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Harmelin J.-G. & Rosso A. 2023. — On some “Hemicyclopora” Norman, 1894 and “Escharella” Gray, 1848 species
(Bryozoa, Cheilostomatida) from the Atlantic-Mediterranean region. Re-examination of their generic status and description
of new species and a new genus. Zoosystema 45 (10): 373-407. https://doi.org/10.5252/zoosystema2023v45a10.
http://zoosystema.com/45/10

ABSTRACT

The long-established difference between the bryozoan genera Hemicyclopora Norman, 1894 and
Escharella Gray, 1848 is the occurrence of a lyrula in the autozooidal orifices of Escharella species.
The examination of abundant material from the Mediterranean and NE Atlantic using re-assessed
specific criteria revealed an unexpected diversity involving several undescribed typical Hemicyclopora
species, and also species displaying transitional features between the morphological concepts of these
two genera. The overall diversity of the examined material comprises ten species with five new species
(Hemicyclopora neatonensis n. sp., H. hexaspinae n. sp., “Hemicyclopora” celtica n. sp., “H.” pytheasi
n. sp., “Escharella” massiliana n. sp.), and two species of Hemicyclopora left unnamed because of
insufficient material. A new genus, Scutocyclopora n. gen., is erected for the Mediterranean species
Hemicyclopora dentata Lépez de la Cuadra & Garcfa-Gémez, 1991, which diverges in the absence
of oral spines and the production of a non-tatiform ancestrula. Six species are distinguished in the
Mediterranean material (5-205 m) and seven species in the Atlantic material (128-1050 m). All these
species live in deep water, on small, discrete, poorly-lit substrates, mostly of biogenic origin, except
for two Mediterranean species (H. hexaspinaen. sp., S. dentata (Lépez de la Cuadra & Garcia-Gémez,
1991) n. comb.), which can also live in dark, shallow submarine caves.
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MOTS CLES
Escharellidae,

criteres morphologiques,
complexe d’especes,
biogéographie,
microhabitats éparpillés,
dispersion pas-a-pas,
habitats obscurs,
combinaison nouvelle,

RESUME

Sur quelques espéces dHemicyclopora”er d™Escharella” (Bryozoa, Cheilostomatida) de la végion atlantico-
méditerranéenne. Réexamen de leur statut générique et description de nowvelles espéces ex d’un nouveau genre.
Il est admis depuis longtemps que les genres de bryozoaires chéilostomes Hemicyclopora Norman, 1894
et Escharella Gray, 1848 se différencient par la présence d’une lyrule dans l'orifice des autozooides
d Escharella. Lexamen d’un abondant matériel de Méditerranée et de 'Atlantique NE en utilisant des
critéres spécifiques réévalués a révélé une diversité insoupgonnée impliquant plusieurs espéces non-
décrites, typiques du genre Hemicyclopora, mais aussi des especes présentant des caractéres morpho-
logiques intermédiaires entre les deux genres ci-dessus. Globalement, la diversité du matériel examiné
comprend dix especes, dont cinq nouvelles (Hemicyclopora neatonensis n. sp., H. hexaspinae n. sp.,
“Hemicyclopora” celtica n. sp., “H.” pytheasi n. sp., “Escharella” massiliana n. sp.), et deux espéces non
décrites par manque de matériel suffisant. Un nouveau genre, Scutocyclopora n. gen., est érigé pour
Pespéce méditerranéenne Hemicyclopora dentara Lopez de la Cuadra & Garcfa-Gémez, 1991, dont
les caracteres divergent par 'absence d’épines orales et la production d’une ancestrule non tatiforme.
Six especes sont considérées dans le matériel méditerranéen (5-205 m) et sept espéces dans le matériel
atlantique (128-1050 m). Toutes ces espéces vivent en eau profonde sur des petits substrats peu éclai-
rés, principalement d’origine biogene, a I'exception de deux espéces en Méditerranée (H. hexaspinae
n. sp., S. dentara (Lépez de la Cuadra & Garcia-Gémez, 1991) n. comb.), qui peuvent aussi vivre a

espéces nouvelles,
genre nouveau.

INTRODUCTION

Bryozoan species show a great diversity of colony shapes,
sizes, life cycles, ecological requirements and capacity to cope
with interspecific competition (Taylor 2020 for a review,
and references therein). Encrusting species developing only
small, multiserial, unilaminar colonies form a morphologi-
cal group frequently present among bryozoans. This mor-
phological group is widely represented in microhabitats and
ecological niches involving relatively reduced risks of spatial
competition from large and dynamic components of sessile
communities. The refuge function of these microhabitats
results mainly from severe limitations in terms of energy
supply and/or substrate availability and perenniality, which
are environmental conditions required for the expansion
of large, dynamic sessile competitors. Among cheilostome
bryozoans, all species ascribed to the genus Hemicyclopora
Norman, 1894, i.c., nine fossil and nine living species as
currently recognised (Bryozoa.net, accessed on 20.1V.2022),
belong to this morphological group. None of the living species
of Hemicyclopora have been recorded in euphotic conditions
of shallow habitats. In contrast, they live in mesophotic or
aphotic, poorly productive habitats or microhabitats with
a dotted distribution either on deep-water bottoms, e.g. on
undersides of pebbles, empty shells or other mineralized
biotic remains, and in shallow, dark submarine caves in the
coastal zone. Hemicyclopora polita (Norman, 1864), the type-
species of the genus, is thus typically established off-shore on
shells, stones and skeletons of deep-water corals (Norman
1864; Ryland 1963; Hayward & Ryland 1979 and personal
JGH data). The small size of Hemicyclopora colonies and the
scattered condition of the substrates they colonize make col-
lecting them rather haphazardly. Moreover, during benthic
sampling of oceanographic surveys, substrates of this kind are
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faible profondeur dans des grottes sous-marines obscures.

usually not specifically kept in collections or made available
to bryozoan specialists. For these reasons, one can assume
that the nine living species presently listed, and particularly
those recorded in the Adantic-Mediterranean region [five
in the Mediterranean basin with H. admirabilis Ramalho,
Rodriguez-Aporta & Gofas, 2022 adding to the four species
listed in Rosso & Di Martino (2016)], only represent the
visible part of a taxonomic iceberg. Obviously, the morpho-
logical criteria used to distinguish between Hemicyclopora
species need to be better defined. Moreover, the relationships
between the genera Hemicyclopora and Escharella Gray, 1848,
essentially differentiated by the presence or the absence of a
lyrula (Norman 1894, 1909; Ryland 1963), have to be exam-
ined critically. In this paper, these two key issues are tackled
thanks to abundant material from both the Mediterranean
and the Atlantic stored by the authors. This revision takes
into consideration 11 species, including ten species from the
authors’ material, five species of which are described as new,
two species are left unnamed, and a new genus is erected.
Except for three “unrelated” taxa, including the type spe-
cies of the new genus, these species were grouped into four
species complexes. In two of them, species are assumed to
form a link between the genera Hemicyclopora and Escharella.

MATERIAL AND METHODS

ORIGIN OF MATERIAL

Material mostly originates from several oceanographic surveys
performed during the last 40-50 years and using dredges or
trawls for sampling. Further specimens were collected by div-
ing in submarine caves. These collections of specimens and
substrates potentially bearing Hemicylopora colonies were
stored at both authors’ laboratories.

ZOOSYSTEMA - 2023 - 45 (10)
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SPECIMEN REPOSITORIES

Type material of the new species, figured specimens and other
material were deposited at the Muséum national d’Histoire
naturelle, Paris, and in the Rosso Collection at the Museum
of Palacontology of the University of Catania.

METHODS OF STUDY

Morphological characters of species were examined under
stereomicroscopes and SEM. Specimens selected for SEM
observations were treated or not with bleach, and either
gold-palladium coated for examination with a Hitachi S-570
(SME, Marseille) and a TESCAN VEGA 3 SBU (IMM,
Marseille), or uncoated using a TESCAN VEGA 2 LMU
in backscattered-electron/low-vacuum mode (Microscopi-
cal Laboratory of the University of Catania). Measurements
were taken with an eyepiece micrometer and from scales of
SEM photos. Drawings were made by JGH from sketches
combining observations with SEM and stereomicroscope.

ABBREVIATIONS

col. colony;

COR coralligenous bottom;

DC detritic sandy bottom;

Div sampling by diving;

Dre sampling by dredging or trawling;

Is. Island;

R/V research vessel;

SEM scanning electronic microscope;

Stn sampling station.

Measurements

AZ autozooid;

L length;

oV ovicell;

SD standard deviation;

\% width;

X mean.

Institutions

IMM Institut de Microbiologie de la Méditerranée, CNRS,
Marseille;

MIO Mediterranean Institute of Oceanography, Marseille;

MNHN Muséum national d’Histoire naturelle, Paris;

PMC Museum of Palacontology of the University of
Catania;

SME Station marine d’Endoume, Marseille.

RESULTS

SYSTEMATIC ACCOUNTS

The species presented below were placed in the family Es-
charellidae Levinsen, 1909, though temporarily in one case
(see below). The alternative placement of Escharella and
Hemicyclopora in Romancheinidae Jullien, 1888 (e.g. Souto
et al. 2014; Rosso & Di Martino 2016; Martha ez 2. 2020;
Ramalho ez al. 2022; Bryozoa.net, accessed on 20.1V.22;)
is not appropriate considering the polyphyly of this family
(Orr ez al. 2021, 2022). Seven species among the ten pre-
sented below were grouped into four species complexes.
These groups were arbitrarily erected considering discern-
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ible morphological similitudes between specimens from the
examined material and/or described in the literature. Two of
these groups gather species presenting intermediate features
between the genera Hemicyclopora and Escharella. As noticed
by Norman (1909: 308) about Hemicyclopora multispinata
(Busk, 1861): “The genus is allied to Escharella (synonym
of Mucronella) but without the denticle (lyrula) within the
lower lip”. Ryland (1963: 26) also defines Hemicyclopora
as “like Escharella but lacking a lyrula”. Other differences
pointed out by Hayward & Ryland (1999) involve: 1) the
condyles in the primary orifice, small when present in Es-
charella, well-marked in Hemicyclopora; and 2) the ovicell,
cleithral (closed by the autozooid operculum) in Hemicyclo-
pora, acleithral (not closed by the operculum) in Escharella.
Both genera are umbonuloid and their frontal shield pre-
sents only marginal pores, small or medium sized in one or
double row in Hemicyclopora and generally larger (areolae)
and in a single row in Escharella. However, these generic
features may be poorly perceptible or equivocal in certain
species, and their generic assignation remains critical with-
out genetic appraisal. Lyrula, a well-established feature of
Escharella species, may be typically anvil-shaped and large,
such as in E. immersa (Fleming, 1848), the type species of
the genus (e.g. Hayward & Ryland 1999; Souto ez a/. 2007),
or a smaller denticle, quadrate (e.g. E. quadrata Lopez de la
Cuadra & Garcia Gémez, 2001) or triangular (e.g. E. prae-
alta (Calvet, 1907). However, it can also be reduced to a
low bulge hidden behind the proximal lip of the orifice,
hardly perceptible without precise SEM examination. The
efficiency of this structure for partitioning the orifice and
peristome and facilitating water exchanges through the ascus
(Berning er al. 2014) is thus much variable among species.
The identification of the type of ovicell closure (acleithral,
cleithral, semi-cleithral, subcleithral; Ostrovsky 2013) is
another source of uncertainty when the decision of generic
assignment is based on this character. Precise identification
should require sections in properly preserved specimens. The
correct recognition of this character may be quite problematic
when only the skeletal parts of specimens are available. In this
case, the respective position of the maternal orifice with its
opercule and that of the ovicell opening may suggest a certain
type of closure, which remains a subjective interpretation.
The constancy of a certain type of closure among species of
each of the genera Hemicyclopora and Escharella remains to
be established, and the use of this character for differentiat-
ing them is thus disputable. As noted by Souto ¢z a/. (2007:
368), the number of oral spines is an important feature for
differentiating species of Escharella. The same is admitted for
species of Hemicyclopora [e.g. characterization of H. multispi-
nata with eight spines and H. polita (Norman, 1864) with
six spines by Hayward & Ryland (1999: 140)]. However,
examination of a large number of specimens showed that,
at least in colonies of certain species, non-ovicellate zooids
may present a lower number of spines than the majority of
them (assumed cause: failure of the ovicell development in
these autozooids, see below). In contrast, the number of
spines in ovicellate zooids appears to be constant within
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most species, while its change in certain local populations
might indicate a genetic divergence. The number of spines
in ancestrulae, around the opesia and the cryptocyst, is of-
ten used for characterizing species (e.g. Hayward & Ryland
1999: 11 spines in H. polita, ten spines in H. multispinata).
However, as noticed by Ryland (1963), this number may
slightly vary within the same species (Fig. 14C: an ancestrula
of H. polita with 12 spines), even among ancestrulae settled
on the same substrate.

Suborder FLUSTRINA Smitt, 1868
Superfamily LEPRALIELLOIDEA Vigneaux, 1949
Family ESCHARELLIDAE Levinsen, 1909

Species complex 1: “multispinata”

REMARK

Hemicyclopora multispinara (Busk, 1861) is the oldest described
taxon among the 18 Hemicyclopora species listed in Bryozoa.net
(accessed on 20.I1V.22). The lack of precision in the original
description and the specific name pointing to the presence of
numerous oral spines, a feature shared with several congeneric
species, have led to repeated misinterpretations of this taxon.
Despite gaps and deficiencies in the knowledge of the mor-
phology of the true H. multispinata, the available data on this
species (see below) indicate that several specimens from our
material are morphologically close to it. These specimens are
distributed in two geographically distinct series, which form
aspecies complex with H. multispinata. The best documented
series is constituted by Mediterranean specimens, for which
a new species is here designated. The second series is limited
to few specimens from two localities of the Azores, which are
left unnamed (Hemicyclopora sp. 1).

Hemicyclopora multispinata (Busk, 1861)
(Fig. 1A-C)

Lepralia multispinata Busk, 1861: 78, pl. 32, figs 5, 6.

?Hemicyclopora multispinata — Cook 1968: 216. — Hayward &
Ryland 1999: 146 (pars). — Ramalho ez 2. 2020b: 455, 457 (ta-
ble 2), 459 (table 3).

Not Hemicyclopora multispinata — Norman 1909: 308, pl. 42,
figs 6-7. — Nichols 1911: 21. — Harmelin 1976: 230, table 3 (=
“E.” massiliana n. sp.). — Zabala 1986: 444. — Boronat Tormo
1987: 107, pl. 10A, B (= H. discrepans (Jullien in Jullien & Calvet,
1903)). — Zabala & Maluquer 1988: 126, fig. 283b (= H. discre-
pans). — Rosso 1989: tables 3c, 4c, 6c, pl. 8, fig. A (= H. neaton-
ensis n. sp.); 1996a: 195, 210, pl. 4, fig. A; 1996b: 60 (table 1) (=
H. neatonensis n. sp.). — Di Geronimo et al. 1990, table 1. — Lépez
de la Cuadra & Garcia Gémez 1994: 11 — Chimenz & Faraglia
1995: 40, pl. 2, figs A, B (= H. neatonensis n. sp.). — Morri et al.
1999: 733 (table 1). — Hayward & Ryland 1999, figs 46D, 49 (=
“H.” pytheasi n. sp. or H. celtica n. sp). — Chimenz Gusso ez 4.
2014: 172, fig. 88a-d (= H. neatonensis n. sp.). — Denisenko ez al.
2016: 13 & table 1. — Rosso & Di Martino 2016: 579 (table 1).

TYPE LOCALITY. — Madeira.
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MATERIAL EXAMINED. — Atlantic, Portugal, Madeira * Type. Dry
specimen in slide 99.7.1.1802; NHMUK, Busk collection; labelled
“Mucronella peachii var. multispinata, one small, unfertile colony on
a shell fragment, collected by J. Y. Johnson; macrophotos sent by
Mary Spencer Jones”; 14.11.2022; here, Fig. 1C).

REMARKS

The available optical photos of the type of H. multispinata
(Fig. 1C) reveal a small specimen, in mediocre condition,
without ovicells, but with an ancestrula apparently bearing
10 spines. Visible features of the orifices confirm the correctness
of BusK’s figures (Busk 1861, pl. 32, figs 5-6; here, Fig. 1A,
B) and original description (“... orifice arched, with an entire,
straight lower lip; peristome raised, thick, forming a cup in front
of the orifice; 8-10 marginal spines”). Busk’s figure 6 shows an
autozooid with six spines, but in figure 5 three autozooids bear
at least eight spines (Fig. 1A, B). In both figures, orifices are
slightly longer than broad, with a moderately concave proximal
edge and an arched proximal thickening with a moderate verti-
cal elevation. Therefore, the assertion by Hayward & Ryland
(1999: 146) that the orifice of H. multispinata is characterized
by a “proximal edge produced medially as a prominent lip” do
not correspond to Busk’s description and figures. Their figures
illustrating H. multispinata (Hayward & Ryland 1999, figs 46D;
49) may actually correspond to one of the species treated
below. Consequently, H. multispinata has often been errone-
ously recorded, particularly from the northern Atlantic and the
Mediterranean (see below). The record of H. multispinata by
Norman (1909: 308, pl. 42, figs 6-7) at Madeira (70 fathoms
depth) is quite puzzling as this specimen is depicted with eight
oral spines, an orifice with a proximal edge more ‘pouting’ than
in H. polita, and also with large spatulate avicularia (Norman
1909, pl. 42, fig. 7; here, Fig. 1E). This latter feature obviously
excludes this specimen from the genus Hemicyclopora as it is
unlikely that Norman had misinterpreted the occurrence of an
adjacent colony belonging to another, very different, species
provided with large avicularia. A plausible hypothesis is that
this specimen belongs to another family, and quite possibly
to a species of the atlantisinid genus Bathycyclopora Berning,
Harmelin & Bader, 2017. This genus “superficially resembles
the escharellid genera Hemicyclopora and Escharella” (Berning
etal. 2017: 31). For example, B. suroiti Berning, Harmelin &
Bader, 2017, from Atantis Seamount, has eight long oral
spines, an orifice with a prominent proximal edge, tiny paired
adventitious avicularia, poorly visible without SEM, and large
spatulate interzooidal avicularia with a rostrum similar in shape
to those illustrated by Norman (here, Fig. 1F, G). Therefore,
one may suppose that a deep-water species close to B. suroiti
exists at Madeira and has been confused with A. multispinata
by Norman (1909).

Cook (1968: 216) considered that H. multispinata was
synonymous with H. canalifera (Busk, 1884) after examina-
tion of the types of both species. However, this synonymy
was rejected by Berning & Spencer Jones (2023), who des-
ignated the specimen figured by Busk (1884: pl. 22, fig. 2)
as the lectotype of Mucronella canalifera. The morphological
features of an Azorean specimen from the collection of Jul-
lien and Calvet listed as H. multispinata in the MNHN col-
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Fic. 1. — A, B, original figures of Lepralia multispinata Busk, 1861, from Madeira; part of colony with eight non-ovicellate zooids (A), distal part of a non-ovicellate
zooid (B) illustrating the bases of six spines, the orifice shape and the proximal peristomial thickening; C, part of the type specimen of Lepralia multispinata (Busk
collection 99.7.1.1802), with ancestrula and 11 non ovicellate zooids, photo courtesy of Mary Spencer Jones; D, E, Hemicyclopora multispinata (Busk, 1861)
from Madeira, figured by Norman (1909, figs 6-7), ovicellate and non-ovicellate zooids, note the long spines and the orifice with a convex proximal edge of two
zooids (D), and the large spatulate avicularia (E); F, G, Bathycyclopora suroiti Berning, Harmelin & Bader, 2017. Origin: Atlantis Seamount, RV Suroit, Seamount 2,
DW258, derivative of figures 12G and 12E (both SEM photos by JGH) in Berning et al. (2017). Scale bars: F, G, 200 pm.

lections (MNHN-IB-2008-2436: Talisman 1883, Dr. 125,
13.VIIL.1883, Fayal-Pico, 80-115 m), are visible at https://
www.mnhn. fr/fr/collections/collection-groups/marine-inver-
tebrates/bryozoans-and-brachiopods/hemicyclopora) thanks
to 10 SEM photos taken by B. Berning in 2012 (MNHN
project RECOLNAT ANR-11-INBS-0004). This specimen,
very different from the Busk’s type of H. multispinata, was
assigned to H. canalifera by Berning & Spencer Jones (2023,
fig. 5). Records of H. multispinata from boreal areas (e.g.
Nichols 1911, Denisenko ez a/. 2016) are doubtful.

ZOOSYSTEMA + 2023 - 45 (10)

Hemicyclopora neatonensis n. sp.
(Figs 2A-F; 3A-F; 10A-C; Tables 1; 2; 4)

urn:lsid:zoobank.org:act:8496B9F0-8BEC-4A27-9DE2-CE1876BFB8BA

Hemicyclopora multispinata — Rosso 1989: tables 3¢, 4c, 6c, pl. 8,
fig. A; 1996a: 195, 210, pl. 4, fig. A.; 1996b: 60 (table 1) — Di
Geronimo et al. 1994: 103 (table 3). — Chimenz & Faraglia 1995:
40, pl. 2, figs A, B. — ? Morri et al. 1999: 733 (table 1). — Rosso &
Sanfilippo 2005: 111 (table 1). — Chimenz Gusso ez al. 2014: 172,
fig. 88a-d. — Rosso & Di Martino 2016: 579 (table 1).
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TaBLE 1. — Comparative measurements of the length and width of non-ovicellate zooids (AZ L & AZ W), and width of ovicells (OV W) in specimens assigned to
Hemicyclopora Norman, 1894, Escharella Gray, 1848 and Scutocyclopora n. gen.: H. neatonensis n. sp. (HN), H. hexaspinae n. sp. (HH), H. discrepans (Jullien
in Jullien & Calvet, 1903) (HD), “H.” celtica n. sp. (HC), E. similis Ramalho, Rodriguez-Aporta & Gofas, 2022 (ES), “E.” massiliana n. sp. (EM), “H.” pytheasi n. sp.
(HP), S. dentata (Lépez de la Cuadra & Garcia-Gémez, 1991) n. comb. (SD). Specimens from the Mediterranean (Med) and the Atlantic (Atl) in the following ar-
eas: Gulf of Cadiz (GC), seamounts (SM), Iberian coast (IC), Bay of Biscay (BB) and Armorican margin (AM). Number of measured colonies in brackets. Mean +

standard deviation (range; number of data), measurements in microns.

