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Abstract

1. Rhodoliths, formed by free-living coralline algae, are distributed worldwide, and

the rhodolith beds (RBs) that they form are recognized as structurally complex

habitats. In the Mediterranean, they are generally distributed in the mesophotic

zone, at depths of 30–100 m; so far, only a few shallow RBs (<2 m) have been

reported (e.g. Îles Kuriat, Tunisia, and Stagnone Marsala, Italy).

2. Here a shallow-water RB located in the Mar Piccolo of Taranto (south-eastern

Italy, Mediterranean Sea) is described. The diversity of associated invertebrates,

the rhodolith-forming algal species, the type of sediments, and the bed extent are

characterized.

3. The RB investigated extends over 5 ha at depths of 0.5–1.5 m. The rhodoliths

vary in shape and size, from pralines to large spherical structures, and are formed

by a single species, Neogoniolithon brassica-florida, growing around nuclei of both

natural and anthropogenic origin. The associated fauna consisted of 158 taxa,

79 (50%) of which were new basin records. The associated diversity was

approximately twice that of the underlying and nearby sediments.

4. The structural complexity of the RBs promotes biodiversity and provides shelter,

food, and a breeding ground for numerous species, including seahorses, which are

a conservation priority in this basin.
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1 | INTRODUCTION

Rhodoliths are unattached forms of red calcareous algae that, when

occurring at high densities, form large heterogeneous beds

(Bosence, 1976; Foster, 2001; Basso et al., 2016). Although some are

composed entirely of coralline algae (mäerl), others may have a nucleus

of different origin (e.g. shell fragments or rocks). They are distributed

worldwide and can be found at tropical (Amado-Filho et al., 2012;

Costa et al., 2020; Moura et al., 2021), temperate (Foster et al., 1997;

Steller et al., 2003; Hinojosa-Arango & Riosmena-Rodríguez, 2004;

García et al., 2014; Bracchi et al., 2019; Bracchi et al., 2022; Chimienti

et al., 2020; Longo et al., 2020; Rendina et al., 2020; Romagnoli

et al., 2021), and polar (Konar, Riosmena-Rodriguez & Iken, 2006;

Teichert et al., 2014; Ward et al., 2021) latitudes.

Rhodolith beds (RBs) are recognized as structurally complex

substrata that host higher associated diversity than the underlying

sediments and surrounding habitats (Hall-Spencer, 1998; Steller

et al., 2003; Foster et al., 2013; Gabara et al., 2018; Melbourne

et al., 2018; Stelzer et al., 2021). Indeed, their three-dimensional

structure provides a variety of ecological niches for many species,

including epibenthic, epiphytic, cryptic, and infaunal species

(De Grave, 1999; Steller et al., 2003; Kamenos, Moore & Hall-

Spencer, 2004; Grall et al., 2006; Amado-Filho et al., 2007; Figueiredo

et al., 2007; Foster et al., 2007; Peña & Bárbara, 2008a; Peña &

Bárbara, 2008b; Riul et al., 2009), and they are therefore classified as

‘ecological engineers’ (Jones, Lawton & Shachak, 1994; Steller

et al., 2003; Nelson et al., 2014; Teichert, 2014; Fredericq et al., 2019).

The associated fauna consists mainly of small annelids, crustaceans,

molluscs, nematodes, and other groups that use rhodoliths for hiding and

feeding (Figueiredo et al., 2007; Costa et al., 2019; Otero-Ferrer

et al., 2019; Sánchez-Latorre et al., 2020; Neto et al., 2021; Stelzer

et al., 2021). RBs can also serve as nursery grounds for several

commercial species, such as clams and scallops (Kamenos, Moore & Hall-

Spencer, 2004; Foster et al., 2013; Pereira & da Gama Bahia, 2021; Tuya

et al., 2023).

The RBs occur in waters down to 150 m of depth

(Bosence, 1983; Foster, 2001; Konar, Riosmena-Rodriguez &

Iken, 2006; Foster et al., 2013; Rendina et al., 2020), near channels,

islands, submarine dunes, and various sedimentary structures where

bottom currents occur (Basso et al., 2017; Bracchi et al., 2019). In the

Mediterranean Sea, RBs are generally distributed in the mesophotic

zone at depths between 30 and 100 m (Barbera et al., 2012; Basso

et al., 2017) and are rarely found in shallow waters. Indeed, their

occurrence has been recorded at depths of 9–10 m in Israel (Ramos-

Esplá, Riosmena-Rodriguez & Galil, 2012) and at depths of 9–24 m in

Punta de la Mona in southern Spain (Del Rio et al., 2022), whereas

very shallow RBs (at depths of <2 m) have been described in Îles

Kuriat in Tunisia (CAR/ASP-PNUE/PAM, 2011) and Stagnone di

Marsala, Trapani, Italy (Calvo, Drago & Sortino, 1980; Mazzola &

Vizzini, 2005).

During routine monitoring, a shallow RB (at depths of 0.5–2.0 m)

was discovered at Mar Piccolo (south-eastern Italy) (Pierri

et al., 2020), a semi-enclosed basin connected to the Mar Grande of

Taranto, which in turn is connected to the Gulf of Taranto in the

Northern Ionian Sea. The total area of the basin is approximately

21 km2 and it consists of two distinct inlets. Owing to its peculiar

hydrological characteristics, low hydrodynamic conditions, high

freshwater inputs, geographical confinement, eutrophication, and the

prevalence of soft-bottom substrate, it can be compared with a

brackish lake, although the salinity of around 36‰ is consistent with

average seawater values (Caroppo & Cardelicchio, 1995; Annichiarico

et al., 2009). Hard natural substrata are scarce, whereas those

resulting from human activities are abundant and diverse, including

iron poles and concrete blocks, used to anchor mussel farms, stones

and debris, ropes, and materials abandoned by mussel farmers and

anglers. Mussel farms occupy most of the seabed, increasing the

availability of hard substrata and providing mechanical obstacles to

fishing with towed gears (Bracchi et al., 2016). Many long-standing

human activities occur in the basin, including naval military bases,

shipyards, and one of the major Italian industrial centres, which have

affected the quality of the environment over time (Rizzo et al., 2022a,

2022b; Lisco et al., 2023).

The basin has been the object of numerous taxonomic,

ecological, chemical, and geological studies, and research surveys on

species and habitats of conservation interest, leading to the

description of more than 750 species (e.g. Parenzan, 1969; Tursi,

Pastore & Panetta, 1974; Gherardi & Lepore, 1981; Panetta, 1981;

Tursi et al., 1984; Tursi et al., 1985; Gherardi, Lepore &

Sciscioli, 1993; Longo et al., 2004; Mastrototaro, D'Onghia &

Tursi, 2008; Lisco et al., 2016; Valenzano et al., 2018). This basin is

also considered a hotspot for non-indigenous species, principally as a

result of the importation of mussels and the presence of large

international civilian and military ports that constitute major

introduction vectors (Gravili et al., 2010; Servello et al., 2019).

Despite the numerous anthropic pressures, Mar Piccolo of Taranto

hosts important biological resources (Prato et al., 2020; Mercurio

et al., 2021) and, since 2020, it has been included in the

homonymous Regional Natural Reserve.

Here, the structure, extent, and associated fauna of the RBs of

Mar Piccolo have been described, underlining the conservation

importance of RBs. In particular, the epi- and cryptofauna of RBs and

the fauna of the sediments under the beds and in the surroundings,

where no rhodoliths occur, have been studied using an all-taxa

approach that included Annelida, Arthropoda, Bryozoa, Echinodermata,

Foraminifera, Mollusca, Porifera, and Sipuncula.

Specifically, the present study aimed to: (i) investigate the

contribution of rhodoliths to the species diversity of the area;

(ii) verify any differences in sediment-associated macrobenthic

communities, in terms of species richness, assemblage structure, and

species abundance of the most dominant taxa; and (iii) provide a first

preliminary description of the role that this peculiar biological

association can play in the Mar Piccolo of Taranto. The ultimate aim

of this research was to gain new insights into the biology and

associated species diversity of this shallow-water habitat.
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2 | METHODS

2.1 | Study area and sampling

The study area is in the north-eastern portion of the first inlet of Mar

Piccolo of Taranto, in south-eastern Italy (Figure 1). The bottom was

characterized by shallow sandy banks with sparse flat stones covered

by Cystoseira sensu lato, and patches of Caulerpa prolifera and

Cymodocea nodosa, down to a depth of approximately 3 m.

Thereafter, the bottom was muddy and sloped rapidly to a depth of

6 m, where a dense bed of benthopleustophytic form of Cladophora

prolifera was present. The studied RB extended over the portions of a

sandy substratum without any significant cover of algae or

phanerogams (for a more detailed description of the habitats in the

area, see Pierri et al., 2020).

In February 2021, a remotely operated vehicle (ROV) was used to

estimate the extent of the RB and its depth range. In March of the

same year, samples of the epi- and cryptofauna (i.e. organisms living

on and within rhodoliths, respectively) and infauna (i.e. organisms

living in the sediments below the rhodoliths) were collected at two

randomly chosen sampling stations (S1 and S2) and at a nearby

control station (C), where only the sediments were sampled as no

rhodoliths were observed. All stations were located at a depth of 1 m.

