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Bryozoan assemblages of three mesophotic habitats, recently found in the Adriatic
and Ionian Seas, were investigated in terms of species composition and diversity,
colonial growth forms, and species ecological affinity, with the purposes to analyze
variations and similarities between the different bioconstructions and to compare the
mesophotic assemblages with those of other benthic habitats. Bryozoans came from
three sites off the Apulian coast: Monopoli, 30–55-m depth, where scleractinians are
dominant; Otranto, 45–64-m depth; and Santa Maria di Leuca, 45–70-m depth, where
the bivalve Neopycnodonte cochlear is the main bioconstructor. A total number of 50
species of bryozoans were recorded, accounting for about 10% of the total number
of Mediterranean species. Only few species were shared between the three sites,
whereas a considerable pool of species was characteristic of each site. The β-diversity
and Sörensen similarity analyses highlighted the highest similarity between the two
southern sites, Otranto and Santa Maria di Leuca, with respect to the northern site of
Monopoli, in agreement with the hydrological pattern of the area. The encrusting zoarial
type was the most abundant in each site, and few species with erect, celleporiform
and petraliform colonies were found. The Sörensen similarity, based on data of zoarial
forms composition, revealed values considerably higher than those based on species
composition, thus highlighting the similar ecological role played by the bryozoans
in all the sites. Moreover, significant differences between the mesophotic bryozoan
assemblages and those of other benthic Mediterranean habitats were highlighted,
showing higher affinity with the coralligenous and detritic sciaphilic habitats. The relevant
ecological role of bryozoans as binders in the bioconstructions of the Mediterranean
mesophotic zone has been exhibited.

Keywords: biogenic structures, distribution, colony growth forms, benthic habitats, Apulia, Southern Adriatic Sea,
Ionian Sea
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INTRODUCTION

Exploration of marine biotopes of deep-sea dark and mesophotic
zones recently has been made possible, thanks to advancement
in marine technologies that allow observations on so far poorly
studied benthic ecosystems (Hinderstein et al., 2010; Kahng
et al., 2017; Chimienti et al., 2018a). In the Mediterranean
Sea, particular attention is currently being paid to aphotic
deep-sea habitats, such as seamounts, cold-water coral habitats,
and submarine canyons (Mastrototaro et al., 2010; Bo et al.,
2011a, 2012a,b, 2015; Cau et al., 2015; D’Onghia et al., 2015;
Fanelli et al., 2017; Taviani et al., 2017, 2019; Chimienti et al.,
2018b, 2019; Cardone et al., 2019). On the other hand, the
mesophotic zone is located in the deeper photic zone, twilight
zone, at a depth ranging from 30 to 40 m, which corresponds
to the limit of conventional SCUBA diving, to >150 m, where
there is sufficient sunlight penetration to support photosynthesis
and living zooxanthellate corals (Kahng et al., 2014; Cerrano
et al., 2019). In tropical and subtropical regions, mesophotic
ecosystems are receiving scientific attention as they may offer
refuge to shallow species due to their less altered environmental
conditions (e.g., Baldwin et al., 2018; Bo et al., 2019; Sánchez
et al., 2019). In the Mediterranean Sea, diversified habitats are
hosted in the mesophotic zone. The bioconstructions mainly
built by calcareous algae, i.e., coralligenous, have been studied
for a long time (Ballesteros, 2006); conversely, knowledge
on other mesophotic habitats, where animals are the main
bioconstructors, is very scarce. Currently, these latter are
attracting increasing attention of scientists since they support
high habitat complexity and recruitment of shallow-water and
deepwater species and thus enhance local biodiversity (Cerrano
et al., 2010; Bianchelli et al., 2013; Cánovas Molina et al.,
2016; Idan et al., 2018; Bo et al., 2019; Enrichetti et al.,
2019). Most of the studies on the mesophotic habitats off
the Italian coast deal with the Ligurian and Tyrrhenian Seas
(Bo et al., 2009, 2011a,b; Cerrano et al., 2010) and Southern
Adriatic Sea (Corriero et al., 2019; Cardone et al., 2020;
Chimienti et al., 2020).

Bryozoans are a major component of marine benthic
communities from shallow-water ecosystems to the deep sea
and significantly contribute to structure benthic habitats, also
in the Mediterranean Sea (Rosso and Di Martino, 2016). They
are important bioengineers, thanks to their capability to create
three-dimensional structures, which largely increase habitat
heterogeneity and enhance biodiversity of both invertebrates and
fishes, thus providing diverse ecosystem services (Cocito, 2004).
Being modular organisms, bryozoans form colonies with a very
large spectrum of morphologies. According to the construction
mode, the colony can be rigid as in the case of contiguous
frameworks or flexible when articulated junctions or feebly
calcified connections exist. The encrusting colonies can cover
the substrate with unilaminar or multilaminar layers; in this
latter case, the superimposed layers, folding on themselves
and incorporating debris, can create massive structures; other
colony morphologies may be pedunculate or fungiform (Cocito,
2009). Bryozoans play a great role in bioconstructions where
they can act as constructor and binders, particularly in the

