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Abstract

Freshwater red algae belonging to the family Batrachospermaceae (Rhodophyta) are poorly investigated,
particularly in Italy and in Sicily, where little is known about their distribution along rivers. The present
study reports, for the first time, the occurrence of Lemanea fucina Bory in ltaly and Paralemanea catenata
(Kiitzing) Vis & Sheath in Sicily. L. fucina formed stalked, highly branched thalli and was characterised
by an internal structure lacking a cortex around the central axis cell, T-shaped ray cells, and spermatangial
papillae arranged in circular patches at the nodes. In contrast, P catenata showed unstalked, unbranched
to pseudobranched thalli arising from a basal crust and was characterised by a central axis composed of
numerous cortical filaments and radial cells arranged in two layers: a proximal layer not reaching the outer
cortex and a distal Y-shaped layer attached to the cortex, with nodal spermatangial sori arranged in rings.
Both species were recorded along the Alcantara River, one of the main rivers in eastern Sicily. Information
on the morphological and ecological characteristics of the two species is presented.
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Introduction

A large percentage of red algae inhabit marine environments, and only about 10%
occur in a limited number of freshwater habitats, due to their stenovalence (Kumano
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2002; Crowell et al. 2025). In particular, they are mainly found in rivers with running
waters, where they colonise rocks exposed to turbulent flow conditions (Sheath and
Hymes 1980). A consequence of this ecological preference is that some of these algae
appear to be rather rare and restricted to specific habitats and are unable to survive in
anthropised areas (Eloranta and Kwandrans 2002; Simi¢ et al. 2010).

A significant percentage of freshwater red algae (about 70%) belongs to the order
Batrachospermales, one of the four orders composed exclusively of freshwater taxa that
primarily inhabit flowing waters (Kumano 2002; Vis and Necchi 2021). The mem-
bers of this order generally have macroscopic uniaxial gametophytes with whorled
branches, giving a bead-like appearance or forming a pseudoparenchymatous thallus
with mucilaginous or cartilaginous consistency. Most members have a heteromorphic
triphasic life history consisting of the sporophyte (Chantransia stage), the gametophyte
(monoecious and/or dioecious), and the carposporophyte phases (Sheath 1984; Sheath
et al. 1996; Necchi and Carmona 2002; Vis and Necchi 2021).

According to a molecular phylogenetic analysis based on two molecular markers,
the order Batrachospermales currently comprises a single family, the Batrachosper-
maceae (Entwisle et al. 2009). This family comprises 21 genera (Vis and Necchi 2021),
including Lemanea Bory and Paralemanea (P.C. Silva) M.L. Vis & Sheath. These enti-
ties have likewise been subject to an intricate taxonomic history culminating in their
separation and present status as distinct genera, as described by Xie et al. (2004). Mi-
tochondrial genome investigations further corroborate the modern separation of these
two genera. Paralemanea species possess the largest genomes and most extensive inter-
genic regions sequenced to date within the Batrachospermales. Notably, they are the
only taxa within the order to contain introns, which are absent in all other members,
including the sister genus Lemanea (Lemes Da Silva et al. 2025).

Morphologically, the two genera Lemanea and Paralemanea can be distinguished
mainly by the following characters: Lemanea has spermatangia arranged in circular
papillae at the nodes and internal organisation with T- or L- shaped ray cells abutting
the cortex and a main axis without cortication; Paralemanea has spermatangia arranged
in rings around nodes and internal organisation with simple ray cells and cortication
around the main axis. In particular, axial filaments are surrounded by cortical fila-
ments, and the simple ray cells consist of two layers; the proximal one does not touch
the outer cortex, and the distal one is generally “Y” branched and connected to the
cortex. Furthermore, the genus Paralemanea includes species that lack stalks (Vis and
Sheath 1992; Sheath et al. 1996; Vis and Necchi 2021).