At each station three replicate samples were collected, at 10 m apart

from one another. At the sampling stations and for each replicate, all

rhodoliths in an area of 20 � 20 cm were also collected; samples were

stored in 70% alcohol for subsequent sorting and taxonomic

identification of the associated fauna. At each station, the first 10 cm

of sediments were collected in three replicate samples using corers of

10 cm in diameter; at S1 and S2, sediments were collected

underneath previously collected rhodoliths. All samples were sieved

in situ using a 500-μm mesh and stored following the same procedure.

A total of six replicates (three replicates from two stations) of

rhodoliths (S1 and S2) and nine replicates (three replicates from three

stations) of sediments (S1, S2, and C) were collected and analysed.

In addition, at the same sampling stations, all rhodoliths from a

20 � 20 cm square were collected and used for morpho-structural

analysis. For granulometric analysis, 300 g of sediment was collected

at the water–sediment interface at each station, in accordance with

standard procedures (Poppe et al., 2000).

F IGURE 1 Rhodolith areas
investigated (red dots) at the Mar Piccolo
of Taranto, south-eastern Italy, and details
of the three sampling stations (S1, S2, and
C).
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2.2 | Rhodolith analysis

The rhodoliths were examined with scanning electron microscopy

(SEM). Fragments of algae were mounted on aluminium stubs using

acrylic glue, sonicated with a Vitec sonicator (Carlsbad, CA, USA) to

remove sediments and diatoms, and then coated with a thin layer of

chromium using a Quorum Q150T ES (Quorum Technologies, Lewes,

UK) coater and analysed with a Zeiss GeminiSEM 300 (Zeiss,

Oberkochen, Germany) at a working distance (WD) of 8–11 mm.

Identification was made following the relevant literature (Woelkerling,

Penrose & Chamberlain, 1993; Penrose, 1996; Bressan &

Babbini, 2003; Cormaci, Furnari & Alongi, 2017; Auer & Piller, 2020)

and AlgaeBase.

For the morpho-structural analysis, rhodoliths, including algal

growth, were oven-dried. Dry rhodoliths were then impregnated with

low-viscosity epoxy resins to preserve the original structure and were

cut perpendicular to the structure development with a circular saw.

Sample images were taken with a high-resolution scanner.

The long (L), intermediate (I), and short (S) axes of the rhodoliths

(n = 100) were measured to obtain shape classes according to

Sneed & Folk (1958) and Bosence (1976, 1983). The data were

plotted on Microsoft Excel (Microsoft, Redmond, WA, USA) triangular

diagram spreadsheet (TRI-PLOT; Graham & Midgley, 2000) to

represent the shape classes.

2.3 | Faunal analysis

In the laboratory, the sampled material was sorted into taxonomic

macro-categories, which were then identified to the lowest possible

taxonomic level. Individuals were counted and an abundance matrix was

created. An all-taxa approach was used, targeting Annelida, Arthropoda,

Bryozoa, Echinodermata, Foraminifera, Mollusca, Porifera, and Sipuncula.

2.4 | Sediment analysis

Grain-size analyses were carried out using a set of American Standard

Test Sieve Series (ASTM) sieves with mesh sizes of ½ phi from 2 mm

to the minimum granulometric fraction (<0.125 mm), following the

standard procedures suggested by the American Society for Testing

and Materials and the British Standard. The samples were dried

(at 80�C) for 24 h and quartered before analyses. The results were

processed with a dedicated application in Microsoft Excel

(Gradistat©V8).

2.5 | Data analysis

At each station, diversity indices, including the number of specimens

(N), taxonomic richness (S), Shannon diversity index (H0) and Pielou's

evenness (J) for assemblages were computed. Sample coverage and

estimated richness at the same coverage to render this metric

comparable among samples collected with different sampling

techniques were also quantified using the R package iNEXT (Chao &

Jost, 2012; Hsieh, Ma & Chao, 2016). SIMPER analyses, based on the

Bray–Curtis similarity matrix, calculated from the fourth-

root-transformed prey abundance data, were performed to assess

dissimilarities among benthic communities at three stations and to

determine the taxa that most significantly contributed to the

observed dissimilarities. The analyses were performed using

PRIMER 6+. In the analysis, depending upon the different taxonomic

levels detected, the initially identified taxa were assigned to a major

taxonomic level (classes).

3 | RESULTS

The RB extends for approximately 1.5 km along the perimeter wall of

the eastern coast of the first inlet, at a depth ranging between 0.5 and

2.0 m. It has an average width of approximately 10 m and is

occasionally interrupted by patches of Cymodocea nodosa. Although

the rhodoliths at the northern station (S1) were small and sparse,

covering about 50% of the bottom, their sizes at the southern station

(S2) ranged from a few millimetres to approximately 6 cm, completely

covering the substratum and forming a multilayered bed up to 10 cm

thick. Rhodoliths were classified into three categories of the ternary

diagram (Figure 2), with the spheroidal shape predominating. The

facies complexity increased from north to south, with living rhodoliths

increasing in abundance and being overlain in several layers at station

S2 (Figure 3a–d).

Rhodoliths were formed by Neogoniolithon brassica-florida

(Harvey) Setchell & L.R. Mason and were monospecific (Figure 4). The

specimens had features that are diagnostic of the genus

Neogoniolithon, namely: thalli with dorsiventral organization;

monomeric structure consisting of a single system of branched

filaments; lowermost filaments arranged in decumbent arching tiers of

cells (coaxial anatomy) (Figure 4b); epithallial cells with rounded or

flattened distal walls (Figure 4c); epithallial cells with primary cell wall

formed by rodlike (Mastophora-type) crystallites (Figure 4d);

meristematic cells usually as short or shorter than their immediate

perithallial derivatives; cells in contiguous filaments joined by fusions

(Figure 4c); secondary pit connections absent; trichocytes, if present,

occurring in horizontal layers (Figure 4e), vertical series or singly; and

reproductive cells produced in uniporate conceptacles. Based on

reproductive morphology, the identification of specimens is

consistent with the description of N. brassica-florida (Woelkerling,

Penrose & Chamberlain, 1993; Penrose, 1996; Bressan &

Babbini, 2003; Cormaci, Furnari & Alongi, 2017): sporangial

conceptacle large, with roof markedly protruding above thallus

surface (Figures 4f, 4g); roof of conceptacle 10–15 cells thick; pore

channel lined with protruding cells; and conceptacles without central

columella (Figure 4h).

Rhodolith sections showed that the algal structure grew around

an inner core (both symmetrically and asymmetrically) on all exposed

surfaces for approximately 2 cm (Figure 5), with a thin layer of

4 of 14 PIERRI ET AL.
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carbonate concretion surrounding the nucleus, corresponding to the

first growth stages. Small columnar algal structures grew on this layer,

increasing the total exposed surface area and trapping the sediment

that crept into the free spaces and making the structure compact. The

rhodolith cores were of differing origins, including limestone

fragments, shells, or anthropic debris (Figure 5).

3.1 | Sediment characteristics

Sediments under the RB and at the control station had similar grain-

size distributions and were classified as ‘very coarse sand’. The

distribution was polymodal: very coarse sand was the major fraction,

with fine and very fine gravels as secondary components. The muddy

component was negligible (<2%). The median sediment particle size

(D50) of the sediments was 1250 ± 125 μm. The sandy fraction was

mostly bioclastic (shell fragments or whole shells), whereas the gravel

fraction was often of anthropogenic origin, resulting from crushed

limestone, used locally as an inert component of concrete.

3.2 | Macrobenthic community

A total of 3,701 individual invertebrates were identified, with the

highest abundance associated with rhodoliths at S1 and S2 (1,669 and

1,079 individuals, respectively) and with the lowest abundance found

in the sediments below the RB (336 and 202 individuals, respectively)

(Table 1). The abundance at the control station was similar to that in

the sediments below the rhodoliths (415 individuals). Annelids were

the most abundant invertebrates found in the sediments at all

stations. At the control station, annelids accounted for 81% of the

F IGURE 2 Rhodolith bed and associated fauna in the Mar Piccolo of Taranto, south-eastern Italy, at a depth of 2 m near station S2, where
the bed is dense and multilayered. (a) Overview of the bed. (b) Close-up showing the density of the associated fauna. (c–d) Seahorses
Hippocampus hippocampus (c) and Hippocampus guttulatus (d) feeding in this habitat (photo credit M. Spoto).

F IGURE 3 Ternary plot of the rhodoliths in the Mar Piccolo of
Taranto using the shape diagram of Sneed & Folk (1958): long (L),
intermediate (I), and short (S) axes of the rhodoliths.

PIERRI ET AL. 5 of 14
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specimens, and at stations S1 and S2, they accounted for 81% and

71% of the specimens, respectively. The most abundant taxon

associated with rhodoliths was Arthropoda, which accounted for

more than 80% of the assemblage at S1 and S2. Sampling was

effective, with a coverage that was always greater than 0.9 (Table 1),

and was greater on the RB (>0.96) than in the underlying sediments.

The control station had a remarkable coverage of 0.974.

