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Abstract – On the basis of literature data and new morphological and ecological studies, the
reinstatement of species rank for the Black Sea endemic species Cystoseira bosphorica is
proposed. Previously reduced to a simple form of the Mediterranean endemic species
C. crinita, this member of the caespitose Cystoseira group without spinose-like appendages
clearly differs from C. crinita by having the axes long with smooth and prominent apices, the
branches with numerous and slightly prominent cryptostomates, the aerocysts frequent,
large, oval to subconical-broader at the apex, with 2 or more apical outgrowths, and by the
receptacles long, cylindrical-tuberculate, simple or bifid, with apices blunt bearing
sometimes a short lateral sub-apical spine. The species that shares the greatest number of
characters with C. bosphorica is not C. crinita but the Mediterranean endemic species
C. barbatula; however, this latter species clearly differs from C. bosphorica by the constant
absence of aerocysts, the filiform branches with prominent and spaced cryptostomates, and
by the receptacles smaller, compact, simple, humpy and subulate with sometimes 1-2 long
lateral spine-like appendages.

Cystoseira bosphorica / Sargassaceae /Ochrophyta / Black Sea / Bulgaria

Résumé – Sur la base des données de la littérature et de nouvelles études morphologiques
et écologiques, le rétablissement de Cystoseira bosphorica dans son rang d’espèce est
proposé. Précédemment réduit à une simple forme de l’espèce endémique méditerranéenne
C. crinita, ce représentant du groupe des Cystoseira caespiteuses sans ramule épineux se
distingue nettement de C. crinita par ses axes longs à apex saillants et lisses, ses rameaux
avec des cryptostomates nombreux et légèrement saillants, ses aérocystes fréquents, grands,
ovales à subconiques plus larges à l’apex et avec 2 proliférations apicales ou plus, et par ses
réceptacles longs, cylindriques-tuberculés, simples ou bifides, à apex obtus portant parfois
une épine subapicale courte. L’espèce qui partage le plus de caractères avec C. bosphorica
n’est pas C. crinita mais l’espèce endémique méditerranéenne C. barbatula, cependant cette
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dernière diffère clairement de C. bosphorica par l’absence constante d’aérocystes, par ses
rameaux filiformes à cryptostomates saillants et très espacés et par ses réceptacles plus
petits, compacts, simples ou ramifiés, bosselés et subulés, avec parfois 1 à 2 longues épines
latérales.

Cystoseira bosphorica / Sargassaceae / Ochrophyta / Mer Noire / Bulgarie

INTRODUCTION

The genus Cystoseira C. Agardh (1820) holds several species that form
dominant stands in the photophilous subtidal zone in the Mediterranean and the
Black Seas (Giaccone & Bruni, 1973; Kalugina-Gutnik, 1975; Ballesteros, 1992;
Ballesteros, et al. 1998, Gómez Garreta et al., 2000; Dimitrova-Konaklieva, 2000).
Cystoseira spp. play an important role in the structure and functioning of rocky
habitats providing shelter and food as well as nursery grounds for a wide array of
organisms (Bulleri et al., 2002; Ballesteros et al., 2009; Verges et al., 2009;
Cheminée et al., 2013; Gianni et al., 2013). In spite of their importance as habitat
formers, the systematics of the genus is still not well understood (Draisma et al.,
2010) and questions arise when species have to be delimited (Ballesteros 2002;
Cormaci et al., 2012). In fact, two thirds of the Cystoseira species that are present
in the Mediterranean Sea are thought to have originated during the last six million
years, after the Messinian salinity crisis (Draisma et al., 2010) and thus, this genus
is in a process of active speciation in the region (Roberts, 1978; Amico, 1995).

Cystoseira bosphorica Sauvageau takes up a singular place among the
species of the genus Cystoseira whose taxonomic status is not clear. Its original
description (Sauvageau 1912, pp. 413-415 and 529-530) was based on a single
specimen collected by Gustave Thuret in the Buyuk-Déré Gulf (Bosphorus Strait,
Turkey) on October 1840 and conserved in the Herbarium Thuret (PC0596565,
Cryptogamy Herbarium, MNHN-Paris, PC, lectotype designated by Gómez
Garreta & Ribera (2005). According to Sauvageau (1912), C. bosphorica is
morphologically close to C. barbata (Stackhouse) C. Agardh because of its smooth
axis, the occurrence of aerocysts and the slender receptacles, but it is also similar
to C. crinita Duby in having a thallus caespitose and receptacles tuberculate and
non-mucronate.