AZL AZW ovw

HN - Med (6) 747 £ 79 (610-1040; 60) 516 + 50 (390-580; 60) 448 + 35 (375-500; 22)
HH - Med (5) 637 + 71 (435-750; 49) 502 + 52 (435-635; 49) 302 + 14 (280-328; 13)
HH - Atl GC (2) 636 + 66 (485-725; 17) 446 + 54 (365-560; 17) 299 + 6 (290-305; 5)
HD - Med (2) 603 = 39 (560-680; 8) 470 + 74 (415-630; 8) 294 + 8 (280-305; 9)
HD - Atl SM (3) 705 + 68 (630-890; 12) 447 + 25 (410-485; 12) 287 + 11 (280-305; 5)
HD - Atl IC (2) 720 + 35 (655-775; 18) 518 + 59 (390-650; 18) 314 + 20 (290-340; 7)
HC - Atl AM (7) 752 + 84 (535-920; 76) 590 +110 (390-970; 76) 334 + 39 (245-410; 33)
HP - Atl BB-AM (3) 683 + 67 (560-845; 25) 460 + 39 (365-535; 25) 297 + 39 (255-380; 17)
ES - Med-Atl (4) 658 + 78 (510-800; 59) 452 + 50 (365-580; 59) 270 + 21 (235-305; 30)
EM - Med (2) 593 + 66 (465-730; 14) 379 + 42 (320-440; 14) 258 + 13 (230-270; 11)
SD - Med (7) 721 + 79 (560-975; 47) 517 + 69 (365-680; 47) 434 + 26 (390-480; 8)

TaBLE 2. — Features of Hemicyclopora neatonensis n. sp., H. discrepans (Jullien in Jullien & Calvet, 1903), H. hexaspinae n. sp. Abbreviations: BKz, associated
to basal kenozoid; Cle, cleithral; crypt, cryptocyst; DAz, associated to distal autozooid; IKz, associated to interzooidal kenozooid; Op, opesia; Rec, recumbent;

Scl, semicleithral.

Features H. neatonensis n. sp.

H. hexaspinae n. sp. H. discrepans

Frontal shield
Marginal pores
Peristome proximal part

Spaced round granules

Large (20-30 pm)

Semi-circular collar joining
the 1st pair of spines

Concave

No lyrula or denticle

Orifice proximal edge
Orifice inner relief

Condyles Prominent, triangular, downcurved
Oral spine number 8(6,7,9)/6
Qvicell BKz-DAz-IKz, W > L, Cle
Porous IKZ Present
Ancestrula, spine number - Op: 6-7, crypt: 5-6
length L: 410-560 pm
Depth range 27-120m
Substrate Shells, rhodoliths

Origin of material Central Mediterranean

Small granules
Tiny to medium-large (5-20 pm)
Smooth

Pointed granules
Medium (15-20 pym)
Smooth

Straight or slightly concave
No lyrula or denticle
Prominent, triangular

6 (7)/6 — thick bases 8 (9)/8 (6-7)

Rec, BKz, W > L, Scl Rec, BKz, W > L, Cle?

No Present

Op: 6 (7), crypt: 4 Op: 6, crypt: 4-5

L: 500-560 pm, extensive cryptocyst L: 430 pm

5-150 m 115-320 m

Dark cave walls, biogenic debris Shells, biogenic debris
Mediterranean & G. of Cadiz Mediterranean & G. of Cadiz

Slightly concave
No lyrula or denticle
Prominent, triangular

TYPE LOCALITY. — Italy, SE Sicily, Gulf of Noto.

TYPE MATERIAL. — Holotype. Mediterranean, Italy, Ionian Sea, SE
Sicily, Gulf of Noto ¢ 1 large colony with several ovicells; Gulf of
Noto, Stn PS 81-9D; 36°45°N, 15°12°E; 78 m depth; VII.1981; on
a small rhodolith; Dre; I. Di Geronimo leg.; PMC. B34.1.4.2021a.
Paratypes. Mediterranean, Italy, Ionian Sea, SE Sicily, Gulf of Noto ¢
1 colony with 3 autozooids and ancestrula; same data as the holotype;
onasmall rhodolith; PMC. B34.1.4.2021b1 1 dead ovicellate colony;
same data as the holotype; on a small rhodolith; PMC. B34.1.4.2021b2
* 1 living ovicellate colony; same data as the holotype; on a small rho-
dolith; PMC. B34.1.4.2021b3 * 1 living ovicellate colony; same data
as the holotype; on a bivalve shell; PMC. B34.1.4.2021b4 ¢ 1 living
ovicellate colony; SE Sicily, Gulf of Noto; Stn PS 81-CR1; 36°44'N,
15°10’E; 45 m depth; on a bivalve shell; PMC. B34.1.4.2021b5 * 1
living colony; same data as PMC. B34.1.4.2021b5; on a rhodolith
fragment; PMC. B34.1.4.2021b6 * 1 coated colony, same data as
PMC. B34.1.4.2021b5; MNHN-IB-2017.769. All samples collected
in VII.1981; Dre; I. Di Geronimo leg.

OTHER EXAMINED MATERIAL. — Mediterranean, Italy, Ionian Sea,
SE Sicily, Gulf of Noto © 18 fragments; Stn PS 81-9D; same data as
the holotype; PMC Rosso-Collection 1. H. B. 92a e fragments, Stn
PS 81-2XB; 120 m depth; PMC Rosso-Collection 1. H. B. 92a ¢
fragments, Stn PS81-6D; 96 m depth; PMC ¢ 25 fragments; Stn PS
81-9C; 83-74 m depth; on rhodoliths, mollusc and brachiopod shells;
PMC Rosso-Collection I. H. B. 92a ® fragments; Stn PS 81-2C; 60 m
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depth. All samples collected in VII.1981; Dre; I. Di Geronimo leg.;
PMC Rosso-Collection I. H. B. 92a.

SEM PHOTOS EXAMINED. — Italy ® Adriatic Sea, Puglia, Brindisi, 27 m
depth, CR bottom, C. Chimenz leg. (sent to JGH, 30.V1.1995).

ETYMOLOGY. — From Neaton, ancient Greek name of the town of
Noto, SE Sicily, close to the shore of the Gulf of Noto.

DIAGNOSIS. — Autozooids bulged, frontal shield with round granules,
marginal pores medium- to large-sized. Orifice terminal or subter-
minal, primary orifice with prominent and down-curved condyles;
proximal edge concave, bordered by a low semi-circular collar. Oral
spines usually eight in non-ovicellate and six in ovicellate zooids.
Ovvicell recumbent on the frontal shield of the distal zooid, with a
low proximal visor, ooecium produced by a small basal kenozooid,
occasionally fusing with a distal zooid or an interzooidal kenozooid.
Large interzooidal kenozooids occasional. Ancestrula with opesia,
cryptocyst and gymnocyst equally extended, 12 or 13 spines, the
opesia with a concave proximal edge.

DESCRIPTION

Colony encrusting, unilaminar, small- to medium-sized (i.e.,
less than 100 zooids). Autozooids quincuncially arranged,
relatively large (Figs 2; 3; 10A, B; Table 1); frontal shield
bulged, its surface relief with small knobs; marginal areolar
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FiG. 2. — Hemicyclopora neatoniensis n. sp.: A-C, general aspect of the colony with ovicellate and non-ovicellate autozooids and rare interspersed kenozooids.
Note the variability in the size and shape of autozooids and in the nature of the ovicells; D, close-up of some zooids with the typical peristomes; E, non-ovice-
llate autozooids; F, an ovicellate autozooids with four oral spines. Origin: A-F, holotype, PMC. B34.1.4.2021a; Sicily, Gulf of Noto, 78 m; E, paratype, MNHN-
IB-20174-769, Gulf of Noto, 45 m. Scale bars: A, C, 1 mm; B, D, 500 ym; E, F, 200 pm.

pores relatively large (20-30 pm; Fig. 2D, E), generally in a
single row with another one or two pores in an upper position
at the level of the orifice (Fig. 2D). Pore-chambers small and
numerous (10-12 on each side) (Figs 2E; 3E, F). Distal wall
vertical or sub-vertical (Figs 2E; 3E). Orifice of non-ovicellate
zooids distal or sub-distal, longer than wide (Table 1, ratio
L/W: 1.13), wider in ovicellate zooids (25-30% in Sicilian
specimens), proximal edge (poster) slightly concave, condyles
large, triangular, more or less blunt (Figs 2E; 3C, E; 10A,
B). A low, semi-circular collar proximal to the poster, higher
when joining the most proximal pair of oral spines (Figs 2D-
F; 10A). Oral spines eight, occasionally six, seven or nine,
in non-ovicellate zooids, six in ovicellate zooids (Figs 2D, F;
3D). Ovicell ovoid, wider than long, cleithral (Figs 2B, D,
F; 3C), with a small, low, more or less arched vizor above the
proximal edge, recumbent on a small ooecium-producing
basal kenozooid (Fig. 2D, F), occasionally fusing with the
frontal shield of distal daughter autozooid (Figs 2B, C; 3C),
or an interzooidal kenozooid (Fig. 3B). Interzooidal keno-
zooids present, nearly as large as autozooids (i.e., vicarious:
Fig. 3E) or smaller at varying extents, irregularly shaped, the
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frontal shield finely granular with areolar pores irregularly
distributed in a peripheral band. Ancestrula with 12 spines
(occasionally 13), including six or seven around the opesia,
this latter with a concave proximal edge; opesia, cryptocyst
and proximal gymnocyst similarly sized when measured along
the central axis (Figs 3F; 10C); three distal and latero-distal
daughter autozooids budded by the ancestrula, similar to the
following ones, but slightly smaller.

REMARKS

As in other Hemicyclopora species, the most readily accessible
distinctive features of the specimens assigned here to H. nea-
tonensis n. sp. are provided by the distal part of the zooids,
i.e., the structure and shape of the orifice area, the number
of oral spines, and the structure of the ovicell. Like in the
type of H. multispinata, the orifice of H. neatonensis n. sp. is
a little longer than broad, with a slightly concave proximal
edge, proximally bordered by a low, arched crest, which be-
comes higher when it meets the most proximal pair of oral
spines, and the condyles (not described in H. multispinara)
are large and roughly triangular. The oral spines are eight in
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Fic. 8. — Hemicyclopora neatoniensis n. sp.: A, cluster of autozooids, several with ovicells associated with distal zooids smaller or developing teratologic mor-
phologies; B, ovicell complex formed by a maternal autozooid and a distal kenozooid; C, ovicellate zooid with a very broad ovicell associated with a distal non-
ovicellate zooid. Note the dimorphic orifices with eight, occasionally seven spines, and the condyles morphology; D, contiguous autozooids with fused ovicells;
E, polygonal porous kenozooid at the colony periphery; F, ancestrula with three daughter zooids exposing their basal pore chambers; Origin: Sicily, Gulf of Noto;
A-E, PMC. B34.1.4.2021b2; F, PMC. B34.1.4.2021b1. Scale bars: 500 pm.

most cases (occasionally six, seven or nine) in non-ovicellate
zooids, invariably six in ovicellate zooids, and articulated on
thick bases. Ovicells bear a short, arched crest near the edge
of the orifice, apparently formed by the cryptocystal layer of
the endooecium. The latter is built by a small basal kenozooid
(Fig. 3B) but also, sometimes in a same colony, by a distal
autozooid or an interzooidal kenozooid. The ancestrula has
the same shape in these Mediterranean specimens and in the
type specimen of H. multispinata, with the opesia, the crypto-
cystand the proximal gymnocyst similarly extended (Figs 3F;
10C), but with, seemingly, a greater number of ancestrular
spines (12 or 13) in H. neatonensis n. sp. In some colonies
from Sicily, a few ovicells and adjacent autozooids show a
deformity (Fig. 3A, D) possibly resulting from their fusion.
The occurrence of interzooidal kenozooids in H. neatonensis
n. sp. (Fig. 3E), as well as in H. polita, H. discrepans (Jullien
inJullien & Calvet, 1903) and E. similis Ramalho, Rodriguez-
Aporta & Gofas, 2022 (see below), suggests that this feature
may have a taxonomic value. These heteromorphs allow filling
empty surfaces unsuitable to the growth of autozooids and thus
ensure colony continuity between lobes (Cheetham & Cook
1983), such as in areas where irregularities in the substratum
lead to a disrupted autozooid arrangement (Hayward & Ryland
1999). Such kenozooids are observed in several cheilostome
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taxa such as Cribrilinidae Hincks, 1879 (e.g. Harmelin 1978),
Setosella Hincks, 1877 (Rosso et al. 2020) and Microporella
Hincks, 1877 (Di Martino & Rosso 2021).

HABITAT DISTRIBUTION

The present material assigned to H. neatonensis n. sp. came in
most cases from coastal shelf habitats, particularly detritic biogenic
bottoms often including empty shells and/or algal concretions
(Rosso 1989; 1996a; Chimenz Gusso et al. 2014 — recorded as
H. multispinata), hosting the Coastal Detritic Biocoenosis and
the Shelf-edge Detritic Biocoenosis (Péres & Picard 1964; Péres
1967). In the Gulf of Noto, the species was usually very rare,
except in station PS 81-9D where several colonies encrusted small
(1-2 cm), exceptionally larger, rhodoliths. The only colony from
the Adriatic Sea (see below) was collected in a Coralligenous
rocky bottom. Considering the sampling depths (27-120 m)
and the sheltered position of colonies on the substrata, this
species can be categorized as sciaphilic.

GEOGRAPHICAL DISTRIBUTION

Hemicyclopora neatonensis n. sp. has been collected in the
Ionian Sea (Rosso 1989; 19964, b), in the southern Adriatic
Sea off Apulia (Chimenz & Faraglia 1995), and in the Tyr-
rhenian Sea off the Pontine Isles (Chimenz Gusso ez /. 2014)
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Fic. 4. — Hemicyclopora sp. 1: A, lateral view of ovicellate and non-ovicellate zooids with granular frontal shield, marginal pores and basal pore chambers, note
the structure of the orifices and the ovicells with vizor, recumbent on a basal kenozooid; B, frontal view of an ovicellate zooid with typical features; C, ancestrula
with 12 spines. Origin: Azores; Biagores Stn 145-146; MNHN-IB-2017-1558. Scale bars: A, B, 200 pm; C, 100 pm.

(Table 4). However, it is likely that this species is more evenly
distributed in the Mediterranean and that the present gaps
are mainly due to the small colony size and the poor acces-
sibility of local populations.

GEOLOGICAL DISTRIBUTION

Hemicyclopora neatonensis n. sp. also occurs in Early Pleisto-
cene deposits of W Sicily (Belice section) (Di Geronimo e al.
1994; Rosso & Sanfilippo 2005), pointing to its persistence

in this area.

Hemicyclopora sp. 1
(Fig. 4A-C; Table 4)

MATERIAL EXAMINED. — Portugal, Azores, Sao Miguel Island
1 colony; R/V Jean Charcot; Biagores, Stn 145, 37°41°N, 25°33.5"W;
135-148 m depth; 30.X.1971; on shell; Dre; H. Zibrowius leg.;
MNHN e 2 ovicellate colonies; S of Sao Miguel; R/V Jean Char-
cot; Biagores Stn 146, 37°39.8’N, 25°35.8"W; 330-334 m depth;
30.X.1971; on scoria and biogenic concretion; Dre; H. Zibrowius
leg.; MNHN-IB-2017-1558.

DESCRIPTION

Colony encrusting, unilaminar. Autozooids quincuncially
arranged, frontal shield bulged, granular, marginal pores
medium-sized (18-25 pm), arranged in a single row split in
two below the proximal edge of orifice; pore-chambers oval
and flattened, numerous along the vertical walls. Orifice
terminal, slightly longer than wide in non-ovicellate zooids,
wider in ovicellate zooids, condyles prominent, triangular,
proximal edge slightly concave or straight, a collar proximal
to the orifice edge, low but becoming high when adjoining
the proximalmost pair of spines. Oral spines eight in non-
ovicellate zooids and six in ovicellate ones, with bases rela-
tively high and thick. Ovicell vertically recumbent on a basal
kenozooid, endooecium with the same granular surface as the
frontal shield, proximal edge smooth with a vizor more or
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less high. Occasional occurrence of interzooidal kenozooids
with porous shield. Ancestrula with 12 spines, five of which
around the opesia, cryptocyst finely granular, peripheral and
proximal gymnocyst widely extended.

REMARKS
These Azorean specimens are close to H. neatonensis n. sp.
Their common traits include the granular surface of the bulged
frontal shield, the shape of the orifice area including the pri-
mary orifice with prominent triangular condyles, a slightly
concave proximal edge (poster), the number of oral spines
(eight in non-ovicellate zooids and six in ovicellate ones), a
low, arched crest below the poster, which is attached to the
base of the most proximal spines, the structure of the ovicell,
produced by a basal kenozooid, with a vizor above the orifice
edge (Fig. 4A, B), the presence of interzooidal kenozooids
(Fig. 4A), and a similarly-shaped ancestrula with 12 spines
(Fig. 4C). Apparent differences with H. neatonensis n. sp.
concern mainly the length and width of autozooids, which
are larger, while ovicells are narrower (Table 1), less swollen,
with a vizor which is differently shaped and sized. However,
this comparison is based on only three Azorean colonies.
These colonies were compared to unpublished SEM photos
of another specimen from the Azores collected in a locality
close to those of Hemicyclopora sp. 1 (R/V Jean Charcot, Bi-
agores 1971, Stn 167, 130 m, 37°46°0”N, 25°48°8”W; JGH
leg.). This specimen differs clearly from the latter in having
ovicellate and non-ovicellate zooids with six oral spines in
most cases, an orifice with a concave proximal edge, bordered
by a very high, arched collar, and ovicells bearing an erect,
highly prominent vizor. These features resemble H. canalifera,
which, therefore, would co-occur with Hemicyclopora sp. 1.
The clarification of the “multispinata” species complex
would require detailed morphological and genetic analyses
of new material from Madeira with features similar to those
of BusK’s type, and compared with other material from the
Atlantic, including the Azores, and from the Mediterranean
(H. neatonensis n. sp.).
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Species complex 2: “discrepans”

Hemicyclopora discrepans
(Jullien z7 Jullien & Calvet, 1903)
(Fig. 5A-G; Tables 1; 2; 4)

Lepralia discrepans Jullien in Jullien & Calvet, 1903: 72, pl. 10, fig. 1.

Hemicyclopora discrepans — Lépez de la Cuadra & Garcia-Gémez
1991: 218. — Harmelin & d’Hondt 1992: 30 (part). — Reverter-
Gil & Ferndndez-Pulpeiro 1999: 1411, fig. 4A-C. — Souto &
Reverter-Gil 2021: 3, 5, table 1 (part).

Hemicyclopora multispinata (Busk, 1861) — Boronat Tormo 1987:
107, plate 10A, B.

?Hemicyclopora admirabilis Ramalho, Rodriguez-Aporta & Gofas,
2022: 22, ﬁg. 10.

?Hemicyclopora sp. — Souto et al. 2014: 140, fig. 5B, D.

Not Hemicyclopora discrepans (Jullien, 1903) — Harmelin 1997: 144
(table 2) (see below = Hemicyclopora hexaspinae n. sp.).

MATERIAL EXAMINED. — Mediterranean. Alboran Sea ¢ 3 small
ovicellate colonies; R/V Cryos; Balgim Stn DW132, 35°25.7°'N,
4°18.8'W; 170 m depth; 15.V1.1984, on shell (2 col. together with
2 col. of Escharella similis) and biogenic concretion; Dre; JGH leg.:
listed by Harmelin & d’Hondt (1992); MNHN.

NE Atlantic — Ibero-Moroccan Gulf ¢ 2 ovicellate colonies; R/V
Noroit; Seamount 1, Gorringe Bank, Stn DW5, 36°32.0'N, 11°37.9'W,
180 m depth; 22.1X.1987; Dre; JGH leg.; MNHN e 1 small colony;
R/V Noroit; Seamount 1, Gorringe Bank, Stn DW15, 36°33.44°N,
11°28.8"W, 320 m depth; 24.IV.1987, on stone; Dre; JGH leg.;
MNHN e 1 small colony; R/V Noroit; Seamount 1, Ampére Sea-
mount, Stn CP99, 35°03.8'N, 12°55.4"W, 250 m depth, on shell;
Dre; JGH leg.; MNHN

Spain, NW Iberian Peninsula * 3 small ovicellate colonies; 42°38'30”N,
9°23’42”W; 128 m depth; V.1997; on shell and fragment of a whale
bone; Dre; O. Reverter-Gil leg.; MNHN (1.VI1.1998: material ex-
amined by Reverter-Gil & Ferndndez-Pulpeiro 1999 and listed by
Souto & Reverter-Gil 2021).

