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ABSTRACT
Hornera Lamouroux, 1821, a genus which includes large, rigidly erect, ramified and highly calcified 
cancellate cyclostome species, is represented in the Mediterranean Sea by two species, H. frondiculata 
(Lamarck, 1816), the type species of the genus, and a species previously left unnamed or wrongly at-
tributed to the northern H. lichenoides (Linnæus, 1758), and classified under this name as threatened 
in the Mediterranean (Barcelona Convention, Annex II). On the basis of abundant material includ-
ing large, well-preserved colonies collected by diving, the distinctive morphological and ecological 
features of these two species are detailed, leading to the description of a new species, H. mediterra-
nea n. sp., and to a better characterization of H. frondiculata. The current state of knowledge of the 
range of the two Hornera species suggests that they are endemic to the Mediterranean. Their depth 
and habitat distributions span from 30 to 100 m on both dimly lit rocky walls and flat bottoms with 
coarse elements for H. frondiculata, and from 55 to 200 m only on flat sandy bottoms for H. mediter-
ranea n. sp., but both species can coexist in the same microhabitat. The distribution of H. frondiculata 
in two separate habitats is reflected in a remarkable plasticity of colony shape and branching design 
which optimizes food particle capture according to local flow conditions.
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RÉSUMÉ
Les espèces méditerranéennes de Hornera Lamouroux, 1821 (Bryozoa, Cyclostomatida) : réexamen de 
H. frondiculata (Lamarck, 1816) et description de H. mediterranea n. sp.
Le genre Hornera Lamouroux, 1821, qui comprend un grand nombre d’espèces de cyclostomes Can-
cellata érigées, rigides, ramifiées et très calcifiées, est représenté en Méditerranée par deux espèces, 
H. frondiculata (Lamarck, 1816), l’espèce-type du genre, et une espèce citée sans nom spécifique ou 
bien identifiée à tort comme H. lichenoides (Linnæus, 1758), une espèce nordique, désignée comme 
menacée en Méditerranée (Convention de Barcelone, Annexe II). Un matériel abondant incluant de 
grandes colonies bien préservées, récoltées en plongée, a permis de définir en détail les traits morpho-
logiques et écologiques des deux espèces, conduisant à une meilleure caractérisation de H. frondiculata 
et à la description d’une nouvelle espèce, H. mediterranea n. sp. Dans l’état actuel des connaissances, 
les distributions de ces deux espèces indiquent qu’elles sont endémiques de Méditerranée, vivant entre 
30 et 100 m sur des parois rocheuses ombragées ou bien sur des fonds meubles avec des éléments 
grossiers pour H. frondiculata, et entre 55 et 200 m uniquement sur des fonds meubles pour H. medi-
terranea n. sp., mais les deux espèces peuvent cohabiter dans le même microhabitat. L’occupation par 
H. frondiculata de deux types très différents d’habitats se traduit par une remarquable plasticité de la 
forme des colonies et des ramifications qui permet d’optimiser la capture des particules alimentaires 
selon les conditions locales de circulation.

MOTS CLÉS
cyclostomes, 

biogéographie, 
distribution écologique, 

forme coloniale, 
stratégie de reproduction, 

protocole ASP-DB  
annexe II, 

espèce nouvelle.

INTRODUCTION

The genus Hornera Lamouroux 1821 is particularly speciose 
(93 species listed in http://bryozoa.net/index.html, accessed 
on 12/X/2020), with a large proportion (73 %) of fossil spe-
cies spanning from the Eocene to the Pleistocene (Smith et al. 
2008). Recent molecular phylogenetic data (Waeschenbach et al. 
2009; Taylor & Waeschenbach 2015) have upset the traditional 
generic classification of Cyclostomata with, in particular, the 
grouping in the same clade of the Cancellata Hornera with 
some Tubuliporina genera, such as Entalophoroecia Harmelin, 
1976, Diplosolen Canu, 1918, Cardioecia Canu & Bassler, 1922 
and Frondipora Link, 1807. In the Mediterranean Sea and the 
North Atlantic, Hornera species are the largest vinculariiform 
(cf. Lagaaij & Gautier 1965), or ‘multiserial rigidly erect’ (basic 
growth form according to McKinney & Jackson 1989), cyclos-
tomes. One may also assert that H. frondiculata (Lamarck, 1816) 
is the most beautiful bryozoan in the Mediterranean owing to 
its delicate branching pattern. Like some other large rigidly erect 
bryozoans occurring in the nearshore coastal zone [e.g. Rete-
porella septentrionalis (Jullien, 1903), Myriapora truncata (Pallas, 
1766), Pentapora fascialis (Pallas, 1766)], it was soon noticed and 
depicted by early naturalists exploring the Mediterranean. One 
of them, Count L. F. Marsili, a military engineer and naturalist 
also known as Marsilli or Marsigli, who came to Marseille to 
resolve the old debate regarding the vegetal, animal or mineral 
nature of the precious red coral [Corallium rubrum (Linnæus, 
1758)], wrote the first oceanographic treatise (Marsilli 1725). 
In this book, several benthic organisms living with the red coral 
were depicted and, as already noted by Busk (1856), he gave the 
first representation of a large colony of H. frondiculata (pl. 33, 
fig. 163, reproduced here: Fig. 1A), placed in the category of 
‘madrépores rameux’. The finding of H. frondiculata by Marsili 
was not surprising considering that he sampled communities 
hosting the red coral with local red coral fishermen at sites off 

the Marseille-Cassis coast and Riou Island, where many speci-
mens of the present collection were collected.

The genus Hornera Lamouroux 1821 is represented in the 
Mediterranean Sea by H. frondiculata, the type species of the 
genus, considered here to be probably endemic to this sea (see 
below), and a second species left unnamed or, in many cases, 
ascribed without significant justification to H. lichenoides (Lin-
næus, 1758), a species mostly known from northern and Arctic 
seas (e.g. Busk 1875; Hayward & Ryland 1985; Kuklinski & 
Bader 2007). 

As for many Hornera species, the morphological criteria char-
acterizing the two Mediterranean species are not clearly defined. 
Consequently, the species names frondiculata and lichenoides 
have often been incorrectly used. For instance, the assertion 
that H. frondiculata is ‘a common but highly variable species’ 
(Smith et al. 2008) is certainly based on erroneous identifica-
tions. The use of the taxon H. lichenoides, in particular, is subject 
to uncertainties, especially because the origin of the material on 
which Linnæus (1758) erected the species Millepora lichenoides is 
unknown, as well as the real existence of a type. The purpose of 
the present paper is to give a precise description of the morphol-
ogy and the ecology of the two Mediterranean Hornera species 
on the basis of abundant material. Furthermore, the taxonomic 
status which was originally proposed without a valid procedure 
by Waters (1904) for a second Mediterranean Hornera species, 
i.e., H. mediterranea n. sp., will be formally assigned to speci-
mens so far ascribed to H. lichenoides or named Hornera sp.

Another problem related to the alleged presence of H. lichenoides 
in the Mediterranean involves the Mediterranean Action Plan 
and the Barcelona Convention for the protection of the marine 
environment and the coastal region of the Mediterranean (UNEP 
2011). In Annex II of this convention are listed species endan-
gered or threatened in the Mediterranean. A single bryozoan, 
H. lichenoides, is included in this list (see Rosso 2009; Rosso 
et al. 2010), and thus put at the same level as the iconic and 

http://bryozoa.net/index.html
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highly threatened monk seal Monachus monachus (Herman, 
1779). Apart from the obvious problems of nomenclature 
already evoked, the choice of this species (by an unknown expert) 
without any indication of specific threats is quite surprising. In 
addition to the poor knowledge of the morphological features of 
the Mediterranean H. lichenoides, the ecological requirements, 
the frequency of occurrence and the vulnerability of this spe-
cies have never been documented. In contrast, H. frondiculata 
is better known, at least its general features, is more frequent 
at shallower depth in the nearshore zone exposed to multiple 
threats, and may be considered as much more attractive to col-
lectors. One of the aims of the present paper is to offer evidence 
to support an eventual revision of this list.

MATERIAL AND METHODS

Origin of material

Most examined specimens of the two Hornera species were col-
lected by the author and collaborators by diving, dredging or 
trawling, and stored at the Station Marine d’Endoume, Marseille 
(SME). Diving enabled the collection of unbroken large speci-
mens that revealed their genuine growth-forms, and supplied 
information on their microhabitat and local abundance. A col-
lection of specimens of both species from Sicily was loaned by A. 
Rosso, University of Catania. Other examined material includes 
specimens stored at the Muséum national d’Histoire naturelle, 

Paris (MNHN), specimens collected in Tunisia by S. Sartoretto, 
Ifremer, Toulon, and underwater photos of H. frondiculata by 
two amateur naturalists, D. Ader and E. Driancourt.

Specimen repositories

Most studied specimens are deposited at the MNHN, includ-
ing the type material of H. mediterranea n. sp. Some fertile 
specimens of both species were sent to the Natural History 
Museum, London (NHMUK). Rosso’s material is located at 
the Paleontological Museum of the University of Catania, under 
the codes ‘PMC. Rosso Collection I.Ps-H. B-45’ and ‘PMC. 
Rosso Collection I.Ps-H. B-46’, respectively for H. frondiculata 
and H. mediterranea n. sp.

Methods of study

Morphological traits of specimens were observed with ster-
eomicroscopes and scanning electron microscopes (SEM) after 
gold-palladium coating: Hitachi S-570 (SME) and Quanta 200, 
FEI (Plateforme Microscopie Electronique Timone, Aix-Marseille 
University). Measurements were carried out with an eyepiece 
micrometer and from scales of SEM photos. Macro and under-
water photos were taken with an Olympus Pen EPL7 equipped 
with a 60 mm macro lens.

Terminology

The surface of colonies of Hornera presents a great diversity of 
aspects due to layers of secondary calcification that conceals to 

A B

Fig. 1. — Hornera frondiculata (Lamarck, 1816), historical depictions of large colonies: A, by Marsilli (1725: pl. 33, fig. 63); B, by Ellis (in Ellis & Solander 1786: 
pl. 26, fig. 1).
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varying extents the zooids under variously shaped structures such 
as ridges, pustules, hollow spaces and pores. Consequently, the 
detailed morphology of Hornera species is not easy to describe. 
Several terms naming the particular traits of this calcification 
have been created, mainly used for fossil material, such as ner-
vus-nervi, sulcus-sulci, vacuole, cancelli (e.g. Busk 1875; Canu 
1912; Canu & Bassler 1920; Mongereau 1972; Moissette & 
Spjeldnaes 1995). Despite definitions given by Canu & Bassler 
(1920) and Mongereau (1972), and their use by the latter in 
the diagnosis of the genus Hornera, these terms introduce more 
complexity than clarity in the descriptions. Therefore, follow-
ing Borg (1926, 1944), they are not used here, except in some 
cases for indicating equivalence.

Abbreviations

List of material
AZ	 autozooid;
col.	 colonies;
COR	 coralligenous rocks;
DC	 detritic sandy bottom;
Div	 sampling by diving;
Dre	 sampling by dredging or trawling;
GZ	 gonozooid;
JGH	 J.-G. Harmelin;
N	 number;
R	 range;
SD	 standard deviation;
Stn	 sampling station;
UW	 underwater.
Measurements
L	 length;
W	 width;
X	 mean.

Institutions
MNHN	 Muséum national d’Histoire naturelle, Paris;
MZB	 Museu de Zoologia, Barcelona;
NHMUK	 Natural History Museum, London;
SME	 Station Marine d’Endoume, Marseille.

Private collections
Coll. AR	 Antonietta Rosso, Catania; 
Coll. JGH	 Jean-Georges Harmelin, Marseille.

RESULTS

Family Horneridae Smitt, 1867 
Genus Hornera Lamouroux, 1821

Type species. — Hornera frondiculata Lamouroux, 1821 (synonym 
of Retepora frondiculata Lamarck, 1816, see below), by original 
designation.

Hornera frondiculata (Lamarck, 1816) 
(Figs 1-4 ; Tables 1-3)

Retepora frondiculata Lamarck, 1816: 182.

Hornera frondiculata Lamouroux, 1821: 41, pl. 26, fig. 1, pl. 74, 
figs 7-9 – Milne-Edwards 1838: 17, pl. 9, fig. 1 – Alder 1864: 
109, pl. 5, fig. 7 – Heller 1867: 124 – Busk 1875: 17, pl. 20, 
figs 1-3, 6 – Calvet 1902: 43 – Waters 1904: 94, pl. 91, fig. 3 – 

Canu & Bassler 1930: 86, pl. 12, figs 15-16 – Neviani 1939: 69 – 
O’Donoghue & de Watteville 1939: 8 – Gautier 1955: 268, pl. 4, 
figs 31-32. – Lagaaij & Gautier 1965: chart 1 – Cook 1968: 238 
(part: Mediterranean specimens) – Harmelin 1968: 1187; 1976: 
223, table I, 229, table III – Mongereau 1972: 329 (part), pl. 5, 
figs 1-3 – Zabala 1986: 686, fig. 213 – Zabala 1993: 571, fig. 3 – 
Rosso 1987: 173, 175, 180-181, 188-189, fig. 6; 1996: 209, table 5, 
pl. 1c, g; 2005: 263, table 3; 2009: 134, 4 figs (not numbered) – Di 
Geronimo et al. 1988: 703, table 1; 1993: 89, 92, tables 2, 3, pl. IX, 
fig. C; 1994, table 3; 1997: 200, table 3; 1998: 248, table 1; 2003: 
135, table 2; 2005: 73, table 4 – Zabala & Maluquer 1988: 182, 
pl. 36, figs 17-18 – Costa et al. 1991: 418, table 2 – Moissette & 
Spjeldnaes 1995: 786, pl. 2, figs 5-6 – Novosel 2005: 236, fig. 10 
– Ballesteros 2006: 156, fig. 17A. – Smith et al. 2008: 371, 388, 
fig. 2A – Souto et al. 2010: 38 (list) – Belbacha et al. 2011: 46, 
fig. 53 – Weinberg 2013: 325 – Abdelsalam 2014: 271, fig. 2 – Rosso 
et al. 2013: 169, table 1 – Gerovasileiou & Rosso 2016: 36 (list) – 
Rosso & Di Martino 2016: 570 – Achilleos et al. 2020: 233, table 1.