Since its description, C. bosphorica was widely reported throughout the
Black Sea, along Bulgarian, Romanian, Turkish, Russian and Ukrainian coasts.
Vouchers identified as C. bosphorica are present in important collections (e.g.
J. Feldmann, M. Celan and A.D. Zinova Herbaria, among others).

In 1974, after the study of a large number of samples of C. bosphorica
collected along the Russian and Ukrainian coasts of the Black Sea, Zinova &
Kalugina (1974) reduced C. bosphorica to a simple form of C. crinita Duby as
C. crinita f. bosphorica (Sauvageau) A.D. Zinova and Kalugina, and distinguished
two forms of C. crinita in the Black Sea as follows (translated from Russian):

– “C. crinita f bosphorica: axes thicker, 3-4 mm in diameter, adventitious
branches well developed, terminal branches longer, 10-20 cm long and 550 µm in
diameter, aerocysts numerous, 8 mm long and 4 mm in diameter, receptacles
larger, 3.6 mm long and 1 mm in diameter; semi- and well-protected coasts; Black
Sea (all around besides in the NW part) and Bosphorus Strait.”

– C. crinita f. crinita: axes 2-3 mm in diameter, adventitious branches few
developed, terminal branches 8-12 cm long and 400-450 µm in diameter, aerocysts
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usually absent except during warm springs (1-5 aerocysts per thallus, 5 mm long
and 3 mm in diameter), receptacles small, 2.3 mm long and 0.9 mm in diameter;
form widely distributed in shallow waters on open and exposed coasts; Black Sea
(all around besides in the NW part) and Mediterranean Sea.

Zinova & Kalugina (1974) checked neither the type specimen of
C crinita, nor any specimens of C. crinita from the syntype localities (Corsica and
French Riviera; Duby, 1830) or from other Mediterranean areas, where the
species is frequent, like the western Mediterranean basin and the Adriatic Sea.
Nevertheless, the taxonomical change they proposed was widely accepted
(Table 1). In the meantime, phycologists did not find any conclusive element to
justify or reject the Zinova and Kalugina’s taxonomic treatment (Giaccone &
Bruni. 1973; Amico et al., 1985). Guiry & Guiry (2014) treat C. crinita f.
bosphorica as an accepted taxon, while Cormaci et al. (2012), Takin et al. (2012)
and Takin & Öztürk (2013) consider further investigation was necessary to precise
its taxonomic status. According to Cormaci et al. (2012), C. bosphorica could be
a later heterotypic synonym of C. barbatula Kützing (1860), a species described
from Naples (Italy) and successively reported from Sicily, Greece (Cyclades
Islands), Cyprus (Gerloff and Nizamuddin 1975, as C. graeca), Lampedusa Island,
Maltese Islands, the eastern coast of Libya (Cormaci et al., 1990, 1992, 1997;
Furnari et al., 2003, 2010), and from Tunisia (Bouafif et al., 2014).

Here, we reconsider the taxonomic status of C. bosphorica Sauvageau by
comparing specimens of Cystoseira spp. recently collected in Bulgaria with data
from the literature, the lectotype of C. bosphorica, old collections of Cystoseira
spp. from the Black Sea and several large collections of Cystoseira species from
the Mediterranean Sea.

MATERIAL AND METHODS

Specimens of Cystoseira spp. were sampled by one of us (D.B.) along the
Bulgarian coast, in May 2011, in shallow benthic assemblages (0-3 m depth)
(Fig. 1). Fresh material was transported to the laboratory in plastic bags with
seawater. Cystoseira species were cleaned and thoroughly rinsed with freshwater
to remove epiphytes. Some specimens were preserved in 4% buffered formalin/
seawater, while the rest was pressed, air dried and prepared as herbarium
specimens.