A total of 158 taxa were identified (see supplementary Table S1

for the a detailed list), with most (84%) specimens classified to species

level. Taxonomic richness, standardized by coverage, showed that the

rhodoliths had high diversity (51 and 75 species at S1 and S2,

respectively), whereas the sediments at S1 and C were much poorer

(29 and 24 species, respectively). The taxonomic richness in the

sediments at S2 was remarkably high and was comparable with that

of the RB.

Both rhodolith and sediment invertebrates had the highest

Shannon diversity index (H0) at S2, whereas the lowest H0 was

observed at the control station. Evenness was generally low to

moderately high (always <0.7) and was higher in the sediments than in

the rhodoliths, suggesting stronger dominance patterns in the RB.

SIMPER analysis (Table 2) indicated a higher dissimilarity between

the benthic community associated with rhodoliths at S1 and S2 than

between C and S2, with respect to the sediment community. The

observed dissimilarity in rhodoliths was explained by the presence of

Polyplacophora, Gastropoda, and Clitellata, and by Clitellata,

Gymnolaemata, Polyplacophora, and Polychaeta, with regard to

sediment samples.

3.3 | Polychaete assemblage

A total of 72 Polychaeta taxa (62 at the species level, four at the genus

level, one at the subfamily level, and five at the family level) were

identified, belonging to 19 different families. Polychaetes from the RB

F IGURE 4 Neogoniolithon brassica-florida from Mar Piccolo of Taranto, south-eastern Italy. (a) Gross morphology (scale bar: 1 cm).
(b) Section through the thallus with monomerous construction: note the coaxial ventral core (c) and the peripheral region (p) (scale bar: 100 μm).
(c) Section through the thallus showing epithallial cells (e) with rounded and flattened distal walls and short meristematic cells (m) (scale bar:
10 μm). (d) Primary cell wall of an epithallial cell formed by rod-shaped (Mastophora-type) crystallites (arrows) (scale bar: 400 nm).
(e) Section through the thallus showing buried trichocytes (t) (scale bar: 10 μm). (f) Several large and protruding uniporate conceptacles (arrows)
(scale bar: 1 mm). (g) Section of a multilayered rhodolith with uniporate conceptacle, with roof markedly protruding above the thallus surface
(arrow) (scale bar: 200 μm). (h) Sporangial uniporate conceptacle without central columella in vertical section (scale bar: 100 μm).
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were dominated by the syllids, which alone accounted for almost 30% of

the individuals sampled and 34% of the taxonomic diversity. Syllis gracilis

was the most common species, in accordance with its endolithic lifestyle.

On rhodoliths, the families Hesionidae, Dorvilledidae, and Ophelidae

were the most represented, with Oxydromus pallidus being the most

abundant species. Myxicola cf. aesthetica was another abundant taxon

living in the matrix of rhodoliths and was the only sabellid species.

Cirrophorus nikebianchii, Cirriformia tentaculata, and Tharyx

killariensis accounted for 67% of the sampled individuals, with

C. nikebianchii accounting for 56%. Syllidae, Cirratulidae, and

Dorvilledidae were the dominant families, accounting for 18%, 15%,

and 13% of the total number of species, respectively; Capitellidae and

Lumbrineridae also showed relatively high diversity.

The rhodolith assemblages showed higher diversity than the

sediment owing to the presence of taxa that typically occur on both hard

and soft substrata (e.g. Polyophthalmus pictus and Armandia cirrhosa,

respectively). The assemblages from the sediment below the rhodoliths

showed large similarities with those from the control station, as both

were dominated by C. nikebianchii and oligochaetes. However, they had

a higher number of species because of the presence of taxa from the

families Cirratulidae, Dorvilleidae, and Capitellidae, which were absent at

the control station, where Spionids dominated the species diversity. The

most species-rich group at all three stations was the Syllids, which had

the highest number of species and genera in rhodoliths and sediments,

and were the second largest group at the control station, although

different species occurred in the different samples. The non-indigenous

component is also well represented, with a total of five species: one

Lumbrineridae, two Capitellidae, and two Spionidae.

3.4 | Molluscan assemblage

Overall, 28 molluscs were found, all identified to species level. The

poorness of the southern station S2 (with two individuals, representing

two species in the sediment and among the rhodoliths) was in contrast

to the much more diverse molluscan assemblages at the C and S1

stations. The gastropod family Trochidae was the most diverse (14.3%)

and abundant (35.4% of the molluscan assemblage), with Steromphala

albida being the most abundant species, especially on rhodoliths.

The rhodolith assemblage contained a few infaunal bivalves

(possibly living in tiny sediment-filled crevices of the rhodoliths),

several sessile epibenthic bivalves (e.g. Mytilidae and Anomiidae),

TABLE 1 Abundance (N), observed species richness (Sobs), estimated species richness (Sest), at a coverage of 0.963 (Chao & Jost, 2012,
Shannon index H0 , and Pielou's evenness J of the invertebrate assemblages on two rhodolith beds, the sediments below, and at the control

station C.

Type Station N (total) N (mean ± SD) Sobs (total) Sobs (mean ± SD) Sest (SC = 0.963) Coverage H0 J

Sediments C 415 138.3 ± 44.7 29 16.7 ± 2.1 24 0.974 1.482 0.440

S1 336 112.0 ± 78.3 44 22.7 ± 7.6 29 0.947 2.544 0.672

S2 202 67.3 ± 18.2 42 19.0 ± 9.2 54 0.916 2.354 0.630

Rhodoliths S1 1,669 556.3 ± 664.4 77 44.7 ± 4.9 51 0.981 1.728 0.398

S2 1,079 359.7 ± 33.3 79 42.3 ± 7.0 75 0.966 2.379 0.544

F IGURE 5 Sections of rhodoliths
impregnated in epoxy resin to show their
growth. Note the occurrence of
asymmetrical (upper row) and
symmetrical (lower row, left)
morphologies. A growth scheme (not to
scale) is shown at the bottom right. Scale
bar: 2 cm.
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several gastropods, such as the grazers Trochidae and Cerithiidae, and

some predatory neogastropod species. In the sediments, there were

some infaunal bivalves and gastropods (e.g. Nassariidae), but also

numerous epibenthic gastropods (Trochidae and Cerithiidae).

Four non-indigenous species were present (Arcuatula

cf. senhousia, Cerithium scabridum, Malleus regula, and Pinctada

radiata), but with few individuals. This is the first record of Cerithium

scabridum in this basin. In contrast, all bivalves have been previously

recorded in the area (Mastrototaro, Matarrese & D'Onghia, 2003;

Stasolla et al., 2014; Kousteni et al., 2019).

3.5 | Crustacean community

Thirty-four taxa of crustaceans were found. The overwhelming

majority of species (86%) and individuals (97%) occurred in

association with rhodoliths. A poorer assemblage, both in terms of

taxonomic richness and abundance, was found in the sediments (43%

of species and 2% of individuals), with even lower levels at the control

station, where only the amphipod Centraloecetes dellavallei was

abundant (0.5% of total abundance). Most crustaceans were

peracarids, with amphipods and isopods dominating in number of

species (16 and eight, respectively) and individuals (661 and 1664,

respectively), whereas cumaceans and tanaids were found with fewer

individuals. Decapods (six species with 16 individuals) and ostracods

(numerous individuals) also occurred. The most abundant species in

the rhodolith assemblage were the isopods Carpias stebbingi and

Paranthura japonica, the amphipods Apolochus neapolitanus, Elasmopus

rapax, Maera grossimana, and the tanaid Chondrochelia savignyi, which

were also the main components of the underlying sediments; other

abundant species, such as the isopod Cymodoce truncata and the

amphipods Apocorophium acutum and Quadrimaera inaequipes were

exclusive of the rhodolith assemblage. Some less abundant and rare

species were also shared between rhodoliths and sediment, for

example, M. grossimana and Perioculodes aequimanus, whereas the

decapod Brachynotus gemmellari and the cumacean Iphinoe trispinosa,

which only occurred in the sediments, were replaced by the

congeneric Brachynotus foresti, and Iphinoe serrata and Iphinoe tenella,

respectively, on the rhodoliths. Four non-indigenous species were

found in the rhodolith assemblage, that is, the isopods P. japonica,

Mesanthura cf. romulea, Paracerceis sculpta, and the amphipod Caprella

scaura. Paranthura japonica accounted for 9% of the total fauna and

was the only non-indigenous species in the sediments. This species

was first recorded at Mar Piccolo of Taranto (Lorenti et al., 2016),

whereas specimens of the genus Mesanthura were recently detected

in the nearby Mar Grande of Taranto (Lorenti, Dappiano &

Gambi, 2009). In contrast, P. sculpta and C. scaura are long-established

non-indigenous species (Forniz & Maggiore, 1985; Sconfietti &

Danesi, 1996; Eleftheriou et al., 2011). Remarkably, amphipod and

isopod juveniles and brachyuran megalopa larvae were abundant,

suggesting the persistence of their populations over time.

3.6 | Sponge assemblage

A total of 13 Porifera taxa were recorded associated with rhodoliths,

nine of which were identified at the species level and four at the

genus level. All taxa identified belonged to the class Demospongiae,

with Haplosclerida being the most represented order (with eight taxa).