Hornera lichenoides (L., 1758) – Laubier 1966: 223: table – Argyrou 
et al. 2002, figs 5-29 (dubious identification).

Hornera violacea Sars, 1863 – Calvet 1902: 44 (erroneous identi-
fication).

Hornera caespitosa Busk, 1875 – Calvet 1906: 478, pl. 30, figs 11-
12 (erroneous identification).

Type locality. — Mediterranean Sea.

Material examined. — France • several large colonies (up to 
11 cm wide); Marseille, South Riou Island; Stn JGH-71.34; 70 m; 
3.VII.1971; coarse DC; Dre; with H. mediterranea n. sp.; JGH leg. 
• 2 large colonies (up to 13 cm wide); Marseille, Grand Conglue 
Is.; 48 m; 7.IX.1968; COR; Div; JGH leg. • several colonies; Mar-
seille, South Riou Island, Impérial du large; Stn JGH-68.33; 65 m; 
11.VI.1968; COR; Div; JGH leg. • several colonies; Marseille, South 
Riou Is.; Stn JGH-72.8; 90 m; 2.III.1972; silted DC; Dre; JGH leg. 
• fragments; South Riou Is.; Stn JGH-73.9; 90-100 m; 6.IV.1973; 
Dre; with H. mediterranea n. sp.; JGH leg. • 1 colony; Marseille, 
North Mangespin; 65 m; 18.IV.1972; with H. mediterranea n. sp.; 
JGH leg. • 1 colony; Hyères Islands, South Porquerolles Island; 
60-65 m; X.1996; A. Castric leg. • 1 large colony + UW photos; 
Corsica, Scandola, Palazzu Islet; 42°23’09”N, 8°34’55”E; 35 m; 
X.1975; COR; Div; JGH leg. 
Italy • 11 small fragments; SE Sicilia; Gulf of Noto; Stn PS/81 4C; 
95-86 m; VII-VIII.1981; A. Rosso leg. • 8 small fragments; SE Sicilia; 
Gulf of Noto; Stn PS/81 4B; 65 m; VII-VIII.1981; A. Rosso leg. 
• 30 small fragments (thanatocenosis); North Sicilia; Ustica Island, 
Apollo Bank; 70 m; VII.1986; A. Rosso leg. • 1 fragment; Ionian 
Sea; 17 m; A. Tursi leg.
Tunisia • 2 colonies; northern coast, West Serrat Cape, Sidi Mech-
rig, Kavensur; 51-53 m; 28.VII.2006; COR; Div; S. Sartoretto leg.
Greece • 1 colony; Corfou, Paleokastritsa; Stn JV-4c; 40 m; 5.VII.1958; 
Div; J. Vacelet leg. • 1 fragment; South Creta, Kalolimniones; 
R/V Calypso, survey 1964; 80-125 m; 4.V.1964; Dre; JGH leg. 
• 7 fragments; Aegean Sea, Scarpanto Strait; R/V Jean Charcot, Stn 
19.MO.67; 35°55’00”N, 27°28’30”E; 29-33 m; 29.VIII.1967; 
coarse DC; Dre; JGH leg.

Other material examined. — Specimens from the MNHN 
collection (examination on 05.II.2005). • Syntypes; two small 
colonies from Lamarck collection; labelled by Lamarck: ‘Retepora 
frondiculata n., Millepora tubipora Solander et al. p. 139’; MNHN 
- M6 (R) 1867, no. 177b., presently MNHN-IB-2008-4691 and 
MNHN-IB-2008-4694 • 1 large colony depicted by Milne-Edwards 
(1838, pl. 9, fig. 1), labelled ‘Hornera frondiculata Lamour’; MNHN 
4690 - M6 (R) 1867 - no. 177e. • 1 colony ca. 3 cm wide; labelled 
‘Hornera frondiculata Lamouroux’, Bonifacio, R/V Travailleur, 
D24, 40-80 m, 15.VII.1881; coll. Jullien, 11t. 18. • 3 fragments, 

http://coldb.mnhn.fr/CatalogNumber/MNHN/IB/2008-4691
http://coldb.mnhn.fr/CatalogNumber/MNHN/IB/2008-4694
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Fig. 2. — Hornera frondiculata (Lamarck, 1816), branching features of colonies: A, bushy colony on flat bottom with dense cover of seaweeds and invertebrates; 
B, bushy colony from coarse detrital sandy bottom; C, sub-planar colony on coralligenous vertical rocky wall; D, sub-planar colony from the same habitat; 
E-F, branchlets of second order with growth directed in order to split empty spaces between adjacent branches; G, UW close-up of a living colony showing 
expanded lophophores filling the space between adjacent branches. Origin: A, G, Croatia, Vis Is., 30 m, UW photos, 22.IX.2014; B, Marseille, Grand-Conglue 
Is., 48 m; C, Corsica, Palazzu Is., 35 m, UW photo, X.1975; D, same origin as C, colony sent to P. L. Cook, NHMUK in 1975; E, Greece, Corfou, Paleokastritsa, 
40 m; F, Marseille, Riou Is., 70 m. Scale bars: B, D, 2 cm; E-F, 1 mm. Photos: Jean-Georges Harmelin.
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with gonozooid; Bonifacio, R/V Travailleur, no. 862, 55-77 m. 
• 5 fragments; R/V Travailleur 1881, D.24 (2° sér.) 55-77 m, coll. 
Calvet 1892 11t. 18, no. 223. • Several fragments in two boxes; 
Marseille, coll. Jullien 1858, 2t. 18 no. 102 & 103. 

Additional photographic records. — • 1 large colony; France, 
Marseille, Riou Island, Impérial du large; 38 m; vertical rock; UW 
photo; E. Driancourt leg. • 2 large colonies; France, Marseille, Riou 
Island, Impérial du large; 30-35 m; vertical rocky; UW photos; 
D. Ader leg. • 1 large specimen; France, La Ciotat, Pierre du Le-
vant; 43°09’19”N, 05°37’26.5”E, 65 m; VI.2008; COR; Div; photo 
of collected specimen; S. Sartoretto leg. • 1 colony, SEM photos; 
Spain, Menorca Channel; 39°51’1.541”N, 3°30’22.294”E; 60-80 m; 
VIII.2011; on maerl; INDEMARES IEO exped.; T. Madurell leg. 
(MZB 2015-8368, STUB 540). • 3 large fertile colonies; Croatia, 
Vis Island, Bisevo; 30 m; rocky and sandy bottom with seaweeds; 
22.IX.2014; UW photos; JGH leg. • 1 colony; Tunisia, Zembra 
Island; 45 m; UW photo; P. Sánchez-Jérez leg. (as H. lichenoides in 
Argyrou et al. 2002, Figs 5-29). • 1 colony; Algeria, Jijel, Aouana 
Island; 43 m; UW photo; S. Belbacha leg. (in Belbacha et al. 2011, 
Fig. 53). • 1 colony; Italy, Sicilia, Messina strait; 40 m, UW photo; 
S. Weinberg leg. (in Weinberg 2013: 325). 

Description

Colony erect, strongly calcified, firmly attached to a substrate 
by a broad expansion of secondary calcification, branching 
dichotomously many times with short, variously directed 
ramifications without anastomoses, and with the further 
addition of small, secondary lateral branches growing at 
right angle (Fig. 3F). Resulting growth-form varying from 
sub-planar to convoluted rosette shape, both reaching large 
size, up to ca. 15 cm in width and height, with narrow spac-
ing between secondary branches, pale salmon pink in colour 
when alive (Fig. 2A, G). Autozooid apertures distributed on 
frontal side in 5-8 (6.7 in average) alternating longitudinal 
(linear) rows (Fig. 3A, D, E). Peristomes short, longer on 
lateral sides of branches, with distal edge typically lacking, 
leaving a U- or V-shaped notch, while lateral edges may be 
prominent and distinctly tapered, particularly in lateral rows 
(Fig. 3C, D). Horizontal part of autozooid tubes pierced with 
large, round pores (12.5-15 µm) down to the base of raised 
peristome, clearly visible in the apical zone of branches, where 
autozooid walls remain apparent in frontal view (Fig. 3C). 
Secondary calcification increasing greatly from the branch 
tips to the basal parts of the colony, rapidly masking the 
external features of autozooids. In an initial stage, secondary 
calcification forming thick longitudinal ridges surrounding 
the peristomes (Fig. 3C). These ridges (‘nervi’) increasing in 
thickness and soon joining with flat or convex transversal 
bridges of calcified layers which partially cover the autozooids, 
but leaving oblong or rounded windows (‘sulci’) within which 
some mural pores remain visible (Fig. 3D). In a further stage, 
frontal side, except for raised peristomes, entirely covered 
with a thick layer of secondary calcification densely punctu-
ated with small, round pustules often aligned transversally 
and, proximally to each peristome, interrupted by 3-5 large, 
irregularly shaped holes (‘vacuoles’) (Fig. 3E). Dorsal side of 
branches convex, with surface structured by a network of 
longitudinal ridges branching and anastomosing to produce 
long, concave, spindle-shaped areas pierced with 2-6 large 
pores, covered with small pustules (Fig. 4E). Fertile colonies 

frequent, the large ones bearing a great number of gonozooids 
of the same colour as branches, but clearly denser (Fig. 4A). 
Gonozooid chamber large, developed on the dorsal side from 
an enlarged tube migrated from the frontal side (Fig. 4B), 
clearly longer than wide when placed between two bifurca-
tions, or roughly triangular or heart-shaped when adjacent 
to a branch fork; a prominent crest along the upper midline 
of the chamber, extending on both sides of the ooeciostome 
(Fig. 4A). Brood chamber wall made of foliated crystallites 
overlapping according to the direction of wall growth, pierced 
with mural pores (10.6-14.4 µm), which are rapidly closed 
by pointed radial spines during the development of the gono-
zooid (Fig. 4D). External relief of the gonozooid formed by 
a dense network of small, reticulated ridges, spreading per-
pendicularly towards the upper crest, bearing a line of small, 
round pustules, and delimiting spaces (‘cancelli-like cavities’, 
Taylor & Jones 1993); ooeciostome large, much broader than 
the peristomes of autozooids (x 3.8 in average), placed at the 
middle of the upper crest, curved laterally, with a wide elliptical 
aperture opening towards the space delimited by the closest 
lateral branch (Fig. 4A, B). Ancestrula and early astogenetic 
stages not observed.

Remarks 
Taxonomic issues
The authorship of H. frondiculata has long been attributed to 
Lamouroux (1821) and this designation was maintained by 
d’Hondt (1994: 302), though he noted that two specimens of 
this species kept at the MNHN had a handwritten label signed 
by Lamarck naming them ‘Retepora frondiculata, Méditerranée’. 
There is no indication that Lamouroux had the opportunity 
to examine these specimens in Lamarck’s collection. However, 
his knowledge of the species Retepora frondiculata created by 
Lamarck (1816) is attested by the fact that he mentioned it in the 
synonymy of H. frondiculata (Lamouroux 1821: 42, ‘Rétépore 
frondiculé; de Lam. Anim. Sans vert tom. 2, p. 182, no. 3’). In his 
revision of the European species of Hornera, Mongereau (1972) 
considered only fossil material, except for a Mediterranean 
specimen from d’Orbigny’s collection (MNHN.F.A15367, 
formerly MNHN no. 13773) designated as the neotype of 
H. frondiculata Auct., arguing that the Lamouroux collection 
had been destroyed during World War II (Mongereau 1972, 
see also d’Hondt 1991). As noted by Smith et al. (2008), 
this neotype is not valid. Moreover, Mongereau (1972) dis-
tinguished three morphotypes (‘formes’) of H. frondiculata 
Auct. based on differences in the calcification of the frontal 
side of branches: frondiculata, lagaaiji and striata, the first one 
ranging from the Eocene to the Present, the two others being 
only fossil. The authorship of Lamarck is now admitted (e.g. 
Bock & Gordon 2019), and attested by high-definition photos 
(including SEM pictures and original Lamarck handwritten 
labels) of two syntypes of Retepora frondiculata Lamarck, 1816 
(MNHN-IB-2008-4691 and MNHN-IB-2008-4694), avail-
able on the MNHN website (https://science.mnhn.fr/all/
list?originalCollection-Coll.+Lamarck). The assertion by Smith 
et al. (2008) that Lamouroux (1821) based his description of 
H. frondiculata on material from Kamtchatka is disputable. 

http://coldb.mnhn.fr/catalognumber/mnhn/f/a15367
http://coldb.mnhn.fr/CatalogNumber/MNHN/IB/2008-4691
http://coldb.mnhn.fr/CatalogNumber/MNHN/IB/2008-4694
https://science.mnhn.fr/all/list?originalCollection-Coll.+Lamarck
https://science.mnhn.fr/all/list?originalCollection-Coll.+Lamarck
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When indicating the distribution of H. frondiculata, Lamour-
oux indeed cited first ‘Kamtchatka, Tilesius’, then later ‘Océan 
indien et austral, Linné, Ellis’, and finally ‘Méditerranée, de 
Lamarck’. This succession of localities more probably follows 
a geographical order (farthest to nearest) rather than indicat-
ing that Kamtchatka was the type locality of the species, and 
a specimen from the Tilesius collection the type specimen of 
this species. It is more likely that the specimen illustrating the 
description of H. frondiculata (Lamouroux 1821, pl. 74, figs 7-9) 
was from the Mediterranean. The same origin is highly probable 
for the large colony, beautifully illustrated, but left unnamed 
by J. Ellis (Ellis & Solander 1786, pl. 26, fig. 1; here Fig. 1B) 
and assigned to H. frondiculata by Lamouroux (1821  pl. 26, 
fig. 1), who reproduced Ellis’ plates.