DESCRIPTION

Colony encrusting, unilaminar, forming small lobate patches
of less than 100 zooids. Autozooids elongated, hexagonal or
polygonal, quincuncially arranged; frontal shield bulged, most
prominent at mid-length and proximally to the orifice, its
surface covered with evenly spaced, hemispherical to conical
and pointed granules, 5-15 um in diameter (Fig. 5B, F, G);
marginal pores medium-sized (up to 15-20 pm), in a single
row along the proximal half of the zooid, and distributed dis-
tally in two or three rows up to the orifice level (Fig. 5B, D,
E G). Pore-chambers small and numerous (up to 15 on each
side), opening along a ¢. 50 um wide basal margin (Fig. 5F).
Distal wall vertical or sub-vertical (Fig. 5B, D, G). Orifice
distal or sub-distal, often somewhat inclined distally, a lit-
tle longer than wide in non-ovicellate zooids, significantly
wider than long in ovicellate zooids, proximal edge (poster)
slightly concave, without any collar or umbo, sometimes with
a thin rim of gymnocystal calcification connected laterally
to the proximal pair of spines; condyles protuberant, thick,
triangular, slightly curved proximally, with more or less blunt
tips (Fig. 5B, E, G). Oral spines articulated on stout bases,
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long (up to ¢. 750 um), outwardly arched, particularly the
distalmost pair, eight in non-ovicellate zooids, occasionally
nine, and eight, seven or six in ovicellate zooids (Fig. 5), this
number being constant or variable within colonies (see be-
low). Ovicell globular, wider than long, attached to the distal
wall of maternal zooid, sometimes adjoining the proximal
part of the frontal shield of distal zooid; endooecium with
the same granular texture as the frontal shield of autozooids,
without umbo or vizor, sometimes with a narrow, thin rim
of gymnocystal calcification along the opening (Fig. 5C, D,
E G), presumably cleithral, “terminal”, produced by a basal
kenozooid not visible frontally, only detected at early stage
and in broken ovicells (Fig. 5D, F). Interzooidal kenozooids
infrequent, relatively large (e.g. 600 x 550 um), with few
frontal pores. Ancestrula with three roughly equally extended
parts, an opesia with six distal spines and a concave proximal
edge, a cryptocyst with a granular surface, edged by four or
five spines, and a proximal gymnocyst (Boronat Tormo 1987:
107, pl. 10B; Reverter-Gil & Ferndndez-Pulpeiro 1999: 1411,
fig. 4B; specimen from Seamount 1 Stn DW15).

REMARKS

Morphological features and taxonomic issues

Except for the number of spines in ovicellate zooids, which
may vary within and between colonies (see below), the
morphological features of our material from the Mediter-
ranean (Alboran Sea) and the NE Atlantic comply with
the original figure of H. discrepans by Jullien (1903: pl. 10,
fig. 1), the redescription of this species by Reverter-Gil &
Ferndndez-Pulpeiro (1999), and our own examination of
part of their material (letter, SEM photos and material sent
by O. Reverter-Gil to JGH, 1.V1.1998). This species (or
species complex) is characterized by zooids with a bulged
frontal shield without any thickening or umbo adjoining
the orifice and the ovicell, a primary orifice with clearly pro-
truding condyles, the particular aspect of the frontal shield
and endooecium with granules which tend to be pointed,
relatively large marginal pores distributed in several rows
laterally to the orifice, eight oral spines with large and thick
bases in non-ovicellate zooids, and globular ovicells produced
by a small, basal, terminal kenozooid, later recumbent on
the frontal shield of the distal zooid. However, these features
are also shared with H. admirabilis, recently described from
the Alboran Sea (Ramalho ez al. 2022), and with Hemicyclo-
pora sp. (Souto et al. 2014) from southern Portugal. Except
for minor differences (e.g. the precise shape of condyles) that
may indicate local variability, both H. admirabilis and the
specimens described by Souto ez al. (2014) as Hemicyclopora sp.
only differ from H. discrepans in the lower number of spines
in ovicellate zooids (six vs eight). In our material from the
Mediterranean (Alboran Sea) and the nearby Atlantic, several
colonies show features combining those of H. discrepans and
H. admirabilis, particularly the number of spines in ovicellate
zooids. This number can vary within a single colony, as in a
specimen from the Alboran Sea (Balgim DW132, Fig. 5A),
in which it is six or eight. Therefore, this specimen should
be intermediate between H. discrepans and H. admirabilis.
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Fic. 5. — Hemicyclopora discrepans (Jullien in Jullien & Calvet, 1903): A, colony with ovicellate zooids bearing six, seven, or eight oral spines; B, non-ovicellate
zooid with eight spines, primary orifice with internal arch and protruding condyles, and granular frontal shield; C, three ovicellate zooids with six spines and ovicells
inserted between the base of distal autozooids; D, zooids with long, curved spines, large porous area lateral to orifice and ovicells attached to distal maternal
wall, one under construction; E, orifice with triangular, down-curved condyles, concave proximal edge with a narrow rim of gymnocyst; F, lateral view of the distal
part of an ovicellate zooid with eight spines, large marginal pores and the ovicell with the basal kenozooid; G, two zooids, one ovicellate, both with eight spines,
frontal shield and endooecium with pointed granules. Origin: A, B, F, G, Alboran Sea, Balgim DW132, 170 m; C, D, E, Atlantic, Gorringe Bank, Seamount 1 DWS5,
180 m. Scales bars: A, 400 pm; B, F, 100 um; C, D, G, 200 pm; E, 50 pym.

Furthermore, specimens from the Atlantic seamounts (Gor-
ringe Bank: DW5, DW15; Ampére Seamount: CP99) have
six spines in ovicellate zooids, as in H. admirabilis, but a
colony from Ampére Seamount diverges from the Bauplan
of the latter in having a majority of non-ovicellate zooids
with nine spines (seven cases: 70%) instead of eight spines
(three cases: 30%). This divergence recalls cases of specia-
tion driven by geographic isolation on Atlantic seamounts
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observed within the Atlantisinidae Berning, Harmelin &
Bader, 2017 (Berning ez a/. 2017). In particular, the species
Atlantisina gorringensis Berning, Harmelin & Bader, 2017
was likely endemic to Gorringe Bank and Ampére Seamount.
In conclusion, the present material questions the actual type
of ovicell closure and the taxonomic relationships between
H. discrepans, H. admirabilis and Hemicyclopora sp. (Souto
et al. 2014). Are they a complex of species or a series of vari-
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ants of the same species (H. discrepans) having a particular
plasticity? Obviously, this case study would require molecular
analyses to give proper answers. Unfortunately, colonies of
Hemicyclopora, particularly in this case, are very small, rare,
and their habitat is not easily accessible.

HABITAT DISTRIBUTION

'The examined material was collected from 128 m to 320 m
depth on sandy bottoms. Deeper records of H. discrepans are
provided by Calvet (1907: 717 m) from the western entrance
of the Strait of Gibraltar, and Reverter-Gil & Fernandez-
Pulpeiro (1999) from the NW Iberian Peninsula (Thalassa
U844, 695-760 m). This last specimen, not illustrated by SEM,
is held at the MNHN and its specific assignation should be
verified. The two deep-water colonies from Portugal recorded
as Hemicyclopora sp. by Souto ez al. (2014: 800-900 m) may
represent the deepest record of H. discrepans. Colonies were
established on small biogenic substrates: empty shells, concre-
tions, and even on fragments of whale bones (Reverter-Gil &
Ferndndez-Pulpeiro 1999; Souto & Reverter-Gil 2021).

GEOGRAPHICAL DISTRIBUTION

Hemicyclopora discrepans has an Atlantic-Mediterranean
distribution (Table 4). In the Mediterranean, the species
was collected exclusively in the Alboran Sea (present mate-
rial; Boronat Tormo 1987; Harmelin & d’Hondt 1992). In
the Atlantic, specimens were recorded from seamounts and
banks located SW of the Gibraltar Strait and along the NW
Iberian Peninsula.

Species complex 3: “lopezfei”

This species complex gathers the new species described below,
provisionally ascribed to the genus Hemicyclopora, and Escharella
lopezfei Souto, Berning & Ostrovsky, 2016. Both share many
features, except for the number of spines in ovicellate zooids
and the lack of a lyrula in the new species.

“Hemicyclopora” celtica n. sp.

(Fig. 6A-T; Tables 1; 3; 4)

urn:lsid:zoobank.org:act:27282FDA-CBCE-4A9E-812F-9E3CAB2859BF

TYPE LOCALITY. — Armorican margin, NE Atlantic Ocean.

TYPE MATERIAL. — Holotype. NE Atlantic, France, Armorican
margin * 1 large colony, ¢. 100 autozooids with 15 ovicells; R/V
Thalassa; Stn 2398; 47°36.0°N, 7°16.8"W; 330 m depth; 22.X.1973;
on Chlamys shell, together with 1 ancestrula with a single daughter
zooid; JGH leg.; Dre; MNHN-I1B-2017-778.

Paratypes. NE Atlantic, France, Armorican margin ¢ 1 large ovicel-
late colony, ¢. 70 autozooids; R/V Thalassa; Stn Z417, Little Sole
Bank, 48°12.0'N, 9°09.5"W}; 865 m depth; 24.X.1973; on M. oculata
Linnaeus, 1758; Dre; JGH leg.; MNHN-IB-2017-779 © 1 ovicellate
colony, coated for SEM examination; R/V Thalassa; Stn 7435, off
Brittany, 48°39.7°'N, 09°53.2"W; 1050 m depth; 26.X.1973; with
H. polita on Desmophyllum pertusum (Linnaeus, 1759); Dre; JGH
leg.; MNHN-IB-2017-780 ¢ 1 ovicellate colony, ¢. 65 autozooids
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with 26 ovicells; R/V Thalassa; Stn Z398; same data as holotype;
on shell; PMC. B35.5.5.2021.

Ireland * 3 small colonies; Trawler Heliotrope, Porcupine Seabight,
51°30°N, 11°30"W; 1000 m depth; I1.1977: on shells and coral
skeleton; Dre; JGH leg.; MNHN-IB-2017-781.

OTHER MATERIAL EXAMINED. — NE Atlantic — France, Armorican
margin * 1 colony; R/V Thalassa; Stn 2392, Armorican Margin;
47°34.9°N, 7°01.3"W; 390 m depth; 21.X.1973; MNHN ¢ 3 colo-
nies; R/V Thalassa; Stn 2398, same data as holotype ¢ 1 colony; R/V
Thalassa; Stn 7402, 47°39.5°N, 07°28.5"W; 450 m depth; 22.X.1973;
MNHN ¢ 1 colony; R/V Thalassa; Stn Z427; 48°27°N, 09°48.4"W;
330 m depth; 25.X.1973; on D. pertusum; MNHN e 1 colony; R/V
Thalassa; Stn Z417;5 on M. oculata; same data as paratype MNHN-
1B-2017-779 * 1 colony; R/V Thalassa; Stn Z435; 1050 m depth; on
D. pertusum; same data as paratype MNHN-IB-2017-780.

ETYMOLOGY. — Latin adjective, feminine of celticus, in reference
to the frequency of this species in the Celtic Sea.

DIAGNOSIS. — Autozooids bulged, relatively large, frontal shield
with small, rounded granules, small marginal pores. Orifice termi-
nal to subterminal, condyles prominent, with blunt tips, proximal
edge convex, with a narrow gymnocystal rim, without proximal
inner thickening. Oral spines typically eight, but sometimes six
or seven in non-ovicellate zooids, always six in ovicellate zooids.
Opvicells with a narrow gymnocystal proximal rim, lying on the
distal, ooecium-builder autozooid. Ancestrula with opesia, cryp-
tocyst and gymnocyst equally extended along central long axis,
11, 12 or 13 spines.

DESCRIPTION

Colony encrusting, unilaminar, small to medium-sized.
Autozooids distinctly separated by deep grooves, laid out in
quincunx, relatively large, oval to hexagonal, the width often
much variable; frontal shield convex, evenly covered by small,
rounded granules; marginal pores small (10-15 pm), arranged
in a single row which becomes double laterally to the orifice
(Fig. 6C-E). Basal pore-chambers oval to elongated, grouped
by four to five in elongated windows, two disto-lateral and
one distal (Fig. 6C-E). Distal wall subvertical (Fig. 6B-E).
Orifice terminal or subterminal, as long as wide or slightly
longer than wide in non-ovicellate zooids (Fig. 6C, D, G,
H), wider in ovicellate zooids (Fig. 6C); proximal edge often
clearly convex, i.e., in shape of a parabola (Fig. 6C, D, H),
but sometimes nearly straight (Fig. 6B, G), without umbo or
distinct cryptocystal thickening; primary orifice with promi-
nent condyles, medium-sized, with blunt or triangular tips
(Fig. 6D, G, H), inner side of the proximal edge smooth,
without any gymnocystal thickening (Fig. 6I). Oral spines
long, slender, with acute tip, seemingly composed of two
jointed segments, peristomial bases conical and thick, eight
in a majority of non-ovicellate zooids, but also seven or six
(see below), always six in ovicellate zooids (Fig. 6). Ovicell
adnate on the distal ooecium-producing daughter autozooid,
apparently acleithral, endooecial surface granular as the
frontal shield, with a narrow, smooth gymnocystal thicken-
ing bordering the proximal edge of the orifice (Fig. 6C, E,
F). Ancestrula with six spines distally around the opesia and
five, six or seven spines proximally around the cryptocyst;
gymnocyst well developed (30-40% of total length along the

proximo-distal axis).
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Fic. 6. — Hemicyclopora celtica n. sp.: A, colony with clustered ovicells; B, small portion of a colony, note the occurrence of six, seven or eight spines in non-
ovicellate zooids, and 6 spines in ovicellate zooids; C, non-ovicellate and ovicellate zooids, all with six spines, ovicells associated with a distal autozooid; D, non-
ovicellate zooids with small marginal pores, subterminal orifice edged by six spines, prominent condyles and markedly convex proximal edge; E, F, non-ovicellate
and ovicellate zooids, note the granular frontal shield with tiny marginal pores, the terminal orifice of the non-ovicellate zooid with eight prominent basal parts
of spines, and ovicells with endooecium formed by the distal autozooid; G, H, frontal view of two orifices, with eight spines and a moderately convex proximal
edge (G) and six spines and a triangular proximal edge (H); I, inner side of an orifice with smooth surface and basal pores of spines. Origin: Armorican Margin, A, C,
D, Thalassa 2398, paratype PMC.B35.2021; B, E-I, Thalassa Z435, paratype MNHN-IB-2017-780. Scale bars: A, 1 mm; B, 400 pm; C, 200 pm; D-F, G-I, 100 pm.
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TABLE 3. — Features of three species of the complex ‘similis’ (Escharella similis Ramalho, Rodriguez-Aporta & Gofas, 2022, original description by Ramalho et al.
2022 and present material; “Escharella” massiliana n. sp.; “Hemicyclopora” pytheasi n. sp.), and of “H.” celtica n. sp. Abbreviations: Acl, acleithral; BKz, associ-
ated to a basal kenozoid; crypt, cryptocyst; DAz, associated to a distal autozooid; Op, opesia; Rec, recumbent.

E. similis
(present material)

E. similis

Features (original description) “E.” massiliana n. sp. “H.” pytheasi n. sp. “H.” celtica n. sp.

Slightly hummocky Slightly hummocky
Medium-Large (15-20 um) Large (20-35 pm)

Slightly hummocky
Large (20-25 pm)

Markedly granular
Small (10-15 pm)

Frontal shield
Marginal pores

Finely granular
Small

Peristome Small, triangular Thick triangular umbo ~ No umbo No umbo No umbo
proximal part proximal umbo
Orifice Well-developed Convex with rounded or Convex, hyperbolic, =~ Convex, hyperbolic, ~ Convex, hyperbolic,

rounded tip, rounded tip
Thick, rectangular edge No thickening, smooth

rounded tip
No thickening,

pointed tip
Marked thickening:

proximal edge
Poster inner relief

peristome
Small, triangular lyrula

distinct bulge with a tiny bulge surface smooth surface
Condyles Not prominent Not prominent Not prominent Not prominent Prominent, thick
Oral spine number 8/8 - 1st pair 8/8 - 1st pair converging 8/8 - 1st pair 8/8 - 1st pair 8 (6-7)/6
converging converging converging
Ovicell BKz, W > L, Acl Rec, BKz, W > L, Acl Rec, BKz, W > L, Acl Rec, BKz, W >L, Acl DAz, W > L, Acle?
Ancestrula spines  Op: 8 + crypt: 5 Op: 6 + crypt: 5 Op: 5 +crypt: 5 Op: 4-5-6 + crypt: 5 Op: 6 + crypt: 5-6-7
- size L: 380 um L: 360 um L: 440 pym (Calvi) L: 375-380 pm L: 375-430 pm
Depth range 95-120 m 145-205 m 115-130m 190-610m 330-1050 m
Substrate Erect bryozoans, Calcareous biogenic Calcareous biogenic ~ Stones, coral coral skeletons
serpulid tubes, shells  debris debris skeletons, shells
Origin of material ~ Alboran Sea Alboran Sea & G. of NW Mediterranean Bay of Biscay, Armorican Margin
Cadiz Armorican Margin

TaBLE 4. — Geographical distribution of the examined species. Abbreviations: HN, Hemicyclopora neatonensis n. sp.; HH, H. hexaspinae n. sp.; HD, H. discrepans;
HC, “H.” celtica n. sp.; HP, “H.” pytheasi n. sp.; ES, Escharella similis Ramalho, Rodriguez-Aporta & Gofas, 2022; EM, “E.” massiliana n. sp.; SD, Scutocyclo-
pora dentata (Lopez de la Cuadra & Garcia-Gomez, 1991) n. comb.; Hsp1, Hemicyclopora sp. 1; Hsp2, Hemicyclopora sp. 2.; MED, Mediterranean; ATL, Atlantic.
Alb, Alboran Sea; NW Med, north-western Mediterranean; CE Med, central Mediterranean extended to the southern Tyrrhenian Sea and the Adriatic. GuCa, Gulf

of Cadiz and close seamounts; Ibe Atl, Iberian Atlantic coast; Bis Ar, Bay of Biscay and Armorican margin; Az Is, Azores Islands.

HN HH HD HC HP ES EM SD Hsp1 Hsp2
MED X X x - - X X X - -
ATL - X X X X X - - X X
Alb - - X - - X - X - -
NW Med - X - - - X - -
CE Med X X - - - - - X - -
Gu Ca - X X - - - - - -
lbe Atl - - X - - - - - x
Bis Ar - - - - - - - -
Az ls - - - - - - - - X -
REMARKS number of spines in non-ovicellate zooids is usually eight but

Morphological features

“Hemicyclopora” celtica n. sp. is characterized by the follow-
ing features: 1) orifice with a distally-curved proximal edge
whose convexity is more or less pronounced, and without
umbo; 2) condyles prominent with triangular or rounded
tips; 3) inner side of proximal part of primary orifice with
smooth and flat surface; 4) invariably six spines in ovicellate
zooids (117 ovicells examined); 5) ovicell recumbent on the
proximal part of the frontal shield of the distally adjacent
autozooid into which it is integrated; 6) ovicell opening
edged with a smooth narrow gymnocystal rim, apparently
acleithral, as suggested by examination of the holotype with
a stereomicroscope and SEM photos of bleached specimens
(Fig. 6F); however, accurate identification of the ovicell closure
requires examination of living colonies and anatomical studies
(Ostrovsky 2013); and 7) small marginal pores (Table 3). The
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can be lower (Fig. 6B-E). In 160 non-ovicellate zooids from
12 colonies (7 localities, 330-1050 m) the number of spines
was eight (45%), seven (39%) or six (16%). This variability is
apparently not induced by factors of the microenvironment.
This assertion is substantiated by colonies of similar size and
condition occurring on the same fragment of coral skeleton
(two cases: Thalassa Z402 and Z417) which presented inverse
ranking in their proportions of spine numbers. The occur-
rence of eight spines in non-ovicellate zooids is assumed to
be a fundamental trait of “H.” celtica n. sp. while a lower
number, six or seven spines, would result from an aborted
development of the ovicell. The proportion of ovicellate
zooids per colony can be high (Fig. 6A), but is in general
moderate (about 8-17%; mean = 11 + 4%). Another source
of morphological variability in “H.” celtica n. sp. is the shape
of autozooids due to the great range of the autozooid width
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(Table 1). This feature is reflected by the value of the coef-
ficient of variation (SD x 100/X), which is higher for width
than for length (18% vs 11%).

Taxonomic issues

“Hemicyclopora” celtica n. sp. is morphologically very close to
Escharella lopezfei Souto, Berning & Ostrovsky, 2016, from
the Galicia Bank (NE Atlantic). These species display several
similar external features: same aspect of the frontal shield
with small rounded granules and small marginal pores, same
layout of the pore-chambers, proximal edge of the orifice and
condyles similarly shaped, usually eight oral spines in non-
ovicellate zooids, ovicells associated to the frontal shield of
a distal autozooid. Obviously, the series of traits shared by
these two entities raises the problem of their specific and ge-
neric assignment. The decision to separate our material from
E. lopezfei at both species and genus ranks was justified by
the conjunction of: 1) the constant difference in the number
of oral spines in maternal zooids (always six in “H”. celtica
n. sp. and eight in £. lopezfei), verified in numerous colonies
of “H.” celtica n. sp.; 2) the absence in the internal side of the
orifice of “H”. celtica n. sp., below its convex edge and above
the level of condyles, of any thicknening forming a lyrula
similar to the triangular denticle recorded in E. lopezfei and
E. praealta (Calvet, 1907), a closely related species according
to Souto et al. (2016); and 3) the distribution of these two
entities in two distant geographical areas. Precise informa-
tion on the shape of this denticle in E. pracalta is provided
by Lépez de la Cuadra & Garcia Gémez (1993: fig. 2; 2001:
fig. 1D-F) and unpublished SEM pictures of specimens of
this species from Mediterranean cryptic habitats kept in our
collection (JGH & AR). Undoubtedly, the structure of the
orifice of E. praealta (and thus of E. lopezfei) differs from that
of “H.” celtica n. sp. As stressed by Pica e al. (2022), “subtle
differences are often considered species-specific” in Bryozoa
according to the modern species taxon concept. Therefore,
considering the lack of denticle or thickening in the orifice
(Fig. 6I) which could play the role of a lyrula (Berning ez al.
2014) and the uncertainty concerning the type of ovicell closure
and its value as discriminating feature, “H”. celtica n. sp. was
arbitrarily attributed to the genus Hemicyclopora. Obviously,
this species constitutes a ‘borderline case’, such as the entities
forming the species complex similis (see below). Both cases
challenge the distinction between the genera Hemicyclopora
and Escharella.