The remaining taxa belonged to the orders Clionaida (one taxon),

Dictyoceratida (one species), Poecilosclerida (one species), and

Suberitida (two species). The assemblage consisted of small

insinuating or encrusting massive sponges found between layers of

coralline thalli or overgrowing rhodoliths. Only one small specimen

(Cliona sp.) of a boring sponge was found. Most of the rhodolith

samples examined harboured a single sponge taxon (86.7%), whereas

two or three demosponge taxa were identified in only a few samples.

The most common sponges found in rhodolith samples belonged

to the order Suberitida: Hymeniacidon perlevis, followed by

Pseudosuberites mollis. The Haplosclerida Oceanapia isodictyiformis and

Haliclona (Haliclona) michelei were common as well, whereas the

remaining taxa were found only once or twice.

Overall, the sponge assemblage at both sampling stations was

similar in terms of taxa number (eight in S1 and nine in S2), with the

exceptions of Clionaida and Dictyoceratida (Dysidea fragilis), which

were only found at S2, and Poecilosclerida (Mycale (Aegogropila)

contarenii), which was only found at S1.

TABLE 2 The output of SIMPER analyses carried out on the
benthic community composition. Taxa included in this table were
responsible for 80% cumulative dissimilarity among different samples
(sediments at S1, S2, and C; rhodoliths at S1 and S2). Dissimilarity
values between sediments and rhodoliths at the stations were not
reported. The similarity value of the sediments versus the rhodoliths
was close to 96%; the contribution of taxa to the dissimilarity has not
been reported here.

Groups
SIMPER %
dissimilarity % contribution of taxa

Sediments vs

Rhodoliths

95.44 Malacostraca (37.13),

Foraminifera (14.44), Clitellata

(13.38), Gymnolaemata (10.09),

Ostracoda (7.51)

Rhodoliths S1

vs

Rhodoliths

S2

80.82 Polyplacophora (29.80),

Gastropoda (25.41), Clitellata

(19.04), Malacostraca (10.73)

Sediments C vs

Sediments

S2

63.97 Clitellata (22.00), Gastropoda

(20.55), Ostracoda (18.49),

Polychaeta (13.17),

Foraminifera (10.04)

Sediments S1

vs Sediments

S2

57.17 Clitellata (24.64), Gymnolaemata

(22.31), Polyplacophora (19.26),

Malacostraca (9.89),

Gastropoda (9.60)

Sediments C vs

Sediments

S1

57.12 Gymnolaemata (22.69),

Polyplacophora (19.59),

Ostracoda (15.58), Foraminifera

(9.59), Clitellata (9.47),

Polychaeta (5.72)

8 of 14 PIERRI ET AL.

 10990755, 2024, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/aqc.4054 by U

niversita D
i T

rieste, W
iley O

nline L
ibrary on [31/01/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



4 | DISCUSSION

4.1 | Structure and associated diversity of the
rhodolith bed

The RB in Mar Piccolo of Taranto occurs between 0.5 and 2.0 m in

depth, and is the third RB discovered in such shallow waters in the

Mediterranean Sea (Calvo, Drago & Sortino, 1980; Mazzola &

Vizzini, 2005; CAR/ASP-PNUE/PAM, 2011). The RB investigated

extends over an area of approximately 5 ha, with the estimated

rhodolith cover ranging between 15% and 100%, and occurring in both

single and multiple layers. Such distribution, coverage, and structure are

typical of true beds (Steller et al., 2003; Basso et al., 2016).

The rhodolith-forming species from Mar Piccolo is N. brassica-florida,

an Atlantic boreal species, widely reported from the Mediterranean Sea

(Bressan & Babbini, 2003). It is one of the most common rhodolith-

forming species (Chimienti et al., 2020; Del Rio et al., 2022), and also

contributes to the formation of vermetid reefs (Chemello, 2009).

The rhodoliths from Mar Piccolo showed some peculiarities,

including the monospecificity of the large boxworks, which are

otherwise rather multispecific (Basso, 1998; Basso, Nalin &

Nelson, 2009).

The possibility of growth on different types of nuclei is well

known (Horta et al., 2016). The cores of Mar Piccolo rhodoliths

consisted of bivalve and gastropod shells or sea urchin tests, but

anthropogenic debris such as glass fragments, calcareous breccias,

and concrete fragments were also frequently observed. The shape of

the rhodoliths varied, including small pralines, boxworks, and

elongated or spherical formations. Although there is no clear

interpretation of the relationship between rhodolith shape and water

energy (Aguirre, Braga & Bassi, 2017; Braga, 2017; O'Connell

et al., 2020), large boxwork rhodoliths seem consistent with a lower

hydrodynamic regime (Basso, 1998; Basso, Nalin & Nelson, 2009;

Sañé et al., 2016). However, the higher frequency of spherical shapes

suggests that, in the Mar Piccolo, tidal currents or their combination

with wind and coastal conformation (Dominik et al., 2023) ensure the

regular overturning of rhodoliths. Disturbance by large living

organisms (bioturbation) has also been shown to play a primary role in

overturning rhodoliths, where hydrodynamic forces are insufficient to

move them (Marrack, 1999; Millar & Gagnon, 2018).

The RBs usually occur in environments characterized by

negligible sedimentation rates and a lack of nutrient inputs (Basso

et al., 2017). The RB at Mar Piccolo is therefore noteworthy, as this

eutrophic and confined water body has a high sedimentation rate

(De Pascalis et al., 2016); this was also confirmed by the polychaete

assemblage of the sediments, which are dominated by species typical

of areas with high organic content (Bestwick, Robbins &

Warren, 1989). In the deeper parts of Mar Piccolo, the rhodoliths are

absent, probably because of the shift from sandy to muddy bottom,

which may lead to their burial (Steller & Foster, 1995). The conditions

for the growth of rhodoliths occur because of the low local

sedimentation rate, compared with the depocentral area of the Mar

Piccolo basin, which is dominated by silt that is rich in organic

substances (Valenzano et al., 2018). The presence of traction currents,

even weak ones, induces particle size selection by the removal of the

finest particles, as demonstrated by the grain-size analysis conducted

in the present research. The same currents are episodically

responsible for the motion of rhodoliths at the sea bottom. Therefore,

the localized occurrence of rhodoliths on a small surface area of the

basin could be explained in terms of basin conformation and

the presence of a riparian wall that surrounds a restricted sector of

the basin.

The basin is historically one of the best-studied areas in Italy

because of the presence of one of the oldest marine biological

institutes in the country (Istituto Sperimentale Talassografico ‘Attilio
Cerruti’ in Taranto). Previous studies, mostly focused on

anthropogenic hard substrata and associated fauna, have reported

more than 730 species of invertebrates (including tunicates)

(e.g. Parenzan, 1969; Tursi, Pastore & Panetta, 1974; Gherardi &

Lepore, 1981; Panetta, 1981; Tursi et al., 1984; Tursi et al., 1985;

Gherardi, Lepore & Sciscioli, 1993; Longo et al., 2004; Mastrototaro,

D'Onghia & Tursi, 2008). Against this background, it is interesting that

our study allowed the inclusion of 79 (+11%) previously unreported

species for the basin.

The diversity described in this study (i.e. 158 taxa) was higher

than that recorded for RBs and underlying sediments in California at

depths of 2–20 m (i.e. 52 and 30 taxa, respectively) (Steller

et al., 2003), but is comparable with that of deep RBs (50–90 m) off

the Maltese Islands (i.e. 188 invertebrate taxa) (Deidun et al., 2022)

and the shallow subtidal fringing reef RBs in Moorea French Polynesia

(i.e. 177 cryptofaunal taxa) (Abrecht et al., 2022).

The presence of rhodoliths appears to be particularly valuable in a

basin like Mar Piccolo, where hard substrata are mostly of

anthropogenic origin and are vertical (e.g. concrete walls or poles for

mussel farming), whereas natural substrata are rare, so that the

bottom is almost entirely sandy or muddy. As structurally complex

substrata, the RBs facilitate the presence of a biodiverse benthic

community by providing shelter and protection (Amado-Filho

et al., 2010; Yanovski et al., 2017; Otero-Ferrer et al., 2019; de

Cerqueira Veras et al., 2020).

However, the high heterogeneity in Mar Piccolo RBs could be

explained by the co-presence, even at a reduced spatial scale, of other

habitats with vegetal cover or communities associated with mussel

farming that can generate functionally and structurally consistent

diversity owing to the presence of species that share multiple habitats

and guarantee the complexity of the system. In this scenario, the RBs

represent a crucial node for the connectivity of different habitats

owing to the higher number of species present and shared with

neighbouring habitats (de Juan et al., 2023).

