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Polychaete zonation and its relation to algal distribution
down a vertical cliff in the western Mediterranean (Italy):
a structural analysis
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Abstract: The zonation of polychaetes down a vertical cliff (0—5 m in depth) at Cape Romito, Leghorn, Italy,
was investigated. The structural organization of the community changed with depth. A community typical
of photophilic environments was found in the superficial zone (0-2 m), while in the deeper zone (3—5 m),
a more diversified community characterized by species typical of sciaphilic environments was present. At
the surface (0 m) the community was very poor in species and individuals and thus probably corresponds
to the midlittoral fringe. In fact, some species typical of the midlittoral zone were found. This distribution
pattern was constant for samples taken in February and August 1985. The distribution of polychaetes was
closely related to that found for macroalgae. It is hypothesized that algae condition the substratum and that
this is the main factor responsible for the zonation of polychaetes.
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INTRODUCTION

Although numerous studies (Pérés, 1952; Cognetti, 1957; Bellan, 1965, 1968, 1969,
1¢71; Amoureux & Katzmann, 1971; Katzmann, 1971; Ben-Eliahu, 1977a,b; Bianchi,
1979; Cantone & Fassari, 1980; Bellan & Marinopoulos, 1981; San Martin et al., 1981,
1982; Alos et al., 1982 ; Belloni & Bianchi, 1982; Fresiet al., 1983, 1984 ; Cantone, 1985;
Acero & San Martin, 1986) have been performed on hard bottom polychaetes in the
Mediterranean Sea, vertical zonation has only been studied by Abbiati er al. (1987).
These authors put forward the hypothesis that polychaete zonation may be an expres-
sion of the biological conditioning of the substratum by algae rather than of the direct
influence of physical factors. The importance of algal cover to polychaete distribution
has also been observed by Bellan & Marinopoulos (1981).

In order to test the above hypothesis, the present work analyses the zonation of
polychaetes and compares it with that of the algae. It also takes into account the
variations in light and water movement which are considered to be the main abiotic
factors influencing the vertical zonation of macrobenthic communities, as presented in
the models of Pérés & Picard (1964) and Riedl (1964), respectively.
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MATERIALS AND METHODS

The study area was situated on a cliff with a northern exposure, terminating in a
bottom of coarse sand at a depth of ~6 m, at Cape Romito, south of Livorno, Italy
(Fig. 1). In this zone tidal amplitude is very low (&~20cm), as is common in the
Mediterranean Sea.
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Fig. 1. Map of the study area. The arrow shows the sampling site.

Twelve samples were collected, six in February and six in August 1985. The samples
were taken by SCUBA divers who scraped off an area of 400 cm? (20 x 20 cm), in
accordance with the procedure outlined by Bellan-Santini (1969) and subsequently
widely adopted throughout the Mediterranean. The samples were taken at 1-m depth
intervals between 0 and 5 m (Fig. 2). The first samples at the surface (0 m) were taken
according to Boudouresque & Cinelli (1976), who identified the separation point
between the midlittoral and infralittoral zones for the Mediterranean coasts.

At these same depth intervals, measurements of physical factors were taken in
August. Light intensity was measured in mw-cm~2, using an Ocean System
irradiometer OIM 1 Ws. Water movement was measured by recording the dissolution
of plaster balls, a method first described by Muus (1968) and later used successfully in
the Mediterranean Sea.
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Each sample was passed through a 400-um sieve and the number of individuals from
each species, the number of species present, the total abundance, and the
Shannon—-Weaver diversity index (H') were computed for each station.
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Fig. 2. Profile of the cliff studied. The vertical lines indicate the sites sampled along the transect.

Polychaetes were identified according to Fauvel (1923, 1927), complemented by
monographs on particular families (Day, 1967; San Martin, 1984).

Numerical data were analysed using multivariate ordination and classification
techniques (Zurlini, 1983). Ordination was performed using the factorial analysis of
correspondence (Benzecri, 1982), the significance of the axes were evaluated using the
table of Lebart (1975).

RESULTS

POLYCHAETES: DISTRIBUTION OF SPECIES AND STRUCTURAL PARAMETERS

A total of 4873 polychaetes belonging to 119 species was found (Table I). The
dominant family was Syllidae, with 45 species and 2863 individuals (58 %, of the total).
Other well-represented families were Nereidae, Eunicidae, Sabellidae and Serpulidae.
Certain species new to the Mediterranean fauna were found, such as Sphaerosyllis
longicauda (see Table I for all taxonomic authorities) and Nereis trifasciata, as well as
others never before documented from Italy, such as Syllis bouvieri, Sphaerosyllis
austriaca and Syllis golfonovoensis.
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TABLE 1

The polychaetes found during the investigation.