In Italy, reports of species belonging to these genera are scarce and scattered (Bar-
one et al. 1995; Mannino 2001; Mannino et al. 2003; Ceschin et al. 2012, 2013; Saber
et al. 2016; Campisi et al. 2020). Indeed, the taxonomy, distribution, and ecological
role of these red algae have been poorly investigated, especially in Sicily. Only three
records of Lemanea are available for this region, all referring to Lemanea fluviatilis (Lin-
naeus) C. Agardh (Barone et al. 1995; Mannino 2001; Campisi et al. 2020). As far as
we know, there are currently no published reports of Paralemanea species in Sicily, cre-
ating a research gap in this field. Moreover, species of Batrachospermaceae have never
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been reported from the Alcantara River, one of the most important freshwater bodies
in Sicily. Although this river has been the object of several studies, particularly regard-
ing its ecological status (Gugliandolo et al. 2009; Guglielmo et al. 2013), no detailed
investigations have yet been carried out on its algal flora.

During field surveys along two sites of the Alcantara River, numerous thalli of
freshwater red algae referable to the genera Lemanea and Paralemanea were found.
Considering the scarcity of data on these genera in Sicily, we deemed it worthwhile to
investigate these specimens in greater detail in order to fill the existing knowledge gaps
and to provide new information on the ecology and habitat of these species.

Materials and methods

Study area

The study was conducted along the Alcantara River, the only river park in Sicily. Its
waters flow eastwards, between the Nebrodi and Peloritani mountains on its north-
ern side and the volcano Etna on its southern side. The river is 52 km long, flowing
through mountainous to hilly areas. Over time, the river has slowly eroded the hard
lava rocks of Etna, giving rise to a landscape of rapids, waterfalls, and narrow, deep
canyons, alternating with long stretches with more typical riffle-run geomorphology
(Gugliandolo et al. 2009; Guglielmo et al. 2013).

Samples were collected from May to early July 2022 in two different sites along the
Alcantara River (Fig. 1):

e Passo Mojo (37°53'46.91"N, 15°01'39.65"E), Castiglione di Sicilia (CT);
547 m a.s.l.

*  Monte San Nicola (37°53'19.04"N, 15°06'57.77"E), Castiglione di Sicilia
(CT); 400 m a.s.l.

Morphological analyses

Thalli of Lemanea sp. and Paralemanea sp., as well as the macroalgae and cyanobacteria
associated with them, were collected from each site and brought to the Laboratory of
Phycology of the Department of Biological, Geological, and Environmental Sciences of
the University of Catania. Several samples were fixed in a 4% formaldehyde solution,
while the remaining material was preserved in water and ethanol for subsequent labora-
tory observations. Specifically, both the vegetative and reproductive diacritical charac-
ters necessary to distinguish genera and species were analysed (Vis and Sheath 1992;
Vis and Necchi 2021): i) presence or absence of a stalk and whether the thalli were
branched or unbranched; ii) presence of axial cortical filaments and T- or L- shaped ray
cells abutting the cortex or the connection with a Y-shaped (detectable in cross and/or
longitudinal sections); iii) arrangement of spermatangial sori; iv) presence or absence
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Figure 1. Maps showing the sampling sites along the Alcantara River (north-eastern Sicily, Italy). Map
data 2026 (C) Google.

of the Chantransia stage and its branching pattern (unilateral or alternate); v) morpho-
metric characters such as: the nodal diameter in the basal, median and apical portions;
the internodal diameter in the basal, median and apical portions; the ratio between
nodal and internodal diameters; the length and diameter of the carposporangia.

The diacritical characters, as well as the Chantransia stage, were photographed us-
ing an Olympus BX 40 optical microscope (Olympus Optical, Tokyo, Japan) equipped
with MIchrome 20 camera (Tucsen, China).

The most representative thalli were dried and deposited in the herbarium “CAT
Sectio Algae — Herbarium exiccata” of the University of Catania.

For each identified species, the following information is provided: basionym, ho-
motypic and heterotypic synonyms, type locality, previous records in Italy (if any),
sampling site, herbarium specimen deposited, and a description of the morphological
and reproductive characters of the identified species. In addition, information on the
ecology, habitat, and cyanobacteria and macroalgae associated with the Batrachosper-
maceae species is also reported.