Mediterranean Sea where they are relevant structuring organisms
(Lombardi et al., 2014). Bryozoans are the main former of the
coralligenous biogenic structure, where they are present with
high abundance and species diversity in association with other
bioconstructors, such as coralline algae, scleractinians, sponge
(Cocito et al., 2002; Ballesteros, 2006; Rosso and Sanfilippo,
2009; Casoli et al., 2017; Harmelin, 2017). They also are the
principal frame builders in other circalittoral priority habitats,
such as in the coastal detritic bottom, where they form the
facies with luxuriant assemblages of erect and calcified large
bryozoans (Bianchi, 2009). They also act as frame builders of
conspicuous monospecific bioconstructions, as in the case of the
Pentapora fascialis reefs (Ferdeghini and Cocito, 1999; Novosel
et al., 2004a; Lombardi et al., 2008) and the Schizoporella errata
(Waters, 1878) buildups (Cocito et al., 2000), and as habitat
formers in the case of the Cellaria salicornioides meadows
(McKinney and Jaklin, 2000). Bryozoans contribute to creating
three-dimensional biogenic structures also in deepwater habitats,
such as in the cold-water coral communities (Zabala et al.,
1993; Mastrototaro et al., 2010; D’Onghia et al., 2015). They
are dominant components of the sessile fauna in the semi-
dark and dark submarine caves (Rosso et al., 2013a,b, 2018,
2019a; Sanfilippo et al., 2015). However, bryozoans are mainly
reported in association with other organisms as secondary
frame builders, hidden encrusters, cavity dwellers, and cavity
fillers (Cuffey, 1977, 2006; Ferdeghini et al., 2001; Cocito, 2004;
Cocito and Lombardi, 2007).

Though many species of bryozoans thrive in dim light
conditions, this is the first study on bryozoans of animal-
structured mesophotic assemblages. Here, we analyze the
bryozoan assemblages found in three bioconstructions located
along the Apulian coast in the Southern Adriatic Sea and Ionian
Sea to contribute to filling the knowledge gap on the bryozoan
fauna in the mesophotic zone. Our aims were: (i) to analyze
differences and similarities in terms of species composition
among sites dominated by different building organisms; (ii) to
analyze the growth form morphologies of the colonies and their
distribution in the three sites; (iii) to compare the observed
assemblages with those of other Mediterranean habitats; (iv)
to investigate the role played by bryozoans in the mesophotic
bioconstructions.

MATERIALS AND METHODS

Study Areas
The three study areas are located along the Southern
Apulian coast, at a distance of approximately 78 nautical
miles, between Monopoli (MON) and Otranto (OTR),
and 23 nautical miles, between OTR and Santa Maria
di Leuca (SML). MON study area is located along the
southern Adriatic coast, ca 1.5 nautical miles off the city
of MON (Figure 1). In this area, the bioconstruction is
mainly formed by two non-symbiotic scleractinian species,
Phyllangia americana mouchezii (Lacaze Duthiers, 1897)
and Polycyathus muellerae (Abel, 1959) (Figure 2A). The
bioconstruction develops discontinuously along the coastline
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FIGURE 1 | Map of the geographic location of the three mesophotic investigated habitats: Monopoli (MON), Otranto (OTR), and Santa Maria di Leuca (SML).

for 2.09 km, between 30 and 55 m, reaching up to 2 m in
thickness and resulting from superimposed colonies. The
structural complexity of the bioconstruction provided a high
heterogeneity of microhabitats where a diversified associated
fauna occurred. Besides bryozoans, more than 200 species,
mostly ascribed to porifera, mollusks, and polychaetes, have been
reported (Corriero et al., 2019).

The OTR and SML study areas are located, respectively,
off Otranto city in the Southern Adriatic Sea and Santa
Maria di Leuca city in the Ionian Sea (Figure 1). Here, the
bioconstructions are mainly built by the bivalve Neopycnodonte
cochlear (Poli, 1795) (Cardone et al., 2020) and discontinuously
develop along 600 m of the coastline within a bathymetric
range of 45–64 m at OTR (Figure 2B) and approximately
along 450 m of the coastline within a bathymetric range of
45–70 m at SML (Figure 2C). The biogenic formations are
mainly formed by aggregations of the Neopycnodonte shells
developing in pinnacles and globose structures with thickness
of 50 cm at OTR and more than 1.5 m at SML. They are
associated with complex and diverse communities accounting
for 110 and 136 taxa, respectively, at OTR and at SML
(Cardone et al., 2020).

Sampling Methods and Taxonomical
Analysis
For the characterization of the bryozoan assemblages associated
with the investigated mesophotic bioconstructions, at each study
area, three samples were collected by technical divers at a distance
of approximately 2 m from each other at a bathymetric range
of 45–50 m. Each sample of approximately 3 L in volume was
scraped from the bioconstruction using a spatula.

Taxonomic identification of bryozoans and updated
nomenclature were carried out according to Zabala and
Maluquer (1988); Chimenz Gusso et al. (2014), Rosso and
Di Martino (2016), and WORMS1. The surface covered by
abundant colonies was measured considering their projection
on the sampled substratum area; this latter was photographed
underwater with a high-resolution digital camera equipped
with laser beams. Cover values were expressed as percentages.
Areal cover of small and intertwined colonies was visually
evaluated. We assessed the colony abundance for all species and
grouped data in three percentage classes of abundance: <10%,
11–50%, >51%.