Thirteen non-indigenous species have been found in the

RB. Some of them seem to be recent introductions, such as

the bivalve Malleus regula (Kousteni et al., 2019). The gastropod

Cerithium scabridum, already found along the Adriatic coasts of

southern Italy (Albano & Trono, 2008) and in the Taranto area
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(Trono & Macrì, 2013), is a new report from Mar Piccolo. The

polychaetes Lumbrineris perkins, Mediomastus capensis, Prionospio

depauperata, and Prionospio pulchra, as well as the crustacean

Mesanthura romulea, have been previously reported from the Mar

Grande of Taranto (Gherardi & Lepore, 1981; Lorenti, Dappiano &

Gambi, 2009; Borghese et al., 2023). Some non-indigenous species,

such as the amphipod C. scaura, reported from Mar Piccolo since

2007 (Eleftheriou et al., 2011), have proven to be an important food

source for seahorses at this site (Lazic et al., 2022). Furthermore,

several other known prey species of seahorses (Kitsos et al., 2008;

Gurkan et al., 2011; Ape et al., 2019; Lazic et al., 2021; Lazic

et al., 2022) have also been recorded in this habitat.

4.2 | Importance of the RB for conservation

The RBs are of high conservation interest worldwide, as they provide

habitat for some rare or commercially important invertebrates and

fish species (Riosmena-Rodríguez, Nelson & Aguirre, 2017; Pereira &

da Gama Bahia, 2021), and serve as nurseries and feeding grounds for

several species (e.g. Costa et al., 2020). Several cryptic and burrowing

fishes, such as gobies and blennies, can be abundant, and the juveniles

of large fishes have also been reported to use RBs as feeding areas

(Hall-Spencer et al., 2003).

Shallow RBs are threatened worldwide by numerous human

activities, including eutrophication, fishing, and aquaculture (Gibson

et al., 2006; Riul et al., 2008). It is remarkable that in a basin such as

Mar Piccolo, historically exposed to numerous human pressures,

suitable ecological conditions exist for a shallow RB harbouring

taxonomically and functionally highly diversified assemblages.

Species of major conservation concern occur in the RBs of Mar

Piccolo. Many blennies, Gobidae, seahorses (Hippocampus guttulatus

and Hippocampus hippocampus), and pipefishes (Syngnathus acus and

Syngnathus tenuirostris), among others, were observed foraging in RBs

(Figure 2c–d), thus suggesting that this habitat may also play a crucial

role in the survival of syngnathids, which is especially important given

their reported decline (Caldwell & Vincent, 2012; Pierri et al., 2021).

These fishes have peculiar life-cycle traits, and their survival appears

to be closely linked to a healthy habitat with numerous hiding and

feeding opportunities. As they usually feed on small invertebrates

hiding in the sediments and at the water–sediment interface, complex

and non-uniform substrata with high species diversity, such as RBs,

could provide an optimal habitat.

Finally, the importance of preserving these ecologically sensitive

systems in European waters is recognized by European Union

legislation (Council Directive 92/43/EEC, 1992) and international

conventions (Convention for the Protection of the Mediterranean Sea

against Pollution, 1976; Bern Convention, 1996; OSPAR Convention,

1998) (Barbera et al., 2003; Gibson et al., 2007). Under the Marine

Strategy Framework Directive (MSFD 2008/56/EC), which aims to

achieve a ‘good environmental status’ (GES) for all marine waters, the

RBs in the Mediterranean Sea have been included among the habitats

of special interest.

AUTHOR CONTRIBUTIONS

Cataldo Pierri conceived the research. Cataldo Pierri and Tamara

Lazic contributed to the study conception and design. Miriam

Ravisato and Roberta Trani carried out the sorting of the samples.

Massimo Moretti, Roberta Trani, and Stefania Lisco analysed the

samples. Caterina Longo, Paolo G. Albano, Annalisa Falace, Maria

F. Gravina, Matteo Putignano, and Sara Kaleb conducted the

taxonomic analyses. Cataldo Pierri and Paolo G. Albano conducted

the statistical analyses. Cataldo Pierri, Michele Gristina, Tamara

Lazic, Roberta Trani, Stefania Lisco, and Paolo G. Albano wrote the

first draft of the article. Marco Dadamo contributed to acquiring

funding. All authors contributed extensively to the research,

interpreted and discussed the results, and approved the final version

for publication.

ACKNOWLEDGEMENTS

We thank Marco Spoto for the use of the photos in Figure 2 and

Senem Onen Tarantini for support during the initial phases of

this work.

CONFLICT OF INTEREST STATEMENT

The authors declare that they have no conflicts of interest associated

with this work.

DATA AVAILABILITY STATEMENT

The quantitative data upon which the study is based are available as

supplementary material.

ORCID

Cataldo Pierri https://orcid.org/0000-0002-6125-3322

Annalisa Falace https://orcid.org/0000-0002-9671-5283

Tamara Lazic https://orcid.org/0000-0002-3844-8420

Paolo G. Albano https://orcid.org/0000-0001-9876-1024

REFERENCES

Abrecht, M., Peinemann, V.N., Yazaryan, A.K., Kestler, M., DeMattei, B.C.,

Ha, B.A. et al. (2022). Cryptofaunal diversity in fringing reef rhodoliths.

Coral Reefs, 41(1), 199–212. https://doi.org/10.1007/s00338-021-

02214-7

Aguirre, J., Braga, J.C. & Bassi, D. (2017). Rhodoliths and rhodolith beds in

the rock record. In: Rhodolith/maerl beds: a global perspective, Vol. 15

Coastal research library. Cham: Springer, pp. 105–138.
Albano, P.G. & Trono, D. (2008). Record of the alien species Cerithium

scabridum Philippi 1848 (Gastropoda: Cerithiidae) from Otranto,

southern Adriatic Sea. Bolletino Malacologico, 44(1-4), 1–4. https://
biostor.org/reference/175609

Amado-Filho, G.M., Maneveldt, G., Manso, R.C.C., Marins-Rosa, B.V.,
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García, S., Blanco, J., Álvarez, H., Aguilar, R. & Pastor, X. (2014). The need

of cartography for coralligenous and rhodoliths beds along the

Mediterranean Sea: the Balearic Islands case. In: RAC/SPA 2nd

Mediterranean symposium on the conservation of coralligenous and other

calcareous bio-concretions. Poster.

Gherardi, M. & Lepore, E. (1981). Indagine sugli Annelidi Policheti del mar

Grande di Taranto. Archibio di Oceanografia e Limnologia, 20, 19–49.
Gherardi, M., Lepore, E. & Sciscioli, M. (1993). Distribution of the

polychaetous annelids in the ionian and lower adriatic sea: descriptive

analysis. Oebalia, 19, 27–45.
Gibson, R., Atkinson, R., Gordon, J. & Ballesteros, E. (2006). Mediterranean

coralligenous assemblages: a synthesis of present knowledge.

Oceanography and Marine Biology: An Annual Review, 44, 123–195.
Gibson, R., Atkinson, R. & Gordon, J. (2007). Loss, status and trends for

coastal marine habitats of Europe. Oceanography and Marine Biology:

An Annual Review, 45, 345–405.
Graham, D.J. & Midgley, N.G. (2000). Graphical representation of particle

shape using triangular diagrams: an excel spreadsheet method. Earth

Surface Processes and Landforms, 25, 1473–1477. https://doi.org/10.
1002/1096-9837(200012)25:13<1473::AID-ESP158>3.0.CO;2-C

Grall, J., Le Loc'h, F., Guyonnet, B. & Riera, P. (2006). Community structure

and food web based on stable isotopes (δ15N and δ13C) analysis of a
north eastern Atlantic maerl bed. Journal of Experimental Marine

Biology and Ecology, 338(1), 1–15. https://doi.org/10.1016/j.jembe.

2006.06.013

Gravili, C., Belmonte, G., Cecere, E., Denitto, F., Giangrande, A.,

Guidetti, P. et al. (2010). Nonindigenous species along the Apulian

coast, Italy. Journal of Chemical Ecology, 26(sup1), 121–142. https://
doi.org/10.1080/02757541003627654

Gurkan, S., Taskavak, E., Sever, T.M. & Akalin, S. (2011). Gut contents of two

European seahorses Hippocampus hippocampus and Hippocampus

guttulatus in the Aegean Sea, coasts of Turkey. Pakistan Journal of

Zoology, 43, 1197–1201. https://www.proquest.com/scholarly-journals/

gut-contents-two-european-seahorses-hippocampus/docview/

920120360/se-2?accountid=8494

Hall-Spencer, J.M. (1998). Conservation issues relating to maerl beds as

habitats for molluscs. Journal of Conchology, Special Publication,

2(sup1), 271–286.
Hall-Spencer, J.M., Grall, J., Moore, P.G. & Atkinson, R.J.A. (2003). Bivalve

fishing and maerl-bed conservation in France and the UK—retrospect

and prospect. Aquatic Conservation, 13(S1), S33–S41. https://doi.org/
10.1002/aqc.566

Hinojosa-Arango, G. & Riosmena-Rodríguez, R. (2004). Influence of

rhodolith-forming species and growth-form on associated fauna

of rhodolith beds in the central-West Gulf of California, México. Marine

Ecology, 25(2), 109–127. https://doi.org/10.1111/j.1439-0485.2004.

