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Abstract

This study aimed to expand knowledge on the distribution and biodiversity of the genus Padina in Sicily and in the
Mediterranean Sea. Thanks to the studies of samples collected along the Sicilian coast and the re-examination of herbarium
specimens labelled as Padina pavonica, we reported the following five species in Sicily: P. ditristromatica, P. gymnospora,
P. pavonica, P. pavonicoides and P. tetrastromatica. Particularly, we documented the first supported occurrence of P.
gymnospora in the Mediterranean Sea and the first finding of P pavonicoides and P. tetrastromatica along the Italian
coast. Furthermore, a new key was created for the identification of all species belonging to the genus Padina present in the
Mediterranean Sea today.
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Introduction

The genus Padina Adanson (1763) includes about 60 species (Guiry and Guiry, 2023), and approximately one-half
occur in temperate and tropical regions where they are found from the lower intertidal to the subtidal (Ni-Ni-Win et al.
2011a, Arraj et al. 2016). According to Silberfeld ef al. (2013) and Vieira et al. (2021), the genus Padina exhibits a high
specific diversity whose rate of diversification remains constant over time furthermore, cryptic species and inaccurate
identifications have also been detected.

Species of the genus Padina show thalli attached by a rhizoidal holdfast, are characterised by complanate/
flabelliform laminae often lacerated that show low or heavy calcification and pheophytic hairs in tufts arranged along
concentric lines on one or both blade surfaces (Cormaci et al. 2012). The rolled margin consists of meristematic
cells, from which growth begins, and is always composed of 2 layers of cells, which can increase in number almost
immediately. The number of cell layers of the blade in the basal and median part changes from one species to another,
therefore this number may be another essential diacritical character for the taxonomy of the genus Padina (Ni-Ni-Win
etal. 2011a).

The species belonging to this genus have an isomorphic haplodiplophase digenetic life cycle; the sporophytes with
the unilocular cysts (tetrasporocysts) grouped in rows/concentric zones on one or both surfaces and, the gametophytes
are rather rare, with oocysts and antheridia arranged in sori in concentric zones (Ni-Ni-Win et al., 2011b). The sori
may be covered by a thin membrane, called indusium, which prematurely breaks (Ni-Ni-Win et al. 2011a, Cormaci et
al. 2012). Finally, some species may present a Vaughaniella stage (creeping rhizomes), consisting of a small ribbon-
like thallus with a single apical cell (Bergesen 1951, Cribb 1951, Umezaki & Yoneda 1962, De Clerck & Coppejans
1997).

In Mediterranean Sea, a total of seven species were reported: Padina boergesenii Allander & Kraft (1983: 87) [(also
as P. gymnospora (Kiitzing) Vickers non Sonder], P. boryana Thivy (in Taylor 1966: 355), P. ditristromatica Ni-Ni-
Win & H. Kawai (in Ni-Ni-Win et a/ 2011a: 333), P. pavonica (Linnaeus) Thivy (in Taylor 1960: 234), P. pavonicoides
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Ni-Ni-Win & H. Kawai (in Ni-Ni-Win et al 2011a: 335), P. tenuis Bory (1827: 590), and P. tetrastromatica Hauck
(1887: 43—44) (Tsekos & Haritonidis 1977, Ribera et al. 1992, Cecere et al. 1996, Barcel6 et al. 1998, Furnari et al.
1999, 2010, Rindi et al. 2002, Mayhoub 2004, Serio et al. 2006, Gomez-Garreta et al. 2007, Bitar et al. 2017).

Among these, P. tenuis is considered a misidentification of P. boergesenii by Ni-Ni-Win et al. (2011a), while
Cormaci et al. (2012) point out that the report of P. boryana is poorly supported and that the only ascertained species
occurring at the Mediterranean Sea are: P. ditristromatica, P. pavonica and P. pavonicoides. However, they did not
consider P. tetrastromatica, reported instead by Mayhoub (2004) for Syria, and further stated that P. boergenesii is
also a misidentification, according to Ni-Ni-Win et a/. (2011a); the latter Authors, indeed, assert that they are unable to
determine whether this report is correct, whether it is a misidentification or whether it refers to one of their new species
in the absence of morphological observations (Ni-Ni-Win et al. 2011a). Subsequently, findings of P. boergesenii in
the Levantine basin of the Mediterranean were reported (Bitar 2017). Finally, regarding P. boryana, its presence was
documented by Arraj et al. (2016) in the eastern Mediterranean using morphological and anatomical characteristics.

