), the following 10 trophic
guilds were identified: herbivore brusher (HBR); herbivore
scraper (HSC); herbivore rasper (HRA); herbivore-deposit feeder
(HDF); herbivore cucer (HCU); benthic hunter (BH); deposit

feeder (DF)l suspension feeder (SF); feeder on colonial sessile

animals (FCSA); commensal (C).

In order to set up the 10 (guilds) x 42 (stations) functional
matrix ofVallone Alto and the 10 (guilds) x 54 (stations) func-
tional matrix ofLicosa, the number of species belonging to each

funcrional guild was calculated on the basis of rhe
presence/abseoce da(a matrix (species x stations).

Considering the distribution of the species in accordance

with the model of PERES & PICARD (196tr), the following 9 bio-
nomic units were idenrified: photophilic algae (AP), Potidonìa

seagrass beds (HP); sciaphilic or 'coraÌligen' (C); fine sand on

shallow bottoms (SFHN); well-sorted fioe sand (SFBC); muddy

sand of sheltered environmeots (SVMC); coastal terrigenous

mud (VTC); muddy detritus (DE); coarse sand under the effect

of bottom cr-rrrents (SGCF). Starting from the presence/absence

data matrix (species x stations), the number of sPecies 'charac-

rcristic' (!e t,t PÉRÈs & PICARD, 1964) of each oÉ the above bio-
nomic units was calculated for the stations io order to generate

the bìonomic matrices of Vallone AIto (9 units x 42 stations)

aod ofLicosa (9 units x i4 stations).
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however, evident in the area near Punta Licosa (transects E-G).
In the maps interpolating the scores ofthe stations related to

the second (Fig. 3b) and third factors, the isolines are nearly
perpendicular to the coastlioe, indicating the co-occurence of
'lateral gradients', the result ofcoenotic changes in stations with
similar depths. Once again, the high contiguity of isolines in
the area oear Punta Licosa (transects E-G) is evident.

b) Tropbi dertiptor
The AC ordination model obtained from the matrix of trophic
descriptors (Figs. 4a, 4b\ has rhree significant axes Gl= 42.4Vo,

F2= 30.2% and Fl= 1l.O% of the total variance). The station
points are distributed along the first factor consistent with their
depth, the shallow starioos have negative scores and are opposed

to the deep ones (positive scores), with the intermediate ones io
rhe middle, close ro rhe origin of the axes. It is worth notiog
how differenr rypes of herbivore guilds characterize the levels of
rhe transecrs: HCU and HRA are associated with the shallow
statìons, HBR aod HSC with the intermediate, and HDF with
the deep ooes. As for the other guilds, C and BH are related to
the iotermediate statìons and DF, SF and FCSA to the deep sta-

tions. Along the second factor, the different transects are sepa-

rated, partìcularly with regard to the deep stations. The opposi-

-2

-8

-4

2

Èo

-2

4

-6

l0 15

a

0

F1

15

b
FI

\.GF E

Figure 5- VALLONE AITO, AC ordinarion oodels (FI-F2) ofdescripror-

points (a) àDd ofsrarion-poinrs (b): maùix ofbionom;t descriprors.

RESULTS

l) Vallone Alto
a) Taxononi detriptoru

In the AC ordioation model, obtained from rhe rank marrix of
taxonomic descriptors (Fig. 2), the first three factors are signifi-
cant (Fl= 23.0o/o: F2= 14.)o/o; F1= ll.3Vo of the total vari-
ance). Along the first axis, the station points are displayed

according to their depth. The shallow stations are polarized in
the positive side of the axis, those oftbe intermediate depth lev-

els (5-10 m) are distributed close to the origin ofthe axes, the

deep ones (20-40 m) have oegative scores. Along the second

axis, the station points belonging to the same transect have sìm-

ilar scores. AÌthough transects are displayed at different levels of
polarizarion, clearer discootinuities among the deep stations are

shown. A similar patterfl is expressed by the third factor.

The cartographic representation of the pattecn expressed by

rhe first factor (Fig. 3a) shows isolines parallel to che coastline,

marking changes in the coenotic structures that occur at well-

defined critical depths along the transects. A high contiguity of
isolines and an isoline pattern whìch is oriented differently is,

HSC

c

-2\

Fisure 6. VALLONE AITO, kri8ing maps: scores on F2 ofÙoPhi( (a)

aod bionomi( G) desriptors.
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rion between DF and HDI, on the positive portion of the axis,

and SF, on the negative one, is evident. Deep stations (20-40 m)

of transect G are polarized in the deposit feeder' facrorial pole,

rhe remaioing statioos in the 'suspension feeder'.