00019.x

Horta, P.A., Riul, P., Amado Filho, G.M., Gurgel, C.F.D., Berchez, F.,

Nunes, J.M.D.C. et al. (2016). Rhodoliths in Brazil: current knowledge

and potential impacts of climate change. Brazilian Journal of

Oceanography, 64(spe2), 117–136. https://doi.org/10.1590/S1679-

875920160870064sp2

Hsieh, T.C., Ma, K.H. & Chao, A. (2016). iNEXT: an R package for

rarefaction and extrapolation of species diversity (hill numbers).

Methods in Ecology and Evolution, 7(12), 1451–1456. https://doi.org/
10.1111/2041-210X.12613

Jones, C.G., Lawton, J.H. & Shachak, M. (1994). Organisms as ecosystem

engineers. Oikos, 69(3), 373. https://doi.org/10.2307/3545850

Kamenos, N.A., Moore, P.G. & Hall-Spencer, J.M. (2004). Maerl grounds

provide both refuge and high growth potential for juvenile queen

scallops (Aequipecten opercularis L.). Journal of Experimental Marine

Biology and Ecology, 313(2), 241–254. https://doi.org/10.1016/j.

jembe.2004.08.007

Kitsos, M.S., Tzomos, T.H., Anagnostopoulou, L. & Koukouras, A. (2008).

Diet composition of the seahorses, Hippocampus guttulatus Cuvier,

1829 and Hippocampus hippocampus (L., 1758) (Teleostei,

Syngnathidae) in the Aegean Sea. Journal of Fish Biology, 72(6), 1259–
1267. https://doi.org/10.1111/j.1095-8649.2007.01789.x

Konar, B., Riosmena-Rodriguez, R. & Iken, K. (2006). Rhodolith bed: a

newly discovered habitat in the North Pacific Ocean. Botanica Marina,

49(4), 355–359. https://doi.org/10.1515/BOT.2006.044

Kousteni, V., Bakiu, R., Benhmida, A., Crocetta, F., Di Martino, V.,

Dogrammatzi, A. et al. (2019). New Mediterranean biodiversity

records (April 2019). Mediterranean Marine Science, 20(4), 230–247.
https://doi.org/10.12681/mms.19609

Lazic, T., Fosso, B., Corriero, G., Balech, B., Marzano, M., Pesole, G. et al.

(2022). Assessment of Hippocampus guttulatus diet using DNA

metabarcoding of faeces. In: 2022 IEEE international workshop on

metrology for the sea; learning to measure sea health parameters

(MetroSea), Milazzo, Italy: IEEE, pp. 549–553.
Lazic, T., Pierri, C., Corriero, G., Balech, B., Cardone, F., Deflorio, M. et al.

(2021). Evaluating the efficiency of DNA metabarcoding to analyze

12 of 14 PIERRI ET AL.

 10990755, 2024, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/aqc.4054 by U

niversita D
i T

rieste, W
iley O

nline L
ibrary on [31/01/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.3389/feart.2022.884685
https://doi.org/10.1007/s11356-023-26317-6
https://doi.org/10.12681/mms.48
https://doi.org/10.7773/cm.v33i4.1221
https://doi.org/10.1046/j.1529-8817.2001.00195.x
https://doi.org/10.1046/j.1529-8817.2001.00195.x
https://doi.org/10.7773/cm.v33i4.1174
https://doi.org/10.7773/cm.v33i4.1174
https://doi.org/10.1130/0-8137-2318-3.127
https://doi.org/10.1130/0-8137-2318-3.127
https://doi.org/10.3389/fmars.2018.00502
https://doi.org/10.3389/fmars.2018.00502
https://doi.org/10.3354/meps12528
https://doi.org/10.1002/1096-9837(200012)25:13%3C1473::AID-ESP158%3E3.0.CO;2-C
https://doi.org/10.1002/1096-9837(200012)25:13%3C1473::AID-ESP158%3E3.0.CO;2-C
https://doi.org/10.1016/j.jembe.2006.06.013
https://doi.org/10.1016/j.jembe.2006.06.013
https://doi.org/10.1080/02757541003627654
https://doi.org/10.1080/02757541003627654
https://www.proquest.com/scholarly-journals/gut-contents-two-european-seahorses-hippocampus/docview/920120360/se-2?accountid=8494
https://www.proquest.com/scholarly-journals/gut-contents-two-european-seahorses-hippocampus/docview/920120360/se-2?accountid=8494
https://www.proquest.com/scholarly-journals/gut-contents-two-european-seahorses-hippocampus/docview/920120360/se-2?accountid=8494
https://doi.org/10.1002/aqc.566
https://doi.org/10.1002/aqc.566
https://doi.org/10.1111/j.1439-0485.2004.00019.x
https://doi.org/10.1111/j.1439-0485.2004.00019.x
https://doi.org/10.1590/S1679-875920160870064sp2
https://doi.org/10.1590/S1679-875920160870064sp2
https://doi.org/10.1111/2041-210X.12613
https://doi.org/10.1111/2041-210X.12613
https://doi.org/10.2307/3545850
https://doi.org/10.1016/j.jembe.2004.08.007
https://doi.org/10.1016/j.jembe.2004.08.007
https://doi.org/10.1111/j.1095-8649.2007.01789.x
https://doi.org/10.1515/BOT.2006.044
https://doi.org/10.12681/mms.19609


the diet of Hippocampus guttulatus (Teleostea: Syngnathidae). Life,

11(10), 998. https://doi.org/10.3390/life11100998

Lisco, S., Corselli, C., De Giosa, F., Mastronuzzi, G., Moretti, M., Siniscalchi, A.

et al. (2016). Geology of mar piccolo, Taranto (southern Italy): the

physical basis for remediation of a polluted marine area. Journal of Maps,

12(1), 173–180. https://doi.org/10.1080/17445647.2014.999136
Lisco, S., Lapietra, I., Laviano, R., Mastronuzzi, G., Fracchiolla, T. &

Moretti, M. (2023). Sedimentological features of asbestos cement

fragments in coastal environments (Taranto, southern Italy). Marine

Pollution Bulletin, 187, 114469. https://doi.org/10.1016/j.marpolbul.

2022.114469

Longo, C., Corriero, G., Cardone, F., Mercurio, M., Pierri, C. & Nonnis

Marzano, C. (2020). Sponges from rhodolith beds surrounding Ustica

Island marine protected area (southern Tyrrhenian Sea), with a

comprehensive inventory of the island sponge fauna. Scientia Marina,

84(3), 297–308. https://doi.org/10.3989/scimar.04991.29A

Longo, C., Scalera Liaci, L., Manuel, M. & Corriero, G. (2004). Notes on the

sponge fauna from mar Grande and mar piccolo of Taranto Apulia,

Ionian Sea note sui poriferi del mar Grande e del mar piccolo di

Taranto mar Ionio. Biologia Marina Mediterranea, 11(1), 440–443.
Lorenti, M., Dappiano, M. & Gambi, M.C. (2009). Occurrence and ecology

of Mesanthura (Crustacea: Isopoda: Anthuridea) in two Italian

harbours. Marine Biodiversity Records, 2, e48. https://doi.org/10.1017/

S1755267209000542

Lorenti, M., Keppel, E., Petrocelli, A., Sigovini, M. & Tagliapietra, D. (2016).

The non-indigenous Paranthura japonica Richardson, 1909 (Isopoda:

Anthuroidea: Paranthuridae) from the mar piccolo lagoon, Taranto (Italy,

Mediterranean Sea). Environmental Science and Pollution Research,

23(13), 12791–12796. https://doi.org/10.1007/s11356-015-4994-5
Marrack, E.C. (1999). The relationship between water motion and living

rhodolith beds in the southwestern Gulf of California, Mexico.

PALAIOS, 14(2), 159–171. https://doi.org/10.2307/3515371
Mastrototaro, F., Matarrese, A. & D'Onghia, G. (2003). Occurrence of

Musculista senhousia (Mollusca: Bivalvia) in the Taranto seas (eastern-

Central Mediterranean Sea). Journal of the Marine Biological Association

of the United Kingdom, 83(6), 1279–1280. https://doi.org/10.1017/
S002531540300866X

Mastrototaro, F.G., D'Onghia, G. & Tursi, A. (2008). Spatial and seasonal

distribution of ascidians in a semi-enclosed basin of the Mediterranean

Sea. Journal of the Marine Biological Association of the United Kingdom,

88(5), 1053–1061. https://doi.org/10.1017/S0025315408001392
Mazzola, A. & Vizzini, S. (2005). Caratteristiche ecologiche, fattoridi

pressione antropica e sviluppo sostenibile di un ambientecostiero

mediterraneo (Stagnone di Marsala, Sicilia occiden-tale). Naturalista

Siciliano, S.IV, XXIX(5), 37–65.
Melbourne, L.A., Denny, M.W., Harniman, R.L., Rayfield, E.J. &

Schmidt, D.N. (2018). The importance of wave exposure on the

structural integrity of rhodoliths. Journal of Experimental Marine Biology

and Ecology, 503, 109–119. https://doi.org/10.1016/j.jembe.2017.

11.007

Mercurio, M., Pierri, C., Cardone, F. & Corriero, G. (2021). Temporal and

spatial variations of Geodia cydonium (Jameson) (Porifera,

Demospongiae) in the Mediterranean confined environments.