The proximal edge of the orifice of “H”. celtican. sp. can be
covered by a narrow rim of smooth gymnocystal calcification
when it is convex (Fig. 6C, D, H), as in E. lopezfei (Souto
eral. 2016: figs 78-79). However, this feature is not constant
in “H.” celtica n. sp., and the whole poster edge can be cov-
ered by the secondary cryptocystal calcification of the frontal
shield (Fig. 6E, G). Moreover, the convexity of the poster edge
is variable and can be insignificant (Fig. 6B). When visible
in frontal view, the gymnocystal rim of the convex poster is
clearly continuous with the gymnocystal frame of the orifice,
including the spines, and often remains visible distally, between
the distalmost pair of spines (Fig. 6D). This structure indi-
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cates more a deficiency in cryptocystal calcification than the
emergence of a lyrula-like denticle with a peristomial position.
Thus, pending molecular analyses providing a clarification of
the phylogenetic relationships between Hemicyclopora and Es-
charella, this new species is conditionally left in Hemicyclopora.

“Hemicyclopora” celtica n. sp. resembles “H”. pytheasi n. sp.
(see below) in having a similar orifice shape and eight oral
spines in non-ovicellate autozooids (Figs 6B, G; 9F) but
they clearly differ in the shape of the condyles and the type
of ovicell (see below).

HABITAT DISTRIBUTION

“Hemicyclopora” celtica n. sp. is a deep-water species found in
seven stations ranging from 330 m to 1050 m depth, mostly
located close to or along the shelf break. Colonies encrusted
shells, biogenic debris and were frequent on skeletons of
‘cold-water’ corals (M. oculata Linnaeus, 1758, D. pertusum
(Linnaeus, 1759)). These fragmented coral skeletons indi-
cate the proximity of banks built by these large branching
scleractinians along the edge of the continental shelf where a
strong thermocline is established and currents bring nutrient-
rich waters (White & Dorschel 2010). In the three deepest
stations (Thalassa Z417, Z435, Heliotrope: 865-1050 m),
“H”. celtica n. sp. co-occurred with H. polita, often on the
same fragment of coral skeleton.

(GEOGRAPHICAL DISTRIBUTION

“Hemicyclopora” celtica n. sp. was recorded in the northeast
Atlantic from the Armorican margin to west Ireland (Table 3).
However, its actual distribution is most likely wider, particu-
larly in deep-water locations of the northern Adantic.

Species complex 4: “similis”

A set of Mediterranean and Adlantic specimens with a common
range of morphological traits constitutes a species complex
displaying a remarkable example of a morphological cline.
Three geographically separated morphotypes, differing mainly
in the structure of their orifice, are considered to be different
species, two of which being new to science. The orifice struc-
ture of these species poses the fundamental question of the
boundary between the genera Escharella and Hemicyclopora.

Escharella similis
Ramalho, Rodriguez-Aporta & Gofas, 2022
(Figs 7A-F; 10G-I; Tables 1; 3; 4)

Escharella similis Ramalho, Rodriguez-Aporta & Gofas, 2022: 71,
fig. 9, table 2.

Escharella sp. — Ramalho et al. 2020a: 106, table 2.

Hemicyclopora discrepans — Harmelin & d’Hondt 1992: 30 (part).

MATERIAL EXAMINED. — Mediterranean, Alboran Sea ¢ 1 small
colony; R/V Cryos, Balgim Stn DR130, 35°25.3’N, 4°19.3"W;
145 m depth; 15.V1.1984; on shell; Dre; JGH leg. © 4 colonies;
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FiG. 7. — Escharella similis Ramalho, Rodriguez-Aporta & Gofas, 2022: A, edge of colony with five ovicellate zooids; B, non-ovicellate zooids with eight oral spines
and a triangular proximal umbo; C, orifice of non-ovicellate zooid showing the lyrula-like inner bump and the proximal peristomial umbo in vertical view; D, two
zooids, one with a terminal ovicell associated to a tiny basal kenozooid and orifice with a lyrula-like bump; E, distal part of an ovicellate zooid with 8 spines, a
triangular peristomial umbo, and the orifice of the ovicell in an upper position; F, orifice of a non-ovicellate zooid with a low inner protuberance and step-shaped
condyles. Origin: A, B, C, E, F, Alboran Sea, Balgim DW132; D, Atlantic, Gulf of Cadiz, Balgim DR42. Scale bars: A, 400 um; B, D, 200 ym; C, E, F, 100 pm.

R/V Cryos, Balgim Stn DW132, 35°25.7°N, 4°18.8°W; 170 m
depth; 15.V1.1984, on shells; Dre; JGH leg. © 1 ovicellate colony
with ancestrula, ¢. 30 autozooids (4 ovicells) + 1 small colony, R/V
Cryos, Balgim Stn DW134, 35°25.8'N, 4°17.0°'W; 205 m depth;
15.V1.1984; on biogenic concretion and shell; Dre; JGH leg.; MNHN.
NE Atlantic, Ibero-Moroccan Gulf ¢ 1 ovicellate colony, ¢. 60 auto-
z0oids + 1 small colony coated for SEM; R/V Cryos, Balgim Sen DR42,
35°54.5'N, 6°13.3’W; 135 m depth; 2.V1.1984; Dre; JGH leg.; MNHN.

DESCRIPTION

Colony encrusting, unilaminar, small. Autozooids moderately
sized, elongated (L/W ratio = 1.46), distinctly separated by deep
grooves, laid out in quincunx; frontal shield convex, smooth,
slightly mamillated; marginal pores medium-sized (10-20 um),
distally arranged in a double or triple row and proximally in a
single row (Fig. 7A, B, D). Pore chambers large, oval, numer-
ous, laterally distributed in a single, long area (Fig. 7B, D).
Distal wall subvertical (Fig. 7A, B, D). Orifice distal; primary
orifice as long as wide, or slightly longer, the internal arch
wide, with step-shaped proximal ends, i.e., without prominent
condyles (Fig. 7C, F); a more or less prominent bulge on the
inner side of the proximal edge of the orifice (Fig. 7C, D, F);
outer side of the secondary orifice, forming a thick, convex
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lip with a short umbo, often triangular or conical (Fig. 7A-F).
Oral spines eight in both ovicellate and non-ovicellate zooids,
long (200-250 pm), articulated on thick, prominent bases,
the proximalmost pair being clearly convergent (Figs 7C-E,
F; 10G-H), the distalmost resting against the ovicell. Ovicells
frequent, with endooecial surface similar to that of autozooids,
without proximal protuberance, not closed by the operculum,
recumbent against the vertical distal wall of the maternal zooid,
produced by a small, poorly visible, basal kenozooid, often
placed at the colony margin, or inserted between two distal
zooids (Fig. 7A, D, E). Ancestrula relatively small, with oval
opesia, proximal gymnocyst broad, five spines at the periphery
of the cryptocyst and six spines (present material from Alboran
Sea) distally bordering the opesia (Fig. 101).

REMARKS

Morphological features

The generic affiliation of Escharella similis, recently described
from the Alboran Sea (Ramalho ez 2/ 2022), was validated
by the presence of a triangular denticle at a central place on
the inner side of the orifice, below the convexity of the ori-
fice outer edge (Ramalho er /. 2022, fig. 7D). Indeed, the
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occurrence of a lyrula in the primary orifice determines the
difference between Escharella and Hemicyclopora (Norman
1909: 308; Ryland 1963: 25, 27), and this triangular den-
ticle has the same function as a typical anvil-shaped lyrula
(Berning ez al. 2014). The type of ovicell closure, cleithral vs
acleithral, which also contributes to discriminating these two
genera according to Hayward & Ryland (1999), is often not
easy to identify. Colonies examined here, from the Alboran
Sea and the near-Atlantic, show most diagnostic features of
E. similis (proximal edge of orifice thick, convex and with a
short, pointed umbo, non-prominent condyles, eight spines
in both ovicellate and non-ovicellate zooids, kenozooidal ovi-
cells). However, the lyrula-like protuberance in the inner side
of the poster is much lower (Fig. 7C, D, F) than the triangular
denticle originally described in this species. This difference
likely denotes intraspecific variability, which also includes
the number of ancestrular spines around the opesia, ranging
from eight (Ramalho ez a/. 2022) to six (present material),
while there are invariably five spines around the cryptocyst.

HABITAT DISTRIBUTION

The nine examined colonies of E. similis were collected by
dredging in soft bottoms within a relatively narrow depth
range (135-205 m) across the outer continental shelf. The
substrates were empty shells and biogenic concretions. These
habitat features are similar to those indicated by Ramalho
et al. (2022) for this species.

(GEOGRAPHICAL DISTRIBUTION

Escharella similis is known from several localities of the Alboran
Sea (Harmelin & d’Hondt 1992, as H. discrepans; Ramalho
et al. 20204, as Escharella sp.; Ramalho er al. 2022; present
material). Its occurrence in the Gulf of Cadiz, i.e., not far from
the western entrance of the Gibraltar Strait might indicate
the existence of a local population founded by the transfer of
Mediterranean larvae to the Atlantic viz the Mediterranean
Outflow Water (MOW) (e.g. Singh er al. 2015).

“Escharella” massiliana n. sp.

(Fig. 8A-G; Tables 15 3; 4)

urn:lsid:zoobank.org:act:285DA939-D492-47B3-893D-2BE808455973

Hemicyclopora multispinata — Harmelin 1976: 230 (table 3).
Escharella octodentata — Madurell et al. 2013: 126 (table 2).
TYPE LOCALITY. — Marseille, Planier Canyon, Mediterranean Sea.

TYPE MATERIAL. — Holotype. Mediterranean — France 1 ovicel-
late colony, coated for SEM examination, ¢. 38 autozooids (16 ovi-
cells); JGH-Stn 72.15; Marseille, Planier Canyon; 43°07°20”N,
5°12’517E; 115 m depth; 18.IV.1972; on empty shell; Dre; JGH
leg.; MNHN-IB-2017-774.

Paratype. Mediterranean — France ® 1 small ovicellate colony; Cor-
sica, off Calvi; R/V Catherine Laurence; Bracors-3, Stn CL 74-84;
42°47°32”N, 9°08°177E; 110-150 m depth; VII.1984; on biogenic
debris; Dre; Fredj & Di Geronimo leg.; PMC. B36; 5.5.2021.
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OTHER MATERIAL EXAMINED. — Mediterranean — France ¢ 1 small, dead
colony; JGH-Stn 72.15; same data as holotype; MNHN e 2 colonies;
Marseille-Cassis, Cassidaigne Canyon, JGH-Stn 72.9; 43°08’53”N,
5°25°557E; 115-130 m depth; 22.111.1972; Dre; JGH leg.; MNHN
1 small colony; Marseille-Cassis, Cassidaigne Canyon; 130 m depth;
19.IV.1971; on leather debris; Dre; H. Zibrowius leg.; MNHN.
Spain ¢ 1 ovicellate colony; Catalonia, off Cap de Creus; INDE-
MARES 1, Stn 12; 42°21°36.0”N, 3°19°37.2”E; 148 m depth;
23.IX.2009; detrital sand; 2 SEM photos, T. Madurell & M. Zabala
leg.; MNHN.

ETYMOLOGY. — From Massilia, ancient Latin name of Marseille.

DIAGNOSIS. — Autozooids separated by deep grooves, frontal shield
convex with slightly hummocky surface, marginal pores large. Distal
and lateral walls subvertical. Orifice terminal, slightly longer than
wide, proximal edge a flat, thick, parabolic convexity, bearing a
small bump on the inner side, condyles indistinct, very short and
blunt. Oral spines eight in both ovicellate and non-ovicellate zooids.
Opvicells not closed by operculum, attached to distal wall of maternal
zooid, kenozooidal; endooecium without proximal prominence,
with similar surface relief as frontal shield. Ancestrula with opesia,
cryptocyst and gymnocyst equally extended, ten spines (5 + 5).

DESCRIPTION

Colony encrusting, unilaminar, small. Autozooids elongated
(L/W ratio = 1.56), oval to pentagonal, distinctly separated by
deep grooves, laid out in quincunx; frontal shield uniformly
convex except for the proximal raising end, smooth, slightly
mamillated; marginal pores large (20-40 pum) in a single row
+ 1-2 in an upper position below the proximal edge of orifice.
Distal wall vertical (Fig. 8). Orifice distal, as long as wide, or
slightly longer; internal arch wide, with indistinct short and
blunt condyles at proximal ends (Fig. 8A, F); proximal edge
clearly convex, with rounded (parabolic) tip, very thick with
a square rim covered by a gymnocystal layer, uniformly flat
on the upper side and with a small hump on the inner side.
Oral spines eight in ovicellate and non-ovicellate zooids, ar-
ticulated on thick, prominent bases, the proximalmost pair
clearly convergent (Fig. 8A-C), the distalmost resting against
the ovicell. Ovicells frequent (42% of zooids in the holotype),
globular, acleithral, attached to the vertical distal wall of the
maternal zooid, associated to a basal ooecium-producing ke-
nozooid, frequently at the colony margin or inserted between
two distal autozooids, with some marginal pores visible at
the base of the endooecium and 2-3 pore-chambers below
them belonging to the kenozooidal base; surface topography
of the endooecium similar to that of the frontal shield; well
calcified floor visible in ovicell under construction (Fig. 8A-C,
G). Ancestrula with 10 spines, i.e., five spines around both
the opesia and the cryptocyst (one case observed, Fig. 8D).

REMARKS

Morphological features and taxonomic issues

This species shares many morphological features with E. si-
milis, but differs from it essentially in the structure of the
orifice. In “E.” massiliana n. sp. the proximal edge of the ori-
fice is also typically convex, but with a square rim, uniformly
thick and flat, without an umbo on the upper side, but with
a very low protuberance on the inner side, only visible with
SEM (Fig. 8A, E, F). This tiny bump may be considered as a
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» Harmelin J.-G. & Rosso A.

Fic. 8. — “Escharella” massiliana n. sp.: A, zooids of the colony edge with hummocky frontal shield and three terminal, recumbent ovicells; B, lateral view of
an ovicellate zooid, note the small basal kenozooid and the large marginal pores; C, E, F, G, edge of the same colony as A, with different stages in the ovicell
construction involving a small basal kenozooid, note the thickness of the proximal edge of the orifice; D, ancestrula and periancestrular zooids. Origin: A, C,
E-G, Marseille, Planier canyon, holotype MNHN-IB-2017-774; B, D, Calvi, paratype PMC. B36. 5.5.2021. Scale bars: A, B, C, D, 200 pm; E, F, 50 pm; G, 100 pm.

primary lyrula, characterizing an intermediate stage between  of autozooids, and the range of these dimensions (Table 1)
the genera Escharella and Hemicyclopora. This species was thus  are smaller in “E.” massiliana n. sp. than in E. similis and the
doubtfully placed in Escharella. The average length and width ~ L/W ratio is higher, i.e., autozooids are more elongate. How-
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ever, this comparison is based on few data. The number of
ancestrular spines around the opesia is also different (five vs
eight in E. similis).

HABITAT DISTRIBUTION

The six examined colonies encrusted biogenic debris in four
stations with similar habitat traits: detrital soft bottoms within
the same depth range (110-150 m).

(GGEOGRAPHICAL DISTRIBUTION

The present records of “E.” massiliana n. sp. only concern
two areas in the north-western Mediterranean: Marseille
(Provence) and Calvi (Corsica).

“Hemicyclopora” pytheasi n. sp.
(Fig. 9A-G; Tables 1; 3; 4)

urn:lsid:zoobank.org:act:5A983DF5-F216-42D8-A4EF-3721F1663EF7

2 Hemicyclopora multispinata — Hayward & Ryland 1999, fig. 46D.

TYPE LOCALITY. — La Chapelle Bank, Armorican margin.

TYPE MATERIAL. — Holotype. NE Atlantic. France ¢ 1 large colony,
¢. 80 zooids with a great proportion of ovicells (> 50%) and large
interzoecial kenozooids; R/V Jean Charcot; Biagores Stn 259; off
Brittany, La Chapelle Bank; 48°01.3°’N, 7°51.5"W; 190 m depth;
19.X1.1971; on shell; Dre; H. Zibrowius leg.; MNHN-IB-2017-770.
Paratypes. NE Adantic. France * 1 large colony, ¢. 60 autozooids
(18 ovicells) + 2 ancestrulae budding 1 and 3 daughter zooids; R/V
Jean Charcot; Biagores Stn 259, off Brittany, La Chapelle Bank;
48°01.3'N, 7°51.5°W; 190 m depth; 19.X1.1971; on shell; Dre; H.
Zibrowius leg.; PMC. B33.5.5.2021 ¢ coated fragment of colony and
detached orifices, same origin as holotype; MNHN-IB-2017-775 ¢
3 ovicellate colonies; JPL-Stn G61 (710), Bay of Biscay, 44°54°N,
02°11°W; 200 m depth; II1.1967; on pebble; Dre; J. P Lagardére
leg.; MNHN-IB-2017-776 * juvenile colony with ancestrula, coated,
same origin as holotype; MNHN-IB-2017-777.

OTHER MATERIAL EXAMINED. — NE Atlantic. France * 1 colony;
R/V Jean Charcot; Biagores Stn 257, 47°57°N, 07°51.5°W; 335 m
depth; 19.X1.1971; on Madrepora oculata; Dre, H. Zibrowius leg.;
MNHN ¢ 1 colony; R/V jean Charcot; Biagores Stn 259; same data
as holotype and paratype PMC. B33.5.5.2021; on bivalve shell.

ETYMOLOGY. — In honour of Pytheas, famous antique astronomer
and sailor, citizen of Massalia (ancient Greek name of Marseille),
who explored the northern seas during the 4th century B.C., and in
reference to the geographical distribution of this species.

DIAGNOSIS. — Autozooids separated by deep grooves, frontal shield
convex with mamillate texture, marginal pores large. Distal wall sub-
vertical. Orifice terminal, condyles indistinct and relatively square,
without lyrula-like protuberance; proximal edge of secondary orifice
clearly convex with round top. Oral spines eight in both ovicellate
and non-ovicellate zooids; spines of the proximalmost pair clearly
converging; in ovicellate zooids, bases of the distal pair adjoining
the ovicell. Ovicell apparently acleithral, attached to distal wall of
maternal zooid, terminal and produced by a small, basal kenozooid;
endooecium smooth, without proximal thickening. Large, interzooi-
dal, porous kenozooids occasionally present. Ancestrula with opesia,
cryptocyst and gymnocyst equally extended, five spines around the
cryptocyst, 4-6 spines around the opesia.
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DESCRIPTION

Colony encrusting, unilaminar, small to medium-sized. Auto-
zooids large, elongated (L/W ratio = 1.48), distinctly separated
by deep grooves, laid out in quincunx; frontal shield convex,
smooth, slightly mamillated; marginal pores large (15-30 pm),
distally arranged in a double or triple row and proximally in a
single row (Fig. 9A-C). Distal wall subvertical (Fig. 9B, C, E),
its inner side visible in ovicellate zooids as a broad, vertical frame
below the ovicell opening and between the distalmost pair of
spines (Fig. 9D). Orifice distal; primary orifice as long as wide
or slightly longer, its calcified ring with step-shaped proximal
ends, i.e., without prominent condyles; inner proximal side
smooth and without any protuberance (Fig. 9G); proximal
edge of secondary orifice clearly convex, with round top and
without umbo (Fig. 9B-D, F). Oral spines eight in ovicellate and
non-ovicellate zooids, long (200-250 um), huddled together,
with thick, prominent bases, the proximalmost pair clearly
convergent (Fig. 9D, F). Ovicells frequent, globular, some-
times remarkably wide, with surface structure of endooecium
similar to that of frontal shield, without proximal protuber-
ance, seemingly not closed by the operculum, attached to the
vertical distal wall of the maternal zooid, apparently terminal
and free (Ostrovsky 2013: 125, 129), but produced by a small,
poortly visible, basal kenozooid at the colony margin (Fig. 9B,
C). Pore chambers numerous. Large interzooidal kenozooids
occasional, with porous frontal shield (Fig. 9D). Ancestrula
with proximal rim of opesia concave, proximal gymnocyst
broad, five spines at the cryptocyst periphery, and four, five
or six spines bordering the opesia (Fig. 9E).

REMARKS

Morphological features

The morphological features of “H. ”pytheasi n. sp. are very simi-
lar to those of E. similis and “E.” massiliana n. sp., except for
the structure of the primary orifice. Unlike other species of the
same species complex, the internal side of the convex proximal
edge of the orifice of “H.” pytheasi n. sp. is smooth, without
any bulge that could be identified as a lyrula (Fig. 9G). In the
absence of such structure, does the convex edge of the orifice play
the function of a lyrula and can stop the open operculum in a
vertical position? The respective position of the maternal orifice
and the ovicell suggests that the latter is acleithral (Fig. 9C, D),
as in typical Escharella species. However, this feature remains
incertain without specific anatomical investigation. Therefore,
pending a molecular approach, this species was placed in the
genus Hemicyclopora in quotation marks. Colonies of “H”. py-
theasi n. sp. often have a great proportion of ovicellate zooids,
e.g. > 50% in the holotype specimen, and even more in two
other colonies (Stn JPL-G61: 59%; Biacores Stn 259: 74%).
This high fertility was observed in most colonies (mean: 39 +
24%) and likely has a specific significance. The occurrence of
large interzoecial kenozooids (Fig. 12D) has been only observed
in specimens from the Armorican Margin (Biagores st. 259).