Pontogenia chrysocoma (Baird)
Lepidonotus clava (Montagu)
Harmotée spinifera Ehlers
Harmotée areolata Grube
Harmotée ljugmanni (Malmgren)
Harmotoe sp.

Chrysopetalum debile Grube
Pholoe synophtalmica Claparéede
Phyllodoce nana Saint-Joseph
Eulalia tripunctata MclIntosh
Eulalia sanguinea Oersted
Pterocirrus macroceros Grube
Notophyllum foliosum Sars
Mpystides limbata Saint-Joseph
Phyllodocidae n.c.

Ephesia peripatus Claparéde
Syllidia armata Quatrefages
Kefersteinia cirrata (Keferstein)
Haplosyllis spongicola Grube

Syllis armillaris Malmgren

Syllis amica Quatrefages

Syllis gracilis Grube

Syllis prolifera Krhon

Syllis variegata Grube

Syllis golfonovoensis (Hartmann-Schroder)
Syllis vittata Grube

Syllis garciae (Campoy)

Syllis truncata criptica Ben-Ehliau
Syllis krohni Ehlers

Syllis zonata Haswell

Syllis bouvieri Gravier

Syllis hyalina Grube

Xenosyllis scabra Marion & Bobretzky
Branchiosyllis exilis Westeide
Ehlersia ferruginea (Langerhans)
Trypanosyllis zebra Grube
Eurysyllis tuberculata Ehlers
Pseudosyllis brevipennis Grube
Odontosyllis gibba Claparéede
Odontosyllis ctenostoma Claparede
Odontosyllis fulgurans Claparéde
Pterosyllis formosa Claparéde
Syllides fulva Marion & Bobretzky
Pionosyllis lamelligera Saint-Joseph
Pionosyllis morenoe San Martin
Eusyllis assimilis Marenzeller
Eusyllis lamelligera Marion & Bobretzky
Parapionosyllis minuta (Pierantoni)
Pseudobrania clavata (Claparéde)
Pseudobrania vieitezi San Martin
Pseudobrania limbata (Claparéde)
Brania pusilla (Dujardin)

Autolytus convolutus Cognetti
Autolytus prolifer (Muller)

Autolytus quindecendentatus Langerhans
Autolytus sp.

Procerea picta (Ehlers)

Nereis rava Ehlers

Nereis trifasciata Grube

Nereis zonata Malmgren

Nereis falsa Quatrefages

Nereis jaksoni Kindberg
Ceratonereis costae (Grube)
Ceratonereis hircinicola Eisig
Platynereis dumerilii Audouin & M. Edwards
Perinereis cultrifera (Grube)
Micronereis variegata Claparéde
Eunice harassii Audouin & M. Edwards
Eunice torquata Quatrefages

Palola siciliensis (Grube)

Lysidice ninetta Audouin & M. Edwards
Nematonereis unicornis (Grube)
Lumbrineris funchalensis (Kinberg)
Lumbrineris coccinea (Renieri)
Dorvillea rubrovittata (Grube)
Protodorvillea kefersteini (MclIntosh)
Protoaricia oerstedi (Claparéde)
Polydora armata Claparéde
Polydora caeca (Oersted)
Prionospio cirrifera Wiren
Prionospio sp.

Cirriformia filigera (Delle Chiaje)
Cirratulus chrysoderma Oersted
Dodecaceria concharum Oersted
Caulleriella bioculata (Keferstein)
Caulleriella alata (Southern)
Polyophthalmus pictus (Dujardin)
Micromaldane ornitochaeta Mesnil
Nicolea venustula (Montagu)
Thelepus cincinnatus (Fabricius)
Parathelepus collaris (Southern)
Streblosoma sp.

Polycirrus sp.

Terebellidae n.c.

Branchiomma bombyx (Dalyell)
Branchiomma lucullanum (Delle Chiaje)
Pseudopotamilla reniformis (Muller)
Amphiglena mediterranea (Leydig)
Orriopsis armandi (Claparéde)
Oriopsis eimeri Langerhans

Oriopsis sp.