Diversity, 13(12), 615. https://doi.org/10.3390/d13120615

Millar, K.R. & Gagnon, P. (2018). Mechanisms of stability of rhodolith

beds: sedimentological aspects. Marine Ecology Progress Series, 594,

65–83. https://doi.org/10.3354/meps12501

Moura, R.L., Abieri, M.L., Castro, G.M., Carlos-Júnior, L.A., Chiroque-

Solano, P.M., Fernandes, N.C. et al. (2021). Tropical rhodolith beds are

a major and belittled reef fish habitat. Scientific Reports, 11(1), 794.

https://doi.org/10.1038/s41598-020-80574-w

Nelson, W., D'Archino, R., Neill, K. & Farr, T. (2014). Macroalgal diversity

associated with rhodolith beds in northern New Zealand. Cryptogamie

Algologie, 35(1), 27–47. https://doi.org/10.7872/crya.v35.iss1.

2014.27

Neto, J.M., Bernardino, A.F. & Netto, S.A. (2021). Rhodolith density

influences sedimentary organic matter quantity and biochemical

composition, and nematode diversity. Marine Environmental Research,

171, 105470. https://doi.org/10.1016/j.marenvres.2021.105470

O'Connell, L.G., James, N.P., Harvey, A.S., Luick, J., Bone, Y. &

Shepherd, S.A. (2020). Reevaluation of the inferred relationship

between living rhodolith morphologies, their movement, and water

energy: implications for interpreting paleoceanographic conditions.

PALAIOS, 35(12), 543–556. https://doi.org/10.2110/palo.2019.101
Otero-Ferrer, F., Mannarà, E., Cosme, M., Falace, A., Montiel-Nelson, J.A.,

Espino, F. et al. (2019). Early-faunal colonization patterns of discrete

habitat units: a case study with rhodolith-associated vagile

macrofauna. Estuarine, Coastal and Shelf Science, 218, 9–22. https://
doi.org/10.1016/j.ecss.2018.11.020

Panetta, P. (1981). I Molluschi del Mar Grande di Taranto (campagna XI-

1977). In: Quaderni del Laboratorio di Tecnologia Della Pesca di Ancona,

Vol. 3. pp. 577–586.
Parenzan, P. (1969). Il mar piccolo e il mar Grande di Taranto. Thalassia

Salentina, 3(13), 19–36.
Peña, V. & Bárbara, I. (2008a). Biological importance of an Atlantic European

maërl bed off Benencia Island (Northwest Iberian Peninsula). Botanica

Marina, 51(6), 493–505. https://doi.org/10.1515/BOT.2008.057

Peña, V. & Bárbara, I. (2008b). Maërl community in the North-Western

Iberian Peninsula: a review of floristic studies and long-term changes.

Aquatic Conservation: Marine and Freshwater Ecosystems, 18(4), 339–
366. https://doi.org/10.1002/aqc.847

Penrose, D.L. (1996). Genus Neogoniolithon Setchell & Mason 1943: 90. In:

Womersley, H.B.S. (Ed.) The marine benthic flora of southern Australia.

Rhodophyta. Part IIIB, Gracilariales, Rhodymeniales, Corallinales and

Bonnemaisoniales. Canberra: Australian Biological Resources Study,

pp. 280–283.
Pereira, R.C. & da Gama Bahia, R. (2021). Rhodoliths: can its importance

on a large scale be promoted by a microscale and invisible

phenomenon? Frontiers in Marine Science, 8, 630517. https://doi.org/

10.3389/fmars.2021.630517

Pierri, C., Cardone, F., Corriero, G., Lazic, T., Quattrocchi, F., Alabiso, G.

et al. (2021). Density decline in a Mediterranean seahorse population:

natural fluctuations or new emerging threats? Frontiers in Marine

Science, 8, 692068. https://doi.org/10.3389/fmars.2021.692068

Pierri, C., Lazic, T., Corriero, G., Cardone, F., Onen Tarantini, S.,

Desiderato, A. et al. (2020). Site fidelity of Hippocampus guttulatus

Cuvier, 1829 at mar piccolo of Taranto (southern Italy; Ionian Sea).

Environmental Biology of Fishes, 103(9), 1105–1118. https://doi.org/
10.1007/s10641-020-01008-0

Poppe, L. J., Eliason, A. H., Fredericks, J. J., Rendigs, R. R., Blackwood, D. &

Polloni, C. F. (2000). Grain-size analysis of marine sediments,

methodology and data processing; geological survey open file report

00–358; U.S. Geological Survey: Woods Hole, MA, USA.

Prato, E., Biandolino, F., Parlapiano, I., Papa, L., Denti, G. & Fanelli, G.

(2020). Estimation of growth parameters of the black scallop

Mimachlamys varia in the Gulf of Taranto (Ionian Sea, Southern Italy).

Water, 12(12), 3342. https://doi.org/10.3390/w12123342

Ramos-Esplá, A.A., Riosmena-Rodriguez, R. & Galil, B. (2012). Contribution

to the knowledge of maérl beds in the Levantine Basin. Eastern

Mediterranean, IV International Rhodolith Workshop, Granada

(Spain): 63.

Rendina, F., Kaleb, S., Caragnano, A., Ferrigno, F., Appolloni, L.,

Donnarumma, L. et al. (2020). Distribution and characterization of

deep rhodolith beds off the Campania coast (SW Italy, Mediterranean

Sea). Plants, 9(8), 985. https://doi.org/10.3390/plants9080985

Riosmena-Rodríguez, R., Nelson, W. & Aguirre, J. (Eds.) (2017).

Rhodolith/Maërl beds: a global perspective. Cham: Springer International

Publishing.

Riul, P., Lacouth, P., Pagliosa, P.R., Christoffersen, M.L. & Horta, P.A.

(2009). Rhodolith beds at the easternmost extreme of South

PIERRI ET AL. 13 of 14

 10990755, 2024, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/aqc.4054 by U

niversita D
i T

rieste, W
iley O

nline L
ibrary on [31/01/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.3390/life11100998
https://doi.org/10.1080/17445647.2014.999136
https://doi.org/10.1016/j.marpolbul.2022.114469
https://doi.org/10.1016/j.marpolbul.2022.114469
https://doi.org/10.3989/scimar.04991.29A
https://doi.org/10.1017/S1755267209000542
https://doi.org/10.1017/S1755267209000542
https://doi.org/10.1007/s11356-015-4994-5
https://doi.org/10.2307/3515371
https://doi.org/10.1017/S002531540300866X
https://doi.org/10.1017/S002531540300866X
https://doi.org/10.1017/S0025315408001392
https://doi.org/10.1016/j.jembe.2017.11.007
https://doi.org/10.1016/j.jembe.2017.11.007
https://doi.org/10.3390/d13120615
https://doi.org/10.3354/meps12501
https://doi.org/10.1038/s41598-020-80574-w
https://doi.org/10.7872/crya.v35.iss1.2014.27
https://doi.org/10.7872/crya.v35.iss1.2014.27
https://doi.org/10.1016/j.marenvres.2021.105470
https://doi.org/10.2110/palo.2019.101
https://doi.org/10.1016/j.ecss.2018.11.020
https://doi.org/10.1016/j.ecss.2018.11.020
https://doi.org/10.1515/BOT.2008.057
https://doi.org/10.1002/aqc.847
https://doi.org/10.3389/fmars.2021.630517
https://doi.org/10.3389/fmars.2021.630517
https://doi.org/10.3389/fmars.2021.692068
https://doi.org/10.1007/s10641-020-01008-0
https://doi.org/10.1007/s10641-020-01008-0
https://doi.org/10.3390/w12123342
https://doi.org/10.3390/plants9080985


America: community structure of an endangered environment.

Aquatic Botany, 90(4), 315–320. https://doi.org/10.1016/j.aquabot.

2008.12.002

Riul, P., Targino, C.H., Farias, J.D.N., Visscher, P.T. & Horta, P.A. (2008).

Decrease in Lithothamnion sp. (Rhodophyta) primary production due to

the deposition of a thin sediment layer. Journal of the Marine Biological

Association of the United Kingdom, 88(1), 17–19. https://doi.org/10.
1017/S0025315408000258

Rizzo, A., De Giosa, F., Di Leo, A., Lisco, S., Moretti, M., Scardino, G. et al.

(2022a). Geo-environmental characterisation of high contaminated

coastal sites: the analysis of past experiences in Taranto (southern

Italy) as a key for defining operational guidelines. Land, 11(6), 878.

https://doi.org/10.3390/land11060878

Rizzo, A., Vandelli, V., Gauci, V., Buhagiar, G., Micallef, A.S. & Soldati, M.

(2022b). Potential sea level rise inundation in the Mediterranean: from

susceptibility assessment to risk scenarios for policy action. Water,

14(3), 416. https://doi.org/10.3390/w14030416

Romagnoli, B., Grasselli, F., Costantini, F., Abbiati, M., Romagnoli, C.,

Innangi, S. et al. (2021). Evaluating the distribution of priority benthic

habitats through a remotely operated vehicle to support conservation

measures off Linosa Island (Sicily Channel, Mediterranean Sea).