Taxonomic issues

“Hemicyclopora” pytheasi n. sp. shows obvious morphological
similarities with “H.” celtica n. sp. with which it can coexist
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» Harmelin J.-G. & Rosso A.

Fic. 9. — “Hemicyclopora” pytheasi n. sp.: A, colony with many ovicells and its ancestrula; another ancestrula with a single daughter zooid, both marked (a); B,
ovicellate zooids with converging oral spines; C, ovicellate and non-ovicellate zooids, with a small zooid regenerated inside a broken cystid; D, distal part of two
ovicellate zooids and an interzooidal porous kenozooid; E, juvenile colony with ancestrula; F, distal part of a non-ovicellate zooid, orifice with typically convex
proximal edge; G, inner side of an orifice showing the lyrula-like suboral umbo and three basal pores of spines (partly visible on the right side). Origin: Atlantic,
Armorican margin; Biagores Stn 259; A, B, paratype PMC-B33.5.52021; C, D, F, G, paratype MNHN-IB-2017-775; E, paratype MNHN-IB-2017-777. Scale bars:
A, 1 mm; B, C, E, 200 ym; D, 100 pm; F, G, 50 pm.

along the Armorican margin. These species share the same  in the external aspect of the frontal shield and endooecium
shape of the secondary orifice and the presence of eight spines  (mamillated vs granular), the size of the marginal pores (large
in non-ovicellate zooids. However, “H.” pytheasi n. sp. differs  vs tiny), the condyles (step-shaped vs protuberant), and the
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ovicellate zooids. The latter differ in the number of spines
in ovicellate zooids (eight in “H.” pytheasi n. sp. vs six in
“H.”celtican. sp.), and the building of ovicells, which involves
a basal kenozooid (“H.” pytheasi n. sp.), instead of a distal
autozooid (“H.” celtica n. sp.) (Table 3). The co-occurrence
of these two species in the same depth zone of the same
geographical area (Armorican margin) confirms the validity
of these observed differences for discriminating them at spe-
cies level. The specimen figured without indication of origin
by Hayward & Ryland (1999: fig. 46D) and attributed to
H. multispinata shows some typical features of “H.” pytheasi
n. sp.: proximal edge of the orifice typically convex, ovicel-
late zooid with eight spines, and large marginal pores. On
the other hand, the drawing illustrating H. multispinata by
the same authors (Hayward & Ryland 1999: fig. 49) might
be attributed as well to “H.” pytheasi n. sp. or to “H.” celtica
n. sp. because of the lack of information concerning the ovi-
cellate zooids and the shape of condyles.

HABITAT DISTRIBUTION

Colonies of “H.” pytheasi n. sp. encrusted small substrates
(empty shells, fragmented skeletons of Madrepora oculata,
pebbles) at the edge of the continental shelf (190-335 m).

(GEOGRAPHICAL DISTRIBUTION
The examined material came from the Armorican margin
and the Bay of Biscay.

Additional Hemicyclopora species

Hemicyclopora hexaspinae n. sp.
(Figs 10D-F; 11A-G; 12A-E; Tables 1; 2; 4)

urn:lsid:zoobank.org:act:E749E551-2748-4D15-BD80-A92CB661B657

Hemicyclopora discrepans — Harmelin 1997: 144, table 2.

Hemicyclopora multispinata — Di Geronimo ez al. 1990: table 1.

TYPE LOCALITY. — France, La Ciotat, 3PP Cave.

TYPE MATERIAL. — Holotype. Mediterranean, France ¢ 1 colony,
¢. 20 zooids (5 ovicells) + ancestrula; La Ciotat, 3PP Cave, 25 m
depth from entrance; 73°09°47.9”N, 5°35°59.8”E; 20 m depth;
15.1.1993; Div;; JGH leg.; MNHN-1B-2017-771.

Paratypes. Mediterranean, France * 1 coated colony, ¢. 23 au-
tozooids (4 ovicells); La Ciotat, 3PP Cave, 40 m from entrance;
73°09°47.9”N, 5°35°59.8”E; 21 m depth; 28.X1.1991; Div.; JGH
leg.; MNHN-IB-2017-772 1 coated colony, ¢. 30 autozooids
(1 ovicell); Marseille, ‘Calanques’ Coast, Cape Morgiou Cave;
73°12°05.8”N, 05°27°08.11”E; 27 m depth; 26.1X.1967; Div.; JGH
leg.; MNHN-IB-2017-773.

Italy * 1 ovicellate colony with ancestrula; Ustica Island, Apollo
Bank; ¢. 38°7’N, 13°T’E; 60 m depth; VI.1986; Dre; AR leg.; PMC.
B32.12.12.2020.

OTHER MATERIAL EXAMINED. — Mediterranean, France ® 1 col-
ony; Marseilles, ‘Calanques’ Coast, Eissadon Cave; 73°12’07”N,
5°29°24.2”E; 5 m depth; 17.V1.1992; Div.; JGH leg.; MNHN
* ¢. 13 colonies (12 sampled spots); La Ciotat, 3PP Cave; 19-25 m
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depth; same site as for holotype; from XI.1991 to X1.1994; Div.;
JGH leg.; MNHN. Italy © 7 colonies + fragments; S Tyrrhenian
Sea, Ustica Island, Apollo Bank, same data as for paratype PMC.
B32.12.12.2020; PMC Rosso-Collection I. H. B.91a ¢ 4 colonies; W
Ionian Sea, SE Sicily, Catania, off Acitrezza Marine Protected Area,
110 m depth (2 col.); Ciclopi survey; VI1.2000; Stn 81; 95 m depth
(1 col.) & Stn 9G; 63 m depth (1 col.); coarse DC with Wiirmian
biogenic remains; Dre; AR leg.; PMC Rosso-Collection I. H. B.91b.
Adantic Ocean, western approach of Gibraltar Strait * 1 small colony
on shell; R/V Cryos; Balgim Expedition; Stn DR42; 35°54.5°N,
6°13.3’W; 133-137 m depth; 2.V1.1984; Dre; JGH leg.; MNHN
* 2 small colonies; R/V Cryos; Balgim Expedition; Stn DW 43;
35°54.1’N, 6°14.5°W; 150 m depth; 2.V1.1984; Dre; JGH leg.;
MNHN ¢ 1 small colony on shell; R/V Cryos, Balgim Expedition;
Stn DR49; 35°53.0°'N, 6°32.8'Wj; 518-524 m depth; MNHN.

ETYMOLOGY. — From Latin hexa (six) and spinae (spines), in ap-
position, for the typical number of oral spines of this species in both
ovicellate and non-ovicellate autozooids.

DIAGNOSIS. — Autozooids bulged, frontal shield finely granular with
usually small to medium-sized marginal pores. Orifice terminal, con-
dyles prominent with blunt tips, proximal edge more or less concave,
without suboral umbo. Oral spines six in both non-ovicellate and
ovicellate autozooids with the proximal pair arched inwardly and
the distal ones outwardly. Ovicell presumably semicleithral, attached
to the distal wall of the maternal zooid, produced by a small, basal
kenozooid, narrower than autozooids; endooecium finely granular,
without proximal thickening. Ancestrula with an extended crypto-
cyst and a narrow proximal gymnocyst, and 10-11 spines, four of
them edging the cryptocyst.

DESCRIPTION

Colony encrusting, unilaminar, small (in most cases, less
than 30 zooids). Autozooids relatively small (Table 1), longer
than wide (L/W: 1.31), relatively poorly calcified, cystid with
maximum thickness at orifice level; frontal shield markedly
bulging, finely granular (Figs 11A, D; 12B); marginal pores
very small and poorly visible in specimens from caves (about
5-7 um; Fig. 11A-C) or larger in colonies from open soft
bottoms (20-25 pm; Figs 11D, E; 12B); disto-lateral and
distal walls subvertical, with numerous small basal pore
chambers (Fig. 11A-D). Orifice distal, slightly broader than
long; proximal edge (= poster) slightly concave or nearly
straight, without proximal umbo or thickened rim; condyles
triangular, slightly curved proximally, located just above the
poster corners (Figs 10D, E; 11A, F). Six oral spines in both
non-ovicellate and ovicellate autozooids, exceptionally seven
in non-ovicellate zooids (about 2% in available samples from
Mediterranean caves), relatively short, with an open tip,
articulated on thick, barrel-shaped bases (Figs 10D; 11E-
G); in both non-ovicellate and ovicellate zooids, spines of
the proximal pair arched inwardly while spines of the distal
pair arched outwardly (Fig. 11A-G). Ovicells kenozooidal,
present at the colony margin (Fig. 11A-E), attached to the
distal wall of the maternal zooid and on a tiny kenozooi-
dal base, ovoid, significantly narrower than the maximum
width of the maternal autozooid, presumably semicleithral
(Fig. 11C); endooecium finely granular, imperforate, a
small, triangular labellum sporadically present, with smooth
surface suggesting a gymnocystal origin (outer fold of the
ooecium floor?). Ancestrula with typical structure, opesia
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» Harmelin J.-G. & Rosso A.

Fic. 10. — Distal part of ovicellate and non-ovicellate zooids, and ancestrulae, all at the same scale: A-C, Hemicyclopora neatonensis n. sp.; D-F, H. hexaspinae
n. sp.; G- |, Escharella similis Ramalho, Rodriguez-Aporta & Gofas, 2022. Drawings from SEM pictures and examination under stereomicroscope. Origin: A-C,

Sicily; D-F, Provence; G-l, Alboran Sea. Scale bar: 200 pm.

with a concave proximal border rimmed by a narrow band
of smooth calcification, cryptocyst particularly extensive, and
gymnocyst wide laterally but drastically narrowing proxi-
mally, four spines bordering the distal half of the cryptocyst
and six, exceptionally seven, opesial spines; one autozooid
budded distally (Figs 10F; 12B, D). The ancestrula or an
autozooid can occasionally produce a tubule from a lateral
pore chamber, at the extremity of which an autozooid may

be budded (Fig. 12C-E).
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REMARKS

Morphological features

The most obvious distinctive features of H. hexaspinae n. sp.
are: 1) the number of oral spines, six in both ovicellate and
non-ovicellate zooids, which are articulated on particularly
large, barrel-shaped bases; 2) the distinctly terminal orifice,
with a strait or slightly concave proximal edge, without a
proximal umbo; 3) the very convex frontal shield of auto-
zooids; 4) the downcurved, triangular shape of the condyles;
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Fic. 11. — Hemicyclopora hexaspinae n. sp.: A, ovicellate and non-ovicellate zooids at the edge of a small colony, with frontal shield bulged and granular;
B, C, ovicellate zooids: terminal ovicells with six curved spines, attached to maternal distal wall and lying on a small kenozooid responsible for ovicell formation;
D, colony edge with six ovicells: two fully grown and four under construction from a basal kenozooid; E, ovicellate zooid with thick bases of spines; F, orifice of
non-ovicellate zooid: six basal parts of spines, concave proximal edge and prominent condyles; G, shape of the oral spines in a non-ovicellate zooid:. Origin: A,
B, F, G, paratype MNHN-IB-2017-772, Provence, 3PP Cave; C, paratype MNHN-IB-2017-773, Provence, Cape Morgiou Cave; D, paratype PMC.B29.8.11.2020;
Ustica Is., Apollo Bank; E, Atlantic, Balgim DR49. Scale bars: A, D, 300 um; B, E, G, pm; C, 200 pm; F, 50 pm.

ZOOSYSTEMA + 2023 - 45 (10)



http://coldb.mnhn.fr/CatalogNumber/MNHN/IB/2017-772
http://coldb.mnhn.fr/CatalogNumber/MNHN/IB/2017-773

» Harmelin J.-G. & Rosso A.

Fic. 12. — Hemicyclopora hexaspinae n. sp.: A, ancestrula, note the large size of the cryptocyst; B, ancestrula and daughter zooids; C, autozooid with a tubule
budded from a distolateral pore-chamber; D, ancestrula with three successive daughter zooids, the third one with a basal tubular part budded by the ancestrula;
E, same ancestrula and zooids, sketch from stereomicroscopic examination: darkening by Mn-Fe oxides increasing from the youngest zooid to the ancestrula
attesting to the very slow growth in confined dark caves. Origin: A, C-E, Provence, 3PP Cave; B, Ustica Island, Apollo Bank. Scale bars: A, 50 ym; B, 300 pm;
C-E, 100 pm.

5) the comparably small, nearly isodiametrical ovicells pro-
duced by a tiny basal kenozooid; and 6) the ancestrula with
a broad cryptocyst and a very narrow proximal gymnocyst.
The small size of colonies with a high frequency of ovicells
and the predominantly peripheral position of the latter are
also typical. Samples from the large, dark 3PP cave attest
to these features: the number of autozooids of 17 collected
colonies ranged from three to 30 (mean = 13 + 6 AZ, but
many zoecia were empty), with a high proportion of ovicel-
late ones (71%). The occurrence of ovicells is predominant
at the colony margin (74%). This peripheral location may
indicate a growth stop of the colony due to insufficient
energy allocation after reproduction, a condition observed
in dark caves when food inputs are sporadic (Harmelin
1997). Specimens from soft bottoms in the open sea differ
from those from dark caves essentially in the larger size of
their marginal pores. This difference might be related to the
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dynamics of growth in these two environments, which is
very slow in dark caves with poor exchanges with the open
sea (Harmelin 2000, see below). The semicleithral type of
the ovicell closure was identified by A. Ostrovsky (personal
communication to JGH, 18.X.2022) from a SEM picture
(Fig. 11C) showing an ovicell partially closed by the ooecial

vesicule and a sclerite.

Taxonomic issues

Hemicyclopora hexaspinae n. sp. differs from Mediterranean
congeners particularly in the number of oral spines, shape
of the orifice, and type of ovicells (Table 2). This species has
several characters in common with H. discrepans (Table 2):
a bulged frontal shield with a granular texture, absence of
a thickening or umbo proximally to the orifice and on the
ovicell, protuberant triangular condyles, poster concave or
straight, oral spines with very thick bases, distal wall subvertical,
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ovicell apparently terminal but associated with a small basal
kenozooid. However, H. hexaspinae n. sp. differs clearly from
H. discrepans in having constantly six spines instead of eight
in non-ovicellate zooids, and an ancestrula with the proximal
gymnocyst poorly developed and the cryptocyst area widely
extended proximally (Figs 10F; 12A). Among other Recent
Hemicyclopora species, the boreal H. emucronata (Smitt, 1872),
also has six oral spines in both ovicellate and non-ovicellate
zooids (Smitt 1872: fig. 27; Kluge 1962: fig. 270). However,
available SEM pictures of Smitt’s type and of a specimen from
Spitsbergen (Kuklinski ez al., website Atlas of Arctic Bryozoa,
accessed on 30.IX.2020) show that H. emucronata clearly
differs from H. hexaspinae n. sp. The former has zooids with
a flatter frontal shield, the ovicell endooecium is continuous
with the frontal shield of the distal zooid, and the ancestrula
has a different structure.

HABITAT DISTRIBUTION

The available material of H. hexaspinae n. sp. was collected
in two habitats which are quite opposite in terms of envi-
ronmental conditions and type of substrates: walls of dark
parts of shallow submarine caves vs biogenic remains at
the surface of relatively deep soft bottoms (60-150 m) in
the open sea. In underwater caves from the Marseille area,
H. hexaspinae n. sp. was present with tiny, frequently ovi-
cellate colonies (“spot colonies”, Bishop 1989; Okamura
etal. 2001). However, in dark caves with low energy inputs
from the outside, the occurrence of ovicells in tiny colonies
is not a sign of early fertility and high offspring produc-
tion, such as in r-selected species (e.g. Pianka 1970) from
productive environments. On the contrary, in dark caves,
the growth of bryozoan colonies is limited to a very low
yearly production of zooids. This feature is revealed by the
external aspect of zooids, which are more or less blackened
by deposits of Mn and Fe oxides that increase over time
(Allouc & Harmelin 2001), a common phenomenon in
aphotic habitats. This is exemplified by a tiny colony from
3PP Cave composed of the ancestrula and three autozooids
(Fig. 12D, E), each budded very sporadically as shown by
the increasing darkening of the frontal wall and spines from
the third, youngest, zooid to the ancestrula. Such popula-
tions and colony features are signs of an adaptive strategy
for life in highly cryptic and oligotrophic habitats where
energy inputs from the outside are very limited and sporadic
(Harmelin 2000; Okamura ez a/. 2001). Another peculiarity
of the occurrence of H. hexaspinae n. sp. in cryptic habitat
is its uneven distribution among caves clustered in the same
area. Along the coast from Marseille to La Ciotat, despite
the great frequency of this habitat (mostly karstic cavities),
specimens were recorded in only three caves. Most of them
were collected in the vast 3PP Cave, but none in the simi-
larly large Trémies Cave, close to the former (linear distance:
< 8 km), despite extensive sampling of its dark parts (e.g.
Harmelin 1969, 1986). Differences in the inner thermal
regime of these two caves might be the cause of this uneven
distribution. In 3PP Cave, because of a descending profile
(Harmelin 1997), yearly fluctuations are reduced (12.8-
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14.5°C) and close to those of the homothermic deep-sea.
In contrast, in the Trémies Cave, due to a karstic origin, the
inner ascending profile leads to the trapping of warm water
bodies in the upper dark parts (Harmelin 1969). However,
H. hexaspinae n. sp. was also present in two other shallow
caves (Cape Morgiou, Eissadon) where the inner thermal
regime fluctuates as in the open sea at the same depth. The
punctuated distribution of H. hexaspinae n. sp. in caves
of the Provence region suggests that connectivity between
caves is very low and recruitment is mostly autochthonous.
In the same region, H. hexaspinae n. sp. was never recorded
in deep-water samples (100-300 m, rock fragments, dead
shells, coral skeletons) from the shelf and the neighbour-
ing Cassidaigne Canyon (Harmelin 1976, table IIT and
unpublished data). In southern Italy, small living and dead
colonies of H. hexaspinae n. sp. were found on the outer
shelf; in thanatocoenoses occurring at the surface of detritic
biogenic bottoms (Ionian Sea, eastern Sicily), and also at
the top of the Apollo Bank where rocky outcrops with
Laminaria rodriguezii Bornet, 1888 alternate with coarse
detritic sand. Living colonies were mostly colonising small
rthodoliths, fragments of coralline algae, dead branches of
erect bryozoans [e.g. Adeonella calveti Canu & Bassler, 1930
and Smittina cervicornis (Pallas, 1766)] and shells.

(GEOGRAPHICAL DISTRIBUTION

Obviously, the small size of colonies of H. hexaspinae n. sp.,
the types of substrates on which they grow, and their scattered
condition increase considerably the stochasticity of records.
Therefore, its actual geographical distribution is poorly known.
Most records were from the western Mediterranean Sea, in
Provence, in the southern Tyrrhenian Sea, and in the western
Ionian Sea (Sicily). This species has also been collected in the
NE Atlantic, close to the western entrance of the Gibraltar
Strait (Table 4). This occurrence in the Gulf of Cadiz, down
to 524 m depth, may suggest a possible influence of the Medi-
terranean outflow water (e.g. Bashmachnikov ez al. 2015) on
the composition of the bottom fauna.

Hemicyclopora sp. 2
(Figs 13A-C; Tables 1; 4)

MATERIAL EXAMINED. — Spain. N Iberian Peninsula ¢ 1 living ovi-
cellate colony (30 autozooids, 3 ovicells); R/V Thalassa; Stn X301;
Asturias; 44°07.7°'N, 05°09.4"W; 980-1020 m depth; 12.X.1971;
on D. pertusum; Dre; H. Zibrowius leg.; MNHN-IB-2017-1559.

DESCRIPTION

Colony encrusting, unilaminar. Autozooids quincuncially
arranged, roughly hexagonal, large (L > 1 mm, Table 1),
some peripheral zooids nearly triangular due to a consider-
able proximal widening (Fig. 13A); frontal shield bulged,
remarkably high at the level of the orifice (Fig. 13B). Ori-
fice sub-terminal, longer than wide (ratio L/'W up to 1.3);
proximal edge straight or very slightly concave, without
umbo or lower thickening; condyles prominent, triangular
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» Harmelin J.-G. & Rosso A.

Fic. 13. — Hemicyclopora sp. 2: A, colony on a fragment of coral skeleton; B, same colony, zooids showing a typical profile with a great distal thickness, a termi-
nal orifice, a vertical distal wall, and a terminal, highly recumbent ovicell; C, frontal view of non-ovicellate and ovicellate zooids. Origin: Asturias, Thalassa X301;
MNHN-IB-2017-1559. Scale bars: A, 1 mm; B, C, 400 pm.

(Fig. 13C). Oral spines eight in non-ovicellate zooids, six in
ovicellate ones. Ovicell cleithral, distinctly attached to the
distal wall of the maternal zooid, likely associated to a basal
kenozooid, rather flattened and wide (Fig. 13B, C), with a
low mucro above the proximal edge.

REMARKS

This single, small colony most likely belongs to an unde-
scribed species, but its peculiarities need to be verified and
precised on more abundant material before introducing a
new species name. It differs from the other Hemicyclopora
first by the combination of obviously visible characters: large
size and particular shape of zooids, shape of the orifice, type
and shape of the ovicell. Small characters were not visible
on this colony left uncleaned and not observed with SEM.
It is probably an exclusively deep-water species, perhaps
preferentially associated to the community of cold-water
scleractinians.
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Genus Scutocyclopora n. gen.

urn:lsid:zoobank.org:act:5EB50BFC-B1B2-4819-A05A-75D829202950

TYPE SPECIES. — Hemicyclopora dentata Lépez de la Cuadra &
Garcia-Gémez, 1991.