1http://www.marinespecies.org/
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FIGURE 2 | The mesophotic biocostructions of the Apulian coast (Italy):
(A) Monopoli, 43 m depth; (B) Otranto, 52 m depth, (C) Santa Maria di Leuca,
60 m depth. Scale bars: (A) 10 cm; (B) 30 cm; (C) 60 cm.

Colony Morphology and Habitat
The colony morphology of each species was detected with the
purpose of investigating the colonization patterns of bryozoans.
The colonial shapes (zoarial growth forms) are very different,
ranging from flat encrusting to erect rigid with foliaceous and
arborescent shape to erect flexible with jointed stems, and they
reflect the bryozoan adaptation to diverse substrates and varying
environmental conditions. Thus, the zoarial growth form (zoarial
type) is informative of the environmental characteristics and of
the strategy fulfilled by each species. In this study, the growth
form showed by the colonies was observed, and the zoarial types
were identified for each species. The frequency of the zoarial
types is also computed as the sum of occurrence of all species
belonging to each type.

For comparison between the analyzed bryozoan assemblages
and those of other benthic habitats, a list was made out. The

list combined all the species found in our study with the species
reported in Ballesteros (2006); Rosso and Sanfilippo (2009),
Harmelin (2017) (coralligenous), Rosso (1996); Madurell et al.
(2013), Rosso et al. (2014) (detritic, shelf sciaphilic habitats),
Di Martino and Taylor (2014) (Posidonia meadow), Novosel
et al. (2004b); Catra et al. (2019), Rosso et al. (2019b) (shallow
photophilic shelf habitats), Rosso et al. (2013a,b), Rosso et al.
(2019a) (semi-dark submarine caves), Mastrototaro et al. (2010),
and D’Onghia et al. (2015) (cold-water coral habitats, outer shelf–
upper slope deep habitats), most of which were extracted from
the revision by Rosso and Di Martino (2016) on Mediterranean
bryozoan diversity. The selected species accounted for 45–65% of
the total number of species of each habitat according to Rosso
and Di Martino (2016). Thus, the species subsets represented
a substantial portion of bryozoan assemblage of each habitat,
which is helpful as sound information source and for reducing
redundancy. The whole dataset, including 222 species, was
provided in Supplementary Table 1. The ecological affinity was
estimated for each species combining personal information and
available literature data from Rosso (1996), Novosel et al. (2004b),
Rosso and Sanfilippo (2009), Mastrototaro et al. (2010), Rosso
et al. (2013a,b), Di Martino and Taylor (2014), D’Onghia et al.
(2015), Rosso and Di Martino (2016), Harmelin (2017), Rosso
et al. (2018), Catra et al. (2019), and Rosso et al. (2019a,b).

Data Analysis
The number of species for each study area was computed as a
measure of α-diversity; in addition, the β-diversity was calculated
as a measure of species turnover along the geographical North–
South gradient using the Whittaker Index βw = (S/ᾱ) – 1, S
being the total number of species that results from merging the
number of all sites and ᾱ the average number of species per
individual sample (Whittaker, 1972; Koleff et al., 2003). Such
measures were computed to evaluate the proportion by which the
three study areas differ from each other in species composition.
Bryozoan data were analyzed by means of ordination technique
non-metric multidimensional scaling (nMDS) on the basis of
Bray–Curtis dis/similarity measure. The hierarchical clustering
routine for Q-mode based on the unweighted pair-group average
algorithm (Clarke and Warwick, 2001) was also used to find
groupings of sites/habitats on the basis of their similarity
in species composition. Significance non-parametric test for
differences between sites/habitats was performed by means
of analysis of similarities (ANOSIM) based on Bray–Curtis
similarity measure (Clarke, 1993). The Similarity Percentage
(SIMPER) test (Clarke and Warwick, 2001) was performed in
order to evaluate which species are primarily responsible for
differences between groups of sites/habitats. All the data analyses
were carried out by means of the software Past3.

RESULTS

Species and Zoarial Types Composition
A total of 50 species of Bryozoa were found and included
in Table 1, along with their zoarial forms, ecological affinity,
and percentage of cover. Most species (n = 46) belong to
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TABLE 1 | List of the bryozoan species and their percentage coverage (x = < 10%, xx = 10%–50%, xxx = > 50%) in each site.

Order/Family Location (Depth) Monopoli
(43 m)

Otranto
(52 m)

Santa Maria di
Leuca (60 m)