The record in Corsica (Pietranera, North of Bastia, 35 m) 
by Calvet (1902) of H. violacea M. Sars, a species from the 
North Atlantic now classed in the Stimatoechidae Brood, 1972 

[= Stigmatoechos violacea (M. Sars, 1863); Bock & Gordon 2019], 
is obviously a misidentification. The sampling depth of this occur-
rence suggests that it might be H. frondiculata. The specimens 
collected by Lagaaij & Gautier (1965) at 128 m and 145 m 
depth off the mouth of Rhône River may correspond either 
to H. frondiculata or to H. mediterranea n. sp. The record of 
H. caespitosa Busk, 1875 by Calvet (1906) at 445 m depth off 
Cape Sicié (East of Marseille) most likely matches colonies of 
H. frondiculata detached from their substratum and drifted 
down the slope of Sicié canyon. The report of H. lichenoides 
by Laubier (1966) without comment on coralligenous bottoms 
at Banyuls-sur-Mer at moderate depth (< 40 m) is probably a 
misidentification of H. frondiculata.

Morphological features
The general shape and branching type of colonies of H. frondic-
ulata are typical, and cursory examination, even underwater, 

A B C

D E F

Fig. 3. — Hornera frondiculata (Lamarck, 1816), frontal side: A, part of colony with five bifurcations; B, growing tip of a branch; C, initial stage of secondary cal-
cification with ridges encircling autozooids with typically notched peristomes and frontal wall pierced with large mural pores; D, intermediate stage of secondary 
calcification; E, older stage of secondary calcification; F, part of colony with several lateral branches. Origin: A-D, Greece, Scarpanto Strait, 29-33 m, 29.VIII.1967; 
E, Marseille, Riou Is., 70 m, 3.VII.1971; F, Riou Is., 90 m, 2.III.1972. Scale bars: A, F, 500 µm; B, 200 µm; C-D, 100 m; E, 150 µm. Photos: Jean-Georges Harmelin.
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allows a correct identification of the species. Old drawings 
of large colonies, such as that represented by Marsilli (1725 
pl. 33, fig. 163; here Fig. 1A), can therefore be assigned to 
this species with confidence. The shape of colonies shows a 
marked habitat-related plasticity, from nearly planar on rocky 
walls to strongly contorted on coarse detrital sandy bottoms 
(Fig. 2 A-D, see below in Discussion). However, the detailed 
structure of the branches is similar in both growth-forms. Lat-
eral branches growing at right angles are frequent in colonies 
of H. frondiculata (Figs 2E, F, 3F) regardless of their shape; 
they apparently appear to develop subsequently to the distal 
growth and bifurcation of the branches from which they are 
budded. Delayed budding of lateral branches is assumed 
to be an adaptive strategy to increase the fragmentation 

of empty spaces between laterally adjacent branches and 
improve the filtering activity of a colony according to its 
microenvironment (see below, Discussion). Lateral branches 
and typical notched peristomes are present on a colony of 
H. frondiculata collected by Abdelsalam (2014, fig. 2) on 
the Mediterranean coast of Egypt, but the stem and main 
branches are exceptionally thick and irregularly ramified. 
This unusual growth-form and remarkable calcification may 
be induced by peculiar features of the habitat, e.g. shallow 
depth (20-25 m) and proximity of the Nile delta and the 
mouth of the Suez Canal. The particular shape of peristomes 
characterized by a deep distal U-shaped notch (Fig. 3C, D), is 
a constant and highly discriminating trait of H. frondiculata. 
The main variability in the peristome shape concerns the 

A B

C

D

E

Fig. 4. — Hornera frondiculata (Lamarck, 1816), dorsal side: A, part of colony with 2 gonozooids; B, gonozooid lateral view showing the ooeciostome and the 
basal tube; C, frontal view of a gonozooid chamber under construction; D, gonozooid wall made of foliated crystallites and mural pore closed by radial spines; 
E, wall of dorsal side with ridges delimiting porous spindle-shaped areas. Origin: A-E, Marseille, Riou Is., 70 m, 3.VII.1971. Scale bars: A-B, 500 µm; C, 250 µm; 
D, 5 µm; E, 200 µm. Photos: Jean-Georges Harmelin.
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lateral edges, more or less projecting and sometimes clearly 
triangular (Fig. 3D). The presence of notched peristomes in 
this species was noted in early publications (e.g. Busk 1875: 
17, pl. 20, figs. 2, 3; Waters 1904: 94, pl. 9, fig. 3), but has 
not been systematically taken into account subsequently as 
a species-specific feature, leading to erroneous records, par-
ticularly of non-Mediterranean living specimens (e.g. Busk 
1886), or of fossil material (e.g. Mongereau 1972; Moissette 
1993; Moissette et al. 2007; Zágoršek 2010). Besides hav-
ing a distal notch, the peristomes of H. frondiculata differ 
from those of H. mediterranea n. sp. in their significantly 
smaller size (Table 2). The mural pores of the autozooid 
walls, visible in young parts of branches, are particularly 
large (Fig. 3C), clearly broader than in H. mediterranea n. sp. 
The frontal and dorsal sides of branches of H. frondiculata 
have a typical aspect, with calcified structures and hollows 
contributing to the distinctiveness of this species when 
compared to H. mediterranea n. sp. (Fig. 3). However, the 
development of the secondary calcification on branches of 
H. frondiculata is similar to that observed in other Hornera 
species (e.g. H. antarctica: Borg 1926, 1944, and below, 
H. mediterranea n. sp.). Schematically, the frontal side of 
the autozooid walls is first partially covered by longitudinal 
strips and transversal bars, that then merge to form a thick, 
complete cover between the raised peristomes, just inter-
rupted by several small, irregularly shaped windows per zooid 
(Fig. 3B-E). The strengthening of the dorsal side by a cover 
of secondary calcification presents a distinctive aspect with 
spindle-shaped, longitudinal depressions (Fig. 4E) containing 
several pores, which are, like the holes of the frontal side, 
windows allowing communication between the hypostegal 
pseudo-coelom and the autozooids. Hornera frondiculata 
is characterized by high fertility, with a large proportion 
of fertile colonies (Table 2) and a large number of gono-
zooids per fertile colony. For example, 20 gonozooids were 
present in a medium-sized colony (H: 7.7 cm, W: 6.6 cm, 

Marseille, South Riou, 70 m; 3.VII.1971). On colonies with 
a contorted shape, gonozooids are generally placed on the 
convex parts of branches, probably for the efficient export 
of larvae. As noted by early authors (e.g. Alder 1864: 109, 
pl. 5, fig. 7), the carinated shape of the gonozooids, with 
a ridge along the upper side of the chamber (‘carina’, Borg 
1926), is very typical. This prominent longitudinal ridge, 
which starts at the opposite sides of the long axis of the 
chamber and ends on both sides of the ooeciostome may 
result from the suture of two lateral valves, as suggested by 
stages in the development of the gonozooid (Fig. 4C). The 
tubular origin of the gonozooid from a zooid of the frontal 
side, well described by Borg (1926), is evident from SEM 
examination (Fig. 4B).

Geological distribution

Records of fossil material attributed to H. frondiculata are 
numerous (e.g. Mongereau 1972; Smith et al. 2008). In the 
list of Hornera species available at Bryozoa.net (see above), 
H. frondiculata is considered to span from the Palaeogene to 
the Recent. The overall appearance of fossil Hornera colonies 
can be misleading. For example, the holotype of Hornera 
affinis Milne Edwards, 1838, from the Tertiary of Sicilia 
(MNHN-IB-2008-4416), looks like H. frondiculata. It is 
clear that the validity of these fossil occurrences cannot be 
evaluated if the raised peristomes are eroded (as in most cases), 
and therefore the presence or not of a distal notch, the most 
decisive criterion for this species, cannot be checked. This 
feature is not explicitly considered in the description of fossil 
material (e.g. Mongereau 1972; Moissette 1988; Moissette 
et al. 2007). The peristomes of a specimen from the Miocene 
of the Czech Republic assigned to Hornera cf. frondiculata 
by Zágoršek (2010, pl. 26, fig. 12) are clearly not notched. 
However, notched peristomes can be recognised on a Plio-
Pleistocene specimen from Rhodes illustrated by Moissette & 
Spjeldnaes (1995, pl. 2, fig. 5). 

Table 1. — Distribution of H. frondiculata (Lamarck, 1816) in Mediterranean ecoregions (classification according to Notarbartolo di Sciara & Agardy 2010).

Mediterranean ecoregions References
Algero-Provençal Basin France: Provence, Harmelin 1976, Coll. JGH; Catalonia, Laubier 1966 as H. lichenoides (dubious 

identification); West Corsica, Calvet 1902: (dubious identification). Calvet 1906 as H. caespitosa. 
Spain, Catalonia, Zabala 1986; Balearic Is.: Zabala 1993, Ballesteros 2006, Souto et al. 2010. 
Algeria: Gautier 1955, Belbacha et al. 2011.

Alboran Sea ?
Tyrrhenian Sea France: East Corsica, Calvet 1902 (as H. violacea). Italy: Naples, Waters 1904, Cook 1968; Apollo 

Bank, Di Geronimo et al. 1988, Coll. AR. North Tunisia: East Tabarka coast, S. Sartoretto leg.; 
Zembra Is., Argyrou et al. 2002 (figured as H. lichenoides)

Ionian Sea Italy: South Sicilia, Rosso 1996, Coll. AR, Di Geronimo et al. 1998, Weinberg 2013. Greece: 
Corfou: Coll. JGH (leg. J. Vacelet)

Tunisian Plateau East Tunisia: Canu & Bassler 1930. Malta: NHMUK ecatalogue 8645130. Graham Bank, Di 
Geronimo et al. 1993, Coll. AR

Adriatic Sea Heller 1867, Neviani 1939, Novosel 2005.
Aegean Sea Greece: South Creta, Coll. JGH (R/V Calypso survey 1964); Scarpanto Strait: Harmelin 1968 ; N. 

Sporades: Simboura et al. 1995.
Levantine Sea Egypt: O’Donoghue & De Watteville 1939, Abdelsalam 2014. Cyprus: Argyrou et al. 2002 (as 

H. lichenoides), Achilleos et al. 2020.

http://coldb.mnhn.fr/CatalogNumber/MNHN/IB/2008-4416
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Habitat distribution

As noted by Ballesteros (2006), H. frondiculata belongs to the 
assemblage of species from deep-water coralligenous habitats, 
together with other large rigidly erect bryozoans which form an 
intermediate stratum below that of large gorgonians (Belbacha 
et al. 2011). However, H. frondiculata exhibits two frequency 
peaks among the Mediterranean coastal habitats (Table 4), (i) on 
dimly lit steep rocks of the coralligenous community, in some 
cases at its upper depth limit (30-35 m), but generally deeper 
(50-80 m), and (ii) on deep coarse detrital sand. In the coral-
ligenous rocky habitat, H. frondiculata  occupies only exposed 
microhabitats (Novosel 2005), such as vertical walls shaded by 
large gorgonians. In contrast, it is absent from overhangs and 
cavities, or the entrance of caves. Hornera frondiculata can be 
abundant, forming large bushy colonies on detrital sand covered 
with coarse biogenic elements in the vicinity of steep rocks, 
(‘débris organogènes’, Harmelin 1976). These biogenic min-
eralized deposits are alive or dead (thanatocenose, Rosso 1996; 
Di Geronimo et al. 2001), coming in part from nearby coral-
ligenous rocks, directly from drifted fragments, or indirectly 
from larval recruitment onto large erect cnidarians, empty 
bivalve shells (Spondylus Linnæus, 1758, Arca Linnæus, 1758) 
and large bryozoan colonies. In sites swept by bottom currents, 
the latter may form aggregations of erect colonies at the surface 
of coarse soft bottoms (Marion 1883: ‘graviers à bryozoaires’; 
Picard & Bourcier 1976: ‘fonds détritiques côtiers à grands 
bryozoaires branchus’).

Geographical distribution

There is no reliable indication that H. frondiculata occurs 
outside the Mediterranean. The records of this species at 
Cape Verde, West Africa by Busk (1886) and Cook (1968) 
are doubtful as the latter noted ‘tubular peristomes’, thus 
apparently without the characteristic distal indentation. The 
status of endemic to the Mediterranean for H. frondiculata 
is likely, but needs to be verified through the study of mate-
rial from the near Atlantic. This species has been recorded in 
seven of the eight ecoregions of the Mediterranean (Table 1).

Hornera mediterranea n. sp. 
Figs 5-8, tables 2-4

urn:lsid:zoobank.org:act:8A0CE681-7201-486D-A0E5-1E64C55347A9

Hornera mediterranea Waters, 1904: 94 (nomen nudum); 1905: 15 
– Smith et al. 2008: 390.

Hornera lichenoides (Linnæus) – Calvet 1931: 43 (part: st. 344 & 
633) – Laubier 1966: 223, table (dubious identification) – Zabala 
1986: 820, fig. 244, pl. 29-D; 1993: 572 – Saguar & Boronat 1987: 
413, table, figs 3-5 – Zabala & Maluquer 1988: 182, figs 620-624 
– Rosso 1989: 270, tabs 5, 23, pl. 1b; 1996: 209, table; 2005: 263, 
table 3 – Costa et al. 1991: 418, table 2 – Harmelin & d’Hondt 
1992: 609 – Di Geronimo et al. 1993: 92, table 3; 1997: 200, 
table 3; 1998: 248, table 1; 2001: 282, table 3; 2005: 73, table 4.

‘Hornera lichenoides’ Auctt. not (Linnæus, 1758) – Rosso & Di 
Martino 2016: 570.

Hornera frondiculata Lamouroux, 1821 – Harmelin 1968: 1187.

Hornera sp. - Harmelin 1976: 223, table I, 229, table III; 1978: 
137 – Abdelsalam 2014: 272, fig. 3 (dubious identification) – Rosso 
2009: 134.

Hornera serrata Meneghini, 1844 – Neviani 1939: 70 (dubious 
identification).

Hornerra violocea var. proboscina Busk, 1875 – O’Donoghue & de 
Watteville 1939: 8 (dubious identification). 

Type locality. — France, Marseille, Riou Island.