Di1aGNosiS. — Colony encrusting, unilaminar, multiserial. Auto-
zooid frontal shield umbonuloid, imperforate except for marginal
pores aligned in rows; communication by small basal pore-chambers.
Orifice with slightly protruding or non-protuberant condyles,
encircled by a high, flared peristome, without oral spines. Ovicell
hyperstomial, attached to distal wall of maternal zooid, not associ-
ated with a distal daughter autozooid. Ancestrula morphologically
similar to succeeding autozooids, with umbonuloid frontal shield
and without spines.

ETYMOLOGY. — From the Latin noun scutum: shield, in reference
to the frontal shield of the ancestrula.
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Scutocyclopora dentata
(Lépez de la Cuadra & Garcia-Gémez, 1991) n. comb.
(Figs 14B; 15A-F; Tables 1; 4)

Hemicyclopora dentata Lopez de la Cuadra & Garcia-Gémez, 1991:
213, fig. 2A-C, pl. 1.

Hemicyclopora collarina Canu & Lecointre, 1930. — Harmelin
2003: 108, fig. 4. — Ayari-Kliti ez a/. 2012: 90, pl. 3, fig. 2A-C.

Hemicyclopora sp. — Zabala 1993: 567.
Hemicyclopora sp. 1 — Rosso et al. 2021a: fig. 6H, table 1.

Not Hemicyclopora collarina Canu & Lecointre, 1930: 106, pl. 14,
fig. 3-5. — Buge 1957: 313. — Moissette 1988: 158, pl. 26, fig. 1, 4.

MATERIAL EXAMINED. France, Provence ® 3 colonies; Cassis,
Trémies Cave; 43°12°00”N, 5°30°43.5”E; 6 m depth; 7.1.1982; dark
zone; on stalactite and bryozoan nodules; Div; JGH leg.; MNHN
* 1 colony; Port-Cros Is., Bagaud Cave; 43°00°46”N, 6°21’36”E;
5 m depth; I11.1985; dark zone; on rocky wall; Div; JGH leg.;
MNHN. Spain, Balearic Archipelago * 1 colony; Mallorca Is.; Stn
MZ_M.120 (13); 7 m depth, on Posidonia thizome; Div; M. Za-
bala leg.; MNHN e 1 colony; Cabrera Is.; Sen MZ M.8 (27); depth
missing, on Posidonia root; Div; M. Zabala leg.; MNHN e 1 small
ovicellate colony; Mallorca Is.; Stn MZ 415; depth missing, on lower
side of a biogenic concretion; Div; M. Zabala leg.; MNHN. Italy *
1 dead colony fragment; Tyrrhenian Sea, Campania, Palinuro Cape,
Scaletta Cave; 40°1’35”N, 15°16’7”E; 46 m depth; 14.1X.2009;
dark zone; Div; R. Leonardi leg.; PMC Rosso-Collection I. H. B.
93a.¢ 1 living and two dead small ovicellate colonies; lu Lampitine
Cave; 40°08°05.7”N, 18°31°00.4”E; 8 m depth; 2003; dark zone;
Div; G. Belmonte leg.; MNHN ¢ 1 colony with ancestrula; Sicily,
Ionian Sea, off Avola, ¢. 100 m depth; 2005; coralligenous bottoms;
fishermen Dre; AR leg.; PMC Rosso-Collection I. H. B. 93b
1 ovicellate colony fragment; NW Sardinia, Capo Caccia-Isola Piana
MPA, Bisbe Cave; 40°35°40”N, 8°11°39”E; 5 m depth; V1.2009;
on wall of semi-dark zone; Div; V. Di Martino leg.; PMC Rosso-
Collection I. H. B. 93c.

SEM PHOTOS EXAMINED. — Spain ¢ Holotype; La Atunara; Lopez de
la Cuadra leg. (personal communication to JGH, XI1.1988); para-
types I & II stored at the MNHN: MNHN-I1B-2008-12741, data
available at http://coldb.mnhn.fr/catalognumber/mnhn/ib/2008-
12741 1 large colony with 5 ovicells and ancestrula; Cape Castel,
Montgri; Stn ST 9144; 42°4’57.22”N, 3°12°6.67”E; 27 m depth;
T. Madurell leg. (personal communication to JGH, 05.111.2020).
Croatia * 1 large colony; Kornati Archipelago; 33 m depth; COR
with gorgonians; M. Novosel leg. (personal communication to
JGH, 20.1.2011).

DESCRIPTION

Colony small, encrusting, multiserial, unilaminar. Autozooids
separated by deep grooves, arranged quincuncially; frontal
shield clearly convex, surface distinctly structured by large
(¢. 20-30 pm in diameter) hemispherical tubercles (Fig. 15B-
E) with a glassy appearance, imperforate except for relatively
large (19-35 um) marginal pores, arranged in a single row
which doubles distally, laterally to the orifice (Fig. 15A, D).
Pore-chambers small (¢. 30 pm wide), numerous (>10 on
each side). Primary orifice rounded, wider than long in both
non-ovicellate and ovicellate autozooids, with proximal edge
slightly concave, condyles step-shaped at the extremities of a
wide internal arc (Fig. 15A, D, E); operculum light yellow.

No oral spines. Secondary orifice of non-ovicellate zooids
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forming a high, collar-shaped peristome, more or less flared
with an upper rim irregularly waved or with some indenta-
tions, interrupted proximally by a rounded notch sometimes
indented with a triangular process (pseudo-spine) at the upper
corners (Fig. 15B, D); in ovicellate zooids, peristomial collar
higher, often indented with irregularly triangular pseudo-
spines, distally contiguous to the ovicell (Fig. 15A, C, E).
Ovicell hyperstomial, cleithral, attached to the distal wall of
maternal zooid, most likely associated with a small, basal ke-
nozooid, endooecium noticeably tuberculate, with proximal
rim (distal edge of orifice) topped by a prominent vizor with
smooth surface and convex to triangular upper edge, which
can be indented in specimens from caves (Fig. 15A, C, E).
Ancestrula resembling later zooids (Figs 14B; 15F), with um-
bonuloid frontal shield, entirely calcified, markedly convex
and nodular; orifice rounded, without spines but encircled
by a flared peristome with the edge waved or scalloped, with
some indentations separated by few small triangular processes
(pseudo-spines), a little smaller than in “adult” zooids, but
slightly wider than the periancestrular zooids.

REMARKS
Morphological features and taxonomic issues
All specimens of Scutocyclopora dentata n. comb. from our
collections or examined from SEM photos (14 colonies from
12 Mediterranean localities and various habitats: see below)
showed the same readily apparent morphological traits that
clearly discriminate this species from all Hemicyclopora spe-
cies. The frontal shield and the endooecium, covered with
large nodules, have a very particular aspect, but the obvious
uniqueness of this species is given by features of the orifice area
and the ancestrula. The lack of oral spines, which are replaced
by a high and more or less serrated collar, prolonged with a
prominent, arched vizor on the ovicell, is a constant feature.
Similarly, all observed ancestrulae, including the one of the
type (Lépez de la Cuadra & Garcia-Gémez 1991, text-fig. 2B;
pl. 1, fig. 1 and SEM photo sent to JGH), are similar to the
following autozooids, just a little smaller (Figs 14B; 15F;
Table 1). Therefore, this type of ancestrula differs drastically
from the tatiform ancestrula characterizing both Hemicyclopora
(e.g. H. polita, the type species of the genus: Fig. 14A) and
Escharella. The latter type shows in frontal view three distinct
parts, a distal opesia with a slightly concave proximal edge
that is framed by oral spines, a cryptocystal area, also edged
by several spines, and a lateral and proximal gymnocystal
area. Curiously, the ancestrula of S. dentata n. comb. bears a
supetficial resemblance with that of the hippoporidrid Scor-
piodinipora costulata (Canu & Bassler, 1929) (Harmelin ez al.
2012: fig. 6). Variability of these discriminating characters
only concerns the shape of the peristomial collar, more or less
scalloped, with indentations and pointed processes that may
be reduced or form pseudo-spines (Fig. 15A-D). However,
some morphological traits are similar to those of Hemicylopora,
such as the colony shape, the general structure of the orifice,
the ovicell and the frontal shield.

Recent material of S. dentata n. comb. was attributed by
Harmelin (2003) and Ayari-Kliti ez a/. (2012) to the fossil
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» Harmelin J.-G. & Rosso A.

Fic. 14. — Oral spines in a non-ovicellate zooid of Hemicyclopora polita (Norman, 1864): A, outside view of four spines with tall bases; B, inside view of the orifice
area showing four pores corresponding to the opening of spines into the coelom and the distal part of the umbonuloid frontal shield. Ancestrula and early astogeny
in the genera Hemicyclopora and Scutocyclopora n. gen.: C, H. polita, D, S. dentata n. comb, Origin: A-C, NE Atlantic, Armorican Margin, 1050 m, R/V Thalassa
Z435; D, lonian Sea, Sicily, off Avola, 100 m. Scale bars: A, B, 100 pm; C, D, 200 um.
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Fic. 15. — Scutocyclopora dentata (Lopez de la Cuadra & Garcia-Gémez, 1991) n. comb.: A, one non-ovicellate and three ovicellate zooids; B, two non-ovicellate
zooids with high, indented peristome; C, E, ovicellate zooid with nodular frontal shield and endooecium and orifice edged by a vizor on the ovicell and a collar
with pseudo-spines; D, non-ovicellate zooid with indented collar, orifice with internal arch ending in step-shaped condyles, and small marginal pores; F, young
stage of a colony with ancestrula. Origin of specimens: A, Italy, Campania, Palinuro Cape, Scaletta Cave, 47 m; B, E, France, Port-Cros, Bagaud Cave, 5 m;
C, France, Provence, Trémies cave, 6 m; D, F, Italy, Sicily, off Avola, 100 m. Scale bars: A, C, 200 um; B, D, E, 100 pm; F, 300 pm.

species Hemicyclopora collarina Canu & Lecointre, 1930 from
the Faluns of Touraine and Anjou. This species was defined by
Canu & Lecointre (1930: 106) with the following characters
“Les zoécies sont distinctes, séparées par un sillon profond, un
peu allongées, ovoides ou subhexagonales [...] frontale trés
convexe [...] entourée de minuscules pores aréolaires [...] deux
cardelles profondes [...] grand anter, plus petit poster droit ou
concave, [...] péristomie trés évasée, tes irréguliere, dont la levre
proximale est trés large, [...] Lovicelle est grande, trés glob-
uleuse, lisse [...]”, and 4-6 spines are present. This species was
similarly characterized by Buge (1957: 313). The figures given
by Canu & Lecointre (1930: pl. 14, figs 3-5) show true spines
and not spinous indentations of the peristomial collar, such as in
Recent specimens of S. dentata n. comb. Moreover, the remark
by Canu & Lecointre (1930: 107) that H. collarina resembles
H. labiosa (Jullien, 1903), a typical Hemicyclopora species from
the Azores with six to eight spines and a high peristome, implies
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a clear difference to S. dentata n. comb. The description and
SEM figures of fossil specimens from the Messinian of Oran
(Algeria) ascribed to H. collarina by Moissette (1988) depict a
very convex and finely granular frontal shield, an orifice with
a straight proximal edge and small condyles, a peristome with
high lateral wings, and four spines with large bases in ovicellate
zooids. The ancestrula of H. collarina is not known.
Seutocyclopora dentata n. comb. shows some superficial simi-
larities with Hemiphylactella pulchra Vigneaux, 1949, the type
species of the genus Hemiphylactella Vigneaux, 1949, from the
early Miocene of Aquitaine (France) (Di Martino & Taylor
2017: 784, fig. 1A-E). The two species share a nodular fron-
tal shield with peripheral pores and a large, flared peristome
which extends on the proximal rim of the ovicell. However,
H. pulchra has 1-3 oral spines and a wider, flatter and thicker
peristome, besides autozooids with a less convex frontal shield
and fewer but larger areolar pores, and relatively smaller ovicells.

401



» Harmelin J.-G. & Rosso A.

The placement of Scutocyclopora n. gen. in the same family
as Hemicyclopora and Escharella, i.c., in Escharellidae, is quite
questionable considering the features of the ancestrula. Obvi-
ously, the phylogenic relationships of this taxon will require
a molecular approach.

HABITAT DISTRIBUTION

Scutocyclopora dentata n. comb. is distributed in a wide variety of
coastal habitats with apparently contrasting ecological features
within the Infralittoral and the Circalittoral zones (depth range:
5-100 m), but with a clear tendency to sciaphily, i.e., a preference
for mesophotic and dark habitats or microhabitats. This species
was first found (Lépez de la Cuadra & Garcia-Goémez 1991)
on stones and shell fragments at 30-50 m depth. Subsequent
records span widely across different types of habitats: 1) coarse
debris on detritic sand in northern Tunisia (Ayari-Kliti ez a/.
2012); 2) rocky walls of submarine caves in complete darkness
at shallow depth in Provence (Harmelin 2003), southern Italy
and Sardinia (Rosso ez al. 2021a, present paper), and Catalonia
(Medes Isles: T. Madurell & M. Zabala, person. com. to JGH,
1.I1.2021); 3) biogenic concretions and stones in coralligenous
bottoms with Paramuricea clavata (Risso, 1826) (Croatia, 33 m,
M. Novosel leg.; Catalonia, 26-41 m, T. Madurell & M. Zabala,
person. com.); and 4) debris of rhizomes and roots of Posidonia
oceanica (Delile) from the Balearic Islands (Zabala 1993 and leg.;
T. Madurell & M. Zabala, person. com. to JGH, 1.11.2021).
However, the apparent ecological heterogeneity of these micro-
habitats may be misleading as undersides of small substrata may
offer to tiny encrusting bryozoan colonies conditions similar to

those of a large cavity (e.g. Harmelin 2000, 2003).

GEOGRAPHICAL DISTRIBUTION

The examined material of Scutocyclopora dentata n. comb.
was collected in various localities of the Mediterranean: in
Spain (Andalusia, Lépez de la Cuadra & Garcia-Gémez 1991;
Catalonia, Madurell & Zabala, unpublished data; Balearic
Islands, Zabala 1993 as Hemicyclopora sp. & unpublished
data), France (Provence: Harmelin 2003 and present material),
Italy (Campania, SE Sicily, S Apulia and NW Sardinia: Rosso
etal. 2021a, present material), Croatia (Kornati Archipelago:
M. Novosel, unpublished data), and northern Tunisia (east
of Zembra Island: Ayari-Kliti ez /. 2012).

DISCUSSION

TAXONOMIC DECISIONS

The present work, first dedicated to the revision of the Hemi-
cyclopora species of only the Mediterranean basin, brought
evidence of 1) the necessity to also assess material from the NE
Atlantic; 2) an unexpected hidden diversity despite the long
history of the study of bryozoans in the Atlantic-Mediterranean
region; 3) an obvious blurring of boundaries between the
genera Hemicyclopora and Escharella, with species constitut-
ing a link between them; and 4) the clear divergence of the
species H. dentata from the morphological plan of these two
genera, leading to the erection of a new genus.
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Of the four Hemicyclopora species listed by Rosso & Di
Martino (2016) in their compendium of the Mediterranean
bryozoan diversity, only two, H. discrepans and H. dentara,
were kept as occurring in the region, but the second one was
designated as the type species of the new genus Scuzocyclo-
pora n. gen. The overall species diversity of the examined
material from the Mediterranean encompasses six or seven
species (depending on the validity of the synonymy of H. ad-
mirabilis with H. discrepans) assigned to three genera (Hemi-
cyclopora, Escharella, Scutocyclopora n. gen.), and including
three new species (H. neatonensis n. sp., H. hexaspinae n. sp.,
“E.” massiliana n. sp.). Eight species were identified in our
Atlantic material, including H. polita, not considered in this
study (but see fig. 14A-C), which co-occurs on deep-water
corals along the Armorican margin with “H.” celtica n. sp.
and “E. pytheasi n. sp., three species also recorded in the
Mediterranean (H. discrepans, H. hexaspinae n. sp., E. simi-
li5), and two species left unnamed. As already mentioned, the
studied species, except for S. dentata n. comb., were assigned
to the family Escharellidae rather than to the polyphyletic
Romacheinidae. The family assignation of Scurocyclopora
n. gen. remains disputable.

This study thus confirms the great diversity of cheilostomate
bryozoans in the Mediterranean revealed by recent works (e.g.
Schizomavella Canu & Bassler, 1917: Reverter-Gil ez al. 2016;
Collarina Jullien, 1886: Harmelin ez 2/. 2019; Setosella: Rosso
et al. 2020; Microporella: Di Martino & Rosso 2021). This
revision also revealed that several taxa, here split into species
complexes, exemplify the close relationships between the
genera Hemicyclopora and Escharella. These species present
clinal changes in the morphology of their primary orifice,
leading to the emergence of a lyrula. The absence of lyrula in
Hemicyclopora was soon considered as the fundamental differ-
ence between these two genera (Norman 1894, 1909; Ryland
1963). According to Hayward & Ryland (1999), this generic
distinction is also based on the type of ovicell closure, cleithral
(Hemicyclopora) or acleithral (Escharella). The present material
offered examples of intermediate stages between a lyrula-like
denticle (E. similis), a tiny bump (“E.” massiliana n. sp.) only
perceptible with SEM examination, and the absence of any
protuberance (“H.” pytheasi n. sp, “H.” celtica n. sp.). Obvi-
ously, this allegated morphological cline, which questions
the differentiation of Hemicyclopora from Escharella, needs
to be tested with molecular tools and phylogenetic analyses.

The re-examination of the morphological traits of S. den-
tata n. comb. highlighted a clear divergence from all other
Hemicyclopora or Escharella species. These differences (non-
tatiform ancestrula with an umbonuloid nodular frontal shield,
secondary orifice with a high collar without oral spines) are
constant in all specimens irrespective of their habitat. This
morphological divergence justifies the erection of a new ge-
nus, Scutocyclopora n. gen., whose phylogenetical relationships
would also require a molecular approach.

The absence of avicularia is a common trait of both Hemi-
cyclopora and Escharella. Thus, the record and illustration
of a specimen of H. multispinata from Madeira with large
vicarious avicularia by Norman (1909), despite being the

ZOOSYSTEMA - 2023 - 45 (10)



author of the genus Hemicyclopora (Norman 1894), remained
an enigma. As suggested here, this specimen may belong in
fact to a species of Bathycyclopora, i.c., a genus of Atlantisi-
nidae, a deep-sea family distributed in seamounts of the NE
Atlantic (Berning ez al. 2017), and seemingly absent from
the present-day Mediterranean despite it thrived there in the
Gelasian (Early Pleistocene) with at least one species (Atlan-
tisina mylaensis Rosso & Sciuto, 2019), ¢. 2 million years ago
(Rosso & Sciuto 2019).

MORPHOLOGICAL FEATURES

A broad variety of diagnostic morphological traits was used for
characterizing the different species examined here (Tables 2;
3). They were provided by particular traits of the frontal shield
(shape, surficial relief, size and distribution of marginal pores),
the orifice (shape, size, position, including those of condyles,
development of the secondary orifice: umbo, peristome), the
number of oral spines and shape of their basal part, the ovicell
(shape, size, position, structure and formation of the ooecium),
and the ancestrula (number and distribution of spines, rela-
tive size of the opesia, cryptocyst and proximal gymnocyst).
These features often need the use of SEM to be accurately
characterized. The number of specimens that can be exam-
ined in that way is thus limited, leading to the difficulty to
distinguish individual peculiarities (single colony level) from
features present at a much wider scale (regional population,
species). Moreover, the available material in collection was
often limited to a very small number of tiny colonies.

In his redescription of H. polita, Ryland (1963) noted that
the number of spines of both the orifice and the ancestrula
may vary within Hemicyclopora species. Indeed, on coral
skeletons from the Celtic Sea (Thalassa Z435) bearing both
“H”. celtica n. sp. and H. polita, non-ovicellate zooids of the
latter (124 in five colonies) presented a varying number of
oral spines (four: 37.9%; five: 14.5%; six: 47.6%). Cases of
non-ovicellate zooids with a lower number of spines than
the dominant number was particularly frequent in a deep-
sea population of “H”. celtica n. sp. This variability, which
contrasts with the stability of the number of spines in ovicel-
late zooids, was attributed to repeated abortion of ovicells.
A reverse trend was noted in the species complex “discrepans”
with the number of spines in ovicellate zooids varying accord-
ing to the geographic origin of the specimens (e.g., Alboran
Sea vs Atlantic seamounts), and also within a single specimen
(Fig. 5A). This instability might indicate a particular genetic
plasticity of these specimens. The choice of splitting mate-
rial previously attributed to E. similis and E. lopezfei, lead-
ing to the erection of three new species (“H.” celtica n. sp.,
“E” massiliana n. sp., “H.” pytheasi n. sp.), was sustained
by the geographical discontinuity of their populations and
stable morphological differences. This decision is consistent
with the admitted good agreement between genetical and
morphological classifications in cheilostomes (e.g. Jackson &
Cheetham 1994; Orr et al. 2021).

Oral spines are hollow tubes, apparently with an open tip,
jointed with a chitinous annular part at calcified bases, which
are more or less prominent. These bases of spines, also tubular,
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open with large pores on the inner side of the oral part of the
cystid, as revealed by SEM examination (Fig. 61: “H.” celtica
n. sp.; Fig. 9G: “E pytheasi n. sp.; Fig. 14A, B: H. polita).
Besides functions of oral spines already debated (review by
Schack et al. 2019), the occurrence of these internal pores
suggests direct communication between the perigastric coe-
lom and the spines. Do these exchanges allow the spines to
move according to outside stimuli? Are the spines also sensory
organs? Is this structure of the oral spines of Hemicyclopora
also present in Escharella? Are the ancestrular spines similarly
designed? These questions are left open.