Voucher specimens were deposited in the Verlaque Herbarium
(HCOM), Marseille, France with following references:

– Cystoseira barbata (Stackhouse) C. Agardh: H8269 and H8270 -
Sozopol, Bulgaria, Black Sea, coll. D. Berov, 10-11/05/2011, 1-3 m depth, fertile;

– C. bosphorica Sauvageau: H8268 - Varvara, Bulgaria, Black Sea, coll.
D. Berov, 12/05/2011, 1 m depth, fertile; H8267 and H8271 - Sozopol, Bulgaria,
Black Sea, coll. D. Berov, 11/05/2011, 1 m depth, fertile.

The material was compared with the almost exhaustive collection of
Mediterranean Cystoseira species deposited in the Herbaria of HCOM, in
particular:

– C. barbatula Kützing: H5102 to H5106 - Dhekelia, south Cyprus, coll.
C.F Boudouresque, 29/01/1992, fertile,; H7216 to H7218 - Gyrne, north Cyprus,
coll. M. Verlaque, 18/11/1998, 4 m depth, fertile;
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– C. crinita Duby: H5169 - Le Pradet, France, coll. P. Francour, 16/01/
1997, 0-1 m depth; H8212 - Toulon, France, coll. M. Verlaque, 01/11/1990, 0.5 m
depth; H8220, Giens, France, coll. T. Thibaut, 21/11/2012, 0-1 m depth.

The following exsiccate deposited in the Cryptogamy Herbarium of the
Muséum National d’Histoire Naturelle, Paris (PC) were also examined (Sonnerat
Database http://coldb.mnhn.fr/colweb/form.do?model=SONNERAT.wwwsonnerat.
wwwsonnerat.wwwsonnerat):

– C. barbata (Stackhouse) C. Agardh: PC0519104 and PC0519105,
Banyuls-sur-Mer, France, coll. C. Sauvageau, 13/11/1909, fertile.

Fig. 1. Map of the study sites.
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– C. bosphorica Sauvageau: PC0596565 - Lectotype, Buyuk-Déré Gulf
(Istanbul), Turkey, coll. G. Thuret, October 1840; PC0483343 and PC0501372 -
Constana, Romania, coll. M. Celan, 6/10/1931, fertile; PC0483339 and PC0501373
- Constana, Romania, coll. M. Celan, 20/08/1933, fertile; PC0483340 - Constana,
Romania, coll. M. Celan, 30/05/1933, fertile, drawings; PC0483341 - Constana,
Romania, coll. M. Celan, 14-20/11/1946, fertile.

– C. crinita Duby: PC0519941 - Banyuls-sur-Mer, France, coll.
C. Sauvageau, 28/03/1910, fertile; PC0501301 - Castiglione, Algeria, coll.
J. Feldmann, 6/06/1935, fertile.

All this material was compared to the Cystoseira collection deposited in
the E. Ballesteros i Sagarra Herbarium of the CEAB-CSIC. Herbarium
abbreviations follow Thiers (2014).

RESULTS AND DISCUSSION

The material collected along the Bulgarian coasts belongs to two species
of Cystoseira: C. barbata and the species identified as C. bosphorica Sauvageau or
C. crinita f. bosphorica (Sauvageau) A.D. Zinova and Kalugina.The specimens of
C. barbata agree well with the previous descriptions and illustrations of large
Black Sea individuals of C. barbata (Table 1).