Therefore, to date, the species assumed to be present in the Mediterranean Sea are the following: P. boergesenii,
P. boryana, P. ditristromatica, P. pavonica, P. pavonicoides, P. tetrastromatica.

Since in the past, due to the morphological similarity between species belonging to the genus Padina,
misidentifications of these taxa have often been made, a re-examination of the old records labelled as P. pavonica
(the species thought to be most common in the Mediterranean) and the study of new samples, could lead to a new
delineation of the distribution areas of the species of this genus in the Mediterranean Sea. According to this, the present
work aims to enrich the knowledge of the biodiversity of the genus Padina in this geographic area, through the study
of collected samples around the Sicilian coasts, the re-examination of herbarium specimens and the creation of an
identification key to the species belonging to this genus and present in the Mediterranean Sea today.

Methods

Throughout 2021 and 2022, 15 populations of Padina specimens were investigated in the infralittoral zone in some
localities of Sicily (Table 1, Fig.1), and for each population, 3/5 thalli were collected for morphological analysis.
The collected material was stored in silica gel (to prevent formaldehyde transport) to later perform a study in the
Laboratory of Phycology of the Department of Biological, Geological and Environmental Sciences of the University
of Catania. In addition, we revised 13 herbarium sheets labelled as P. pavonica that were held in CAT Sectio Algae-
Herbarium exiccata of the University of Catania; as many thalli as possible, for each herbarium sheets, were analysed
morphologically. Details on the species investigated are resumed in Table 2. For the anatomical and morphological
observation, all thalli were rehydrated and the sections in the basal (close to rhizoids), median, and rolled apical portions
were made by hand with the razor blade. The diacritical characters that have been used for species identification are
(Table 3): 1) the presence or absence of calcification on the two thallus surfaces; ii) the amount, the structures, and the
arrangement of hair lines on the thallus surfaces; iii) the layers of cells in the apical rolled portion, in the median, and
basal portion; iv) the structures and the arrangement of sporangial sori; v) the presence or absence of the indusium, vi)
the present or absence of Vauganiella stage. We considered the lower surface to be the outer or convex surface, while
we considered the upper (inner or concave) surface to be the one on which the upper edge is rolled. Photographs were
taken with a Nikon D40 and processed using Adobe Photoshop 6.0. The map showing the sampling sites (Fig. 1) was
realised through the QGIS software 3.16.

TABLE 1. Sampling sites of P. ditristromatica, P. gymnospora, P. pavonica, P. pavonicoides and P. tetrastromatica.

eastern coast of Sicily

Aci Trezza (CT) 37°33°417°N; 15°9°59”W —0.5;-5

Brucoli (SR) 37°17°25”N; 15°11°53”W —0.5;-9.5

Penisola Magnisi (SR) 37°9°00”N; 15°13°59”W —0.5;-5

Santa Tecla (CT) 37°38°24”N; 15°11°03”W —0.5;-9.5;-13.4;,-23.9

...... continued on the next page
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TABLE 1. (Continued)

northern coast of Sicily

Milazzo (ME)

Filicudi (Eolian Island)
western coast of Sicily
Punta Raisi (PA)

Macari (TP)

south of Sicily—Pantelleria
Cala Tramontana

Kattibuale

Martingana

Scauri

38°14°40”N; 15°14°28”W

38°33°27”N; 14°34°15”W

38°11°24”’N; 13°7°24”W

38°8°15”N; 12°44°9”W

36°47°54”°N; 12°2°52”W
36°49°217N; 11°59°11”"W
36°44°56”N; 12°2°43”W

36°46°10”N; 11°57°48”W

—0.5m; -5m

—0.5 m; —-5m

—0.5m;

—0.5m;

—0.5m; -5m
—0.5m; —-5m
-0.5m; -9.5m

—0.5 m; -5m; -9.5m

Pantelleria cala Tramontana
a0 A
Scauri Martingana

r-ia‘.Ka’ttibuale

; Cala Tramontana
._Scaﬁri
' ~_Martingana

02,55 km
.

FIGURE 1. Maps of Sicily showing the sampling sites. Design by I. Pagana.
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TABLE 2. Herbarium sheets examined.