Type material. — Holotype. France • 1 large fertile colony, ca. 5 cm 
high, 6.7 cm wide, with long, contorted branches, 58 bifurcations 
and 6 gonozooids (Fig. 5A); Marseille, SW Riou Island; 43°10’25”N, 
5°22’52’’E; 60-62 m; VII.1982; coarse DC and low rocks; JGH leg.; 
MNHN-IB-2017-225.
Paratypes. France • 1 fragmented colony with 10 bifurcations 
and 5 gonozooids; same data as for holotype; JGH leg.; MNHN-
IB-2017-226 • 2 fragments of colony with gonozooids; same origin 
as the holotype; JGH leg.; MNHN-IB-2017-227 • 2 fragments 
of fertile colony with 2 gonozooids; Marseille, South Riou Island; 
Stn JGH-71.33; 74 m; 5.VII.1971; Div; MNHN-IB-2017-228 
• 2 fragments of well-calcified colony; Marseille, South Riou Is.; Stn 
JGH-71.34; 70 m; 3.VII.1971; Dre; with H. frondiculata; JGH leg.; 

Table 2. — Morphometrical data for Hornera frondiculata (Lamarck, 1816) and H. mediterranea n. sp. Results: mean ± standard deviation (range, number of 
data). – Morphological features, measurements (µm). Width of peristomes: smallest axis of ellipse, width of gonozooids: smallest dimension in frontal view), 
length of gonozooids: largest dimension in frontal view. Origin and number of measured colonies, H. frondiculata: 11 colonies from 7 sites (Riou Is., Palazzu, 
Kavensur, Corfou, Scarpanto); H. mediterranea n. sp.: 12 colonies from 7 sites (Riou Is., La Ciotat), including the holotype. – Fertility of colonies: N1: total number 
of examined colonies, N2: total number of fertile colonies, percentage of fertile colonies in brackets; N3: total number of gonozooids, N3/N1: mean number of 
gonozooids per examined colony, N3/N2: mean number of gonozooids per fertile colony.

H. frondiculata (Lamarck, 1816) H. mediterranea n. sp.
Morphological features 

W branch 974 ± 235 (500-1560, 102) 711 ± 128 (455-1020, 143)
W peristome 122 ± 11 (108-145, 49) 148 ± 12 (125-185, 102)
L gonozooid 2562 ± 480 (1720-3545, 46) 1283 ± 260 (820-1750, 23)
W gonozooid 1154 ± 235 (850-1900, 27) 896 ± 111 (650-1130, 22)
W ooeciostome 466 ± 70 (360-605, 32) 216 ± 26 (185-265, 8)
N AZ rows 7.6 ± 1.3 (5-11, 67) 5.4 ± 0.9 (4-7, 59)

Fertility of colonies
N1 / N2 (%) 24 / 16 (66.7) 126 / 9 (7.1)
N3 (N3/N1 – N3/N2) 213 (8.9 – 13.3) 14 (0.11 – 1.56)

Depth of sampled sites (m)
56.6 ± 20.8 (30-100, 18) 90.5 ± 34.2 (55-200, 23)

http://zoobank.org/urn:lsid:zoobank.org:act:8A0CE681-7201-486D-A0E5-1E64C55347A9
http://coldb.mnhn.fr/CatalogNumber/MNHN/IB/2017-225
http://coldb.mnhn.fr/CatalogNumber/MNHN/IB/2017-226
http://coldb.mnhn.fr/CatalogNumber/MNHN/IB/2017-227
http://coldb.mnhn.fr/CatalogNumber/MNHN/IB/2017-228
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MNHN-IB-2017-229 • 1 large colony with lateral branches; 
Marseille, Riou Island, Impérial du large; 55 m; 2.II.1976; coarse 
DC; JGH leg.; MNHN-IB-2017-230.

Other material examined. — France • several small colonies, 
1 gonozooid; same data as for paratype MNHN-IB-2017-228; 
JGH leg. • 1 colony; same data as for paratype MNHN-IB-2017-229; 
JGH leg. • several fragments; Marseille, South Riou Is.; Stn JGH-
71.43; 70 m; 8.XII.1971; coarse DC; Div; JGH leg. • several 
small colonies; Marseille, South Riou Island; Stn JGH-72.8; 
90 m; 2.III.1972; silty DC; Dre; JGH leg. • 1 colony; Marseille, 
South Riou Is.; Stn JGH-72.22; 100 m; 26.V.1972; silty DC; Dre; 
JGH leg. • several fragments; Marseille, South Riou Is.; Stn JGH-
73.9; 90-100 m; 6.IV.1973; silty DC; Dre; with H. frondiculata; 
JGH leg. • several fragments; Marseille, South Riou Is.; Stn JGH-
73.17; 85 m; 12.VII.1973; DC; Dre; JGH leg. • several colonies; 
Marseille, South Riou Is., Impérial du large; 55 m; 2.II.1976; 
coarse DC; Div; JGH leg. • several large colonies, some fertile; 
same data as for holotype; JGH leg. • several fragments; Marseille, 
North Mangespin; 65 m; 18.IV.1972; Dre; with H. frondiculata; 
JGH leg. • fragments; Marseille, Mangespin, South Veyron; Stn 
JGH-72.21; 60 m; 25.V.1972; Dre; DC; JGH leg. • fragments; 
Bay of Cassis; 75 m; XI.1970; DC; Dre; M. Bourcier leg. • frag-
ments; Bay of Cassis; 95 m; silty DC; Dre; M. Bourcier leg. • frag-
ments; Bay of Cassis; 75 m; IX.1971; DC; Dre; M. Bourcier leg. 
• fragments; off Cassis, East Cassidaigne canyon; 170-200 m; 

30.IX.1969; silty DC; Dre; H. Zibrowius leg. • fragments; off 
Cassis, West Cassidaigne canyon, Stn JGH-71.13; 140-170 m; 
5.V.1971; silty DC, Dre; JGH leg. • fragments; off Cassis, West 
Cassidaigne canyon, Stn JGH-72.9; 115-130 m; 22.III.1972; 
silty DC; Dre; JGH leg. • 1 colony; Bay of La Ciotat; 60 m; 
27.VII.1992; DC; Dre; M. Bourcier  leg. • fragments; Hyères 
Islands, South Porquerolles Island, 2.2 nautical miles South off 
Cap d’Armes; Stn JGH-76.24; 130 m; 19.VI.1976; coarse DC; 
Dre; JGH leg. • Hyères Islands, off Levant Island, Magaud Bank; 
Stn JGH-71.25; 100 m; 24.VI.1971; DC + rocks; Dre; JGH leg. 
• fragments; Hyères Islands, off Levant Island, Magaud Bank; 
Stn JGH-71.27; 100 m; 24.VI.1971; DC + rocks; Dre; JGH leg. 
• fragments; French Riviera, Bay of Cannes; 75 m; IV.1970; silty 
DC; Dre; M. Bourcier leg. 
Italy • 10 small fragments; South Sicilia, Gulf of Noto; Stn PS/81 
4C; 95-86 m; A. Rosso leg. • 7 fragments; South Sicilia, Gulf 
of Noto; Stn PS/81 4X; 102-93 m; A. Rosso leg. • 4 fragments; 
Sicilia Strait; Stn V 2B; 125 m; A. Rosso leg. • 1 small fragment; 
Sicilia Strait; Stn V 3; 120 m; A. Rosso leg. • 1 fragment; Sicilia 
Strait; Stn V 4; 120 m; A. Rosso leg. • 2 small fragments; Sicilia 
Strait; Stn V 9; 129 m; A. Rosso leg. • 1 small fragment; Sicilia 
Strait; Stn V 17; 120 m; A. Rosso leg. 
Greece • 1 small fragment; Santorini; R/V Jean Charcot, Stn 
32.MO.67; 36°32.3’N, 25°17.85’E.; 110-128m; 4.IX.1967; coarse 
DC and biogenic concretions; Dre; JGH leg. (as H. frondiculata 
in Harmelin 1968).

A B

C D E

Fig. 5. — Hornera mediterranea n. sp., branching features of colonies: A, holotype, MNHN-IB-2017-225. B1, large colony sparsely branched, B2, smaller colony 
densely ramified; C, large bushy colony; D, base of a colony encrusting a biogenic fragment; E, part of colony with lateral branches. Origin: A, C, same as holo-
type, Marseille, Riou Is., 60-65 m. B1, La Ciotat, 60 m, 27.VII.1992; B2, Marseille, Riou Is., 70 m, 8.XII.1971; D, Marseille, Grand-Conglue Is., 90 m, 2.III.1972; 
E, Marseille, Impérial du large, 2.II.1976. Scale bars: A-B, 1 cm; C, 2 cm; D-E, 2 mm. Photos: Jean-Georges Harmelin.

http://coldb.mnhn.fr/CatalogNumber/MNHN/IB/2017-229
http://coldb.mnhn.fr/CatalogNumber/MNHN/IB/2017-230
http://coldb.mnhn.fr/CatalogNumber/MNHN/IB/2017-228
http://coldb.mnhn.fr/CatalogNumber/MNHN/IB/2017-229
http://coldb.mnhn.fr/CatalogNumber/MNHN/IB/2017-225
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Additional material. — Museum specimens from the Atlantic 
and boreal seas not belonging to H. mediterranea n. sp., attributed to 
Hornera lichenoides • 6 SEM photos; Greenland, 70°30’N, 54°44’W, 
175 fms, HMS Valourous expedition 1875, NHM 1911.10.1.181; 
P. Kuklinski leg., sent by P. D. Taylor on 27.V.2005 • 1 colony; 
Bay of Biscay; R/V Travailleur 1881; 392 m; Dre. 40, Calvet 1906; 
MNHN no. 866, examination on 15.II.2005 • 1 colony; Norway, 
Finnmark, Jarfjord; Pouchet expedition 1891; Dre. 26; L. Calvet, 
11 t. 18; MNHN no. 222, examination on 15.II.2005 • 1 colony; 
Finnmark, Loppen; Smitt, M6 (R) -1867; MNHN no. 177g, 
examination on 15.II.2005.

Etymology. — mediterranea: from the Mediterranean Sea, the 
source of all specimens examined for the present description.

Diagnosis. — Zoarium erect, ramified dichotomously with nar-
row, isodiametric branches oriented in several directions. Frontal 
side of branches occupied by rows of autozooids pierced by small 
mural pores, with short, relatively broad peristomes with ellipsoidal 
apertures. Gonozooid globular or oval, built from a broad basal tube, 
covered with a stratified network of calcified strings, ooeciostome 
opening laterally. Secondary calcification of frontal side leading to a 
uniform cover punctuated by small pustules, with 1-3 small windows 

per autozooid. Dorsal side convex with longitudinal ridges bearing 
small pustules aligned transversally. 

Description

Zoarium erect, firmly fixed on small, discrete substrata by layers 
of secondary calcification expanding widely (Fig. 5D), white in 
colour, bushy, reaching large size (> 10 cm), but often smaller, 
ramified dichotomously many times without anastomoses, 
with slender, nearly cylindrical, isodiametric branches, bent 
in several directions, often with long segments between two 
bifurcations (up to 1-1.5 cm) (Fig. 5A-C); lateral branches grow-
ing at right angle present, but not frequent (Fig. 5E). Frontal 
side occupied by autozooids opening alternatively along 4-7 
longitudinal rows on the frontal side (Fig. 5A, D), with wall 
pierced by round pores (about 8-11 µm), scattered all around 
the tube except above the base of the peristomes (Fig. 6B); 
peristomes short, longer on branch sides (180-210 µm), with 
aperture entire, ellipsoidal, slightly broader distally, with long 
axis oriented longitudinally in medial rows, more obliquely 

A B C

ED F

Fig. 6. — Hornera mediterranea n. sp., frontal side: A, bifurcated distal part of branch; B, edge of branch, note the shape of peristomes; C, branch tip without 
secondary calcification; D-E, two stages of secondary calcification; F, part of branch with heavy secondary calcification. Origin: A, C-E, Marseille, Riou Is., 85 m, 
2/VII/1973; B, F, Riou Is., 74 m, 5/VII/1971. Scale bars: A, 400 µm; B, 100 µm; C-F, 200 µm. Photos: Jean-Georges Harmelin.



537 

The Mediterranean species of Hornera Lamouroux,1821 (Bryozoa, Cyclostomata)

ZOOSYSTEMA • 2020 • 42 (27)

on lateral rows (Fig. 5B). External aspect of autozooids vary-
ing markedly from the branch tips to the base of the colony 
according to the increase with age in the amount of secondary 
calcification; four schematic stages perceivable in this progres-
sion (Fig. 5C-F): (stage 1) apical area of branches (Fig. 6A-C), 
autozooids with raised peristome and primary frontal wall fully 
exposed, 8-10 mural pores and both sides slightly thickened by 
a smooth longitudinal ridge, a large empty space (40-60 µm) 
bordered with the base of the lateral ridges at the proximal end 
of frontal wall, (stage 2) (Fig. 6D) thickening and broadening 
of the lateral ridges that tend to cover the whole frontal wall, 
leaving only few mural pores visible, which can be included 
within narrow, longitudinally oblong windows, (stage 3) in 
older parts (Fig. 6E), peristomes emerge from a thick cover of 
secondary calcification formed by thick, convex, longitudinal 
‘mouldings’ covered with transverse lines of pustules, which 
border 1-2 large, oblong windows, (stage 4) in more basal 
parts (Fig. 6F) peristomes hardly emerging from a uniform 
mass of secondary calcification, which is densely punctuated 

by small pustules distributed transversally, and interrupted by 
small, irregularly shaped windows, 1 to 3 per zooid. Dorsal 
side markedly convex, entirely covered by layers of secondary 
calcification deposited straight from the branch tip, deeply 
striated with narrow, longitudinal, anastomosed ridges with 
rounded surface covered with tiny pustules aligned transversally, 
leaving long, narrow spindle-shaped empty spaces between 
them, open or closed by a wall pierced by 2-5 small pores (10-
13 µm wide) (Fig. 7A-C). Gonozooid chamber on the dorsal 
side, globular with ovoidal or roundish outline, broader than 
the branch on which it is placed (Fig. 7E); basal part made of 
a tube migrated from the frontal side and markedly widened 
(W = 220-260 µm) before building the floor of the gonozooid 
across a large part of the branch width (Fig. 7F); cover of fully 
grown gonozooid densely reticulated by a complex network 
made of stratified layers of anastomosed strings of secondary 
calcification converging towards the top of the gonozooid and 
forming a low crest towards the ooeciostome (Fig. 7F, G); areas 
between the strings irregularly shaped and sized, some closed 

A

E F G

H

B C D

Fig. 7. — Hornera mediterranea n. sp., dorsal side: A-C, secondary calcification of dorsal side with ridges bearing transversally aligned pustules and pores in 
narrow spindle-shaped areas; D, branch tip; E, gonozooid in frontal view; F, gonozooid in lateral view, basal tube and ooeciostome; G, network of secondary 
calcification covering the gonozooid wall; H, gonozooid wall with 3 mural pores closed by radial spines. Origin: A-C, Riou Is, 85 m, 12.VII.1973; D-F, Riou Is., 
74 m, 5.VII.1971; G, Riou Is., 70 m, 3.VII.1971. Scale bars: A, 200 µm; B-C, 50 µm; D, F-G, 100 µm; E, 400 µm; H, 10 µm. Photos: Jean-Georges Harmelin.
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by calcified, porous wall; primary gonozooid wall pierced with 
rounded pores closed by a diaphragm made of converging 
pointed processes (Fig. 7H). Ooeciostome a short tube open-
ing laterally, slightly curved downwards, placed just above 
the basal tube of the gonozooid and seemingly prolonging it, 
frequently with a low crest on the upper midline, ooeciopore 
oval, a little broader than the autozooid peristomes (x 1.5 in 
average) (Fig. 7F). Frequency of fertile colonies and number of 
gonozooids on them relatively low (Table 2); floor of gonozooids 
sometimes remaining on branches after loss of the upper parts 
(Fig. 8). Ancestrula and early astogenetic stages not observed.