Results

Based on the diacritical characters summarised in Table 1, two species of Batrachospermace-
ae, Lemanea fucina Bory and Paralemanea catenata (Kiitzing) Vis & Sheath, were identified.
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Table I. Summary table of morphological traits of Lemanea fucina and Paralemanea catenata. Values are
expressed as a range. Nbp = nodal basal portion, Nmp = nodal median portion, Nap = nodal apical por-
tion, Ibp = internodal basal portion, Imp = internodal median portion, Iap = internodal apical portion.
ND:ID = nodal-internodal ratio. L = length, D = diameter of the carposporangia.

Species Paralemanea catenata Lemanea fucina
Sampling site Passo Mojo, Monte San Nicola Monte San Nicola
Altitude (m a.s.l.) 547 400
Branched thalli No Yes
Acxial cortical filaments Yes No
Arrangement of spermatangial sori Nodal rings Nodal patches
Filaments branching of the Chantransia stage  Yes, alternately or unilaterally Not found
Nodal diameter (um) Nbp 381.6-520.0 523.6-714.0
Nmp 596.3-820.0 642.6-809.2
Nap 320.0-636.0 618.8-785.4
Internodal diameter (um) Ibp 212.0-380.0 404.6-523.6
Imp 437.3-540.0 476.0-523.6
Iap 400.0-485.0 476.0
ND:ID 1.3-1.4 1.4-1.6
Carposporangia (um) L 25-30 35-40
D 20 20-30
Lemanea fucina Bory

Fig. 2A-F

Homotypic synonyms. Lemanea mamillosa var. fucina (Bory) Kiitzing; Sacheria fucina
(Bory) Sirodot.

Heterotypic synonyms. Lemanea mamillosa Kiitzing; Sacheria mamillosa (Kiitz-
ing) Sirodot.

Type locality. la route de Fougeres a Vitré (Bretagne) (Bory de Saint-Vincent 1808).

Previous records in Italy. There are no reports available for Italy.

Sampling site. Monte San Nicola.

Herbarium specimen. Deposited in CAT Herbarium —sectio Algae (HERB00123).

Morphology. The thalli formed tufts ranging from light to dark green in colour
and measured approximately 10—13 cm in length. They were stalked, becoming gradu-
ally narrower toward the base, and had many branches, often with secondary ones,
while “false” branches were rarely observed where the thallus had broken off (Fig. 2a).
Nodes and internodes were easily distinguished (Fig. 2b). The nodal basal portion was
524-714 pm, the nodal median portion was 643—809 pm, and the nodal apical por-
tion was 619-786 um. The internodal basal portion was 405-524 pm, the internodal
median portion was 476—524 pm, and the internodal apical portion was 430—476 pm.
The nodal-internodal ratio varied between 1.4 and 1.6. The central axial cell was not
surrounded by a cortex and bore T-shaped ray cells (Fig. 2e, ). The thalli were mo-
noecious. In the fertile thalli, the spermatangial papillae were distributed in circular
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Figure 2. Morphology of L. fucina. A herbarium sheet (HERB00123) showing habitus (the black arrow

indicates branches, the white arrow indicates secondary branches, the yellow arrow indicates the stalked

portion that becomes narrower, the green arrow indicates the “false branches”) B detail of nodal (white
arrows) and internodal (black arrow) portion € spermatangial sori distributed in circular patches on
nodes (black arrow); carposporophyte on the inner portion of the cortex (white arrows) D carposporangia
in chains E longitudinal section showing the T-shaped connection F cross section showing the T-shaped
connection. Scale bars: 1 cm (A); 1 mm (B); 100 pm (C); 50 pm (D-F).
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patches on nodes, while the carposporophytes were borne on the inner portion of the
cortex (Fig. 2¢). The carposporangia, borne in chains, ranged in length between 35 and
40 pm with a diameter varying from 20 to 30 pm (Fig. 2d). The Chantransia stage was
not found.