Dominant reef builder * ** **

Species Zoarial
type

Ecological
affinity

Crisiidae Crisia sp. EF Det/Sc/Ss x x

Frondiporidae Frondipora verrucosa (Lamoroux, 1821) ER x x

Cyclostomatida Gen. sp. 1 ER x x

Gen. sp. 2 EM x

Calloporidae Callopora dumerilii (Audouin, 1826) EM Ss x

Corbulella maderensis (Waters, 1898) E Sc/Cor xx

Crassimarginatella crassimarginata (Hincks, 1880) E Cv x

Flustridae Gregarinidra gregaria (Heller, 1847) EM Cor/Cv xx

Chartella papyrea (Pallas, 1766) EF Cor/Det xx

Bugulidae Bugula gautieri Ryland, 1962 EF Cor x

Beaniidae Beania magellanica (Busk, 1852) PE Ss xx x x

Microporidae Calpensia nobilis (Esper, 1796) EM Ss x

Mollia patellaria (Moll, 1803) PE Ss/Hb/Det x

Cellariidae Cellaria fistulosa (Linnaeus, 1758) EF Det xx

Cellaria salicornioides Lamouroux, 1816 EF Ss x

Cribrilinidae Cribrilaria radiata (Moll, 1803) EM Sc/Cor/Cv x xx xxx

Cribrilaria setiformis Harmelin and Aristegui, 1988 E Dw x

Figularia figularis (Johnston, 1847) EM Cor/Det/Sk/Dw x

Glabrilaria pedunculata (Gautier, 1956) EM Cv x

Puellina ind. EM Cv x

Chorizoporidae Chorizopora brongniartii (Audouin, 1826) EM Sc/Cor x

Adeonidae Adeonella calveti Canu and Bassler, 1930 ER Sc/Cor x

Escharellidae Escharella rylandi Geraci, 1974 EM Pos x

Escharella variolosa (Johnston, 1838) EM Hb/Sk x

Smittinidae Smittina cervicornis (Pallas, 1776) ER Ss/Cor x

Smittoidea reticulata (MacGillivray, 1842) EM Hb/Pos/Hp x

Bitectiporidae Pentapora fascialis (Pallas, 1766) ER Cor xx x

Schizomavella (Calvetomavella) discoidea (Busk, 1859) EP Cor x xxx x

Schizomavella (Schizomavella) cornuta (Heller, 1867) EP Cor xxx

Schizomavella (Schizomavella) mamillata (Hincks, 1880) EP Det/Cor x

Schizoporellidae Schizoporella dunkeri (Reuss, 1848) EP Hb/Det xx

Schizoporella magnifica (Hincks, 1886) EP Hb x x

Schizoporella mutabilis Calvet, 1927 E x

Schizoporella sp. E Hb/Sc x

Myriaporidae Myriapora truncata (Pallas, 1766) ER Ss/Cor/Sk x x x

Microporellidae Microporella ciliata (Pallas, 1766) E Det/Sk/Hb x

Microporella marsupiata (Busk, 1860) EM Cor/Sk x

Lacernidae Arthropoma cecilii (Audouin, 1826) EM Hb/Det/Sk xx

Cheiloporinidae Hagiosynodos latus (Busk, 1856) E Ss/Ep/Sk x

Lanceoporidae Stephanotheca monoecensis (Calvet, 1927) EP Det/Cor x

Stephanoteca watersi Reverter-Gil, Souto and
Fernandez-Pulpeiro, 2012

EP Sk/Det x x

Escharinidae Escharina vulgaris (Moll, 1803) EM Cor/Det/Sk x xx

Celleporidae Cellepora pumicosa (Pallas, 1766) CE Hb/Det/Sk x

Celleporina caminata (Waters, 1879) CE Sc/Cor x

Celleporina lucida (Hincks, 1880) EP Hb/Det/Sk x

(Continued)
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TABLE 1 | Continued

Order/Family Location (Depth) Monopoli
(43 m)

Otranto
(52 m)

Santa Maria di
Leuca (60 m)

Dominant reef builder * ** **

Species Zoarial
type

Ecological
affinity

Turbicellepora coronopus (Wood, 1844) CE Ss/Hb/Det x

Turbicellepora sp. CE Ep xx x

Phidoloporidae Rhynchozoon pseudodigitatum Zabala and
Maluquer, 1988

CE Hb/Det/Sk x x x

Schizoretepora serratimargo (Hincks, 1886) ER Sc/Cor x

Hippaliosinidae Hippaliosina depressa (Busk, 1854) EM Cor/Cv x

Total number of species 22 20 26

Zoarial types: CE, celleporiform; E, encrusting; EF, erect flexible; EM, encrusting unilaminar; EP, encrusting multilaminar; ER, erect rigid; PE, petraliform, according to
Chimenz Gusso et al. (1998); Hageman et al. (1998), and Pizzaferri (2004). Ecological affinity: Cor, coralligenous; Cv, caves; Det, detritic bottom; Dw, deepwater habitats;
Ep, epibiosis; Hb, hard bottom; Pos, Posidonia; Sc, sciaphilic; Sk, skeletobiont; Ss, shallow shelf, according to available literature data (see text). *Phyllangia americana
mouchezii and Polycyathus muellerae; **Neopycnodonte cochlear.

Gymnolaemata Cheilostomatida, and only four species account
for Stenolaemata Cyclostomatida. The heterogeneity among
sampling sites was verified by ANOSIM test that showed
significant differences between the three mesophotic bryozoan
assemblages in terms of species composition, with the global R
statistic = 1, the mean rank within groups = 5, and the mean
rank between groups = 23 (p same = 0.003).