In the case of these descriptors the cartographic representa-

tion of the coenotic gradient expressed by the first factot also

shows isolines parallel (o rhe coascline, with a pattern similar to

that shown in Fig.3a. Io the maps interpolating the scores of
the srarions related to the second (Fig. 6a) and the third factors,

rhe isolines have a very low conriguity, ìndicating weak spatial

gradients of trophic specialization within the associatioos. The
area ofpunta Licosa appears to be an exception, with a very high
conriguity of isolines, iodicating a marked rearrangement in the
trophic structure occurring in transect G, which is characterized

by'deposit feeders', with respecr to the other rransects s/hich
are characterized mainly by 'suspension feeders'.

c ) B i onon ic detcript ort

In the AC ordination model, obtained from the matrix of bio-
nomic descrìprors (Figs. 5a, 5b), the first two factors are signifi-
cant (F1= 6O.lVo and, F2= 14.8c/o of the total variance). Along
the first axis, the station poiots are displayed according co their
depth. The shallow and intermediate stations (1-10 m) are

polarized in the positive portion of the factor, while the deep

ones (20-40 m) have negative scores. Aloog rhe second factor,

rransects are again displayed at different levels of polarizatioo
(cransects A, C, F and G in the positive portion, and transecc B,
D and E in the negative), wirh more marked discontinuities
among the deep stalions.

It is inceresting to note ho§/ different types of bionomic
guilds characterize the levels of the transects: AP and SFHN are

strongly associated with shallow stations, while the remainiog

bionomic units are associated with deeper levels. Along F2,

where intermediate and deep stations are well spaced, three
clusters of starions are associated with DE (in the positive por-
tion), HP and C (close to the axis) and VTC (in the negative

portion).
A.s for the previous descriptors (taxonomic and trophic), rhe

cartographic represenaarion of the pattern expressed by the first
facror shows isolines patallel to the coastline, with the exception

of the area by Punta Licosa. In the maps interpolatiog the scores

of the stations relared co the second factor (Fig. 6b), the isolines

show a complex pattern with concentrjc distributions that
eoclose the whole transect. This pattern becames more evident

in the area near Punta Licosa (transects F and G), marking a

high bionomic variability.

2) Licosa
a) Taxorunùt descripton

In the AC ordinatìon model obtained from the rank matrix of
taxonomic descriptor5 (Fig. 7), the first three factors are signifi-
cant (F1= 25.4Va; F2= 2l.5Voi Fl= l0.8o/c of the total vari-
ance). Along the first axis, the station points are displayed
according to their depth. The shallow stations (1 m) are polar-

ized in the positive portion of the factor, those of the intermedi-
ate depth levels (5-10 m) are distributed close to the origin of
rhe axes and the deep ones (20-40 m) have negative scores. The

same pattern is shown along the secood axis. A particular trend

is, ho§/ever, associated wìth trarisect C, the only ooe completely

polarized in the positive part of the factor. Along the third axis

(displayed in figure 7), shallow and deep staaions are oPPosed to

rhe inrermedia(e ones, grouped in the negarive part.

The cartographic representation of the partern expressed by the

l5t0-5-10-15

b

Figure 8. LICOSA, krigirg maps: scores of raxooomic descriprors on Fl (a) aod

on Fl (b). Transeca from A ro I cor.€spond to §€c.ots from 2.023 to Z.o)t -
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first factor (Fig. 8a), shows a remarkable coenotìc homogeneity
in the area between Punta Licosa aod Ogliastro Marioa (tran-

sects D-I), with a small number of widely-spaced isolines. The
opposire pattern is present in the area facing Punta Licosa (tran-

sects A-C), where tightly spaced isolines, perpendicular to the
coastline, are evideflt. This partern indicates well the peculiarity
of the coenotic structure occurring along transect C and the
steep coenoclines coonecring this parricular transect with the
adjacent ones. By mapping rhe scores of the second factor, a

depth-related pattern becomes evident, with coenoric isolines
tightly-spaced and parallel to the coastline throughour rhe area,

except for the zone facing Puota Licosa. This zonal pattern is

more evident wheo the map ìnrerpolaring the scores of the sta-

tions relared ro the third factor is considered (Fig. 8b).