Herbaria code Collection date  Collection site Depth Legit/Determinavit
P. ditristromatica CAT1110 27/07/1969 Marzamemi —2m Scammacca/Scammacca
P. gymnospora CAT 1735 2/1/1967 Palma di Montechiaro —0.5m - / Giaccone
CAT1733 05/09/1970 Pantelleria Island —Sm Giaccone / Giaccone
CAT1734 05/09/1970 Pantelleria Island —5m Giaccone / Giaccone
CAT1104 25/01/1970 Brucoli —0,5m Scammacca / Scammacca
CAT1732 04/07/1967 Ustica -10m - / Giaccone
CAT1729 18/05/1969 Lipari Island —4m Giaccone / Giaccone
P. pavonica
CATI1111 29/07/1968 Gela -0,5m Scammacca / Scammacca
CAT1722 18/10/1966 Palma di Montechiaro —-lm - / Giaccone
CAT1728 04/04/1969 Capo Milazzo —4m Giaccone - Giaccone
CAT1727 07/06/1969 Capo Zafferano —-8m - /Giaccone
CAT1096 12/06/1970 Syracuse -0,5m Scammacca / Scammacca
P. tetrastromatica CAT 1730 4/5/1966 Punta Raisi -2m /Giaccone

Results

Based on the diacritical characters, resumed in Table 3, the samples studied were identified as P. ditristromatica, P.
gymnospora (Kiitzing) Sonder (non Vickers), P. pavonica, P. pavonicoides, and P. tetrastromatica.

The following information is given for each species: basionym, type locality, distribution in the Mediterranean
Sea, examined specimens, brief morphological description, and remarks on species.

Padina ditristromatica (Fig. 2 A-E)

Basionym:—Padina ditristromatica

Type locality:—ITALY. Syracuse: Brucoli, Augusta

Distribution in the Mediterranean Sea:—GREECE (Ni-Ni-Win ef al. 2011a, Catra & Alongi 2013, Tsiamis et
al. 2013). ITALY (Ni-Ni-Win et al. 2011a, Bottalico et al. 2016). SPAIN (Gomez Gomez et al. 2015). SYRIA (Arraj
et al. 2016). TURKEY (Ni-Ni-Win et al. 2011a).

Examined Specimens:—ITALY. Catania: Santa Tecla, Acireale, —13.4m, —23.9m, 02/07/2021; ITALY. Syracuse:
Marzamemi, —2m, 27/07/1969, CAT1110 as P. pavonica.

Morphology:—the thallus is flabelliform and subdivided into lobes (Fig. 2A). It is fixed to the substrate through
a tangle of fibrous rhizoid filaments, which cover the lower surface of the basal portion (Fig. 2A). This species has
calcified striae on both surfaces, except on the hair lines. The latter, concentrically arranged, are alternate on both
surfaces and are spaced unequally (Fig. 2B), they are also narrow-undepressed on the upper surface and broad-depressed
on the lower surface. The rolled part of the apical portion shows 2 layers of cells (Fig. 2C), while the median and basal
portions feature a mixture of 23 cell layers, since some cells divide transversally (Fig. 2D, E). In the 2-layered region,
the cells of the upper side are twice as high as those of the lower side (Fig. 2C), while in the 3-layered region portion,
all three layers show the same height (Fig. 2D, E). In our samples, no reproductive traits were found.

Remarks:—this species was described by Ni-Ni-Win ef al. (2011a) on specimens collected at Brucoli (eastern
coast of Sicily) and after that, there have been no further reports along the Sicilian coasts. Our records extend the
distribution range also in areas contiguous to the type locality both northward (Santa Tecla-Acireale) and southward
(Marzamemi—Syracuse); in particular, the latter is based on the re-examination of the herbarium sample from 1969,
labelled as P. pavonica.

Although P, ditristromatica has been reported both in the eastern and western Mediterranean basin, it is very likely
that this species may have a wider distribution throughout the Mediterranean Sea, due to a possible misidentification
with P. pavonica.
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FIGURE 2. Padina ditristromatica. A. Herbarium sheet (CAT 1110) showing the habitus. B. Upper surface with hair lines distributed in
unequal distance C. Longitudinal section of the rolled part of the apical portion of the thallus showing 2 layers of cells. D. Cross section of
the middle portion, showing a mixture of 2 (pointed by the arrows) to 3 layers (pointed by the arrowheads). E. Cross section of the basal
portion of the thallus showing 2-3 layers of cells (pointed by the arrows). Photo A refers to the herbarium sheet sample. Photos B to E
refer to the Santa Tecla (CT) sample. Scale bars: A, B, 1 cm; C-E, 50 pm. Photos by G. Marletta.