Ecology and associated species. L. ficina was found exclusively at Monte San
Nicola, a site characterised by natural rapids formed by erosive processes. In this loca-
tion, the species colonised the surfaces of volcanic rocks, specifically within micro-
habitats such as concavities shaped by the high-energy, turbulent flow, which pro-
vided optimal substrates for thallus attachment. Only a few thalli of L. fucina were
observed within a community dominated by P catenata. In this site, other associated
taxa included cyanobacteria (i.e., Nostoc sp.) and some macroalgae (i.e., Cladophora sp.,
Vaucheria sp.). These species were abundant in areas with lower hydrodynamic stress
and during the summer period, when reduced river discharge produced less turbulent
flow conditions and the subsequent desiccation of L. fucina.

Paralemanea catenata (Kiitzing) Vis & Sheath
Fig. 3A-H

Basionym. Lemanea catenata Kiitzing.

Homotypic synonym. Lemanea catenata Kiitzing.

Heterotypic synonyms. Paralemanea pleocarpa M.L.(Atkinson) Vis & Sheath; Le-
manea nodosa Kiitzing; Lemanea pleocarpa Atkinson.

Type locality. Rheingegend (i.e. Rhine river area, France or Germany) (Vis and
Sheath 1992).

Previous record in Italy. Listi stream (Aspromonte, southern Italy) (Mannino et
al. 2003).

Sampling site. Monte San Nicola and Passo Mojo.

Herbarium specimen. Deposited in CAT Herbarium —sectio Algae (HERB00124).

Morphology. The thalli formed turfs arising from a perennial basal crust, ap-
proximately 2-17 c¢m tall. Upright axes were uniaxial, pseudoparenchymatous, and
unstalked, dark green in colour, and slightly curved (Fig. 3a). The thalli lacked true
branches; however, in parts where the axes were broken, young branches developed,
which can be described as “false branches” (Fig. 3¢). Nodes and internodes were clearly
distinguishable (Fig. 3b). The nodal basal portion varied between 381 and 520 pm,
the nodal median portion between 596 and 820 pum, and the nodal apical portion be-
tween 320 and 636 pm. The internodal basal portion was 212—-380 pm, the internodal
median portion was 437-540 um and the internodal apical portion was 400-485 pm.
The nodal to internodal ratio ranged between 1.3 and 1.4. The central axis of the thal-
lus was composed of numerous cortical filaments and radial cells that departed from
them, consisting of two layers, the proximal one not touching the outer cortex, and
the distal one, Y-shaped, connected to the cortex (Fig. 3e, f). The thalli were monoe-
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M et
Figure 3. Morphology of Paralemanea catenata. A herbarium sheet showing habitus (HERB00124)
B detail of nodal portion with spermatangial sori arranged in nodal rings (white arrows) and internodal
portion (black arrow) € detail of the “false branches” born where the thallus had broken D cross sec-
tion showing the carposporangia arranged in chains E longitudinal section showing the connection with

Y-shaped cell F cross section showing the connection with Y-shaped cell G Chantransia stage with alter-
nating (black arrow) and/or unilateral branching (white arrow) H juvenile gametophytes (black arrow)

produced by Chantransia stage. Scale bars: 1 cm (A); 1 mm (B, C); 50 pm (D-H).
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cious. In the fertile thalli, the spermatangial sori were arranged in nodal narrow rings,
sometimes interrupted (Fig. 3b), while the carposporophyte was formed on the inner
portion of the cortex. The carposporangia were arranged in chains (Fig. 3d), and each
carpospore in the chain ranged between 25 and 30 pm in length and between 20 and
25 pm in diameter. Finally, the sporophyte (Chantransia stage) was observed in several
thalli. It appeared reddish to brownish in colour, with alternating and/or unilateral
branching (Fig. 3g). This stage grew near the base of the gametophytic thallus. In one
case, the Chantransia stage was observed producing juvenile gametophytes from the
branches of its filaments (Fig. 3h).