In all species except two, ovicells were hyperstomial, at-
tached to the maternal distal wall and associated with a small,
basal, ooecium-producing kenozooid. Basal kenozooids can
be very small and not easy to see, even with SEM, except in
incompletely formed ovicells at the colony margin. For this
reason, in some species (e.g. H. hexaspinae n. sp., “H.” py-
theasi n. sp., “E” massiliana n. sp.), ovicells may appear to
be terminal and free, resting directly on the substrate. The
Mediterranean H. neatonensis n. sp. presents a transitional
condition with ovicells constructed either by a small basal
kenozooid, a large distal interzooidal kenozooid, or a distal
autozooid. In contrast, “H.” celtica n. sp. invariably shows
ovicells immersed in the distal daughter autozooid, which is
responsible for the ooecium building. In this well-calcified,
deep-water species, this type of ovicell is assumed to offer
better protection to the embryos, but likely at the expense of
a slower construction than a kenozooidal ovicell.

GEOGRAPHICAL AND ECOLOGICAL DISTRIBUTION PATTERNS

Most generally, the populations of these Atlantic-Mediterra-
nean species appear to be very scattered, both at a local scale
(e.g. H. hexaspinae n. sp. in the network of submarine caves
in the Marseille area), and at the scale of a whole basin (e.g.
H. neatonensis n. sp., only recorded in some areas of southern
Italy). This scattering may result from both the limited dis-
persal potential of bryozoans with non-planktotrophic larvae
(e.g. Ryland 1976; Jackson 1986; Watts ez al. 1998; Watts &
Thorpe 2006) and failure in the circulation of water bodies at
any scale, leading to isolation of local populations and pos-
sible cryptic speciation. The species pair of E. similis, in the
Alboran Sea, and “E.” massiliana n. sp. in Provence might be
an example. Conversely, species may have an extensive geo-
graphical distribution despite the poor dispersal capacity of
their pelagic larvae, as stressed by Winston (2012). Among
the diverse pathways enabling the geographical expansion of
these species, hopping using small substrates as stepping-stones
appears to be the most realistic one for Hemicyclopora species.
The role of whale bones as scattered reservoirs of biodiversity
(Wilson & Kaufmann 1987; Winston 2012) enabling deep-sea
dispersal of species was strikingly attested by the finding of
H. discrepans together with a diverse assemblage of bryozoans
on this kind of substrate (Reverter-Gil & Ferndndez-Pulpeiro
1999; Souto & Reverter-Gil 2021). But empty shells and other
biogenic substrates, frequently colonized by Hemicyclopora
species, are much more common stepping-stones. Obviously,
molecular analyses of disjunct populations of morphospecies
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assigned here to “Hemicyclopora” and “Escharella” could criti-
cally appraise the taxonomic decisions taken on the basis of
morphological features, and thus could provide a more real-
istic assessment of the biogeography of these species in the
Adantic-Mediterranean region. Unfortunately, the scarcity and
small size of colonies and their occurrence in poorly acces-
sible habitats may represent a major hurdle for this approach.

The depth distribution of species in our material ranged
from 5 m to 205 m in the Mediterranean and from 128 m
to 1050 m in the Atlantic, from the nearshore zone in under-
water caves to offshore upper-bathyal bottoms. The appar-
ent absence of Hemicyclopora species at shallow depth in the
Atlantic may result from the lack of available material from
nearshore caves or equivalent cryptic habitats. In each of the
reported habitats, ambient light was considerably diminished
or null where the bryozoans grew, and colonies were protected
from sediment deposition. The large branched scleractinians
(i.e., ‘cold-water-corals’) from the shelf break and the upper
bathyal are islands of diversity (e.g. Freiwald ez a/. 2004) for
many bryozoan species (Zabala ez /. 1993; Mastrototaro et 4.
2010; Rosso er al. 2010, 2018; Souto ez al. 2016; Berning
et al. 2017), including Hemicyclopora species in the Atlantic,
but apparently not in the Mediterranean.

PRESENT-DAY AND PAST DISTRIBUTION OF HEMICYCLOPORA.
The actual present-day diversity of the genus Hemicyclopora
is obviously underestimated, even if one only considers its
limited, traditional concept. The same is likely true for the
general geographical distribution of this genus. The distri-
butions of the new species described here overlap with that
of already known living taxa [H. discrepans, H. emucronata,
H. labiosa (Jullien in Jullien & Calvet, 1903), H. labrata Hay-
ward, 1994, H. multispinata, H. polita, H. polita mucronata
Ryland, 1963], reported from Madeira to the Arctic. In the
same area, Hemicyclopora has a long, but incomplete, fossil
history with several species known from Europe and North
Africa at least since the late Eocene. In contrast, only one
Cenozoic species, H. parajuncta Canu & Bassler, 1917, was
present in North America (Canu & Bassler 1917), whose
record in the Eocene of Europe (Zdgorsek & Kdzmér 1999)
remains doubtful. At least three species, H. brevis Canu &
Lecointre, 1930, H. dimorpha Canu & Lecointre, 1930, and
H. collarina, occurred in the Miocene in North Africa (El
Hajjaji 1992; Moissette 1993; Moissette ez al. 2006). Three
other species reported from the Iberian-Moroccan region as
Hemicyclopora sp. (El Hajjaji 1992; Berning 2006). Hemicy-
clopora steenhuisi (Lagaaij, 1952) and H. disjuncta are known
from the Pliocene, and H. neatonensis n. sp. from the early
Pleistocene of Sicily (see above). This latter species is the
only one with both fossil and present-day representatives.
The oldest Hemicyclopora species are H. dissidens Gordon &
Taylor, 2015 and H. ventricosa Gordon & Taylor, 2015, from
the Early Eocene in New Zealand (Gordon & Taylor 2015),
where the genus occurred up to the Burdigalian with H. in-
ermis (Stoliczka, 1865). Another remote fossil record is that
of H. noshiroensis Hayami, 1975 from the Pliocene of Japan
(Hayami 1975). Assuming a correct generic attribution for
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all fossil species (most miss SEM micrographs), the origina-
tion of the genus might be in the New Zealand region, from
where it has spread westward through the Tethys gateway.
The present-day geographical distribution pattern might
result from local extinction in the southern hemisphere and
diversification in the Atlantic-Mediterranean region.

Acknowledgements

Bjorn Berning (formerly at Oberésterreichisches Landes-
museum, Leonding) and Oscar Reverter-Gil (Universidade
de Santiago de Compostela) are warmly acknowledged for
material and information exchanges and their substantial
contribution as reviewers that greatly improved the original
manuscript. We are very grateful to Andrei Ostrovsky (Faculty
of Biology & Soil Science, St Peterburg), who shared with us
his expertise on ovicell structure, Mary Spencer-Jones (Natural
History Museum, London) who took and kindly provided
us photos of the type specimen of Lepralia multispinata, and
to Michele Bruni (Musée océanographique de Monaco) for
information on L. Calvet’s collection and search of specimens
in this collection. Teresa Madurell (Institut de Ciéncies del
Mar, Barcelona), Mikel Zabala (Universitat de Barcelona),
Maja Novosel (University of Zagreb, Croatia), J. M. Lopez
de la Cuadra (formerly at Facultad de Biologfa, Sevilla), Julia
Boronat-Tormo (formerly at University of Valencia), and Carla
Chimenz-Gusso (formerly at Sapienza University, Roma) are
kindly acknowledged for providing information and photos
of particular species. Helmut Zibrowius (formerly at SME,
Marseille) provided large amounts of substrates, including
coral skeletons, collected during oceanographic expeditions
and data on the latter. G. Belmonte (University of Salento),
I. Di Geronimo and R. Leonardi (University of Catania),
and V. Di Martino (Istituto per i Sistemi Agricoli e Forestali
del Mediterraneo, Consiglio Nazionale delle Ricerche, Italy)
are thanked for collecting particular specimens. We thank
Sandrine Chenessaux, IMBE, SME, Marseille, Artemis Ko-
sta and Hugo Le Gueno, IMM Microscopy Core Facility,
Marseille for their help during SEM work, and Michael Paul
for English improvement of the manuscript. AR has received
funding from the University of Catania through “PiaCeRi—
Piano Incentivi per la Ricerca di Ateneo 2020-22 linea di
intervento 2”. This is the Catania Paleontological Research
Group: contribution n. 489.

REFERENCES

ArroucJ. & HARMELIN J.-G. 2001. — Les dépots d’enduits man-
ganoferriféres en environnement marin littoral. Lexemple de
grottes sous-marines de Méditerranée nord-occidentale. Bulletin
de la Sociéré géologique de France 172 (6): 765-778. https://doi.
org/10.2113/172.6.765

AYARI-KLITI R., AFLI A. & AIsSA P. 2012. — Diversité taxonom-
ique des bryozoaires cheilostomes au large du Golfe de Tunis.
Bulletin de ['Institut national de Sciences tec/mologz'que:, Mer
Salammbé 39: 73-116.

BASHMACHNIKOV ., NEVES F., CALHEIROS T. & CARTON X.
2015. — Properties and pathways of Mediterranean water eddies

ZOOSYSTEMA - 2023 - 45 (10)


https://doi.org/10.2113/172.6.765
https://doi.org/10.2113/172.6.765

in the Adlantic. Progress in Oceanography 137: 149-172. https://
doi.org/10.1016/j.pocean.2015.06.001

BERNING B. 2006. — The cheilostome bryozoan fauna from the
Late Miocene of Niebla (Guadalquivir Basin, SW Spain): envi-
ronmental and biogeographic implications. Mizteilungen aus
dem Geologisch-Paliontologischen Institut der Universitit Ham-
burg 90: 7-156.

BERNING B. & SPENCER JONES M. E. 2023. — Revision of the
Cheilostomatida (Bryozoa) collected during the HMS ‘Challenger’
Expedition (1872-1876) in the central North Atlantic. Journal
of the Marine Biological Association of the United Kingdom 103,
E32. https://doi.org/10.1017/50025315423000231

BERNING B., TILBROOK K. J. & OSTROVSKY A. N. 2014. — What,
if anything, is a lyrula? iz ROssO A., WYSE JACKSON P. N. &
PORTER]. S. (eds), Bryozoan Studies 2013: 21-28. http://www2.
muse.it/pubblicazioni/riviste.asp?tipo=18

BERNING B., HARMELIN J.-G. & BADER B. 2017. — New Cheilos-
tomata (Bryozoa) from NE Atlantic seamounts, islands, and the
continental slope: evidence for deep-sea endemism. European Jour-
nal of Taxonomy 347: 1-51. htps://doi. org/10.5852/¢jt.2017.347

BisHor J. D. D. 1989. — Colony form and the exploitation of
spatial refuges by encrusting Bryozoa. Biological Reviews 64:
197-218. https://doi.org/10.1111/j.1469-185X.1989.tb00675.x

BORONAT TORMO ]. 1987. — Briozoos de los fondos coraliferos del
litoral sureste Iberico del Mar de Alboran. Tesina de Licenciatura,
Facultad de Ciencias Biologicas, Universitat de Valencia, 184 p.

BUGE E. 1957. — Les Bryozoaires du Néogene de 'Ouest de la
France et leur signification stratigraphique et paléobiologique.
Mémoires du Muséum national d’ Histoire naturelle 6: 1-436.

Busk G. 1861. — Description of new Polyzoa collected by J. Y.
Johnston Esq., at Madeira. Quarterly Journal of Microscopical
Science, n.s. 1: 77-80.

CALVET L. 1907. — Bryozoaires. Expédition scientifique “Travailleur’
et “Talisman, 1880-1883, 8: 355-495. https:/[www.biodiversi-
tylibrary.org/bibliography/4721

CANU F. & BASSLER R. S. 1917. — A synopsis of American Early
Tertiary Cheilostome Bryozoa. United States National Museum
Bulletin 96: 1-87. https://doi.org/10.5479/51.03629236.96.1

CANUF. & LECOINTRE G. 1930. — Les Bryozoaires cheilostomes des
Faluns de Touraine et d’Anjou. Mémoires de la Sociéré géologique
de France, n.s. 4: 83-130.

CHEETHAM A. H. & Cook P. L. 1983. — General features of the
Class Gymnolaemata, in BOARDMAN R. S., CHEETHAM A. H.,
Brake D. B., UTGAARD J., KARKLINS O. L., CoOOK P. L., SAND-
BERG P. A., LuTAUD G. & WoO0D T. S. (eds), Bryozoa. Treatise
on Invertebrate Paleontology Part G (Revised): 138-207. Geological
Society of America and University of Kansas, Boulder and Lawrence.

CHIMENZ C. & FARAGLIA E. 1995. — Some faunistic and ecological
observations on the Bryozoa Gymnolaemata assemblages from
the coast of Puglia (Italy). Azti della Societi Toscana di Scienze
Naturali, Memorie, Serie B 102: 34-47.

CHIMENZ GUssO C., NICOLETTI L. & BONDANESE C. 2014. —
Briozoi. Biologia Marina Mediterranea, 21 (Suppl. 1): 1-336.
https://www.biodiversitylibrary.org/part/325169

CoOK P. L. 1968. — Bryozoa (Polyzoa) from the coasts of tropical
West Africa. Atlantide Reports 10: 115-262.

DENISENKO N. V., HAYWARD P. J., TENDAL O. S. & S@ORENSEN J.
2016. — Diversity and biogeographic patterns of the bryozoan
fauna of the Faroe Islands. Marine Biology Research 12 (4): 360-
378. https://doi.org/10.1080/17451000.2016.1148817

D1 GERONIMO 1., COsTA B., LA PERNA R., RANDAZZO G., ROSSO
A. & SANFILIPPO R. 1994. — The Pleistocene “Case Catarinic-
chia” section (Belice, SW Siciliy), iz MATTEUCCI R., CARBONI
M. G. & PIGNATTIL . S. (eds) Studies on Ecology and Paleoecol-
0gy of Benthic communities. Bollettino della Societa Paleontologica
Italiana, spec. vol. 2: 93-115.

D1 GERONIMO ., GIACOBBE S., ROSSO A. & SANFILIPPO R. 1990. —
Popolamenti e tanatocenosi del Banco Apollo (Ustica, Mar Tir-

ZOOSYSTEMA - 2023 - 45 (10)

On some Atlantic-Mediterranean escharellids, new species and a new genus ¢

reno meridionale). Acti IV Simposio di Ecologia delle Comunita
Bentoniche, Sorrento, 1-5 novembre. Museo Regionale di Scienze
Naturali - Torino: 697-729.

D1 MARTINO E. & R0ssO A. 2021. — Seek and yee shall find:
new species and new records of Microporella (Bryozoa: Cheilos-
tomata) in the Mediterranean. Zookeys 1053: 1-42. https://doi.
org/10.3897/z00keys.1053.65324

D1 MARTINO E. & TAYLOR P. D. 2017. — Some Miocene cheilos-
tome bryozoan genera of Michel Vigneaux - Systematic revision
and scanning electron microscopic study. Geodiversitas 39 (4):
783-796. https://doi.org/10.5252/g2017n4a7

EL Hajjar K. 1992. — Les bryozoaires du Miocéne supérieur du
Maroc nord-oriental. Travaux et Documents des Laboratoires de
Géologie de Lyon 123: 355 p.

FREIWALD A., FOssA J. H., GREHAN A., KosLow T. & ROBERTS J.
M. 2004. — Cold Water Coral reefs. UNEP-WCMC, Cam-
bridge, UK, http://www.unep-wcmc.org/resources/publications/
UNEP_WCMC_bio_series/22.htm

GORDON D. P. & TAYLOR P. D. 2015. — Bryozoa of the Early
Eocene Tumaio Limestone, Chatham Island, New Zealand,
Journal of Systematic Palacontology 13: 12, 983-1070. hteps://
doi.org/10.1080/14772019.2014.991905

HARMELIN J.-G. 1969. — Bryozoaires des grottes sous-marines
obscures de la région marseillaise, faunistique et écologie. 7éthys 1
(3): 793-806.

HARMELIN J.-G. 1976. — Le sous-ordre des Tubuliporina (Bryo-
zoaires Cyclostomes) en Méditerranée. Ecologie et systématique.
Mémoires de Ulnstitur océanographique 10: 1-326.

HARMELIN J.-G. 1976 (1978). — Sur quelques Cribrimorphes
(Bryozoa Cheilostomata) de I'Adantique oriental. 7éthys 8 (2):
173-192.

HARMELIN J.-G. 1986. — Patterns in the distribution of bryozoans
in the Mediterranean marine caves. Stygologia 2 (1-2): 10-25.

HARMELIN J.-G. 1997. — Diversity of bryozoans in a Mediterranean
sublittoral cave with bathyal-like conditions: role of dispersal
processes and local factors. Marine Ecology Progress Series 153:
139-152. https://doi.org/10.3354/meps153139

HARMELIN J.-G. 2000. — Ecology of cave and cavity dwelling
bryozoans, in HERRERA CUBILLA A. & JACKSON J. B. C. (eds).
Proceedings of the 11th International Bryozoology Association Con-
Serence: 38-53. Publications of the Smithsonian Tropical Research
Institute, Balboa, Republic of Panama.

HARMELIN J.-G. 2003. — Biodiversité des habitats cryptiques du
Parc national de Port-Cros (Méditerranée, France). Assemblages
de bryozoaires d’'une grotte sous-marine et de faces inférieures
de pierres. Scientific Reports of Port-Cros National Park, France
19: 101-116.

HARMELIN J.-G. & D’HONDT J.-L. 1992. — Bryozoaires des parages
de Gibraltar (campagne océanographique BALGIM, 1984) 1 —
Chéilostomes. Bulletin du Muséum national d’Histoire naturelle 4,
14A: 37-67.

HARMELIN ]J.-G., Bistor J. D. D., MADURELL T, SOUTO J., SPEN-
CER JONES M. E. & ZaBaLA M. 2019. — Unexpected diversity
of the genus Collarina Jullien, 1886 (Bryozoa, Cheilostomatida)
in the NE Atlantic-Mediterranean region: new species and reap-
praisal of C. balzaci (Audouin, 18206) and C. fayalensis Harmelin,
1978. Zoosystema 41 (21): 385-418. https://doi.org/10.5252/
zoosystema2019v41a21. hetp://zoosystema.com/41/21

HARMELIN J.-G., VIEIRA L. M., OSTROVSKY A. N., CACERES-CHAMIZO
J. P. & SANNER J. A. 2012. — Scorpiodinipora costulata (Canu &
Bassler, 1929) (Bryozoa, Cheilostomata), a taxonomic and
biogeographic dilemma: complex of cryptic species or human-
mediated cosmopolitan colonizer? Zoosystema 34 (1): 123-138.
hteps://doi.org/10.5252/22012n1a5

Havyami T. 1975. — Neogene Bryozoa from northern Japan. Sci-
ence Reports Tohoku Univ 45: 83-126.

HAYWARD P. J. & RYLAND J. S. 1979. — British Ascophoran Bryo-
zoans. Synopses of the British Fauna, n.s. 14: 1-312.

405


https://doi.org/10.1016/j.pocean.2015.06.001
https://doi.org/10.1016/j.pocean.2015.06.001
https://doi.org/10.1017/S0025315423000231
http://www2.muse.it/pubblicazioni/riviste.asp?tipo=18
http://www2.muse.it/pubblicazioni/riviste.asp?tipo=18
https://doi. org/10.5852/ejt.2017.347
https://doi.org/10.1111/j.1469-185X.1989.tb00675.x
https://www.biodiversitylibrary.org/bibliography/4721
https://www.biodiversitylibrary.org/bibliography/4721
https://doi.org/10.5479/si.03629236.96.1
https://www.biodiversitylibrary.org/part/325169
https://doi.org/10.1080/17451000.2016.1148817
https://doi.org/10.3897/zookeys.1053.65324
﻿Di Martino E. & Taylor 
https://doi.org/10.3897/zookeys.1053.65324
﻿Di Martino E. & Taylor 
https://doi.org/10.3897/zookeys.1053.65324
﻿Di Martino E. & Taylor 
https://doi.org/10.5252/g2017n4a7
http://www.unep-wcmc.org/resources/publications/UNEP_WCMC_bio_series/22.htm
http://www.unep-wcmc.org/resources/publications/UNEP_WCMC_bio_series/22.htm
https://doi.org/10.1080/14772019.2014.991905﻿Harmelin J.-G
https://doi.org/10.1080/14772019.2014.991905﻿Harmelin J.-G
https://doi.org/10.1080/14772019.2014.991905﻿Harmelin J.-G
https://doi.org/10.3354/meps153139
https://doi.org/10.5252/zoosystema2019v41a21
https://doi.org/10.5252/zoosystema2019v41a21
http://zoosystema.com/41/21
https://doi.org/10.5252/z2012n1a5

» Harmelin J.-G. & Rosso A.

HaYWARD P. J. & RYLAND J. S. 1999. — Cheilostomatous Bryo-
zoa. Part 2. Hippothoidea — Celleporoidea. Synopses of the Brit-
ish Fauna, n.s. 14: 1-416. hteps://www.biodiversitylibrary.org/
bibliography/54983

JacksoN J. B. C. 1986. — Modes of dispersal of clonal benthic
invertebrates: consequences for species’ distributions and genetic
structure of local populations. Bulletin of Marine Science 39:
588-606.