Finally, until now, P. distristromatica has been reported in both low midlittoral and infralittoral zones up to —7m
(Gémez Gomez et al. 2015); in this study, we observed that P. ditristromatica can extend to a depth of about —24m.

Padina gymnospora (Fig. 3 A-D)

Basionym:—Zonaria gymnospora Kiitzing (1859: 29)

Type locality:—VIRGIN ISLAND. St. Thomas (Herb. Sonder)

Distribution in the Mediterranean Sea:—ITALY (Sortino 1967 as P. gymnospora sensu Vickers)

Examined Specimens:—ITALY. Agrigento: Palma di Montechiaro, —0.5 m, 2/1/1967, CAT 1735 as P. pavonica
cfr. gymnospora.

Morphology:—The thallus is fan-shaped (Fig. 3A), not or slightly calcified in the upper surface, and attached to
the substrate with a rhizomatous holdfast. It has a smooth surface, with margins slightly undulated and a rolled apical
portion. The hair lines are concentric, distributed at equal distances and are not prominent. They are present on both
surfaces and are more conspicuous on the lower portion of the thallus. The species has 2 cell layers in the rolled apical
portion (Fig. 3B), but immediately the layers become 3—4 (Fig. 3B, C) and up to 68 in the basal portion (Fig. 3D). In
our samples, no reproductive traits were found.

Remarks:—The only report of P. gymnospora in Mediterranean Sea (Sortino 1967) refers to P. gymnospora sensu
Vickers; but, this record probably should be considered as a misidentification of the tristromatic species P. boergesenii,
as also assumed by Furnari et al. (2010) and Ni-Ni-Win et al. (2011a).

However, the herbarium specimen that we examined was collected in the same locality as the specimens reported
by Sortino (1967). That specimen shows all the features of P. gymnospora (Kiitzing) Sonder (non Vickers) as reported
by Womersley (1987) and by Allander & Kraft (1983:87) that examined the holotype of Zonaria gymnospora (MEL
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583380 in the Sonder collection) when they described the new species Padina boergesenii. Therefore, this is the first
supported record of P. gymnospora for the Mediterranean Sea.

carn 1738

Sectio: Algas:

HERBARIUA IUSEPPE GHECOM

FIGURE 3. Padina gymnospora. A. Herbarium sheet (CAT 1735) showing the habitus. B. Longitudinal section of the rolled part of the
apical portion of the thallus shows 2 cell layers in the rolled part and the transition to 3 cells (pointed by the arrow). C. Cross section of
the median portion of the thallus showing 4 layers of cells. D. Cross section of the basal portion of the thallus showing 68 layers of cells.
All photos refer to the herbarium sheet sample. Scale bars: A, 1,5 cm; B-D, 50 um. Photos by G. Marletta.

Padina pavonica (Fig. 4 A-G)

Basionym:—Fucus pavonicus Linnaeus (1753: 1162)

Type locality:—/n mari Europae australis

Distribution in the Mediterranean Sea:—This species is widely distributed in Mediterranean ITALY, SPAIN,
GREECE, FRANCE, MALTA, MOROCCO, ALGERIA, TUNISIA, LIBYA, EGYPT, ISRAEL, SYRIA, LEBANON,
TURKEY (Guiry & Guiry 2023).

Examined Specimens:—ITALY. Catania: Aci Trezza, Aci Castello, —5 m, 25/04/22; ITALY. Syracuse: Penisola
Magnisi, Priolo, —0,5 m, 16/06/22; ITALY. Messina: Milazzo, —0,5 m, 14/06/22; ITALY. Messina: Canne d’Organo,
Filicudi Island, —0,5 m, 09/07/22; ITALY. Trapani: Cala Tramontana, Kattibuale, Scauri, Pantelleria Island, —0,5 m,
23/03/22; ITALY. Trapani: Macari, —0.5m, 06/10/2022; ITALY. Palermo: Punta Raisi, —0.5m, 07/10/2022; ITALY.
Trapani: Cala Levante, Pantelleria Island, -5 m, 05/09/1970, CAT1733 and CAT1734; ITALY. Syracuse, Brucoli,
Augusta, —0,5 m, 25/01/1970, CAT1104; ITALY. Palermo: Ustica, —10 m, 04/07/1967, CAT1732; ITALY. Messina:
Lipari Island, -4 m, 18/05/1969, CAT1729; ITALY. Caltanissetta: Gela, —0,5 m, 29/07/1968, CAT1111; ITALY.
Agrigento: Palma di Montechiaro, —1 m, 18/10/1966, CAT1722; ITALY. Messina: Capo Milazzo, —4 m, 04/04/1969,
CAT1728; ITALY. Palermo: Capo Zafferano, —8m, 07/06/1969, CAT1727; ITALY. Syracuse: Ognina, —0,5 m,
12/06/1970, CAT1096.