Fabricia sabella (Ehrenberg)
Fabriciola tonerella Banse

Chone collaris Langerhans
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TABLE I (continued)

Sphaerosyllis pirifera Claparéde Serpula concharum Langerhans
Sphaerosyllis hystrix Claparéde Serpula vermicularis L

Sphaerosyllis austriaca Banse Spirobranchus polytrema (Philippi)
Sphaerosyllis longicauda Webster & Benedict Hydroides pseudouncinata Zibrowius
Exogone verugera (Claparéde) Hydroides nigra Zibrowius

Exogone naidina Oersted Vermiliopsis striaticeps (Grube)
Exogone rostrata Naville Pomatoceros triqueter L.

An analysis of the vertical distribution of all the species showed a zonation which
proceeded along the bathymetric gradient from 0 to 5 m. Certain species were associated
with the superficial samples (levels 0—1-2). These species are typical of semi-exposed
biotopes with a photophilic algal cover (Platynereis dumerilii, Syllis prolifera, Eunice
harassii, Spirobranchus polytrema). In particular, the species Syllis amica was found only
at the surface (0 m), together with abundant numbers of Protoaricia oerstedi, Platynereis
dumerilii, and Syllis prolifera. These species have been recorded in midlittoral zones
(Abbiati et al., 1987) as well as in stressed environments such as harbours (Bellan,
1980).

Other species such as Lysidice ninetta, Lumbrineris funchalensis, Kefersteinia cirrata,
Nereis rava and most of the Syllidae, which are typical of a sciaphilic algal cover or
coralligenous formations, were found in the deeper samples (levels 3—-4-5).

Most of the remaining species were irregularly distributed along the transect and
tended to obscure the observed zonation somewhat. In fact, the overall change in the
distribution of the polychaete assemblage, proceeding from the surface to the bottom,
was rather gradual. .

The distribution of species described above was the same in February and August;
much of the variation observed was due to the occurrence of rare species.

In general, a greater total abundance was found in August, due mainly to the increased
presence of the Syllidae. The greatest seasonal variation in species composition was
observed at the surface.

Species number (Fig. 3A) and diversity (H') (Fig. 3B) increased with increasing
depth, with a maximum at 4 m, while the trend in total abundance was for peaks at
depths of 2 and 4 m, especially in February (Fig. 3C).

POLYCHAETES: STATISTICAL ANALYSIS

Only the first two axes of the factorial analysis of correspondence were significant
(P < 0.05), accounting for 27.35 and 15.799%, of the total variance. The model obtained
(Fig. 4A) shows a parabolic distribution of the stations along the bathymetric gradient.
This conformation is typical of situations where there is a single strong polarizing factor,
represented by the first axis. The second axis has a squared relationship with the first
and represents an intensity factor (Fresi & Gambi, 1983).
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Fig. 3. Trend of some structural parameters along the transect. A, number of species. B, diversity index (H").

C, abundance (number of individuals). The solid lines indicate the February samples, the broken lines
indicate the August samples.
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Fig. 4. Factorial analysis of correspondence. The ordination models are shown on the plane of the first two

axes. Large dots with numbers are station points and relative depth (F = February, A = August), small dots

are species points. A, polychaetes; analysis performed on quantitative data. B, algae; analysis performed
on qualitative data.



270 A. GIANGRANDE

A discontinuity in the gradient occurred between the uppermost station (0 m) and the
remainder, especially in February. The polarization at 0 m in this season was due mainly
to the presence of Syllis amica, which was exclusive to this level. A second and weaker
discontinuity was seen between the 2- and 3-m level. The configuration observed
remained consistent over the February and August samples, the largest difference
occurring at the surface (0 m).

The sample points for the upper stations (0—1-2) were much more widely dispersed
than the points for the deeper stations (3—4-5), which were extremely close to one
another.

The species Platynereis dumerilii, Eunice harassi and Spirobranchus polytrema were the
most important elements affecting the configuration on the first axis, being those species
which were marked by peculiar distributions.

Most of the species points were located close to the deeper stations (3-4-5),
diminishing in number close to the upper stations. Only the species corresponding to
Syllis amica and Protoaricia oerstedi were located close to the 0-m level, while Platynereis
dumerilii, Eunice harassi and Sphaerosyllis austriaca were located close to Stations 1-2.

ALGAE: DISTRIBUTION OF THE SPECIES

The floristic analysis was focused exclusively on the macroalgae present because of
their abundance and their importance in the definition of the algal assemblage.

In all, 29 species (Table II) were found to be zoned along the transect, the zonation
reflecting that already observed for the polychaetes. The algal assemblage of the cliff was
characterized by the presence of the Rhodophyceae, Corallina elongata, which was the
dominant species in the upper zone (0-2 m), together with C. granifera, Stypocaulon
scoparium and Jania rubens. Following the terminology of Augier (1982), this assemblage
may be defined as belonging to a “‘semi-exposed water photophilic algal community”
(ESEPA).