Jackson J. B. C. & CHEETHAM A. H. 1994. — Phylogeny recon-
struction and the tempo of speciation in cheilostome Bryo-
zoa. Paleobiology 20 (4): 407-423. https://doi.org/10.1017/
S0094837300012902

JULLIEN J. & CALVET L. 1903. — Bryozoaires provenant des cam-
pagnes de I'Hirondelle (1886-1888). Résulrats des campagnes
scientifiques accomplies sur son yacht par Albert Ier, prince souverain
de Monaco 23: 1-188. http://biodiversitylibrary.org/page/2147090

KLUGE G. A. 1962. — Mshanki severnykh morei SSSR [in Rus-
sian] Vol. Akademie Nauk SSR, Opredeteli po Fauna SSSR,
Izdavemye Zoologicheskim Institutom, Akademie Nauk SSSR
No.76, Moscow. (1975 translation, Bryozoa of the northern
seas of the USSR).

LOrEZ DE LA CUADRA C.-M. & GARCIA-GOMEZ ].-C. 1991. —
A new species of Hemicyclopora (Bryozoa: Cheilostomata) from
the southern coast of Spain, iz BIGEY F. P. & D’HONDT J.-L.
(eds), Bryozoaires Actuels et Fossiles: Bryozoa Living and Fossil.
Bulletin de la Société des Sciences naturelles de I'Ouest de la France.
Mémoire HS 1: 213-218.

LoPEZ DE 1A CUADRA C.-M. & GARCIA-GOMEZ J.-C. 1993. — Lit-
tle known Atlantic cheilostome bryozoans at the entrance to the
Mediterranean. Journal of Natural History 27: 457-469. https://
doi.org/10.1080/00222939300770221

LoOPEZ DE LA CUADRA C.-M. & GARCIA-GOMEZ J.-C. 1994. —
Zoogeographical study of the Cheilostomatida from the Straits
of Gibraltar, 77 HAYWARD P. J., RyLAND J. S. & TAYLOR P.D.
(eds), Biology and Palaeobiology of Bryozoans. Olsen & Olsen,
Fredensborg: 107-112.

MADURELL T., ZABALA M., DOMINGUEZ-CARRIO C. & GILI J.M.
2013. — Bryozoan faunal composition and community struc-
ture from the continental shelf off Cap de Creus (Northwestern
Mediterranean). Journal of Sea Research 83: 123-126. https://doi.
org/10.1016/j.seares.2013.04.013

MARTHA S. O., VIEIRA L. M., SOUTO-DERUNGS J., GRISCHENKO A.
V., GORDON D. P. & OSTROVSKY A. N. 2020. — 11. Gymnol-
aemata, Cheilostomata, iz SCHWAHA T. (ed.), Phylum Bryozoa.
de Gruyrter, Berlin: 317-423. https://www.degruyter.com/view/
title/535471

MASTROTOTARO F., D’ONGHIA G., CORRIERO G., MATARRESE A.,
MAIORANO P., PANETTA P., GHERARDI M., LONGO C., ROSsO
A., Sciuto F., SANFILIPPO R., GRAVILI C., BOERO F., TAVIANI
M. & TursI A. 2010. — Biodiversity of the white coral bank
off Cape Santa Maria di Leuca (Mediterranean Sea): An update.
Deep Sea Research Part 1I: Topical Studies in Oceanography 57
(5-6): 412-430. hteps://doi.org/10.1016/j.dsr2.2009.08.021

MOISSETTE P. 1988. — Faunes de bryozoaires du Messinien d’Algérie
occidentale. Documents des Laboratoires de Géologie de la Faculté
des Sciences de Lyon 102: 1-289.

MOISSETTE P. 1993. — Bryozoan assemblages in Messinian deposits
of western Algeria. Lethaia 26: 247-259.

MOISSETTE P., DULAIA. & MULLER P. 2006. — Bryozoan faunas in
the Middle Miocene of Hungary: biodiversity and biogeography.
Palacogeography, Palacoclimatology, Palaeoecology 233: 300-314.
hetps://doi.org/10.1016/j.palaeo.2005.10.001

Morri C., BIANCHI C. M., CocITO S., PEIRANO A., DE BIASE A.
M., ALIANI S., PANSINI M., BOYER M., FERDEGHINI F., PESTA-
RINO M. & DANDO P. 1999. — Biodiversity of marine sessile
epifauna at an Aegean island subject to hydrothermal activity:
Milos, eastern Mediterranean Sea. Marine Biology 135: 729-739.
hetps://doi.org/10.1007/s002270050674

406

NICHOLS A. R. 1911. — Polyzoa of the coasts of Ireland. Scientific
Investigations, Fisheries Branch, Ireland 1910: 1-37, PL. L.

NORMAN A. M. 1864. — On undescribed British Hydrozoa,
Actinozoa and Polyzoa. Annals and Magazine of Natural History
3 (13): 82-90. https://doi.org/10.1080/00222936408681578

NORMAN A. M. 1894. — A month on the Trondhjem Fjord.
Polyzoa (continued). Annals and Magazine of Natural History,
6 (13): 112-133. https://doi.org/10.1080/00222939408677673

NORMAN A. 1909. — The Polyzoa of Madeira and neighbouring
islands. Journal of the Linnean Society (zoology) London 30: 275-
314. https://doi.org/10.1111/j.1096-3642.1909.tb02407 .x

OKAMURA B., HARMELIN J.-G. & JACKSON . B. C. 2001. — Refuges
revisited. Enemies versus flow and feeding as determinants of
sessile animal distribution and form, iz JACKSON J. B. C., LiD-
GARD S. & MCKINNEY F. K. (eds) Evolutionary Patterns. Growth,
Form, and lempo in the Fossil Record: 61-93. The University of
Chicago Press, Chicago.

ORR R. J. S., D1 MARTINO E., GORDON D. P., RAMSFJELL M. H.,
MELLO H. L., SMITH A. M. & Liow L. H. 2021. — A broadly
resolved molecular phylogeny of New Zealand cheilostome bryo-
zoans as a framework for hypotheses of morphological evolution.
Molecular Phylogenetics and Evolution 161, 107172, ISSN 1055-
7903. hteps://doi.org/10.1016/j.ympev.2021.107172. (hteps://
www.sciencedirect.com/science/article/pii/S1055790321001056)

ORR R. J. S., D1 MARTINO E., RAMSFJELL M. H., GORDON D.
P., BERNING B., CHOWDHURY I., CRAIG S., CUMMING R. L.,
FiGUEROLA B., FLORENCE W., HARMELIN J.-G., HIROSE M.,
HuaNG D., JaIN S. S., Jenkins H. L., KoTeENkO O. N., KUk-
LINSKI P., LEE H. E., MADURELL T., MCCANN L., MELLO
H. L., OBsT M., OSTROVSKY A. N., PAULAY G., PORTER J. S.,
SHUNATOVA N. N., SMITH A. M., SOUTO-DERUNGS J., VIEIRA
L. M., VOJEK. L., WAESCHENBACH A., ZAGORSEK K., WARNOCK
R. C. M., Liow L. H. 2022. — Paleozoic origins of cheilostome
bryozoans and their parental care inferred by a new genome-
skimmed phylogeny. Science Advances 8 (13) eabm7452: 1-11.
hteps://doi.org/10.1126/sciadv.abm7452

OSTROVSKY A. N. 2013. — Evolution of Sexual Reproduction in Marine
Invertebrates: Example of Gymnolaemate Bryozoans. Dordrechr,
Springer Science & Business Media, 356 p.

PERES J. M. 1967. — The Mediterranean benthos. Oceanography
and Marine Biology Annual Review 5: 449-533.

PERES J. M. & PICARD J. 1964. — Nouveau manuel de bionomie
benthique de la Mer Méditerranée. Recueil des Travaux de la Sta-
tion Marine d’Endoume 31: 1-137.

PiaNKA E. R. 1970. — On r and K selection. American Naturalist
104 (940): 592-597. https://doi.org/10.1086/282697

Pica D., BERNING B. & CariccHiO R. 2022. — Cheilostomatida
(Bryozoa) from the lonian Apulian coast (Italy) with the descrip-
tion of new species. The European Zoological Journal 89 (1):
371-422. hteps://doi.org/10.1080/24750263.2022.2032849

RAMALHO L. V., CABALLERO-HERRERA J. A., URRA J. 8 RUEDA J. L.
2020a. — Bryozoans from Chella Bank, (Seco de los Olivos)
with the description of a new species and some new records for
the Mediterranean Sea. Marine Biodiversity 50, 106. https://doi.
org/10.1007/s12526-020-01119-y

RamarHo L. V., Lorez-FE C. M., MATEO-RAMIREZ A. & RUEDA
J. L. 2020b. — Bryozoa from deep-sea habitats of the northern
Gulf of C4diz (Northeastern Atlantic). Zootaxa 4768 (4): 451-
478. https://doi.org/10.11646/z00taxa.4768.4.1

RAMALHO L. V., RODRIGUEZ-APORTA R. & GOFAs S. 2022. —
Preliminary account on the bryozoans of the Alboran plat-
form (Western Mediterranean), with description of two new
species. Zootaxa 5094 (1): 53-91. https://doi.org/10.11646/
zootaxa.5094.1.2

REVERTER-GIL O. & FERNANDEZ-PULPEIRO E. 1999. —
Some little-known species of Bryozoa described by J. Jul-
lien. Journal of Natural History 33: 1403-1418. https://doi.
org/10.1080/002229399299941

ZOOSYSTEMA - 2023 - 45 (10)


https://www.biodiversitylibrary.org/bibliography/54983
https://www.biodiversitylibrary.org/bibliography/54983
https://doi.org/10.1017/S0094837300012902
https://doi.org/10.1017/S0094837300012902
http://biodiversitylibrary.org/page/2147090
https://doi.org/10.1080/0022293930077022﻿﻿﻿López de la Cu
https://doi.org/10.1080/0022293930077022﻿﻿﻿López de la Cu
https://doi.org/10.1080/0022293930077022﻿﻿﻿López de la Cu
https://doi.org/10.1016/j.seares.2013.04.013
https://doi.org/10.1016/j.seares.2013.04.013
https://www.degruyter.com/view/title/535471
https://www.degruyter.com/view/title/535471
https://doi.org/10.1016/j.dsr2.2009.08.021﻿Moissette P. 1
https://doi.org/10.1016/j.dsr2.2009.08.021﻿Moissette P. 1
https://doi.org/10.1016/j.palaeo.2005.10.001
https://doi.org/10.1007/s002270050674
https://doi.org/10.1080/00222936408681578
https://doi.org/10.1080/00222939408677673
https://doi.org/10.1111/j.1096-3642.1909.tb02407.x
https://doi.org/10.1016/j.ympev.2021.107172
https://www.sciencedirect.com/science/article/pii/S1055790321001056
https://www.sciencedirect.com/science/article/pii/S1055790321001056
https://doi.org/10.1126/sciadv.abm7452
https://en.wikipedia.org/wiki/Eric_Pianka
https://www.researchgate.net/publication/275142242
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1086%2F282697
ecies. The European Zoological Journal 89, 1: 371-422. https://doi.
ecies. The European Zoological Journal 89, 1: 371-422. https://doi.
r the Mediterranean Sea. Marine Biodiversity, 50, 106. https://doi.
r the Mediterranean Sea. Marine Biodiversity, 50, 106. https://doi.
z (Northeastern Atlantic). Zootaxa, 4768 (4): 451-478. https://doi.
z (Northeastern Atlantic). Zootaxa, 4768 (4): 451-478. https://doi.
https://doi.org/10.11646/zootaxa.5094.1.2
https://doi.org/10.11646/zootaxa.5094.1.2
https://doi.org/10.1080/002229399299941
https://doi.org/10.1080/002229399299941

REVERTER-GIL O., SOUTO J., NOVOSEL M., TILBROOK K. J. 2016. —
Adriatic species of Schizomavella Bryozoa: Cheilostomata). Journal
of Natural History 50 (5): 281-321. https://doi.org/10.1080/00
222933.2015.1062153

RoOssO A. 1989. — Contributo alla conoscenza di alcuni popolamenti,
tanatocenosi et tafocenosi a briozoi di alcuni fondi mobili circalito-
rali. PhD thesis, University of Messina, 331 p.

R0s$sO A. 1996a. — Popolamenti e tanatocenosi a briozoi du fondi
mobili circalitorali del Golfo di Noto (Sicilia, Italia). Nzturalista
Siciliano S. 1V, 20 (3-4): 189-225.

ROsSO A. 1996b. — Valutazione della biodiversita in Mediterraneo:
I'esempio dei popolamenti a briozoi della biocenosi del detritico
costiero. Biologia Marina Mediterranea 3 (1): 58-65.

Rosso A. & D1 MARTINO E. 2016. — Bryozoan diversity in the
Mediterranean Sea: an update. Mediterranean Marine Science
216: 567-607. hteps://doi.org/10.12681/mms.1706

ROssO A. & SANFILIPPO R. 2005. — Bryozoans and serpuloideans in
skeletobiont communities from the Pleistocene of Sicily: spatial
utilisation and competitive interactions. Annali dell Universita
degli Studi di Ferrara. Museologia Scientifica e Naturalistica, special
volume 2005: 115-130.

R0ss0 A. & SciuTo F. 2019. — Fossil record of the bryozoan genus
Atlantisina from the Gelasian of Sicily: a new piece to unravel
past deep-water bryodiversity of the Mediterranean Sea. Bollet-
tino della Societi Paleontologica Italiana 58 (2): 141-154. heeps://
doi.org/10.4435/BSP1.2019.01

R0OssO A., VERTINO A., DI GERONIMO 1., SANFILIPPO R., SCIUTO
F., D1 GERONIMO R., VIOLANTI D., CORSELLI C., TAVIANI M.,
MASTROTOTARO F. & TURSI A. 2010. — Hard and soft-bottom
thanatofacies from the Santa Maria di Leuca deep-water coral
province, Mediterranean. Deep Sea Research Part II: Topical Studies
in Oceanography 57 (5-6): 360-379. https://doi.org/10.1016/j.
dsr2.2009.08.024

ROssO A., BEUCK L., VERTINO A., SANFILIPPO R. & FREIWALD A.
2018. — Ciribrilinids (Bryozoa, Cheilostomata) associated with
deep-water coral habitats in the Great Bahama Bank slope (NW
Atlantic), with description of new taxa. Zootaxa 4524 (4): 401-
439. https://doi.org/10.11646/zootaxa.4524.4.1

R0Osso A., D1 MARTINO E. & GEROVASILEIOU V. 2020. — Revision
of the genus Setosella (Bryozoa: Cheilostomata) with descrip-
tion of new species from deep-waters and submarine caves of
the Mediterranean. Zootaxa 4728 (4): 401-442. heeps://doi.
org/10.11646/z00taxa.4728.4.1

ROssO A., SANFILIPPO R., GUIDO A., GEROVASILEIOU V., TADDEI
RUGGIERO E. & BELMONTE G. 2021. — Colonisers of the dark:
biostalactite-associated metazoans from “lu Lampitine” submarine
cave (Apulia, Mediterranean Sea). Marine Ecology 42: €12634.

RYLAND J. S. 1963. — Systematic and biologic studies on Polyzoa
(Bryozoa) from western Norway. Sarsia 14: 1-59. hteps://doi.
org/10.1080/00364827.1963.10409518

RYLAND J. S. 1976. — Behaviour, settlement and metamorphosis
of bryozoan larvae: a review. Thalassia Jugoslavica 10: 239-262.

ScHAck C. R., GORDON D. P. & RyaN K. G. 2019. — Modularity is
the mother of invention: a review of polymorphism in bryozoans.
Biological Review 94: 773-809. https://doi.org/10.1111/brv.12478

SINGH A. D., Rar A. K., TiwARl M., NabU P. D., VErRMA K.,
CHATURVEDI M., NIYoGI A. & PANDEY D. 2015. — Fluc-
tuations of Mediterranean Outflow Water circulation in the

ZOOSYSTEMA - 2023 - 45 (10)

On some Atlantic-Mediterranean escharellids, new species and a new genus ¢

Gulf of Cadiz during MIS 5 to 7: Evidence from benthic
foraminiferal assemblage and stable isotope records. Global
and Planetary Change 133: 125-140. https://doi.org/10.10106/j.
gloplacha.2015.08.005

Souto H. J., REVERTER-GIL O., DE BLAUWE H. & FERNANDEZ
PULPEIRO E. 2014. — New records of bryozoans from Portugal.
Cabhiers de Biologie Marine 55: 129-150.

SouTO J., BERNING B. & OSTROWKY A. N. 2016. — Systemat-
ics and diversity of deep-water Cheilostomata (Bryozoa) from
Galicia Bank (NE Adlantic). Zootaxa 4067 (4): 401-459. heep://
doi.org/10.11646/z00taxa.4067.4.1

SouTto J. & REVERTER-GIL O. 2021. — Bryozoan diversity on a
whale bone: an uncommon substrate from the continental shelf of
N Spain. Marine Biodiversity 51, 50. hteps://doi.org/10.1007/
$12526-021-01189-6

SMITT F. A. 1872. — Kritisk Forteckning 6fver Skandinaviens Hafs-
Bryozoer, Part V. Ofversigt af Kongliga Vetenskaps-Akademiens
Forbandlingar 28 (No. 9): 1115-1134. hteps://www.biodiversi-
tylibrary.org/page/32235465

TAYLOR P. D. 2020. — Bryozoan Paleobiology. Wiley Blackwell.
New York, New York, 336 p.

WATTS P. C. & THORPE J. 2006. — Influence of contrasting larval
developmental types upon the population-genetic structure of
cheilostome bryozoans. Marine Biology 149: 1093-1101. https://
doi.org/10.1007/500227-006-0288-2

WATTS P. C., THORPE J. P. & TAYLOR P. D. 1998. — Natural and
anthropogenic dispersal mechanisms in the marine environment:
a study using cheilostome Bryozoa. Philosophical Transactions
Royal Society London B: Biological Sciences 353: 453-464. hteps://
doi.org/10.1098/rstb.1998.0222

WHITE M. & DORSCHEL B. 2010. — The importance of the per-
manent thermocline to the cold water coral carbonate mound
distribution in the NE Adlantic. Earth and Planetary Science Let-
ters 296: 395-402. https://doi.org/10.1016/j.epsl.2010.05.025

WILSON R. R. & KAUFMANN R. S. 1987. — Seamount biota and
biogeography, in KEATING B., FRYER P., BATIZA R. & BOEHLERT
G. (eds). Seamounts, islands, and atolls. Geophysical Monograph
43: 355-77. American Geophysical Union, Washington, DC.

WINSTON J. E. 2012. — Dispersal in marine organisms without a
pelagic larval phase. Integrative and Comparative Biology 52, 4:
447-457. https://doi.org/10.1093/icb/ics040

ZABALA M. 1986. — Fauna dels Briozous dels Paisos Catalans. /nsti-
tut d’Estudis Catalans, Arxius de la Seccid de Ciéncies 84: 1-836.

ZABALA M. 1993. — Els briozous, in ALCOVER J. A., BALLESTEROS
E. & FORNOZ]. J. (eds), Historia natural de ’Arxipelag de Cabrera.
Monaografies de la Societat d’Historia Natural de les Balears2: 561-
577. Editorial Moll, Mallorca.

ZABALA M. & MALUQUER P. 1988. — Illustrated keys for the
classification of Mediterranean Bryozoa. Treballs del Museu de
Zoologia 4: 1-294. http:/[www.raco.cat/index.php/TreballsMZ/
article/view/108369/168548

ZABALA M., MALUQUER P. & HARMELIN J.-G. 1993. — Epibiotic
bryozoans on deep-water scleractinian corals from the Catalonia
slope (western Mediterranean, Spain, France). Scientia Marina
57 (1): 65-78.

ZAGORSEK K. & KAZMER M. 1999. — Late Eocene Bryozoan
faunas in the Alpine Carpathian region — a comparison. Acta
Palaeontologica Romaniae 2: 493-504.

Submitted on 26 October 2021;
accepted on 2 January 2023;
published on 15 June 2023.

407


https://doi.org/10.1080/00222933.2015.1062153
https://doi.org/10.1080/00222933.2015.1062153
https://doi.org/10.12681/mms.1706
https://doi.org/10.12681/mms.1706
https://doi.org/10.4435/BSPI.2019.01
https://doi.org/10.4435/BSPI.2019.01
https://doi.org/10.1016/j.dsr2.2009.08.024.
https://doi.org/10.1016/j.dsr2.2009.08.024.
https://doi.org/10.11646/zootaxa.4524.4.1
https://doi.org/10.11646/zootaxa.4728.4.1
https://doi.org/10.11646/zootaxa.4728.4.1
olyzoa (Bryozoa) from western Norway. Sarsia 14: 1-59. https://doi.
olyzoa (Bryozoa) from western Norway. Sarsia 14: 1-59. https://doi.
https://doi.org/10.1080/00364827.1963.10409518
ymorphism in bryozoans. Biological Review 94: 773-809. https://doi.
ymorphism in bryozoans. Biological Review 94: 773-809. https://doi.
https://doi.org/10.1016/j.gloplacha.2015.08.005
https://doi.org/10.1016/j.gloplacha.2015.08.005
Galicia Bank (NE Atlantic). Zootaxa 4067 (4): 401-459. http://doi.o
Galicia Bank (NE Atlantic). Zootaxa 4067 (4): 401-459. http://doi.o
https://doi.org/10.1007/s12526-021-01189-6
https://doi.org/10.1007/s12526-021-01189-6
https://www.biodiversitylibrary.org/page/32235465
https://www.biodiversitylibrary.org/page/32235465
https://doi.org/10.1007/s00227-006-0288-2
https://doi.org/10.1007/s00227-006-0288-2
https://doi.org/10.1007/s00227-006-0288-2
https://doi.org/10.1098/rstb.1998.0222
https://doi.org/10.1098/rstb.1998.0222
https://doi.org/10.1016/j.epsl.2010.05.025
https://doi.org/10.1016/j.epsl.2010.05.025
https://doi.org/10.1093/icb/ics040
http://www.raco.cat/index.php/TreballsMZ/article/view/108369/168548
http://www.raco.cat/index.php/TreballsMZ/article/view/108369/168548