Morphology:—The thallus is semicircular to circular with radial lacerations, low or not calcified on the lower
surface and moderately calcified on the upper surface. It is fixed to the substrate with dense tufts of rhizoids (Fig. 4A).
The hair lines are concentric, alternate between both the surfaces of the thallus and are disposed at equal distances.
They are narrow-undepressed in both the surfaced. This species shows 2 cell layers in the rolled part of the apical
region (Fig. 4C), 3 cell layers in the median portion (Fig. 4D) and 3—4 cell layers at the base (Fig. 4E). The medullary
layers (1-2) consist of cells larger and less pigmented than the cells of the two peripheral layers (Fig. 4D). In some of
our specimens (Cala Tramontana and Kattibuale in Pantelleria Island, in Filicudi Island, and Punta Raisi), the presence
of the Vaughaniella stage was found (Fig. 4A, F). This finding agrees with the observations of Peralta (2013) and
Gomez Gomez et al. (2015), which reported the presence of this stage in P. pavonica.
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FIGURE 4. Padina pavonica. A. Habitus of P. pavonica with the Vauganiella stage (pointed by the arrow). B. Lower surface with
broad sori above the hair lines and narrow below the hair lines; in the lower part of the picture to the right is a detail of the section of
tetrasporangial sori covered with an indusium. C. Longitudinal section of the rolled part of the apical portion of the thallus showing 2
layers of cells. D. Cross section of the median portion of the thallus showing 3 layers of cells. E. Cross section of the basal portion of the
thallus showing 4 layers of cells. F. Cross section of the Vauganiella stage. All photos refer to the sample of Pantelleria except for the photo
of the sporangial sori, which refers to the herbarium sheet (CAT1734). Scale bars: A, 1 cm; B (section of tetrasporangial sori)—F, 50 um;
B (inset), 1,5 mm. Photos by G. Marletta.

The sporangial cysts are grouped in sori, which are obovate with a basal pedicel and a transparent indusium
(Fig. 4B). They are distributed only on the lower surface and form continuous lines on both sides of the hair lines,
particularly they are broad above hair lines and narrow below hair lines (Fig. 4B).

Remarks:—Our observations confirm the wide distribution of the species in the Mediterranean Sea. However, as
was often the case previously, the identification of this species should not be taken for granted given its similarity to
other species of the genus.

Padina pavonicoides (Fig. 5 A-G)

Basionym:—Padina pavonicoides

Type locality:—FRANCE. Cannes: Port Cap de la Croisette.

Distribution in the Mediterranean Sea:—FRANCE (Ni-Ni-Win et al. 2011a). SPAIN (Ni-Ni-Win et al. 2011a,
Gomez Gomez et al. 2015). TURKEY (Taskin 2013).

Examined Specimens:—ITALY. Syracuse: Brucoli, Augusta, —0,5 m, 21/05/21; ITALY. Catania: Santa Tecla,
Acireale, —9,5 m, 02/07/21; ITALY. Trapani: Martingana and Scauri, Pantelleria Island, —0,5 m, 23/03/22.

Morphology:—The thallus is semicircular to circular with entire margin, low or not calcified on the lower surface
and slightly calcified on the upper surface. It is fixed to the substrate with a short stipe, covered on the lower surface
by rhizoid filaments (Fig. 5A). The hair lines are concentric, alternate between both the surfaces of the thallus and are
disposed at equal distances (Fig. 5B). They are narrow-undepressed in the upper surface and broad-slightly depressed
in the lower surface. This species has mainly 3 layers of cells (Fig. SE, F), except for the rolled apical portion, which
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has 2 layers of cells (Fig. 5D). In the 3-layered parts, the cells of the central layer are nearly twice as high as those of
the surface layers (Fig. 5E, F). In the specimens collected at Martingana, we found the Vaughaniella stage (Fig. 5G).