Ecology and associated species. Paralemanea catenata was found in both inves-
tigated sites: Monte San Nicola, characterised by natural rapids created by erosion,
and Passo Mojo, an artificial water bridle. In Monte San Nicola, the species shared
the same habitat with L. fucina, while in Passo Mojo, it colonised vertical surfaces
beneath a small waterfall originating at the end of the concrete bridle. In early July,
as the river capacity decreases, the drying up of the surface of certain rocks causes
the desiccation of the thalli. During this period, field observations indicated that
P catenata persisted as a perennial crust on the rock substrates (Fig. 4a). The associ-
ated cyanobacteria and macroalgae identified at the two sites were Cladophora sp.,
Vaucheria sp., and Nostoc sp. At both sites, P catenata formed extensive populations
covering several square meters, becoming the physiognomic dominant, especially in
areas with greater exposure to water flow. During summer, when the river capacity is
lower and the flow is less turbulent, Cladophora sp. and Vaucheria sp. were observed
forming mosaic-like assemblages on surfaces colonised by P catenata, growing be-
tween or above the thalli of this dominant species. In some instances, these faxa
completely overgrew the basal crusts of P catenata following the senescence of the
gametophytes (Fig. 4b).

Figure 4. Detail of the sites where the two species were found. A perennial crust on rock in Monte San

Nicola (white arrow) B Paralemanea catenata and Lemanea fucina with the other associated species during
late spring 2022 in Monte San Nicola (black arrow).
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Discussion

This study reports the first record of Lemanea fucina for Italy and Paralemanea catenata
for Sicily. Specimens of L. fucina showed the same branching patterns reported by Vis
and Necchi (2021) and John et al. (2002), as well as the “false” branches, as reported by
Mitrovi¢ et al. (2021). Similarly, the P catenata specimens showed the diacritic char-
acters reported in all previous studies (Mannino et al. 2003; Xie et al. 2004; Carmona
et al. 2011; Simi¢ and Pordevi¢ 2017; Vis and Necchi 2021). Our samples of both
species, contrary to what has been reported in the literature, showed smaller carpospo-
rangia (Vis and Necchi 2021). These findings contribute to improving knowledge of
the distribution of these species in Europe and Italy, indicating that both extend their
range further south than previously reported.

The taxonomy of the Batrachospermaceae is complex, since diagnostic characters
are often ambiguous or insufficiently defined. Kucera and Marvan (2004) noted that
features considered diagnostic may vary depending on the age and maturity of the
thallus, which can lead to misidentification. The identification of species within the
Batrachospermaceae is further complicated by the numerous taxonomic revisions over
time (Xie et al. 2004). In fact, this taxonomic confusion has often led to the same spe-
cies being described under different synonyms, as exemplified by the cases of L. fucina
and L. mamillosa (Kumano 2002; Eloranta et al. 2011).

Beyond a reliable taxonomic identification, it is essential to understand ecologi-
cal preferences and resilience to anthropogenic pressures. Indeed, species of the genus
Lemanea are known to be adapted to specific environmental conditions, making them
vulnerable to human-induced disturbances (Mitrovi¢ et al. 2021). In our study, L. fu-
cina was restricted to Monte San Nicola, a natural site with low levels of anthropisa-
tion. In contrast, P catenata was observed at both Monte San Nicola and Passo Mojo,
a site more affected by human activities. The limited abundance of L. fucina compared
to P catenata, suggests that the latter species may have a broader ecological tolerance,
being more resilient to environmental impacts. Furthermore, the presence of carpo-
sporangia in both species may indicate the healthy state of populations inhabiting
non-anthropised areas along the Alcantara River.