At MON, 22 species were identified that belong to the
order Cheilostomatida. Most of them have been found to
form encrusting unilaminar colonies, e.g., Arthropoma cecilii,
Calpensia nobilis, Hippaliosina depressa, and Schizoporella
mamillata, and the most abundant species, Schizomavella spp.
and Schizomavella cornuta, showed multilaminar colonies. Only
few species with erect colonies occurred, such as Chartella
papyrea, Bugula gautieri (flexible) and Myriapora truncata,
P. fascialis (rigid), this latter being abundant along the outer edge
particularly at a shallower depth. Few petraliform, e.g., Beania
magellanica and Mollia patellaria, and celleporiform species,
e.g., Cellepora pumicosa and Rhynchozoon pseudodigitatum,
were also found particularly in the central area of the entire
surface covered with bioconstructions, together with other small-
sized thin encrusting colonies that mostly colonized fissures
and interstices.

At OTR, 17 Cheilostomatid and three Cyclostomatid species
occurred (Table 1). Most taxa exhibited encrusting multilayered
colonies, e.g., Schizomavella discoidea, Schizoporella dunkeri,
and S. magnifica, and thin colonies, e.g., Escharina vulgaris,
Microporella marsupiata, and Cribrilaria radiata; other species
showed erect forms of growth, such as the most abundant
flexible Cellaria fistulosa and the rigid Smittina cervicornis,
M. truncata, and P. fascialis. The unilaminar encrusting large-
sized colonies of Cribrilaria showed a high percentage of cover
on the surface of Neopycnodonte valvae and hosted as epibionts
many specimens of tube-dwelling spirorbid polychaetes and
other small-sized colonies of bryozoans; also, the multilayered
colonies of S. discoidea formed a thick layer near the edges
of the oysters. In this site, few petraliform, B. magellanica,

and celleporiform, Celleporina lucida, R. pseudodigitatum, and
Turbicellepora sp., species occurred. Colonies of such species
extensively encrusted the Neopycnodonte valvae and also partly
filled spaces between specimens, while the erect rigid bryozoans
largely occurred along the outer edge of the bioconstruction.

Twenty-two Cheilostomatida and four Cyclostomatida
occurred in SML (Table 1). Most species, such as Cellepora
dumerilii, Cribrilaria setiformis, Schizoporella mutabilis, and
C. radiata, had encrusting colonies. Particularly, this latter
species, together with E. vulgaris, adhered on the Neopycnodonte
valvae, reaching a high percent cover. Such encrusting species
hosted other bryozoan colonies and spirorbid polychaetes in
epibiosis. Few species were erect (Schizoretepora serratimargo,
M. truncata, rigid, and B. gautieri, flexible) and celleporiform
(R. pseudodigitatum and Turbicellepora sp.).

The total number of species for each zoarial type in the
three sampling sites is shown in Figure 3. The encrusting type
is the most abundant in each site, but different encrusting
species accounted for the assemblages of the three sites: only
two species, C. radiata and S. discoidea, commonly occurred in

FIGURE 3 | Number of species for zoarial types for each site;
Monopoli = black; Otranto = white; Santa Maria di Leuca = gray.
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the three sites. Further two species, E. vulgaris and S. magnifica,
are shared by OTR and SML. Few species with erect-rigid
colonies, such as M. truncata and P. fascialis, occurred in two–
three sites, contrarily to the erect-flexible bryozoans, which
characterized a single site: e.g., C. papyrea in MON, Cellaria
fistulosa and C. salicornioides in OTR, and B. gautieri in SML.
Only the celleporiform R. pseudodigitatum and the petraliform
B. magellanica were found in all three sites.

The bryozoan α-diversity was similar in the three examined
sites and ranged from 20 (OTR) to 26 taxa (SML) (Table 1).
Conversely, the β-diversity varied from the highest values,
0.71 and 0.79, computed between MON–OTR and MON–SML,
respectively, to the lowest value, 0.48, found between OTR and
SML (Table 2).

Bryozoan Assemblages From
Mesophotic and Other Benthic Habitats
The bryozoan assemblages of the three investigated areas partially
differed in species composition (Table 1). OTR and SML
accounted for the highest Sörensen similarity (0.32), while
MON–OTR showed the lowest similarity levels (0.18) and MON–
SML intermediate values (0.22) (Table 3).

The results of the pairwise similarity regarding the zoarial
types (Table 3) showed higher levels in comparison with those
computed on taxonomical data: OTR and SML showed the
highest similarity (0.51), MON–OTR the lowest (0.44), and
MON–SML intermediate values (0.47).

The MDS plot (Figure 4A) revealed the bryozoan assemblages
from MON, OTR, and SML to be clearly separated from those
of other Mediterranean habitats; the shallowest assemblages,
such as those of Posidonia and the shallow shelf, and the
circalittoral assemblages, e.g., coralligenous and detritic bottom,
were respectively grouped in two clusters; the assemblages of
the white corals and semi-dark caves were separated points.
The cluster analysis (Figure 4B) results were coherent with
those of the nMDS ordination, showing four main clusters,
embracing respectively the mesophotic investigated sites (group
1), the circalittoral habitats (group 2), and the shallowest
habitats (group 3), while the other habitats (group 4) were

TABLE 2 | Paired values of β-diversity determined using Whittaker’s βw measure
at the three mesophotic sites investigated.

Monopoli Otranto Santa Maria di Leuca

Monopoli 0

Otranto 0.71 0

Santa Maria di Leuca 0.79 0.48 0

TABLE 3 | Pairwise similarity calculated using Sörensen index based on the
presence/absence of taxonomical data and zoarial types data for
each pair of sites.