The sporangial cysts are grouped in sori, which are obovate and with a transparent indusium (Fig. 5C) and are
distributed only on the lower surface and form patches above the hair lines (Fig. 5B).

Remarks:—Until today, P. pavonicoides has been found only in Turkey, Spain and France. Our Sicilian records
expand the distribution area of this species and show an effective continuity between the eastern and western basin.
It should be noted that we collected P. pavonicoides also in shallow habitats, expanding the bathymetric distribution
range of the species compared to what was suggested by Gomez Gomez et al. (2015).

FIGURE 5. Padina pavonicoides. A. Habitus of P. pavonicoides. B. Lower surface with sporangial sori in patches above hair lines,
arranged at equal distance C. Section of tetrasporangial sori covered with an indusium (pointed by the arrow). D. Longitudinal section of
the rolled apical portion of the thallus showing 2 layers of cells. E. Cross section of the median portion of the thallus showing 3 layers of
cells. F. Cross section of the basal portion of the thallus showing 3 layers of cells. G. Cross section of Vauganiella stage. Photos A, D, and
F refer to the sample of Brucoli (SR), photo G refers to the sample of Martingana—Pantelleria, and photos B, C and E refer to the sample
of Scauri—Pantelleria. Scale bars: A, 1 cm; B, 0,5 cm; C—G, 50 um. Photos by G. Marletta.

Padina tetrastromatica (Fig. 6 A-E)

Basionym:—~Padina tetrastromatica

Type locality:—Meith (Maydh), Somalia

Distribution in the Mediterranean Sea:—SYRIA (Mayhoub 2004)

Examined Specimens:—ITALY. Palermo: Punta Raisi, —2m, 4/5/1966, CAT 1730 as P. pavonica.

Morphology:—The thallus is flabelliform (Fig. 6A) and attached to the substrate through a fibrous disc-shaped
holdfast. The stipe is short, flattened, and the thallus has a light calcification on the upper surface. The species shows
concentric and narrow-undepressed hair lines at an equal distance between both surfaces. The margins are smooth or
slightly undulated and the upper rolled portions show a smooth surface. The thallus consists mainly of 4 layers of cells
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(Fig. 6D, E), except in the rolled apical portion where only 2-cell layers are present (Fig. 6C); between the 2-cell and
4-cell portions, a short zone with 3 layers of cells can be identified.
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FIGURE 6. Padina tetrastromatica. A. Herbarium sheet (CAT 1730) showing habitus. B. Lower surface with continuous lines of
sporangial sori above hair lines and discontinuous lines below the hair lines. C. Longitudinal section of the rolled part of the apical portion
of the thallus. D. Cross section of the median portion of the thallus showing 4 layers of cells. E. Cross section of the basal portion of the
thallus showing 4 layers of cells. All photos refer to the herbarium sheet sample. Scale bars: A, 1 cm; B, 110 pm C-E, 50 pm. Photos by
G. Marletta.

In our sample, bands of sori are present near the growth zone and are located on both sides of the hair lines,
particularly they are in continuous lines above hair lines and in discontinuous lines below the hair lines (Fig. 6B).
Moreover, there is no indusium and Vauganiella stage, the latter found instead by Aisha & Shameel (2010).

Remarks:—This Indo-Pacific species was reported in Syria in 2004 (Mayhoub 2004) but, according to Verlaque
et al. (2015:51), its successful establishment in the Mediterranean Sea remains unknown. Our herbarium specimen
attests to the presence of P. tetrastromatica in this basin as early as 1966. Therefore, it is very likely that this species
could have a wider distribution in the Mediterranean Sea. For this reason, it is very important to accurately examine
past data through the study of herbarium sheets to assess the real distribution of this species in the Mediterranean as
well as a more accurate identification of new specimens of the genus Padina collected.

Wynne (1998) considered P. tetrastromatica to be a synonym of Padina antillarum (Kiitzing) Piccone (1886:
36); but we, according to Ni-Ni-Win et al. (2011b), retain to maintain the two taxa separate until specimens from the
respective type localities have been compared using sequence data.

Discussion

Until the publication of the study by Ni-Ni-Win ez al. (2011a), in the Mediterranean Sea the genus Padina was considered
to be represented mainly by P. pavonica (Gallardo et al. 1985, Gomez Gomez et al. 2015). This is probably because the
old records were based on inadequate traditional morphological characters and there was no DNA sequence support
data (Ni-Ni-Win et al. 2011a). In addition, exhaustive taxonomic studies at the species level of the genus Padina had
not been conducted. Only after detailed molecular and morphological studies, which also detected the presence of new
species of Padina (Ni-Ni-Win et al. 2011a), it was possible to redefine the distribution of species belonging to this
genus in the Mediterranean Sea.