Remarks

Taxonomic issues
The species name mediterranea was introduced by Waters (1904: 
94, 1905: 15) for a specimen from Naples, first assigned by 
him to H. lichenoides (Linnæus) because of similarities in the 
gonozooid, but differing from the latter by colony and autozooid 
features. However, this new species name fails to comply with 
article 12 of the ICZN as Waters did not give a real description 
of this taxon, nor a figure, and has not deposited type material, 
nor specimen bearing this name in the museums known to house 
his material (NHMUK, Museum of Manchester). Therefore, 

although there is a strong presumption that Waters designated 
under the name H. mediterranea a specimen belonging to the 
species described here, this specific name is considered to be a 
nomen nudum, and thus available. In tribute to A. W. Waters, 
the species name mediterranea is given here for the second 
Hornera species present in the Mediterranean.

Records in the literature of Mediterranean bryozoans that can 
be referred with some confidence to H. mediterranea n. sp. are 
the following which were originally cited as (i) H. lichenoides 
(Linnæus) (Calvet 1931; Zabala 1986; Zabala & Maluquer 1988; 
Harmelin & d’Hondt 1992; Di Geronimo et al. 1993; Rosso & 
Di Geronimo 1998), (ii) H. lichenoides Auctt. not Linnæus 
(Rosso & Di Martino 2016), (iii) H. ‘lichenoides’ (Rosso 
et al. 2010; Rosso & Di Martino 2016), and (iv) Hornera sp. 
(Harmelin 1976, 1978; Rosso 2009; Abdelsalam 2014). These 
records are recent specimens, but there are also fossils from the 
Plio-Pleistocene (Zabala 1986; Saguar & Boronat 1987; Zabala & 
Maluquer 1988; Rosso 1989; Rosso & Di Geronimo 1998; 
Abdelsalam 2014).

Morphological features
Colonies of H. mediterranea n. sp. are readily distinguishable 
from those of H. frondiculata. They are typically formed of 

A B

Fig. 8. — Hornera mediterranea n. sp., vestiges of brood chambers: A, two floors covered by secondary calcification; B, basal tube of a gonozooid. Origin: 
A-B, Riou Is., 74 m, 5/VII/1971. Scale bars: A, 400 µm; B, 200 µm. Photos: Jean-Georges Harmelin.

Table 3. — Distribution of H. mediterranea n. sp. in Mediterranean ecoregions.

Mediterranean ecoregions Records
Algero-Provençal Basin France: Provence, Harmelin 1976, Coll. JGH; Monaco, Calvet 1931. Spain: Catalonia, Zabala 1986; 

Levante coast, Saguar & Boronat 1987; Balearic Is., Zabala 1993
Alboran Sea Harmelin & d’Hondt 1992
Tyrrhenian Sea Italy: Naples, Waters 1904, 1905; NE Sicilia, Di Geronimo et al. 2001
Ionian Sea Italy: South Sicilia, Calvet 1931, Rosso 1989, 1996, Coll. AR; Taranto Gulf, Di Geronimo et al. 1998
Tunisian Plateau ?
Adriatic Sea Neviani 1939 (dubious identification)
Aegean Sea Greece: Santorin: Coll. JGH
Levantine Sea Egypt: O’Donoghue & de Watteville 1939, Abdelsalam 2014 (dubious identification)
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narrow, often curved, subcylindrical branches, irregularly 
bifurcating in three dimensions. These colonies are fragile and 
easily fragmented, but sampling by diving has shown that they 
can reach a large size (> 10 cm, Fig. 5C) in favourable sites, 
such as that of the holotype. Lateral branching is present, 
but less common than in H. frondiculata. The autozooids 
differ from those of H. frondiculata in their larger diameter 
(Table 2), smaller mural pores, and shorter peristomes with 
an ellipsoidal aperture, slightly broader distally. The develop-
ment of secondary calcification on the frontal side follows 
the same succession of stages as in H. frondiculata, with a 
similar pattern of thickening, that can be divided into 4 
stages (Fig. 6). The main difference concerns the windows 
(‘lacunes’), which are less numerous and smaller in the last 
stages of calcification in H. mediterranea n. sp. (Fig. 6F). The 
thickening of the convex dorsal side is typically achieved by 
distinct ribs with rounded outline, covered by transverse lines 
of small pustules, a structure resembling that of H. brancoensis 
Calvet, 1906 from Cape Verde Islands. Within depressions 
between these ribs, pores are smaller than in H. frondiculata, 
in which they are included in spindle-shaped depressions. As 
in H. frondiculata, the gonozooid is broader than the branch 
on which it is developed, but its relative size is smaller, its 
shape is rounded or oval, and it is not carinated. Unlike 
H. frondiculata, H. mediterranea n. sp. produces few gono-
zooids (Table 2). The occurrence on branches of H. mediter-
ranea n. sp. of vestiges of brood chambers consisting of floors 
more or less covered by secondary calcification (Fig. 8A), or 
limited to the basal tube of the chamber (Fig. 8B), can be 
diversely interpreted. These remains might be signs of aborted 
growth due as well to strong limitations in time of suitable 
conditions for the development of gonozooids as to vulner-
ability to particular adverse conditions. However, according 
to Batson et al. (2020), similar vestiges of gonozooid floors 
observed in Hornera colonies from New-Zealand would result 
from the resorption of brood chamber walls. 

Fossil records
Hornera lichenoides Auctt. was recorded together with 
H. frondiculata in fossil deep coral assemblages from the 
Early Middle Pleistocene of southern Italy by Di Geronimo 
et al. (2005) and in other deposits of the same age (Rosso & 
Di Geronimo 1998; Rosso 2005). The occurrence of this 
species in Early Pleistocene deposits in southern Italy was 
considered by Rosso & Di Geronimo (1998) as an indica-
tion that this species was a ‘residual boreal guest’ that had 

colonized the Mediterranean during the glacial intervals. 
These Pleistocene specimens attributed to H. lichenoides can 
be identified as H. mediterranea n. sp. considering that the 
differences between the two species were recognized by Rosso 
(i.e. Rosso 2009; Rosso & Di Martino 2016) and extant 
specimens of H. mediterranea n. sp. from Rosso’s collection 
have been examined here. The hypothesis that H. mediter-
ranea n. sp. results from a speciation from boreal populations 
of H. lichenoides having entered the Mediterranean during 
phases of glaciation can be regarded as tenable. On the other 
hand, the record of H. lichenoides from the Middle Miocene 
in Hungary by Moissette et al. (2007), without morphologi-
cal details, remains questionable.

Habitat distribution

All examined specimens of H. mediterranea n. sp. were col-
lected within the depth range of 55-200 m (Table 4), on soft 
bottoms ranging from the circalittoral zone (sensu Pérès & 
Picard 1964) to the upper limit of the bathyal zone. The 
shallowest sampling stations were close to deep coralligenous 
outcrops or lower discrete rocks, and presented a large part 
of coarse detrital elements indicating the frequent occurrence 
of bottom currents. The largest specimens (Fig. 5A, C) were 
collected in this category of stations. In deeper soft bottoms 
(100-200 m), more distant from the coast and comprising 
a greater proportion of fine particles, colonies were smaller. 
Unlike H. frondiculata, colonies of this species were never 
collected on rocky walls, but all were lying free at the surface 
of soft bottoms, leaning on their lateral branches, the base 
attached on small to tiny substrates. The record at a very 
shallow depth (20-25 m) in Egypt by Abdelsalam (2014) of a 
fragment of colony identified as Hornera sp., sampled together 
with H. frondiculata, is questionable and probably does not 
correspond to H. mediterranea n. sp. All examined colonies 
of H. mediterranea n. sp. were free of epibionts except for one 
from Marseille (JGH-Stn 72.8, Riou Is., 90 m), which was 
encrusted by two small colonies of Amphiblestrum lyrulatum 
(Calvet, 1907). Interestingly, as pointed out by Lopez de la 
Cuadra & Garcia-Gomez (1994) in their redescription of this 
species, A. lyrulatum is endemic to the Mediterranean and 
often confused with ‘Ramphonotus minax’ (Busk, 1860) from 
the northern Atlantic. Thus, as with H. mediterranea n. sp., 
A. lyrulatum may be a ‘residual northern guest’ (Rosso & 
Di Geronimo 1998), genetically differentiated in the Medi-
terranean after transfer after transfer of an Atlantic species 
during glaciation phases.

Table 4. — Occurrence frequency (% Occ.) of H. frondiculata (Lamarck, 1816) (H. f.) and H. mediterranea n. sp. (H. m.) in six habitat categories from the coastal 
zone of the French Mediterranean coast. Data from Harmelin (1976, table 1). Depth range (mean in brackets) of samplings. COR: coralligenous rocky bottoms; 
GSO: semi-dark cavities.

Habitat Depth range (m) N samples H. f. % Occ. H. m. % Occ.
Shallow COR-GSO 8-46 (20.4) 23 0 0
Deep COR 55-75 (63.4) 9 11.1 0
Biogenic deposits 40-75 (61.0) 7 42.9 42.9
Coarse detrital sand 60-100 (78.9) 15 53.3 33.3
Silty detrital sand 105-200 (150.0) 13 7.7 38.5
Silty sand 205-350 (268.5) 10 0 0
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Protection status

As already mentioned, H. lichenoides (Linnæus, 1758) is the 
only bryozoan species in the list of endangered or threat-
ened species in the Mediterranean (Barcelona Convention, 
Annex II: UNEP 2011). It is not clear which species this 
name refers to and why it was designated as threatened. Since 
H. mediterranea n. sp. is uncommon and has no spectacular 
features which would be noticed by anyone other than an 
expert bryozoologist, it is likely that there was a confusion 
with H. frondiculata. 

Geographical distribution

In the present state of knowledge, H. mediterranea n. sp. is 
only known from the Mediterranean. Almost all records of 
H. mediterranea n. sp. are from the western Mediterranean 
(Table 4). The only available record from the eastern Medi-
terranean is a small specimen collected at Santorini, Aegean 
Sea (Harmelin 1968, listed as H. frondiculata).

Geological distribution

Hornera mediterranea n. sp. was recorded (as H. lichenoides) 
in Pleistocene deposits in southern Italy (Costa et al. 1991; 
Di Geronimo et al. 1997; Rosso & Di Geronimo 1998; Di 
Geronimo et al. 2003; Rosso 2005) and submerged late 
Würmian to Holocene deposits from the Sicily Strait (Di 
Geronimo et al. 1993), often co-occurring with H. frondiculata.

DISCUSSION

Morphological features

The occurrence of Hornera frondiculata and H. mediter-
ranea n. sp. in two major habitat categories, hard and soft 
bottoms, with different colonial morphologies offers interest-
ing examples of linkage between attributes of colonies and 
environmental features. Colonies of the two Mediterranean 
Hornera species are unilaminate, multiserial, rigidly erect spe-
cies, with non-linked branches (terminology of McKinney & 
Jackson 1989). They differ in their general shape, plasticity 
potential, branching pattern and width of branches. The 
absence of anastomoses between adjacent branches, in con-
trast to some other Hornera species, such as H. antarctica 
Waters, 1904 (Borg 1944), may increase the fragility of the 
colonial skeleton, particularly when it is formed by narrow 
branches with widely spaced successive bifurcations. However, 
thick layers of secondary calcification on the frontal and dorsal 
sides, a generic trait, improve the strength of branches and 
their resistance to breakage of branches. Hence, colonies of 
H. mediterranea n. sp., which have narrower branches with 
bifurcations often widely spaced (Fig. 5A, B1), are clearly 
more fragile than those of H. frondiculata. These differences 
in the architectural design of colonies are species-specific and/
or linked to local environmental conditions, and may offer 
good models for testing the influence of biotic and physical 
drivers on the habitat distribution and the capacity for food 
acquisition (e.g. Abelson et al. 1993; Helmuth & Sebens 1993; 
Eckman & Okamura 1998; Okamura et al. 2001).