b) Tropbi de.tctiptort

The AC ordination model obtained from the matrix of trophic
descriptors (Figs. 9a, 9b) has three significant axes (Fl- 42.)/o,
R2= 27 .lVo andF)= 9,6%t of the otalvariance). Agaiq this mod-

el, the smtion points are distributed along the first factor consis-
tent with their depth. The shallow starions have negative scores

and are opposed to the deep ones (positive scores) with the ioter-
mediare stations in the middle, close to the origin of the axes. As
in the area ofVallone Alto, it is interesting to note how the dif-
fereot types ofherbivore guilds characterize the levels ofthe rran-
sects: HCU, HRA and HBR are associated wirh the shallow sta-
tions (t m), HSC with the inrermediate (5-10 m), and HDF with
the deep stations Q0-40 m), As for the other trophic guilds, DF
and BH are related to the intermediate stations while C, SF and

FCSA are related to the deep ones. Along the second factor rhe
opposition between DF and HDF, in the positive part, and SF, in
the negatìve, is evident. Transect C is the only completely clus-
tered one in the positive portion ofthe factor.

The carographic represenrarion of the coenotic gradient
expressed by the first factor shows isolines parallel to the coast-
Iine (Fig. l0). Also in the case of these descriptors, the area of
Punta Licosa is the exception, with isolines orienred perpendic-
ular to the coastline, describing a lareral coenotic gradient
which develops from ttansec C to rhe adjacent traosects. This
patrern is clear and is basically reproposed by rhe maps inrerpo-
lating the scores of the stations related to the second and the
third factor.

t) Biotonic descriptort

In the AC ordinatioo model obtained from rhe matrix of bio,
oomic descriptors (Figs. 1la, 11b), the firsr three factors are sig-
nificanr (Fl= 45.5%, F2= 22.67o and F)= l4.2Vo of the rocal
variance). Along the first axis, the scarion points are displayed
according to their depth. The shallow and irtermediare stations
(1-10 m) are polarized io the negative portìon of the factor,
while the deep rcarions (20-40 ml have posirive scores.

As regards the displacemeot of che differenr types of bio-
nomic guilds, along this facror AP, SFHN, SVMC and SFBC
are associared with shallow and intermediare srations, while
HP, C, VTC and DE are associated with deep leveis.

Along the second factor, the oppositon of the bionomic unit
SFHN (strongly polarized in the oegarive part) wirh respecr ro
all the others has the effect ofclusterizing all the points.

An interesting ordination is observed ìn the third axìs (Figs.

11a, I I b),. Transects are displayed at different levels ofpolariza
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maps where, for example, depths and bathìmetric isolines are

displayed. rVhat may be ofparticular interest is the use ofcarto-
graphic representatron, not only for simple physical and chemi-
cal parameters (e.g. depth, temperature, saliniry, nurrieor con-
centration etc.), but also for biological (ScARDI e/ al., 1989) and
community parameters (Scanor & FR[sr, 1985; SCARDI & FRESI,

1986).
rVhen working with communiries, the main problem is the

selection of both descriptors and their synthetic varìables, to
allow the correcr ìnference of ecological spatial patterns. Factor
scores may represent a powerful synthetic variable of communi-
ty descriptors, rhe most widely used of which are raxonomic
ones (taxa at the species level). Apart from informatioo provìded

on the community structurer based on the co-occurrence of
species in stands, the functional aspecas may also be viewed by

coosìdering lìfe habits (e. g. feeding strategies, reproductive tac-

tics, esc.). Therefore, rhese imporrant elemeors, at rhe basis of
the 'taxonomic organization ofcommunìties, may be utìlized as

further descriptors ofcoenotic system organization, allowing the
passage to be made from a descriptive 1a ecology) to a causal (b

ecology) analytical stage.

Additional complementary descripcors may be obtained by
considering rhe assocìation to which single species preferentially

belong. In several maÌacological studies, such associations are

utilized to infer bionomic informatioo, assumiog a straigthfor-
ward relationship between the species and their associations.

This allows the biooomic characterization of srations on the
basis of cheir taxocoene. The theory behind this method is ques-

tionable. As most species may parrecipate in different associa-

cions, it is unrealistic to assume a straighdorward relationship

between single species and single associations. This procedure

has,however, been adopted in the present study, with interest-
ing results.