The analysis of the samples collected along the Sicilian coast, as well as the revision of the herbarium sheets,
have allowed identifying five species of Padina: P. ditristromatica, P. gymnospora, P. pavonica, P. pavonicoides
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and P. tetrastromatica. Particularly, some of the herbarium specimens, previously identified as P. pavonica, were
misidentifications, therefore P. distristromatica, P. gymnospora, and P. tetrastromatica were already present in the
Mediterranean in the past.

Regarding the three-layered species, our samples of P. pavonicoides and P. ditristromatica present all the features
matching the descriptions of Ni-Ni-Win et al. (2011a), Cormaci et al. (2012), Gémez Gémez et al. (2015). In P
pavonicoides there are 3-cell layers in the basal and median portions, while in P. ditristromatica there is a mixture of 2—
3 in these portions. In both species, the sporangial sori are present only on the lower surface. The calcification is light
on the upper surface and almost absent on the lower surface in P. pavonicoides, while it is heavy on the upper surfaces
and moderate on the lower surface in P. ditristromatica. Moreover, although the Vaughaniella stage was not reported
in either of these two species by Ni-Ni-Win et al. (2011a), we found it in our specimens of P. pavonicoides. Therefore,
the presence of this stage can be considered as another useful diacritical character to distinguish P. pavonicoides
from P, ditristromatica. Previously, Gébmez Gémez et al. (2015) had already proposed this feature to differentiate P
pavonica from P. ditristromatica, since contrary to Ni-Ni-Win et al. (2011a), they had found this stage in the adults of
P. pavonica. Also, in our specimens of P. pavonica we often detected the presence of this stage. In general, P. pavonica
has features more similar to P. pavonicoides than to P. ditristromatica. P. pavonica differs from P. pavonicoides mainly
in having often 4 layers of cells at the base and the sporangial sori arranged in continuous lines on both sides of the
hair lines and not in patches only above hair lines, as P. pavonicoides.

As concerns the species with four or more cell layers, the specimens in exsiccata of P. gymnospora and of P,
tetrastromatica (both labelled as P. pavonica) correspond to the descriptions of Womersley (1987) and Abbas &
Shameel (2013a,b) as regards P. gymnospora, and Gaillard (1967), Aisha & Shameel (2010), Abbas & Shameel
(2013Db), Ni-Ni-Win et al. (2013) and Huisman (2015) as regards P. tetrastromatica. In P. gymnospora there are 3—4
cell layers in the median portion and 6-8 layers at the base. Instead, P. tetrastromatica shows thalli consisting mainly
of 4 cells layered. In P. gymnospora the sporangial sori are generally present on both the upper and lower surfaces,
while in P. tetrastromatica the sporangial sori are only on the lower surface. The calcification is the same in both
species, light and present only on the upper surface. Moreover, in both species, the hair lines are disposed on both
surfaces, but in P. gymnospora are more conspicuous in the lower portion of the thallus close to the holdfast. Our
finding of P. pavonicoides in Sicily is the first report of this species for the Italian coast, representing a connecting line
between previous reports: to the west, both in France (Ni-Ni-Win et al. 2011a) and Spain (Ni-Ni-Win et al. 2011a,
Gomez Gomez et al. 2015) and, to the east in Turkey (Taskin 2013). This suggests that this species may have a wider
distribution in the Mediterranean.

P, tetrastromatica, widely distributed in warm seas (Verlaque et al. 2015), was reported in the Mediterranean Sea
only in Syria (Mayhoub 2004); therefore, our report expands its distribution range. In fact, it is the first report for the
Italian coast but also for the whole western sector of the Mediterranean. It should also be noted that we found this
species following the re-examination of herbarium samples and therefore, P. tetrastromatica was present as early as
1966 in Sicily.

P. gymnospora, was reported in the Mediterranean Sea by Ramon and Friedmann (1966) and Nizamuddin (1981)
based on the predominantly tristromatic species reported by Vickers (1905) and not based on P. gymnospora (Kiitzing)
Sonders, characterized instead by 2 layers of cells in the rolled apical portion, 3—4 layers of cells in the median portion
and up to 6-8 layers of cells in the basal portion. Therefore, we agree with Ni-Ni-Win ef al. (2011a) in referring
to the citations made for the Mediterranean to P. boergesenii. In contrast, our herbarium specimen presents all the
characteristics of P. gymnospora (Kiitzing) Sonders, therefore it is the first supported report of this species in the
Mediterranean Sea.