Taxonomical data Zoarial types

Monopoli–Otranto 0.22 0.44

Monopoli–Santa Maria di Leuca 0.18 0.47

Otranto–Santa Maria di Leuca 0.32 0.51

clustered at low levels of similarity. The ANOSIM test confirmed
significant differences between the mesophotic groups and the
other Mediterranean habitats revealed by the nMDS ordination
and the cluster analysis, being the global R statistic = 0.47, the
mean rank within groups = 20.83, and the mean rank between
groups = 36.31 (p < 0.001).

The SIMPER analysis identified a number of species ranging
from 82 (group 1 vs. 2) to 64 (group 1 vs. 3) and to 47 (group 1
vs. 4) out of a total of 222 taxa considered for the comparison
between mesophotic and the other habitats; such numbers of
species were responsible for the 70% cumulative contribution
of the distinction between the habitats (Table 4). Fourteen
species discriminating group 1 vs. 2 accounted for 1% average
contribution and principally included R. pseudodigitatum,
S. discoidea, Aetea truncata, and Scrupocellaria delilii; the top
discriminating species between group 1 vs. 3 on a total of
28 species that accounted for 1% average contribution were
M. truncata, B. magellanica, Scupocellaria bertolleti, C. radiata,
R. pseudodigitatum, and S. discoidea; finally, the discrimination
of group 1 vs. 4 mostly depended on this latter species together
with P. fascialis.

DISCUSSION

This study supports the hypothesis that the mesophotic
habitats investigated off the Apulian coast represent suitable
environments for bryozoans, since they revealed a high level of
α-diversity accounting to approximately 10% of the total number
of species of bryozoans reported for the Mediterranean Sea
(Rosso and Di Martino, 2016). The taxonomical analysis of the
bryozoan fauna highlighted a considerable pool of species, which
was characteristic for each site. Most of them are encrusting,
such as A. cecilii, Microporella ciliata, and S. cornuta at MON,
C. lucida, S. dunkeri, and Hagyosynodus latus at OTR, and
C. dumerilii, Cribrilaria setiformis, and Stephanoteca monoecensis
at SML. Our results shed light on the distinct contribution
of bryozoans to the taxonomical diversity and the ecological
role in the mesophotic assemblages investigated. Indeed, they
showed a high rate of exclusivity among sites in terms of
species composition; on the contrary, the colony morphologies
were only partially responsible for the differentiation among the
bryozoan assemblages. The Sörensen similarity among sites based
on zoarial forms was considerably higher than the similarity
computed on species composition. Therefore, we argued that
in such mesophotic bioconstructions, the bryozoans play a
similar role, since their encrusting colonies mainly play the
role of binders, rather than the role of primary engineers. In
other bioconstructions, in fact, the bryozoans are reported to
form thin and thick encrusting zoaria, which largely coat the
bioconstruction surfaces, forming bridge structures and offering
their own colonies to host other organisms in epibiosis (Rosso
and Sanfilippo, 2009; Wood et al., 2012; Lombardi et al., 2014).
Such issues explain the rich and complex colonization pattern of
the investigated bioconstructions and are in agreement with other
studies that highlighted the similar capabilities of bryozoans
(Cocito, 2009; Rosso and Sanfilippo, 2009).
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FIGURE 4 | Graphical results of non-metric multidimensional scaling (nMDS) (A) and cluster (B) analysis for the comparison between bryozoan assemblages of the
mesophotic sites and those of other benthic habitats. Mesophotic sites: MON, Monopoli; OTR, Otranto; SML, Santa Maria di Leuca. Other benthic habitats
considered: COR, coralligenous; CSO, semi-dark submarine caves; DET, detritic bottoms; DW, outer shelf–upper slope deep habitats; PL, Posidonia meadow leaves
level; PR, Posidonia meadow rhyzomes level; SH, shelf sciaphilic habitats; SSH, shallow shelf photophilic habitats; WC, white coral banks. In the abscissa axis of
panel (B), the four main clusters are shown: brown = the mesophotic investigated sites (MON, OTR, SML); green = the circalittoral and sciaphilic habitats (DET,
COR, SH); blue = the shallowest and photophilic habitats (PL, PR, SSH); yellow = other habitats (CSO, DW, WC) (nMDS stress 0.11).

Our analysis on mesophotic bryozoan assemblages of the
Apulian coast also reflected the notable species turnover
rate between sites, which varied along the North–South
geographical gradient: the Whittaker’s β-diversity varied among
the mesophotic sites where the highest values were found between
the northern site, MON, and the southern sites, SML and OTR
(0.79 and 0.71 respectively), whereas the lowest value (0.48)
was computed between the two southern sites, OTR and SML.
We attributed the observed differences to the substitution of
species, as, e.g., it occurred within the genera Schizoporella
and Schizomavella. In agreement with such results, the highest
Sörensen similarity (0.32) came out between the two southern
sites with respect to the similarity measured between the
northern and the two southern sites (0.22 and 0.18, respectively,
for OTR and SML).