The ta-xonomic, functiooal (trophic) and bionomic informa-
tion obtained from the study of the malacological taxocoene liv-
ing in the marine reserve of S. Maria di Castellabare gives a

well-integrated picture ofthe main beothological features of the

area. The ordinations and cartographic represefltations obtained
srarring from the different coenotic des(riprors are consisrenr.

The main spatial patterns of the malacological assemblages

are related to depth, which cao be easily interpreted as the first
factor of the ordination modeÌs, independently of the descrip-
tots taken into account, Three depth-related zones, sequentially
distributed from the coast to the open sea, may be recognized:

the shallow zooe (lm i stands < 5m), the intermediace zooe

(5m I stands f 10m) aod the deep zone (IOm < stands f, 40m).

Hard substrate species of the mesolittoral and the upper
infralittoral live in the shallow zone, which is restrìcted to a

fringe which includes the first level of the rransects. The mala-

cological assemblage is functionally sPecialized in herbivory
with high mechanical impact on the trophic substrate (cutters

and raspers). The intermediare zone is mainly characterized by

an association typical of hard bottoms covered by photophilic
algae, specialized in herbivory with losr' imp.rct on the trophic
substrate (brushers and scrapers). This zone extends guite far

from the coastline near Punta Licosa (transects C and D), mark-
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Flsure t I . LICOSA, AC ordi.àrion models (F r I I ) ot descripto.-poiors (a) and

of surion-poinrs (b): marrix of bioDomic descriptors.

tion, with more clear-cut discontinuitìes within deep stations.

The deepest stations of transects A and F (40 m) are posìtively

polarized and are associated with the VTC guild. Conversely,

some of the deep stations (20-40 m) of transects B, D, E, G, H
and I are associated with the DE guild in the negative paft of
the factor, the orhers being associated with HP or C in the
iotermediate part of ihe factor.

The cartographic represenration of rhe pattern expressed by

the first factor shows isolines parallel to the coastline (Fig. 12a).

In the maps interpolating the scores of the stations rela[ed to

the second and third factors (the latter in Fig. l2b), the isolines

show a complex pattern with lateral gradients and concentric

distriburions enclosing differenr traflsects and stations. This
pattern is particularly evident in the area near Punta Licosa
(transect D), a probable indication of high bionomic variability.

DISCUSSION AND CONCLUSIONS
In ecological research it often proves useful to represent envi-

ronmental variables on maps. As regards the marìne environ-
ment, !his maoner of representation is widely applied to prepare
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Figure 11. LICOSA, krignrg maps: scores ofb,onomic descriproB on

Fl (a) and on Fl (b).

ing a large rocky shoal. The deep zone (greater than 10 m
depth), shows a more complex ecological physiognomy, which
may be be(ter investigated by taking inro account environmen-
cal factors expressed by the orher axes ofthe models.

The ordination along rhe second ard third axes is mosrly rhe
expression ofspatial parrerns relared ro'lateral gradients. These
gradients mark rhe coenoric disconrinuities rhar exisr berweeo
the different sectors ofthe marine reserve, aside from rhe depch-
related effects. AIso in this case, consìsteot ioformation was

obrained by utilizing different types of descriptors. Coenoric
discontinuities are more evident when the deep stands are com-
pared as almost all the shallow associations are related to algal
cover. A rather complex mosaic of ecological units is displayed
in the maps. Large Posidonia seagrass beds, with a mollusc com-
muoity dominaced by scraper-herbivores, alternate with detritìc
areas dominated by suspension feeders. Muddy bortoms charac-
terize iusr a fe§/, very deep stariofls.

An interesring relationship between geomorphological and
coenotic parterns can be observed in rhe sourheromost area of
Vallooe Alto, where the of the Licosa shoal is marked by a very

strong coenotic gradient, characterized by a drastic change io
the trophic specialization of the taxocoene, from suspensioo to
deposit feeding. This funcrional characterizarion represenrs a

well integrated information oo the hydrodynamic regime and

the related features of the site, as it marks a low energy environ-
ment with large depositional area-

In conclusion. consistent ìnformarion on the main bionomi.
features, and on the relared structural and functional patterns
gathered for the area of rhe marine park of S. Maria di Castella-
bate shows how rhe analytical procedure adopted in the preseor
paper may prove to be effecrive io rhe recovery of information
flrom malacological lists resulting from rhe acriviry ofcollec[ors.
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