Plasticity of colony shape is an advantageous feature allow-
ing species to occupy different environments and habitats 
(Jackson 1979). Striking examples of intraspecific high plas-
ticity of growth forms according to habitat features are found 
among cyclostomes, such as Platonea stoechas Harmelin, 1976 
or ‘Cardioecia’ watersi (O’Donoghue & de Watteville, 1939) 
(Harmelin 1975, 1976). Hornera frondiculata presents an obvi-
ous plasticity with colony shapes recalling those of retiform 
Reteporella species living in the same habitats. Their colony 
shapes exhibit a similar range with two opposite branching 
designs, i.e., planar vs complexly folded. Widely flared cup-
shaped colonies resulting from planar branching are typical of 
R. mediterranea (Hass, 1948) and H. frondiculata (Fig. 2C, D) 
when they co-occur on deep, dimly-lit rocky walls. On the 
other hand, the complex growth-shape with branches or 
colony parts bent in all directions is shared by H. frondicu-
lata (Fig. 2A, B) and R. grimaldii (Jullien, 1903) when both 
live at the surface of flat bottoms, free or attached to a tiny 
substrate. The unifacial location of lophophores in deep water 
colonies with planar shape growing parallel and close to the 
substratum can be inferred as an adaptation for exploiting 
the food resource from a boundary layer in which the flow is 
steady and unidirectional. In contrast, the multifacial location 
of lophophores in colonies with complex three-dimensional 
designs is probably an adaptation to life in a turbulent bound-
ary layer generated by an unsteady flow, partly due to the 
topographical roughness of the bottom covered with coarse 
elements. Colonies of H. mediterranea n. sp., which thrive 
on the same flat bottoms, are also bushy. The relative fragil-
ity of their narrow branches is not a limitation considering 
the deeper distribution of this species and may be, on the 
contrary, an advantage in facilitating the local multiplica-
tion of clones (see below). The production of lateral branches 
(Figs. 2E-F, 3F, 5E), more frequent in H. frondiculata than in 
H. mediterranea n. sp., is another expression of the plasticity 
of the colony shape. This type of ramification occurs prefer-
entially in proximal parts of large colonies and seemingly after 
the bifurcation of branches distal to them. In most cases, they 
grow perpendicular to the mother branch and split empty 
spaces between adjacent branches with, sometimes, drastic 
changes in the direction of growth (Fig. 2E-F). This pattern 
allows expanded lophophores to be adequately spaced and can 
be considered as a functional alternative to retiform branching 
and a remarkable example of colony integration to increase 
the efficiency of filtration of food particles by lophophores. 
Budding of lateral branches in Hornera species recalls the 
similar branching process observed in some Tubuliporina 
(Harmelin 1976; Jablonski et al. 1997), particularly among 
species of Annectocyma (Hayward & Ryland, 1985). In the 
latter, lateral budding involves skeletal resorption from pseu-
dopores (Harmelin 1976, fig. 7; Batson et al. 2020, table 1: 
‘window resorption’). In Hornera, the process allowing the 
proximal budding of lateral branches is expected to be dif-
ferent considering their skeleton free-walled structure, and 
has to be investigated more precisely. Whatever its ontogeny, 
lateral branching contributes to the high potential of Hornera 
species of remodelling their colony shape by resorption and 
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re-budding stressed by Batson et al. (2020) in their synthesis 
of resorption of mineralized parts in bryozoans.

Reproductive potential

The two Hornera species apparently differ in their repro-
ductive output, as suggested by the rarity of gonozooids in 
H. mediterranea n. sp., even if floors of erased brood chambers 
are taken into account, and their much greater abundance 
in H. frondiculata (Table 2). The question of why these two 
co-occurrent Hornera species differ so much in the energy 
allocated to reproduction remains open. Does this result from 
a difference in filtering efficiency, i.e., in available energy, or 
from more indirect causes? The presumed low reproductive 
output of H. mediterranea n. sp. may be compensated by 
asexual reproduction through the fragmentation of its fragile, 
narrow branches. Strong turbulent bottom jets and shocks 
by mobile benthic animals are expected to be natural sources 
of fragmentation, but human actions, e.g. through trawling, 
may be now predominant. It is clear that the presumed high 
fertility of H. frondiculata is not reflected by features of its 
population. This species has none of the characteristics of an 
r-selected species (e.g. Pianka 1970), i.e., numerous small 
individuals, short-lived, subject to a high mortality rate in an 
unpredictable environment, nor those of an invasive species. 
The relative rarity of H. frondiculata colonies within upper 
circalittoral communities (i.e., above 40 m depth) despite 
their high potentiality in sexual reproduction may imply 
strong limitations either in survival or dispersal of larvae, 
recruitment success or ability of post-recruitment stages to 
cope with the interspecific competition, possibly coupled 
with a low tolerance for temperature variations (see below). 
Unfortunately, there was no ancestrula nor juvenile colonies 
in the studied material of both Mediterranean Hornera spe-
cies. A different sampling methodology would be required to 
get information on early stages of these species, which could 
allow comparisons with the early astogeny in other Hornera 
species (Batson et al. 2019).

Depth distribution and thermal regime

The two Hornera species live in the Circalittoral biozone 
(sensu Pérès & Picard 1964) and can co-exist in the same type 
of habitat within a relatively broad depth range (Table 4). 
However, they differ in the average depth and upper limit of 
their depth distribution (Table 2), which are clearly deeper 
for H. mediterranea n. sp. This disparity could be driven by 
the vertical distribution of habitats suitable to this species. 
However, detrital sandy bottoms with coarse elements, on 
which H. mediterranea n. sp. thrives in Provence with large 
specimens, also occur at depths shallower than the upper 
limit of the distribution of this species in this region (55 m). 
This upper depth limitation may be linked to a low tolerance 
to seasonally variable temperatures. The deep layers (below 
about 55-60 m) are characterized by a constant temperature 
of around 13°C while the upper layers are exposed to strong 
seasonal variations (Bensoussan et al. 2010) with, in some 
regions (e.g. Marseille area), rapid wind-induced temperature 
drops during summer (Millot 1979). For H. frondiculata, a 

relationship between depth range in different regions and 
this type of thermal stress has previously been hypothesized 
(Harmelin 1988).

Vulnerability of the Hornera species  
in the Mediterranean

The epifaunal ‘facies’ marked by an abundance of large erect 
bryozoans at the surface of coarse detrital sandy bottoms, which 
may include both Hornera species, once covered widespread 
patches in the 40-80 m depth zone (Marion 1883). This type 
of habitat has regressed during the last century because of pol-
lution, silting and trawling, particularly off urbanized coasts, 
such as the gulf of Marseille or the bay of La Ciotat. In the 
latter, it has been shown that the restoration of this assemblage 
of large erect bryozoans after the diminution of stressors has 
been very slow (Picard & Bourcier 1976). The vulnerability 
of deep coralligenous outcrops, where H. frondiculata can 
live, is mainly due to silting and pollution (Weinberg 1978; 
Hong 1983; Ballesteros 2009). Collection or breakage of 
colonies by divers is deemed to be much more limited con-
sidering the depth of the sites where Hornera species live and 
a change in the behaviour of divers, who are now more aware 
of the need to respect the marine biota.

Needs for the revision of H. lichenoides

The status of H. lichenoides Linnæus is not clear while this 
species name is commonly used. The origin of the material 
on which Linnæus (1758) based his very short description 
of Millepora lichenoides is unknown, and there is no indica-
tion of the current existence of type material. Moreover, it 
is not certain whether the original material considered by 
Linnæus was actually part of his own collection or belonged 
to another naturalist. However, H. lichenoides Auctt. was 
soon, and is still, considered as a northern species, present in 
the Arctic and northern seas (e.g. Smitt 1867; Busk 1875; 
Hincks 1880; Borg 1926; Hansen 1962; Kluge 1962; Hay-
ward & Ryland 1985; Ryland & Hayward 1991; Bader & 
Schäfer 2005; Kuklinski & Bader 2007; Noël 2010; Rouse 
et al. 2018). The most obvious differences between H. lichenoides 
(Linnæus) Auctt. and H. mediterranea n. sp. are the degree 
of secondary calcification, which can be huge in the former, 
forming a uniform cover hiding the boundaries between the 
autozooids, and the size of branches, clearly thicker and broader, 
with a greater number of autozooid rows (e.g. Hayward & 
Ryland 1985: figs 40-41; SEM pictures made by P. Kuklinski 
of a specimen from Greenland: NHM 1911.10.1.181), and 
specimens attributed to H. lichenoides examined at the MNHN. 
On the other hand, the gonozooids of H. mediterranea n. sp. 
(Fig. 7E) and H. lichenoides (Linnæus) Auctt. (Hincks 1880: 
pl. 67, fig. 3; Borg 1926: figs 94-95; Kluge 1975: fig. 83; 
Hayward & Ryland 1985: fig. 41C; Ryland & Hayward 1991: 
fig. 24) have the same globular shape. Calvet (1931) con-
sidered that the erection of a new species, H. mediterranea, 
by Waters (1904, 1905) for Mediterranean specimens of 
H. lichenoides was unjustified considering that there was no 
difference in the features of the gonozooid. The apparent 
resemblance in the shape of the gonozooids in the two species 
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should be more clearly described in northern specimens of 
various origins, together with details of the zooidal features 
at different stages of secondary calcification. Currently, the 
question of the existence of one or several species under the 
name H. lichenoides Auctt. in the Atlantic and the northern 
seas remains open and should be thoroughly reviewed with 
modern tools. It is clear from the present material that the 
particular features of the colonies and the zooids of H. mediter-
ranea n. sp. are constant, suggesting a genetic individualisation 
in a well-defined habitat. 

Acknowledgements
I am greatly indebted to A. Rosso and P. D. Taylor for 
discussions, careful review of the manuscript and help by 
providing specimens. I acknowledge P. Lozouet, J. Main-
guy (MNHN), R. Petts (Manchester Museum) and M. 
Spencer-Jones (NHMUK) for data from museum collec-
tions, T. Madurell, S. Sartoretto, A. Meinesz, D. Ader and 
E. Driancourt for habitat data and photos of H. frondiculata, 
S. Chenessaux and A. Altié for their assistance during SEM 
work, M. Paul who improved the English writing, and all 
colleagues who helped me during field work.

REFERENCES

Abdelsalam K. M. 2014. — Benthic bryozoan fauna from the 
Northern Egyptian coast. Egyptian Journal of Aquatic Research 
40: 269-282. https://doi.org/10.1016/j.ejar.2014.10.001

Abelson A., Miloh T. & Loya Y. 1993. — Flow patterns induced 
by substrata and body morphologies of benthic organisms, 
and their role in determining availability of food particles. 
Limnology and Oceanography 38 (6): 1116-1124. https://doi.
org/10.4319/lo.1993.38.6.1116

Achilleos K., Jimenez C., Berning B. & Petrou A. 2020. — 
Bryozoan diversity of Cyprus (eastern Mediterranean Sea): 
first results from census surveys (2011-2018). Mediterranean 
Marine Science 21-1: 228-237. http://dx.doi.org/10.12681/
mms.21201

Alder J. 1864. — Descriptions of new British Polyzoa, with 
remarks on some imperfectly known species. Quarterly Journal 
of Microscopic Science 4: 95-109, pls. 2-5.

Argyrou M., Chatta N., Rais C. & Ramos A. A. 2002. — 
Report of the scientific second field survey for the develop-
ment of marine areas in Cyprus (Action PP1b). RAC/SPA, 
UNEP-EU (unpublished report).

Bader B. & Schäfer P. 2005. — Bryozoans in polar latitudes: 
Arctic and Antarctic communities and facies. Denisia 16, 
Oberösterreichisches Landesmuseen Neue Serie 28: 263-282.

Ballesteros E. 2006. — Coralligenous assemblages: a synthesis 
of present knowledge. Oceanography and Marine Biology: An 
annual Review 44: 123-195.

Ballesteros E. 2009. — Threats and conservation of coralligenous 
assemblages, in Pergent-Martini C. & Brichet M. (eds), 
Proceedings of the 1st Mediterranean symposium on the conserva-
tion of the coralligenous and others calcareous bio-constructions 
(Tabarka, 15-16 January 2009). RAC/SPA publ., Tunis: 25-27. 

Batson P. B., Taylor P. D. & Smith A. M. 2019. — Early 
astogeny in Hornera (Bryozoa; Cyclostomata; Cancellata). 
Australasian Palaeontological Memoirs 52: 23-30.

Batson P. B., Tamberg Y., Taylor P. D., Gordon D. P. & Smith 
A. M. 2020. — Skeletal resorption in bryozoans: occurrence, 

function and recognition. Biological Reviews. https://doi.
org/10.1111/brv.12613 

Belbacha S., Semroud R. & Ramos-Esplá A. A. 2011. — Inventaire 
des peuplements de coralligène de l’aire marine de Taza (wilaya de 
Jijel, Algérie). Rapport Technique. Programme « MedPAN Sud », 
WWF Europe / Parc National de Taza, 67pp. (unpublished report).

Bensoussan N., Romano J. C., Harmelin J.-G. & Garrabou J. 
2010. — High resolution characterization of northwest Medi-
terranean coastal waters thermal regimes: To better understand 
responses of benthic communities to climate change. Estuarine, 
Coastal and Shelf Science 87: 431-441. https://doi.org/10.1016/j.
ecss.2010.01.008

Bock P.  & Gordon D. 2019.  — World List of Bryozoa. 
Hornera Lamouroux, 1821. Accessed through: World Regis-
ter of Marine Species at: http://www.marinespecies.org/aphia.
php?p=taxdetails&id=111041 on 2019-09-16 

Borg F. 1926. — Studies on Recent cyclostomatous Bryozoa. Zoo-
logicska Bidrag Från Uppsala 10: 181-507 + 14 pls.

Borg F. 1944. — The stenolaematous Bryozoa. Further Zoologi-
cal Results of the Swedish Antarctic Expedition 1901-1903 3 (5): 
1-276 + 16 pls.

Busk G. 1856. — Polyzoa collected by Mr M’Andrew on the coast 
of Norway and Finmark. Annals and Magazine of Natural History 
(2) 18: 32-36. https://doi.org/10.1080/00222935608697573

Busk G. 1875. — Catalogue of the cyclostomatous Polyzoa of the 
collection of the British Museum. Part III Cyclostomata. Trustees 
of the British Museum (Natural History). London, Taylor and 
Francis, 41 p. + 34 plates. 