A different group of species — Halimeda tuna, Peyssonnelia squamaria, P. borneti and
Halopteris filicina — was linked to the deeper stations (3-5), these stations being
characterized by a basal stratum of calcareous organisms (Fig. 2). These are all
sciaphilic species and their ecology is consistent with this distribution (Boudouresque,
1984). Most of the remaining species (Wurdemannia miniata and Dictyota dichotoma)
were distributed principally in the intermediate zone (2-3 m).

This zonation pattern was clearly recognizable both in February and August, but in
August algal cover was more highly developed, due to the greater abundance of certain
species (Corallina granifera, Acrothamnion preissii, Jania rubens, Halopteris filicina).

In contrast, Gastroclonium clavatum and Laurencia papillosa, which were linked to the
surface, disappeared in August. These stations located at the 0-m level showed the
greatest variation in species composition for the two seasonal samples, as already seen
in the polychaetes.
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TABLE 11

The macroalgae found during the investigation.

Corallina elongata Ellis & Solander

Corallina granifera Ellis & Solander

Corallinaceae n.c.

Jania rubens (L.) Lamouroux

Jania longifurca Zanardini

Dictyota dichotoma (Hudson) Lamouroux

Dictyota linearis (C. Agardh) Greville

Dictyopteris membranacea (Stackhouse) Batters
Laurencia obtusa (Hudson) Lamouroux

Laurencia papillosa (C. Agardh) Greville
Herposiphonia tenella (C. Agardh) Ambronn
Gelidium latifolium var. hystrix (C. Agardh) H. Auck
Gracilaria sp.

Feldmannophycus rayssiae (Feldmann & Feldmann) Augier et Boudouresque
Wundermannia miniata (Lamouroux) Feldmann & Hamel
Sphaerococcus coronopifolius Stackhouse

Dasyopsis spinella (C. Agardh) Zanardini
Gastroclonium clavatum (R6th) Ardissone
Acrothamnion preissii (Sander) Wallaston

Amphiora sp.

Nitophyllum punctatum (Stackhouse) Greville
Hypoglossum woodwardii Kiitzing

Ceramiaceae n.c.

Halimeda tuna (Ellis & Solander) Lamouroux
Stypocaulon scoparium (L.) Kiitzing

Halopteris filicina (Grateloup) Kiitzing

Padinia pavonica (L.) Thivy

Peyssonnelia squamaria (Glemlin) Decaisne
Peyssonnelia borneti Boudouresque & Denizot

ALGAE: STATISTICAL ANALYSIS

The model obtained by factorial analysis is shown in Fig. 4B. Only the first axis was
significant, explaining 25.75%, of the total variance. Its configuration is very similar to
that obtained in the analysis of the polychaete distribution.

In the algal assemblage, again reflecting the polychaete situation, there is a discon-
tinuity between the samples located at the surface (0 m) and the remaining stations,
especially in February, and a second, weak discontinuity may be noted between the
upper samples (0-1-2) and the deeper ones (3—4-5).

The species Corallina elongata, Gastroclonium clavatum, Laurencia papillosa and
Dictyota dichotoma were linked to the superficial level, while the species Halopteris
filicina, Acrothamnion preissii, Peyssonnelia borneti and P. squamaria were close to the
deeper samples.

POLYCHAETES AND ALGAE: A COMPARISON OF THEIR ORDINATION MODELS

In both of the ordination models (algae and polychaetes), the stations were ordinated
with a parabolic configuration along the first axis proceeding from 0 to 5 m. The first
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axis is therefore interpreted as being the bathymetric gradient, which reflects the changes
in environmental factors occurring down the transect, from 0 to 5 m.

Along this gradient two discontinuities were noted, the first sharply separating the
surface (0 m) from the remaining samples, and the second separating the superficial
samples (1-2 m) from the deeper ones (3—4-5 m).

The similarity between the models for polychaetes and for algae was evidenced by
comparing the first axis of the summer samples (Fig. 5). The trend follows that of the
two physical factors (Fig. 6). Light penetration and water movement greatly decreased
with depth down the transect, and at the 2—3 m depth both values were reduced to half
of their superficial value.