Finally, we did not find both the presence of P. boergesenii and P. boryana in this study. However, the first species
is well established along the Levantine coasts (Bitar 2017, Verlaque et al. 2015) including Israel (Ramon & Friedmann
1966) and Libya (Nizamuddin 1981); while reports from Malta are to be confirmed (Verlaque et al. 2015). Instead, the
presence of P. boryana was only documented by Arraj et al. (2016) in the eastern Mediterranean.

Conclusions

In conclusion, the detailed study of the species of the genus Padina, which are very similar morphologically, together
with the re-examination of the herbarium sheets, underlined the existence of misidentifications and thus it allowed
to discover the existence of hitherto never reported species in Mediterranean areas. Therefore, continued and more
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detailed and careful studies on this genus, could expand and redefine its distribution and biodiversity, as evidenced by
the results obtained in the present work.

Key to the species of the genus Padina in the Mediterranean Sea.

1. Thallus with 2 layers of cells and/or a mixture of 23 layers of cells in the median POTtion ............cceceecvecierierierereseeeeeeeeeeeens 2
- Thallus with at least 3 layers of cells in the Median POTtION .........c.cveierierierieieceeee ettt ettt sessesbestassesseeseeseeneens 3
2. Thallus entirely composed of 2 layers of cells; hair lines are in concentric lines on the upper surface (ephemeral or absent in the

lower surface); INAUSTUM @DSENL.......c.ecieieiirierietictieteeteete et et et et et e st e ste e eteeseeseessesseseseeseeseessessessessessassessessessassenns Padina boryana

- Thallus with a mixture of 23 cell layers in the median and basal portions; hair lines alternate on both surfaces; indusium present
......................................................................................................................................................................... Padina ditristromatica

3. Thallus with 3 layers of cells in the median portion and 3/4 in basal one; sporangial sori arranged in patches or in concentric lines;
INAUSTUIM PIESENTE OF ADSEIIL ......euteuitieieterteiietetet ettt ettt ese st e ettt es e et e e e st eses e e b e st es et eseebe st es e b es e b enses e s es e eb e s ebeabeneetensesesbeneesentenea 4
- Thallus with more than 3 layers of cells in the median and basal portion; sporangial sori arranged in continuous or discontinuous
1ines; INAUSTUM AIWAYS ADSEIT ......eevieiieiieieieieitesieetiee et et et et et e st e e teeteetaeteessessessessessesseeseeseessessessenseseaseassessessessessassessessessassesseessensans 6
4. Thallus consisting entirely of 3 layers of cells except in the rolled apical portion; cells of the central layer and one cortical layer are

more or less equal in height and usually smaller than the other cortical layer; sporangial sori arranged in concentric lines separated
from each other by a sterile zone delimited by two consecutive hair lines on alternate surfaces of frond; indusium absent..............
.............................................................................................................................................................................. Padina boergesenii
- Thallus with 3 layers of cells in the median portion and 3/4 in basal ones; medullary layers (central layers) (1-2) consist of cells

larger and less pigmented than the cells of the two peripheral layers; indusim PreSent............ooeoeeerieireireneeneireeeseeeesenens 5
5. Thallus with 3 layers of cells in the median portion and 3/4 in basal ones; sporangial sori arranged in continuous lines on both sides

OF the NAIT TINES ..euviieieeiececeee ettt ettt et et e et e b e be b e ebe et e eseeseessessessessessessaeseeseesaessensensensensensan Padina pavonica
- Thallus with 3 layers of cells in both the median and basal portions; sporangial sori arranged in patches above hair line; indusium

S LTS 4L PR Padina pavonicoides
6. Thallus with 3—4 layers of cells in the median portion and 4 layers in the basal portion; sporangial sori present only on the lower

surface arranged in continuous lines above the hair lines and discontinuous lines below the hair lines....... Padina tetrastromatica
- Thallus with 3—4 layers of cells in the median portion and 6-8 layers of cells in the basal portion; sporangial sori present in both

surfaces of the thallus arranged in more or less CONtiNUOUS JINES ........coveerueirerieirieiieieceeesee e Padina gymnospora
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