Busk G. 1886. — Report of the Polyzoa collected by the HMS Chal-
lenger during the years 1873-1876. The Voyage of the HMS Chal-
lenger, Part L, Zoology, Vol. XVII, part II – The Cyclostomata, 
Ctenostomata, and Pedicellinea. Her Majesty’s Stationery Office, 
London, 47 p. + 10 pls. 

Calvet L. 1902. — Bryozoaires marins des côtes de Corse (récoltés 
par M. Caziot). Travaux de l’Institut de zoologie de l’Université 
de Montpellier et de la Station zoologique de Cette (2) 11: 1-103. 

Calvet L. 1906. — Bryozoaires. Expéditions Scientifiques du ‘Tra-
vailleur’ et du ‘Talisman’ pendant les années 1880, 1881, 1882, 
1883, vol. 8: 355-395, pls. 26-30. https://doi.org/10.5962/bhl.
title.98313

Calvet L. 1931. — Bryozoaires provenant des campagnes scientifiques 
du Prince Albert 1er de Monaco. Résultats des campagnes accom-
plies sur son yacht par Albert Ier, Prince Souverain de Monaco, 83, 
152 p., 2 pls.

Canu F. 1912. — Bryozoaires fossiles des terrains du Sud-Ouest 
de la France. Bulletin de la Société Géologique de France (4) 12: 
623-630, pls. 20-21.

Canu F. & Bassler R. S. 1920. — North American early Tertiary 
Bryozoa. Bulletin of the U. S. National Museum 106: 1-879 + 
atlas: pls. 1-162. https://doi.org/10.5962/bhl.title.1142

Canu F. & Bassler R. S. 1930. — Bryozoaires marins de Tunisie. 
Annales Station océanographique de Salammbô 5: 1-91, 13 pls. 
http://hdl.handle.net/1834/8856

Cook P. L. 1968. — Bryozoa (Polyzoa) from the coasts of tropical 
West Africa. Atlantide Report No. 10: 115-262, pl. 8-11. Danish 
Science Press, LTD, Copenhagen. 

Costa B., Rosso A., Sanfilippo R., Zanini A. 1991. — Analisi 
paleoecologia delle sabbie pleistoceniche di Musalà (Reggio di 
Calabria, Italia). Atti Accademia Peloritana dei Pericolanti. Classe 
I di Scienze Fis. Mat. e Nat. 67 : 395-439.

Di Geronimo I., Costa B., La Perna R., Randazzo G., Rosso A. & 
Sanfilippo R. 1994. — The Pleistocene “Case Catarinicchia” 
section (Belice, SW Siciliy), in Matteucci R., Carboni M. G. E 
Pignatti J. S. (eds) Studies on Ecology and Paleoecology of Benthyc 
communities. Bollettino della Società Paleontologica Italiana, spec. 
vol. 2: 93-115.

Di Geronimo I., D’atri A., La Perna R., Rosso A., Sanfili-
ppo R. & Violanti D. 1997. — The Pleistocene bathyal section 

https://doi.org/10.1016/j.ejar.2014.10.001
http://dx.doi.org/10.12681/mms.21201
http://dx.doi.org/10.12681/mms.21201
https://doi.org/10.1111/brv.12613
https://doi.org/10.1111/brv.12613
http://www.marinespecies.org/aphia.php?p=taxdetails&id=111041
http://www.marinespecies.org/aphia.php?p=taxdetails&id=111041
https://doi.org/10.1080/00222935608697573
https://doi.org/10.5962/bhl.title.98313
https://doi.org/10.5962/bhl.title.98313
https://doi.org/10.5962/bhl.title.1142
http://hdl.handle.net/1834/8856


543 

The Mediterranean species of Hornera Lamouroux,1821 (Bryozoa, Cyclostomata)

ZOOSYSTEMA • 2020 • 42 (27)

of Archi (Southern Italy). Bolletino della Società Paleontologica 
Italiana 36 (1-2): 189-212.

Di Geronimo I., Di Geronimo R., Girone A., La Perna R. & 
Rosso A. 2003. — Autochthonous and allochthonous assemblages 
from Lower Pleistocene sediments (valle Palione river, Sicily). 
Bollettino della Società Paleontologica Italiana, 42 (1-2): 133-138.

Di Geronimo I., Giacobbe S., Rosso A. & Sanfilippo R. 1988. — 
Popolamenti e tanatocenosi del Banco Apollo (Ustica, Mar 
Tirreno meridionale. Atti del Quarto Simposio di Ecologia e 
Paleoecologia delle Comunità Bentoniche, Sorrento, 1-5 Novem-
bre 1988: 697-729.

Di Geronimo I., La Perna R., Rosso A. & Sanfilippo R. 1998. — 
Notes on two upper-cicrcalittoral assemblages from the Amen-
dolara Bank (Northern Ionian Sea). Bollettino dell’Accademia 
Gioenia Scienze Naturale 30, 353: 243-262.

Di Geronimo I., Rosso A., La Perna R. & Sanfilippo R. 2001. — 
Deep-sea (250-1,550 m) benthic thanatocoenoses from the 
Southern Tyrrhenian Sea, in Faranda F. M., Guglielmo I. & 
Spezie G. (eds), Mediterranean Ecosystems: Structures and Processes. 
Springer-Verlag Italia: 277-287.

Di Geronimo I., Rosso A. & Sanfilippo R. 1993. — The Cor-
allium rubrum fossiliferous banks off Sciacca (Strait of Sicily), 
in Cicogna F. & Cattaneo-Vietti R. (eds) Red coral in the 
Mediterranean Sea: Art, History and Science, Ministero Risorse 
Agricole, Alimentari e Forestali, Roma: 75-107.

Di Geronimo I., Messina C., Rosso A., Sanfilippo R., Sciutto F. & 
Vertino A. 2005. — Enhanced biodiversity in the deep: 
Early-Pleistocene coral communities from southern Italy, in 
Freiwald A. & Roberts J. M. (eds), Cold-water corals and eco-
systems. Springer-Verlag, Berlin Heidelberg: 61-86. https://doi.
org/10.1007/3-540-27673-4_4

Eckman J. E. & Okamura B. 1998. — A model of particle capture 
by bryozoans in turbulent flow: Significance of colony form. The 
American Naturalist 152: 861-880. https://doi.org/10.1086/286214

Ellis J. & Solander D. 1786. The natural history of many curious 
and uncommon zoophytes, collected from various parts of the globe. 
London, White, 208 p. https://doi.org/10.5962/bhl.title.64985

Gautier Y. 1955. — Bryozoaires de Castiglione. Bulletin de la 
Station d’Aquiculture et de Pêche de Castiglione, NS 7: 227-272.

Gerovasileiou V. & Rosso A. 2016. — Marine Bryozoa of Greece: 
an annotated checklist. Biodiversity Data Journal, (4): e10672. 
https://doi.org/10.3897/BDJ.4.e10672.

Hansen K. B. 1962. — Bryozoa. The Godthaab expedition 1928. 
Meddelelser om Grønland 81, 6: 1-74.

Harmelin J.-G. 1968 (1969). — Bryozoaires récoltés au cours 
de la campagne du « Jean Charcot » en Méditerranée orientale 
(août-septembre 1967). I. Dragages. Bulletin Muséum national 
d’Histoire naturelle, Paris, (2), 40, 6: 1178-1208. https://www.
biodiversitylibrary.org/page/55599239

Harmelin J.-G. 1975. — Relations entre la forme zoariale et l’habitat 
chez les Bryozoaires Cyclostomes. Conséquences taxonomiques, 
in Pouyet S. (ed.), Bryozoa 1974, Documents du Laboratoire de 
Géologie de Lyon, H. S. 3 (2): 369-384.

Harmelin J.-G. 1976. — Le sous-ordre des Tubuliporina (Bryozo-
aires Cyclostomes) en Méditerranée. Ecologie et systématique. 
Mémoires Institut Océanograhique, Monaco 10: 1-326. 

Harmelin J.-G. 1978. — Bryozoaires des îles d’Hyères. II. Les 
fonds détritiques. Travaux scientifiques du Parc national de Port-
Cros 4: 127-147.

Harmelin J.-G. 1988. — Les Bryozoaires, de bons indicateurs 
bathymétriques en paléoécologie ? Géologie Méditerranéenne 
15, 1: 49-63 1988. https://doi.org/10.3406/geolm.1988.1394

Harmelin J.-G. & Hondt J. L. D’ 1992. — Bryozoaires des par-
ages de Gibraltar (Campagne océanographique Balgim, 1984). 2. 
Cténostomes et cyclostomes. Bulletin Muséum national d’Histoire 
naturelle, Paris (4) 14, sect. A, 3-4: 605-621.

Hayward P. J. & Ryland J. S. 1985. — Cyclostome bryozoans. 
Keys and notes for the identification of the species. Synopses 

of the British Fauna, New Series, London: E. J. Brill/Dr W. 
Backhuys 34, 1-147.

Heller C. 1867. — Die Bryozoën des adriatischen Meeres. Ver-
handlungen der K.K. Zoologisch-botanischen Gesellschft in Wien 
17: 77-136, pl. 1-6.

Helmuth B. & Sebens K. 1993. — The influence of colony 
morphology and orientation to flow on particle capture by 
the scleractinian coral Agaricia agaricites (Linnæus). Journal of 
Experimental Marine Biology and Ecology 165: 251-278. https://
doi.org/10.1016/0022-0981(93)90109-2

Hincks T. 1880. — A history of the British marine Polyzoa. Van 
Voorst, London. Vol. 1, cxli + 601 p.; vol. 2, 83 pls. https://
doi.org/10.5962/bhl.title.3978

Hondt J. L. d’ 1991. — The Bryozoa of the Lamouroux collec-
tion, in Bigey F. P. (ed.), Bryozoaires Actuels et Fossiles: Bryozoa 
Living and Fossil. Bulletin de la Société des Sciences Naturelles de 
l’Ouest de la France, Mémoire H. S. 1: 161-168.

Hondt J. L. d’ 1994 (1997). — Apports de Lamarck dans la con-
naissance des Bryozoaires, in Laurent G. (ed.), Jean-Baptiste 
Lamarck (1744-1829). Editions du CTHS, Ministère de la 
Recherche, Paris: 287-314.

Hong J. S. 1983. — Impact of the pollution on the benthic 
community. Environmental impact of the pollution on the 
benthic coralligenous community in the Gulf of Fos, north-
western Mediterranean. Bulletin of the Korean Fisheries Society 
16, 3: 273-290.

Jablonski D., Lidgard S., & Taylor P. D. 1997. — Com-
parative ecology of bryozoan radiations: origin of novelties in 
cyclostomes and cheilostomes. Palaios 12: 505-523. https://
doi.org/10.2307/3515408

Jackson J. B. C. 1979. — Morphological strategies of sessile 
animals, in Larwood G. & Rosen B. R. (eds), Biology and 
Systematics of Colonial Organisms. Academic Press, London & 
New-York: 499-555.

Kluge G. A. 1962 (1975). — Bryozoans of Northern Seas of USSR. 
Translated and published for the Smithsonian Institution and 
National Science Foundation, Washington, USA. Amerind 
Publishing Co, New Delhi.

Kuklinski P. & Bader B. 2007. — Diversity, structure and inter-
actions of encrusting lithophyllic macrofaunal assemblages 
from Belgica Bank, East Greenland. Polar Biology 30: 709-717. 
https://doi.org/10.1007/s00300-006-0228-0

Lagaaij R. & Gautier Y. V. 1965. — Bryozoan assemblages from 
marine sediments of the Rhone delta, France. Micropaleontology 
11: 39-58. https://doi.org/10.2307/1484817

Lamarck J. B. De 1816. — Histoire naturelle des animaux sans vertè-
bres, 2, Paris, iv-568 p. https://doi.org/10.5962/bhl.title.12712

Lamouroux J. V. F. 1821. — Exposition méthodique des genres de 
l’ordre des polypiers, avec leur description et celles des principales 
espèces figurées dans 84 planches; les 63 premiers appartenant à 
l’Histoire Naturelle des Zoophytes d’Ellis et Solander. V. Agasse, 
Paris, pp. 1-115. https://doi.org/10.5962/bhl.title.11328

Laubier L. 1966. — Le Coralligène des Albères, monographie 
biocénotique. Annales de l’Institut océanographique, Paris 43 
(2): 137-316. 

Linnæus C. 1758. — Systema naturæ per regna tria naturæ, secun-
dum classes, ordines, genera, species, cum characteribus, differentiis, 
synonymis, locis. Tomus I. Editio decima, reformata: p. [1-4], 
1-824. Holmiæ. (Salvius). https://www.biodiversitylibrary.
org/page/726886

López De La Cuadra C. M. & Garcia-Gómez J. C. 1994. — 
Bryozoa Cheilostomata: the genus Amphiblestrum in the 
Western Mediterranean and the first Sessibugula of Atlantic 
waters. Journal of Natural History 28: 683-693. https://doi.
org/10.1080/00222939400770311

Marion A. F. 1883. — Esquisse d’une topographie zoologique 
du Golfe de Marseille. Annales Musée d’Histoire Naturelle Mar-
seille 1: 1-108.

https://doi.org/10.1007/3-540-27673-4_4
https://doi.org/10.1007/3-540-27673-4_4
https://doi.org/10.1086/286214
https://doi.org/10.5962/bhl.title.64985
https://doi.org/10.3897/BDJ.4.e10672.
https://www.biodiversitylibrary.org/page/55599239
https://www.biodiversitylibrary.org/page/55599239
https://doi.org/10.3406/geolm.1988.1394
https://doi.org/10.1016/0022-0981(93)90109-2
https://doi.org/10.1016/0022-0981(93)90109-2
https://doi.org/10.5962/bhl.title.3978
https://doi.org/10.5962/bhl.title.3978
https://doi.org/10.2307/3515408
https://doi.org/10.1007/s00300-006-0228-0
https://doi.org/10.2307/1484817
https://doi.org/10.5962/bhl.title.12712
https://doi.org/10.5962/bhl.title.11328
https://www.biodiversitylibrary.org/page/726886
https://www.biodiversitylibrary.org/page/726886
https://doi.org/10.1080/00222939400770311
https://doi.org/10.1080/00222939400770311


544 ZOOSYSTEMA • 2020 • 42 (27) 

Harmelin J.-G.