Our results pinpoint the marked heterogeneity of the
bryozoan assemblages that emerged as peculiarity of the
investigated mesophotic bioconstructions. Concerning the causes
of the observed patterns, we hypothesize that distinctions in
bryozoan biodiversity are mainly related to stochastic and
biological factors; they both were notable in driving the
colonization patterns of benthic assemblages. The first factors
were principally interrelated to the hydrographic characteristics
of the area, where the surface currents flow southeastward along
the Adriatic Italian coast according the hydrological cyclonic
pattern (Damiani et al., 1988; Russo and Artegiani, 1996; Poulain,
2001; Zavatarelli et al., 2002; Zavatarelli and Pinardi, 2003). So,
such currents can transport larvae and propagules, responsible
for different connectivity degrees among sites. Indeed, the
bryozoan assemblages of the southern close sites, OTR and SML,
resulted in more connections to each other in terms of species
composition with respect to the assemblage of the northern site
of MON, which showed clear taxonomic differences. Relevant

aspects of the population connectivity, due to processes occurring
in the water column, in the studies of benthic community
dynamics were stressed by Giangrande et al. (2017), and
coherently with our results, similar conclusions have been
recently highlighted for other Mediterranean habitats, such as
coralligenous, hydrothermal areas, and brackish waters (Cardone
et al., 2014; Longo et al., 2018; Donnarumma et al., 2019; Gravina
et al., 2020). On the other hand, we are aware of the well-known
role of biological factors in benthic community dynamics, which
are mainly linked to the species dispersal capability and their life
history traits; but here, we mainly intend to emphasize the role of
the different primary bioconstructor species. In the different sites,
they created heterogeneous substrates, which were colonized by
different species. At MON, the bioconstruction was edified by
scleractinians Phallangia americana mouchezii and Polycyathus
muellerae, whose corallites were covered by the large encrusting
colonies of S. cornuta and S. mamillata. Here, at the basal portion
of the bioconstruction, large erected colonies of P. fascialis,
up to 40 cm in height, replace the scleractinians and act as
additional bioconstructors (Corriero et al., 2019). Differently to
MON, at OTR and SML, the valvae of the engineer species
N. cochlear were extensively colonized by numerous exclusive
species, e.g., H. latus, M. marsupiata, Figularia figularis, and
Glabrilaria pedunculata, whose encrusting colonies covered the
basal substratum of the bioconstruction and became epibionts
on Serpulids tubes and other bryozoan colonies. In light of the
above, the bryozoan assemblages were far to be monotonous,
even though they occurred within a restricted geographical area.

The comparison with other Mediterranean habitats
highlighted the strong affinity between the mesophotic bryozoan
fauna and that of the sciaphilic hard and sedimentary substrata.
Indeed, the bioconstructions here investigated are in poor light
availability conditions, which are shared with the coralligenous
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TABLE 4 | List of the top discriminating species with contribution of more than 1%
by SIMPER analysis for the four main clusters extrapolated by the cluster analysis
and confirmed by the analysis of similarities (ANOSIM) test.

Group 1 vs. Group 2 (Overall
average dissimilarity: 84.2)

Av. Dissim. Contrib.% Cumulative%

Rhynchozoon pseudodigitatum 1.37 1.63 1.63

Aetea truncata 1.37 1.63 3.26

Schizomavella discoidea 1.37 1.63 4.9

Scrupocellaria delilii 1.37 1.63 6.53

Disporella hispida 1.09 1.3 7.82

Diplosolen obelia 1.09 1.3 9.12

Cribrilaria radiata 1.09 1.3 10.41

Annectocyma maior 1.09 1.3 11.71

Celleporina hassalli 1.05 1.25 12.95

Patinella radiata 1.05 1.25 14.2

Plagioecia patina 1.05 1.25 15.45

Crisia ramosa 1.05 1.25 16.69

Fenestrulina malusii 1.05 1.25 17.94

Tubulipora liliacea 1.05 1.25 19.18

Group 1 vs. Group 3 (Overall
average dissimilarity: 93.9)

Av. Dissim. Contrib.% Cumulative%

Myriapora truncata 1.96 2.08 2.08

Schizomavella discoidea 1.96 2.08 4.16

Beania magellanica 1.96 2.08 6.24

Scrupocellaria bertholleti 1.96 2.08 8.33

Cribrilaria radiata 1.96 2.08 10.41

Rhynchozoon pseudodigitatum 1.96 2.08 12.49

Caberea boryi 1.42 1.51 14

Crisia denticulata 1.42 1.51 15.52

Pherusella tubulosa 1.42 1.51 17.03

Amathia lendigera 1.38 1.47 18.5

Scrupocellaria scruposa 1.38 1.47 19.96

Lichenopora radiata 1.38 1.47 21.43

Pentapora fascialis 1.35 1.43 22.86

Crisia sp. 1.3 1.38 24.24

Turbicellepora sp. 1.3 1.38 25.62

Cyclostomatida gen. sp.2 1.3 1.38 27

Stephanoteca watersi 1.3 1.38 28.38

Schizoporella magnifica 1.3 1.38 29.76

Cyclostomatida gen. sp.1 1.3 1.38 31.14

Cellepora pumicosa 1.12 1.19 32.33

Margaretta cereoides 1.11 1.18 33.52

Mimosella verticillata 1.11 1.18 34.7

Schizobrachiella sanguinea 1.11 1.18 35.88

Turbicellepora magnicostata 1.11 1.18 37.07

Nolella dilatata 1.11 1.18 38.25

Beania hirtissima 1.11 1.18 39.43

Scrupocellaria scrupea 1.11 1.18 40.62

Reptadeonella violacea 1.11 1.18 41.8

Group 1 vs. Group 4 (Overall
average dissimilarity: 92.5)