Di1SCUSSION

The analysis of the polychaete distribution down to 5 m depth revealed the existence
of more than one distinct zone. The first, extending from the surface to ~2 m, was a
zone characterized by polychaetes typical of the superficial infralittoral zone (Platynereis
dumerilii, Syllis prolifera, Eunice harassii, Spirobranchus polytrema, Ceratonereis costae,
Syllis gracilis, S. prolifera and Nereis zonata). In this area a cover of photophilic algae
was present (Corallina elongata, Jania rubens, and Laurencia obtusa). This first zone,
where the intensity of light and water movement was great, could correspond to the
“infralittoral fringe”, defined by Stephenson & Stephenson (1949). A second zone,
which extended from 2 to 5 m, where light and water movement decreased in intensity,
was characterized by a more diverse community, dominated by species typical of
sciaphilic environments or coralligenous formations (Lysidice ninetta, Kefersteinia
cirrata, Amphiglena mediterranea, Lumbrinereis funchalensis, Oriopsis armandi, Nereis
rava, Eurysyllis tuberculata and Syllis truncata criptica). In this second zone, the algal
covering was characterized by the presence of sciaphilic species (Peyssonnelia
squamaria, P. borneti and Halimeda tuna).

At the surface (0 m) the lowest values for diversity, number of species and abundance
were recorded. This was probably due to the fact that at this level emersion, mainly
caused by wave movement, was a negative factor for polychaete colonization. This level
probably corresponds to the “midlittoral fringe” (Boudouresque, 1971). In fact, some
species typical of the midlittoral zone were present, especially in winter: viz. the
polychaetes Syllis amica and Protoaricia oerstedi and the algae Gastroclonium clavatum
and Laurencia papillosa.

As Abbiati et al. (in press) have, however, demonstrated, the discontinuity between
the midlittoral and infralittoral zones is not clearly detectable simply from the analysis
of the polychaetes. Polychaete species which colonize the transition zone between the
midlittoral and infralittoral zones may also be found frequently in stressed environments
such as harbours or lagoons (Bellan, 1980) and probably suffer from competition with
other species.



274 A. GIANGRANDE

In the deeper zone (3-5m), a higher structural organization of the polychaete
community was noted, as demonstrated by the increases in diversity. This is probably
due to two factors, the first being changes in the algal cover: in this zone the biogenic
concretion generated by Corallinaceae and the presence of species-retaining sediment
(Peyssonnelia sp.) produce a more diversified microhabitat which can favour polychaete
settlement. The second factor may be a decrease in the intensity of environmental
factors which favour a higher degree of biotic interaction within the community
(Sanders, 1968). From a bionomical standpoint, and following the classical model of
Pérés & Picard (1964) for the Mediterranean Sea, the assemblages found would be
defined as simple “facies” of a single infralittoral community belonging to the photo-
philic algae biocoenoses.

Statistical analysis shows that parallel configurations exist in the ordination models
of polychaetes and algae. In both models, two discontinuities were revealed — the first
between 0 and 1 m and the second between 2 and 3 m. As far as the polychaetes are
concerned, these discontinuities are principally attributable to changes in the number
of species, abundance and diversity with depth. In the algal assemblage, on the other
hand, these discontinuities were mainly due to changes in species composition. This
zonation pattern was consistent over the 2 months covered in the study. The main
differences appeared among the superficial samples, specifically at Station 0. The dis-
continuity between the 0-m and the 1-m samples was more highly accentuated in
February, when the species typical of the midlittoral zone were present.

The observed discontinuities could be explained by the zonation model of Riedl
(1964) which emphasized the role of water movement in the vertical distribution of the
littoral benthos. The first discontinuity can be related to the mean water level, while the
second corresponds to a transition zone between two masses of water, each character-
ized by a different hydrodynamic movement and defined as the “first critical depth”.

The importance of water movement in community zonation has already been
demonstrated for several sessile epifauna groups by Sara et al. (1978) and Boero & Fresi
(1986).

In the present study, the interpretation of the polychaete assemblages found on the
cliff cannot, however, be based solely on the models of Riedl (1964). In fact, it is very
difficult to differentiate between the relative importance of the many factors which may
have influenced the distribution observed. Both light and water movement, for example,
exhibited correlated trends. These two factors then probably play only an indirect réle,
acting synergetically to create qualitative and quantitative modifications of algal cover.

The polychaete zonation, in fact, follows the algae associations on the cliff wall at
the same depths; this would suggest that conditioning of the substratum due to the algal
cover is the main factor determining polychaete zonation. This conditioning of the
substratum by algae is achieved both by the creation of spatial microhabitats and by
trophic effects, as has been pointed out by Abbiati ez al. (1987) and Giangrande (1986).
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