Marsilli L. F., Comte de 1725. — Histoire physique de la mer. 
Amsterdam, Aux dépens de la Compagnie, 173 p. + 40 pls. 
https://gallica.bnf.fr/ark:/12148/bpt6k3116211

Mckinney F. K. & Jackson J. B. C. 1989. — Bryozoan Evolution. 
The University of Chicago Press, Chicago and London, 238 p. 
https://doi.org/10.1046/j.1420-9101.1993.6010142.x

Millot C. 1979. — Wind induced upwellings in the Gulf of 
Lions. Oceanologica Acta 2: 261-274. https://archimer.ifremer.
fr/doc/00122/23335/

Milne-Edwards M. H. 1838. — Mémoire sur les Crisies, les 
Hornères et plusieurs autres Polypiers vivants ou fossiles dont 
l’organisation est analogue à celle des Tubulipores. Annales des 
Sciences naturelles. Zoologie, 2ème Série, 9: 193-238, pl. 6-16.

Moissette P. 1988. — Faunes de bryozoaires du Messinien d’Algérie 
occidentale. Documents du Laboratoire de Géologie de Lyon 102: 
1-351.

Moissette P. 1993. — Bryozoan assemblages in Messinian 
deposits of western Algeria. Lethaia 36: 247-259. https://doi.
org/10.1111/j.1502-3931.1993.tb01527.x

Moissette P. & Spjeldnaes N. 1995. — Plio-Pleistocene deep-water 
bryozoans from Rhodes, Greece. Palaeontology 38, 4: 771-799.

Moissette P., Dulai A., Escarguel G., Kazmer M., Müller P. & 
Saint-Martin J. P. 2007. — Mosaic of environments recorded 
by bryozoan faunas from the Middle Miocene of Hungary. 
Palaeogeography, Palaeoclimatology, Palaeoecology 252: 530-556. 
https://doi.org/10.1016/j.palaeo.2007.05.010

Mongereau N. 1972. — Le genre Hornera Lamouroux, 1821, en 
Europe (Bryozoa – Cyclostomata). Annalen des Naturhistorischen 
Museums in Wien 76: 311-373 + pl. 1-13.

Neviani A. 1939. — I briozoi Adriatici del Museo civico di Storia 
Naturale di Venezia (Cyclostomes). Memorie del Reale Istituto 
Veneto di Scienze 30 (4): 60-131.

Noël P. 2010. — Hornera lichenoides (Linnæus, 1758), in Fiches 
descriptives des espèces marines de France métropolitaine (invertébrés 
et poissons) dont la protection est envisagée. Rapport SPN 2010-
10, Service du Patrimoine Naturel, Muséum National d’Histoire 
Naturelle, Paris: 63-65 (unpublished document available at: www.
spn.mnhn.fr/spn_rapports/archivage_rapports/2011).

Notarbartolo Di Sciara G. & Agardy T. 2010. — Overview 
of scientific findings and criteria relevant to identifying SPAMIs 
in the Mediterranean open seas, including the deep sea. Tunis: 
UNEP-MAP. 1-71 p.

Novosel M. 2005. — Bryozoans of the Adriatic Sea. Denisia 16, 
Oberösterreichisches Landesmuseen Neue Serie 28: 231-246.

O’Donoghue Ch. H. & De Watteville D. 1939. — The fishery 
grounds near Alexandria. 2. Bryozoa. Fouad I Institute of Hyd-
robiology and Fisheries. Notes & Memoirs 34: 1-58. https://doi.
org/10.15468/wf0wur

Okamura B., Harmelin J.-G. & Jackson J. B. C. 2001. — Refuges 
revisited: Enemies versus flow and feeding as determinants of ses-
sile animal distribution and form, in Jackson J. B. C., Lidgard 
S. & Mckinney F. K. (eds), Evolutionary Patterns: Growth, Form 
and Tempo in the Fossil Record. University of Chicago Press: 61-93.

Pérès J. M. & Picard J. 1964. — Nouveau manuel de bionomie 
benthique de la mer Méditerranée. Recueil des Travaux de la Sta-
tion Marine d’Endoume 47 (Bull. 31): 3-137.

Pianka E. R. 1970. — On r- and K- selection. The American Natu-
ralist 104: 592-597. https://doi.org/10.1086/282697 https://
doi.org/10.1086/282697

Picard J. & Bourcier M. 1976. — Evolution sous influences 
humaines des peuplements benthiques des parages de La Ciotat 
entre 1954 et 1972. Téthys 7 (2-3): 213-222.

Rosso A. 1987. — Popolamenti a briozoi nel Pleistocene di Monte 
dell’Apa (Sicilia sud-orientale). Bolletino delle Sedute della Acca-
demia Gioenia di Scienze Naturali in Catania, 20, 231: 167-197. 

Rosso A. 1989. — Contributo alla conoscenza di alcuni popolamenti, 
tanatocenosi et tafocenosi a briozoi di alcuni fondi mobili circalito-
rali. Tesi di Dottorato, Universita di Messina, 331 p. + 15 pls.

Rosso A. 1996. — Popolamenti e tanatocenosi a briozoi du fondi 
mobili circalitorali del Golfo di Noto (Sicilia, Italia). Naturalista 
Siciliana S. IV, XX (3-4): 189-225.

Rosso A. 2005. — Bryozoan facies in deep-sea Pleistocene environ-
ments of southern Italy, in Cancino J., Moyano H. & Wise-
Jackson P. (eds), Bryozoan studies 2004. A. A. Balkema Publishers: 
Leiden, London, New York, Philadelphia, Singapore: 257-269.

Rosso A. 2009. — Hornera Lamouroux, 1821, in Relini G. & Tunesi 
L. (eds), Le specie protette del protocollo SPA/BIO (convenzione di 
Barcellona) presenti in Italia. Schede descrittive per l’identificazione. 
Protected species according to the SPA/BIO Protocol (Barcelona Conven-
tion) present in Italy. Identification sheets. Ministero dell’Ambiente 
e della Tutela del Territorio e del Mare. Biologia Marina Mediter-
ranea 6 (Suppl. 2): 134-138.

Rosso A. & Di Geronimo I. 1998. — Deep-sea Pleistocene 
Bryozoa of Southern Italy. Géobios 30, 3: 303-317. https://doi.
org/10.1016/S0016-6995(98)80014-4

Rosso A. & Di Martino E. 2016. — Bryozoan diversity in the 
Mediterranean Sea: an update. Mediterranean Marine Science 17: 
567-607. https://doi.org/10.12681/mms.1706

Rosso A., Chimenz C. & Balduzzi A. 2010. — Bryozoa. Biologia 
Marina Mediterranea 17 (Suppl. 1): 589-615.

Rosso A., Sanfilippo R., Taddei Ruggiero E., Di Martino E. 
2013. — Faunas and ecological groups of Serpuloidea, Bryozoa 
and Brachiopoda from submarine caves in Sicily (Mediterranean 
Sea). Bollettino della Società Paleontologica Italiana, 52 (3): 167-176.

Rouse S., Loxton J., Jones M. E. S. & Porter J. 2018. — A 
checklist of marine bryozoan taxa in Scottish Sea regions. Zookeys 
787: 135-149. https://doi.org/10.38997/zookeys.787.24647

Ryland J. S. & Hayward P. J. 1991. — Marine flora and fauna 
of the northeastern United States. Erect Bryozoa. NOAA (Natl 
Ocean Atmos. Adm.) Tech. Rep. NMFS (Natl Fish. Mar. Serv.) 99: 
1-47. http://aquaticcommons.org/id/eprint/2716

Saguar J. & Boronat J. 1987. — Briozoos de las Islas Colum-
bretes, in Alonso Matilla L. A., Carretero J. L. & Garcia-
Carrascosa (eds), Islas Columbretes. Contribución al studio de 
su medio natural. Conselleria d’Obras Públiques, Urbanisme I 
Transport. Generalitat Valenciana, València, pp. 391-415. 

Simboura N., Zenetos A., Thessalou-Legaki M., Pancucci 
M. A. & Nicolaidou A. 1995. — Benthic communities of the 
lnfralittoral in the N. Sporades (Aegean Sea): a variety of biotopes 
encountered and analysed. Marine Ecology 16: 283-306. https://
doi.org/10.1111/j.1439-0485.1995.tb00413.x.

Smith A. M., Taylor P. D., Spencer H. G. 2008. — Resolution 
of taxonomic issues in the Horneridae (Bryozoa: Cyclostomata), 
in Wyse Jackson P. N. & Spencer Jones M. E. (eds), Annals 
of Bryozoology 2 (eds): 359-411. (International Bryozoology 
Association, Dublin) 

Smitt F. A. 1867. — Kritisk förteckning öfver Skandinaviens hafs-
Bryozoer. Öfversigt af Kongliga Vetenskaps-Akademiens Förhan-
dlingar 23: 395-534, pl. 1-13. 

Souto J., Reverter-Gil O., Fernández-Pulpeiro E. 2010. — Bryozoa 
from detritic bottoms in the Menorca Channel (Balearic Islands, 
western Mediterranean), with notes on the genus Cribellopora. 
Zootaxa 2536: 36-52. https://doi.org/10.11646/zootaxa.2536.1.2

Taylor P. D. & Jones C. G. 1993. — Skeletal ultrastructure in the 
cyclostome bryozoan Hornera. Acta Zoologica 74, 2: 135-143. 
https://doi.org/10.1111/j.1463-6395.1993.tb01230.x

Taylor P. D. & Waeschenbach A. 2015. — Phylogeny and diver-
sification of bryozoans. Palaeontology 58 (4): 585-599. https://
doi.org/10.111/pala.12170

UNEP 2011. — Convention for the protection of the marine environ-
ment and the coastal region of the Mediterranean and its protocols. 
UNEP, MAP, Barcelona Convention, Athens, 143 pp.

Waters A. W. 1904. — Bryozoa. Résultats du voyage du S. Y. 
Belgica en 1897-1898-1899. Expédition antarctique belge. 
Imprimerie J. E. Buschmann, Anvers, 114 p., 9 pls. https://doi.
org/10.5962/bhl.title.2170

https://gallica.bnf.fr/ark:/12148/bpt6k3116211
https://doi.org/10.1046/j.1420-9101.1993.6010142.x
https://archimer.ifremer.fr/doc/00122/23335/
https://archimer.ifremer.fr/doc/00122/23335/
https://doi.org/10.1111/j.1502-3931.1993.tb01527.x
https://doi.org/10.1111/j.1502-3931.1993.tb01527.x
https://doi.org/10.1016/j.palaeo.2007.05.010
www.spn.mnhn.fr/spn_rapports/archivage_rapports/2011
www.spn.mnhn.fr/spn_rapports/archivage_rapports/2011
https://doi.org/10.15468/wf0wur
https://doi.org/10.15468/wf0wur
https://doi.org/10.1086/282697
https://doi.org/10.1016/S0016-6995(98)80014-4
https://doi.org/10.1016/S0016-6995(98)80014-4
https://doi.org/10.38997/zookeys.787.24647.
http://aquaticcommons.org/id/eprint/2716
https://doi.org/10.1111/j.1439-0485.1995.tb00413.x.
https://doi.org/10.1111/j.1439-0485.1995.tb00413.x.
https://doi.org/10.11646/zootaxa.2536.1.2
https://doi.org/10.1111/j.1463-6395.1993.tb01230.x
https://doi.org/10.111/pala.12170.
https://doi.org/10.111/pala.12170.
https://doi.org/10.5962/bhl.title.2170
https://doi.org/10.5962/bhl.title.2170


545 

The Mediterranean species of Hornera Lamouroux,1821 (Bryozoa, Cyclostomata)

ZOOSYSTEMA • 2020 • 42 (27)

Waters A. W. 1905. — Notes on some Recent Bryozoa in d’Orbigny’s 
Collection. The Annals and Magazine of natural history (7) 15: 
1-16. https://doi.org/10.1080/03745480509443633

Waeschenbach A., Cox C. J., Littlewood D. T. J., Porter J. 
S. & Taylor P. D. 2009. — First molecular estimate of cyclos-
tome phylogeny confirms extensive homoplasy among skeletal 
characters used in traditional taxonomy. Molecular Phyloge-
netics and Evolution 52: 241-251. https://doi.org/10.1016/j.
ympev.2009.02.002

Weinberg S. 1978. — Mediterranean octocorallian communities 
and the abiotic environment. Marine Biology 49: 41-57. https://
doi.org/10.1007/BF00390729

Weinberg S. 2013. — Découvrir la vie sous-marine. Méditerranée. 
Editions Gap, Challes-Les-Eaux, 527 p.

Zabala M. 1986. — Fauna des Briozous dels Països Catalans. Institut 
d’Estudis Catalans, Barcelona, 433 p.

Zabala M. 1993. — Els Briozous, in Alcover J. A., Ballesteros 
E. & Fornós J. J. (eds), Història Natural de l’Arxipèlag de Cabrera, 
CSIC Edit. Moll, Mon. Soc. Hist. Nat. Balears, 2: 561-577.

Zabala M. & Maluquer P. 1988. — Illustrated keys for the classi-
fication of Mediterranean Bryozoa. Treballs del Museu de Zoologia 
Barcelona 4: 1-294.

Zágoršek K. 2010. — Bryozoa from the Langhian (Miocene) of 
the Czech Republic. Part I: Geology of the studied sections, sys-
tematic description of the orders Cyclostomata, Ctenostomata 
and “Anascan” Cheilostomata (Suborders Malacostega Levinsen, 
1902 and Flustrina Smitt, 1868). Acta Mus. Nat. Pragae, Ser. B, 
Hist. Nat., 66 (1-2): 3-136.

Submitted on 22 January 2020; 
 accepted on 4 May 2020; 

published on 23 October 2020.

View publication stats

https://doi.org/10.1080/03745480509443633
https://doi.org/10.1016/j.ympev.2009.02.002.
https://doi.org/10.1016/j.ympev.2009.02.002.
https://doi.org/10.1007/BF00390729
https://doi.org/10.1007/BF00390729
https://www.researchgate.net/publication/346635552

	_Hlk38787411