Aquatic Conservation: Marine and Freshwater Ecosystems, 31(7), 1686–
1699. https://doi.org/10.1002/aqc.3554

Sánchez-Latorre, C., Triay-Portella, R., Cosme, M., Tuya, F. & Otero-

Ferrer, F. (2020). Brachyuran crabs (Decapoda) associated with

rhodolith beds: spatio-temporal variability at gran Canaria Island.

Diversity, 12(6), 223. https://doi.org/10.3390/d12060223

Sañé, E., Chiocci, F.L., Basso, D. & Martorelli, E. (2016). Environmental

factors controlling the distribution of rhodoliths: an integrated study

based on seafloor sampling, ROV and side scan sonar data, offshore

the W-pontine archipelago. Continental Shelf Research, 129, 10–22.
https://doi.org/10.1016/j.csr.2016.09.003

Sconfietti, R. & Danesi, P. (1996). Structural variations in peracarids

communities at the opposite extremes of the Malamocco basin

(lagoon of Venice). Atti Società Italiana Ecologia, 17(2), 407–410.
Servello, G., Andaloro, F., Azzurro, E., Castriota, L., Catra, M., Chiarore, A.

et al. (2019). Marine alien species in Italy: a contribution to the

implementation of descriptor D2 of the marine strategy framework

directive. Mediterranean Marine Science, 20, 1–48. https://doi.org/10.
12681/mms.18711

Sneed, E.D. & Folk, R.L. (1958). Pebbles in the lower Colorado River, Texas

a study in particle morphogenesis. Journal of Geology, 66(2), 114–150.
https://doi.org/10.1086/626490

Stasolla, G., Riolo, F., Macali, A., Pierri, C. & Crocetta, F. (2014). Further

spreading in the Italian seas of already established non-indigenous

mollusc species. Marine Biodiversity Records, 7, e120. https://doi.org/

10.1017/S1755267214001079

Steller, D.L. & Foster, M.S. (1995). Environmental factors influencing

distribution and morphology of rhodoliths in Bahía Concepci�on, BCS,

México. Journal of Experimental Marine Biology and Ecology, 194(2),

201–212. https://doi.org/10.1016/0022-0981(95)00086-0
Steller, D.L., Riosmena-Rodríguez, R., Foster, M.S. & Roberts, C.A. (2003).

Rhodolith bed diversity in the Gulf of California: the importance of

rhodolith structure and consequences of disturbance. Aquatic

Conservation: Marine and Freshwater Ecosystems, 13(S1), S5–S20.
https://doi.org/10.1002/aqc.564

Stelzer, P.S., Mazzuco, A.C.A., Gomes, L.E., Martins, J., Netto, S. &

Bernardino, A.F. (2021). Taxonomic and functional diversity of benthic

macrofauna associated with rhodolith beds in SE Brazil. PeerJ, 9,

e11903. https://doi.org/10.7717/peerj.11903

Teichert, S. (2014). Hollow rhodoliths increase Svalbard's shelf

biodiversity. Scientific Reports, 4(1), 6972. https://doi.org/10.1038/

srep06972

Teichert, S., Woelkerling, W., Rüggeberg, A., Wisshak, M., Piepenburg, D.,

Meyerhöfer, M. et al. (2014). Arctic rhodolith beds and their

environmental controls (Spitsbergen, Norway). Facies, 60(1), 15–37.
https://doi.org/10.1007/s10347-013-0372-2

Trono, D. & Macrì, G. (2013). Malacofauna del Salento (Trono, 2006):

corrigenda e addenda. Bollettino Malacologico, 49(1), 26–48.
Tursi, A., Matarrese, A., Costantino, G., Cavallo, R., Scalera Liaci, L. &

Cecere, E. (1985). Colonizzazione di substrati duri artificiali immersi in

una biocenosi coralligena ed in un posidonieto. Oebalia, 11, 401–416.
Tursi, A., Matarrese, A., Scalera Liaci, L., Montanaro, C. & Cecere, E.

(1984). Seasonal factors in mussel facies settlement on annual fouling

panels. Oebalia, 10, 69–84.
Tursi, A., Pastore, M. & Panetta, P. (1974). Aspetti ecologici del Mar Piccolo di

Taranto: Ascidie, Crostacei Decapodi e Molluschi. In: Atti del IV Simposio

Nazionale sulla Conservazione della Natura, Vol. 2. pp. 93–117.
Tuya, F., Schubert, N., Aguirre, J., Basso, D., Bastos, E.O., Berchez, F. et al.

(2023). Levelling-up rhodolith-bed science to address global-scale

conservation challenges. Science of the Total Environment, 892,

164818. https://doi.org/10.1016/j.scitotenv.2023.164818

Valenzano, E., Scardino, G., Cipriano, G., Fago, P., Capolongo, D., De

Giosa, F. et al. (2018). Holocene morho-sedimentary evolution of the

mar piccolo basin (Taranto, southern Italy). Geografia Fisica e Dinamica

Quaternaria, 41, 119–135. https://doi.org/10.4461/GFDQ.2018.41.8

Veras, P.D.C., Pierozzi-Jr, I., Lino, J.B., Amado-Filho, G.M., Senna, A.R.,

Santos, C.S.G. et al. (2020). Drivers of biodiversity associated with

rhodolith beds from euphotic and mesophotic zones: insights for

management and conservation. Perspectives in Ecology and Conservation,

18(1), 37–43. https://doi.org/10.1016/j.pecon.2019.12.003
Ward, D.H., Amundson, C.L., Fitzmorris, P.J., Menning, D.M., Markis, J.A.,

Sowl, K.M. et al. (2021). Abundance of a recently discovered Alaskan

rhodolith bed in a shallow, seagrass-dominated lagoon. Botanica

Marina, 64(2), 119–127. https://doi.org/10.1515/bot-2020-0072
Woelkerling, W.J., Penrose, D. & Chamberlain, Y.M. (1993). A

reassessment of type collections of non-geniculate Corallinaceae

(Corallinales, Rhodophyta) described by C. Montagne and L. Dufour,

and of Melobesia brassica-florida Harvey. Phycologia, 32, 323–331.
Yanovski, R., Nelson, P.A. & Abelson, A. (2017). Structural complexity in

coral reefs: examination of a novel evaluation tool on different spatial

scales. Frontiers in Ecology and Evolution, 5, 27. https://doi.org/10.

3389/fevo.2017.00027

SUPPORTING INFORMATION

Additional supporting information can be found online in the

Supporting Information section at the end of this article.

How to cite this article: Pierri, C., Longo, C., Falace, A.,

Gravina, M.F., Gristina, M., Kaleb, S. et al. (2024). Invertebrate

diversity associated with a shallow rhodolith bed in the

Mediterranean Sea (Mar Piccolo of Taranto, south-east Italy).

Aquatic Conservation: Marine and Freshwater Ecosystems, 34(1),

e4054. https://doi.org/10.1002/aqc.4054

14 of 14 PIERRI ET AL.

 10990755, 2024, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/aqc.4054 by U

niversita D
i T

rieste, W
iley O

nline L
ibrary on [31/01/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1016/j.aquabot.2008.12.002
https://doi.org/10.1016/j.aquabot.2008.12.002
https://doi.org/10.1017/S0025315408000258
https://doi.org/10.1017/S0025315408000258
https://doi.org/10.3390/land11060878
https://doi.org/10.3390/w14030416
https://doi.org/10.1002/aqc.3554
https://doi.org/10.3390/d12060223
https://doi.org/10.1016/j.csr.2016.09.003
https://doi.org/10.12681/mms.18711
https://doi.org/10.12681/mms.18711
https://doi.org/10.1086/626490
https://doi.org/10.1017/S1755267214001079
https://doi.org/10.1017/S1755267214001079
https://doi.org/10.1016/0022-0981(95)00086-0
https://doi.org/10.1002/aqc.564
https://doi.org/10.7717/peerj.11903
https://doi.org/10.1038/srep06972
https://doi.org/10.1038/srep06972
https://doi.org/10.1007/s10347-013-0372-2
https://doi.org/10.1016/j.scitotenv.2023.164818
https://doi.org/10.4461/GFDQ.2018.41.8
https://doi.org/10.1016/j.pecon.2019.12.003
https://doi.org/10.1515/bot-2020-0072
https://doi.org/10.3389/fevo.2017.00027
https://doi.org/10.3389/fevo.2017.00027
https://doi.org/10.1002/aqc.4054

	Invertebrate diversity associated with a shallow rhodolith bed in the Mediterranean Sea (Mar Piccolo of Taranto, south-east...
	1  INTRODUCTION
	2  METHODS
	2.1  Study area and sampling
	2.2  Rhodolith analysis
	2.3  Faunal analysis
	2.4  Sediment analysis
	2.5  Data analysis

	3  RESULTS
	3.1  Sediment characteristics
	3.2  Macrobenthic community
	3.3  Polychaete assemblage
	3.4  Molluscan assemblage
	3.5  Crustacean community
	3.6  Sponge assemblage

	4  DISCUSSION
	4.1  Structure and associated diversity of the rhodolith bed
	4.2  Importance of the RB for conservation

	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGEMENTS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	REFERENCES