The characteristics of the second species are as follows: thalli, 30-50 cm
high, caespitose, with 8-17 axes, up to 20 cm high and 3-4 mm in diameter; apex
of axes prominent and smooth; primary branches not spinose, 15-23 cm long and
1 mm in diameter, with bases broadened and persistent; adventitious branches on
the base of dropped primary branches; ultimate branches cylindrical;
cryptostomates numerous and slightly prominent; aerocysts frequent, oval to
subconical broader at the apex, 9-10 mm × 3-4 mm, with 2 or more outgrowths
that can produce other aerocysts; receptacles cylindrical tuberculate, simple to
bifid, 5-12 mm × 1.5-2 mm, with apices blunt and sometimes a short sub-apical
lateral spine-like appendage; conceptacles slightly prominent (Figs 2-9). This
material agrees well with the diagnosis (Sauvageau, 1912), the lectotype (Fig. 10),
other specimens from the Black Sea (Figs 11-12), and the published descriptions
and illustrations of C. bosphorica, C. crinita f. bosphorica and C. crinita f. crinita
from the Black Sea (Table 1). The analysis of literature data and the examination
of large Mediterranean collections showed that, except for the caespitose
character and the absence of spine-like appendages on branches, no other
determinant character could justify the taxonomical reduction of C. bosphorica to
a form of C. crinita proposed by Zinova & Kalugina (1974). Cystoseira crinita
differs significantly from C. bosphorica, especially by a smaller size, the presence
of spinose parts (apex of axes and receptacles), the constant absence of distinctive
aerocysts, and by the location close to the surface: 0-0.5 m depth versus 0.5-10 m
depth for C. bosphorica (Table 1).

The Black Sea specimens attributed to C. crinita f. crinita by Zinova &
Kalugina (1974) possess apex of axes smooth and distinctive aerocysts,
consequently they cannot be a form of C. crinita. We consider they constitute a
reduced form from open and exposed coasts of C. bosphorica.
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Figs 2-3. Cystoseira bosphorica, Bulgaria, H8268 and H8271, habit of fertile thalli. Scales = 1 cm.
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By its morphological characters, C. bosphorica is closer to a C. barbata
than to C. crinita (Table 1). Finally we agree with Cormaci et al. (2012),
C. barbatula Kützing is the species that shares the greatest number of characters
with C. bosphorica (Table 1). However, the descriptions of C. barbatula and the
study of extensive populations from Cyprus (Table 1, Figs 13-17), allow us to claim
that both species are distinct. Cystoseira barbatula clearly differs from
C. bosphorica by the constant absence of aerocysts, the filiform branches with
prominent and spaced cryptostomates, and by the receptacles smaller, compact,
simple, humpy and subulate with sometimes 1-2 long lateral spine-like appendages.

CONCLUSION

On the basis of literature data and new morphological and ecological
studies, the reinstatement of species rank for the Black Sea endemic species
Cystoseira bosphorica Sauvageau (homotypic synonym C. crinita f. bosphorica) is
proposed. The Black Sea records of C. crinita f. crinita are considered
misidentifications of C. bosphorica Thus, C. crinita is a strictly Mediterranean

Figs 4-7. Cystoseira bosphorica, Bulgaria. 4. H8268, detail of the basis. 5. H8267, basis with young
axes; arrows: prominent and smooth apices. 6-7. H8271 and H8268, young and well-developed
aerocysts. Scales = 1 cm.
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endemic species that is absent from the Black Sea. In our opinion, the status of C.
bosphorica should be ratified through genetically based comparisons, which at the
moment are in their early stages of development for the genus Cystoseira (Draisma
et al., 2010). The implications of this taxonomical reinstatement are important in
terms of biological conservation. The habitat dominated by C. bosphorica becomes

Figs 8-12. Cystoseira bosphorica. 8-9. Bulgaria, H8267, receptacles; arrow: spine-like appendage.
10. Turkey, PC0596565, Lectotype collected by Gustave Thuret © MNHN-Paris (The plant in the
lower left corner of the sheet is a C. barbata). 11-12. Romania, PC0501372, collected by Maria
Celan © MNHN-Paris. 11. Habit. 12. Detail of aerocysts. Scales = 1 cm (Figs 10-12, by courtesy of
the MNHN-Paris).
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a major feature of the Black Sea region and its conservation constitutes a new
challenge in the current efforts in setting up marine habitat classification schemes in
the framework of the EU Habitats Directive, the Marine Strategy Framework
Directive and the creation of networks of marine protected areas ensuring the
conservation of European marine environments.

Figs 13-17. Cystoseira barbatula, Cyprus. 13. H7217, habit. 14. H.7217, basis with a young axe;
arrow: prominent and smooth apex. 15. H.7217, apex of a developed axis. 16-17. H7217 and
H7218, fertile branches with receptacles. Scales: Figs 13-14. = 1 cm; Figs 15-17 = 5 mm.
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