Av. Dissim. Contrib.% Cumulative%

Cribrilaria radiata 2.99 3.24 3.24

Beania magellanica 2.99 3.24 6.47

Rhynchozoon pseudodigitatum 2.99 3.24 9.71

(Continued)

TABLE 4 | Continued

Group 1 vs. Group 4 (Overall
average dissimilarity: 92.5)

Av. Dissim. Contrib.% Cumulative%

Schizomavella discoidea 2.1 2.28 11.99

Pentapora fascialis 2.09 2.26 14.25

Crisia sp. 1.98 2.14 16.39

Cyclostomatida gen. sp.2 1.98 2.14 18.53

Schizoporella magnifica 1.98 2.14 20.68

Escharina vulgaris 1.98 2.14 22.82

Stephanoteca watersi 1.98 2.14 24.96

Cyclostomatida gen. sp.1 1.98 2.14 27.1

Turbicellepora sp. 1.98 2.14 29.24

Myriapora truncata 1.73 1.87 31.12

Adeonella calveti 1.42 1.53 32.65

Chartella papyrea 1.42 1.53 34.19

Smittina cervicornis 1.42 1.53 35.72

Arthropoma cecilii 1.3 1.41 37.12

Schizoporella dunkeri 1.08 1.17 38.29

Microporella marsupiata 1.08 1.17 39.46

Cellaria fistulosa 1.08 1.17 40.63

Hagiosynodos latus 1.08 1.17 41.8

Cellaria salicornioides 1.08 1.17 42.97

Celleporina lucida 1.08 1.17 44.14

Chorizopora brongniartii 1.01 1.1 45.23

Schizoporella sp. 1.01 1.1 46.33

Microporella ciliata 1.01 1.1 47.42

Smittoidea reticulata 1.01 1.1 48.52

Celleporina caminata 1.01 1.1 49.61

Schizomavella mamillata 1.01 1.1 50.71

Escharella variolosa 1.01 1.1 51.8

Hippaliosina depressa 1.01 1.1 52.9

Turbicellepora coronopus 1.01 1.1 53.99

Cellepora pumicosa 1.01 1.1 55.09

Schizomavella cornuta 1.01 1.1 56.18

Calpensia nobilis 1.01 1.1 57.28

Mollia patellaria 1.01 1.1 58.37

Av. Dissim., average dissimilarity; Contrib.%, percentage contribution of each
species; Cumulative%, cumulative percentage contribution of species.

and coastal detritic. Therefore, contrary to differences in the
primary bioconstructors (calcareous algae vs. animals), both
coralligenous and mesophotic habitats share a similar complex
substrata, where the presence of heterogeneous surfaces rich
in interstices and crevices offer a wide range of microhabitats
suitable for the bryozoans (Harmelin, 1985; Ferdeghini et al.,
2001; Ballesteros, 2006; Casas Güell et al., 2016). In particular,
in the investigated mesophotic habitats, the highest number
of bryozoan species is shared with the coralligenous (40% of
species) and the detritic bottoms (30% of species); intermediate
numbers of species are shared with hard bottoms and both
shallow shelf and sciaphilic habitats (25–12% of species); finally,
a small number of species (<10%) shows ecological affinity for
other habitats, such as Posidonia meadow and deepwater coral
banks. This is in accordance with the distribution of bryozoan
biodiversity among the bryozoan-rich habitats at largest
geographical scale reported by Rosso and Di Martino (2016)
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for the Mediterranean Sea and by Novosel (2005) for the
Adriatic Sea. These authors highlighted the rough and uneven
hard surfaces and the coarse biogenic detritic substrata to be
particularly suitable for bryozoans due to availability of a wide
range of microhabitats. The analysis of SIMPER confirmed the
pattern described, exhibiting the species that mostly contributed
to the similarity between mesophotic and coralligenous and
detritic habitats: they were S. discoidea, R. pseudodigitatum, S.
delilii, and A. truncata, frequently recorded in coralligenous
and detritic bottoms (Rosso and Sanfilippo, 2005; Cocito et al.,
2012; Rosso et al., 2013a,b; Harmelin, 2017). Other sciaphilous
species usually associated with coralligenous communities, and
sciaphilic shelf habitats mostly discriminated the mesophotic
assemblages from shallow shelf habitats and Posidonia, such
as M. truncata, S. discoidea, B. magellanica, C. radiata, and
R. pseudodigitatum. Moreover, the same species listed above
mostly contributed to dissimilarity between the mesophotic
and deep habitats.

In conclusion, our study highlighted for the first time
similarities and distinctions between three mesophotic bryozoan
assemblages and their comparison with further benthic habitats.
The twofold approach of our analysis, based on taxonomy
and colony morphologies, consistently contributed in shedding
light on the biodiversity of bryozoans, showing their relevant
ecological role mainly as binders in different bioconstuctions of
the Mediterranean mesophotic zone.
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