Monitoring sensitive species allows for the early detection of environmental chang-
es, enabling the identification of their causes and timely intervention (Gutowski et al.
2004). In this context, river dynamics strongly influence community composition.
Indeed, summer variations in the river flow dynamics caused both the desiccation of
L. fucina and P, catenata thalli and the subsequent dominant growth of Cladophora sp.
and Vaucheria sp. These algae also colonise the less turbulent portions of the river. They
are likely to be competitively advantaged when the limited flow of the river does not
allow the establishment of Lemanea sp. and Paralemanea sp, which require turbulent
water. Nostoc sp., on the other hand, mainly grows in isolated colonies on riverbanks or
in areas where the water flow is less turbulent. Under climate change scenarios predict-
ing reduced precipitation and river flow (Billi and Fazzini 2017), these dynamics could
be further impacted.
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In conclusion, additional investigations are needed to gain better knowledge about
the distribution and environmental sensitivity of freshwater algae within river systems.
Such research will be crucial for developing effective conservation and monitoring
measures aimed at protecting freshwater habitats, which are becoming increasingly
susceptible to anthropogenic pressures and climate change.

References

Barone R, Naselli-Flores L, Colombo P (1995) Ecological and morphological observations on
Lemanea fluviatilis (L.) C. Agardh, recorded for the first time in Sicily. Giornale Botanico
Italiano 129(2): 1-7.

Billi P, Fazzini M (2017) Global change and river flow in Italy. Global and Planetary Change
155: 234-246. hteps://doi.org/10.1016/j.gloplacha.2017.07.008

Bory de Saint-Vincent JB (1808) Mémoire sur le genre Lemanea de la famille des Conferves.
Annales du Muséum D'histoire Naturelle 12: 177-190.

Campisi P, Mannino AM, Venturella G, Ravera S (2020) A first contribution to the cryptogam-
ic flora of “Bosco Pomieri” (Northern Sicily). Borziana 1: 35-51. https://doi.org/10.7320/
Borz.001.035

Carmona ], Perona E, Sdnchez-Diaz E, Loza V (2011) Morphological and ecological char-
acterization of Batrachospermales (Rhodophyta) in the Jarama Basin, Iberian Peninsula.
Limnetica 30(1): 117-128. https://doi.org/10.23818/limn.30.10

Ceschin S, Bisceglie S, Ricci S (2012) Contribution to the knowledge of red algae (Rhodo-
phyta) of some rivers in Central Italy. Cryptogamie, Algologie 33(1): 61-67. https://doi.
org/10.7872/crya.v33.iss1.2011.061

Ceschin S, Ricci S, Abati S, Bisceglie S, Minciardi MR, Zuccarello V (2013) Distribution
and ecology of red algae in Italian rivers. Fundamental and Applied Limnology 183(3):
223-237. https://doi.org/10.1127/1863-9135/2013/0493

Crowell RM, Karol KG, Vis ML (2025) Phylogenetic relationships among seven freshwater red al-
gal genera in the Batrachospermaceae (Batrachospermales, Rhodophyta) using complete chlo-
roplast genome data. Journal of Phycology 61: 1640—1651. https://doi.org/10.1111/jpy.70095

Eloranta B, Kwandrans J (2002) Notes on some interesting freshwater Rhodophyta from Fin-
land. Algological Studies / Archiv fiir Hydrobiologie, Supplement Volumes 105: 95-109.
hteps://doi.org/10.1127/algol_stud/105/2002/95

Eloranta P, Kwandrans J, Kusel-Fetzmann E (2011) Freshwater Flora of Central Europe (Vol.
7): Rhodophyta and Phaeophyceae. Springer, Heidelberg, 155 pp.

Entwisle TJ, Vis ML, Chiasson WB, Necchi Jr O, Sherwood AR (2009) Systematics of the Ba-
trachospermales (Rhodophyta) — A synthesis. Journal of Phycology 45: 704-715. https://
doi.org/10.1111/j.1529-8817.2009.00686.x

Gugliandolo C, Lentini V, Fera MT, La Camera E, Maugeri TL (2009) Water quality and
ecological status of the Alcantara River estuary (Italy). New Microbiologica 32(1): 77-87.

Guglielmo L, Azzaro F, Baviera C, Bergamasco A, Bissett SN, Brugnano C, Caruso G, Decem-
brini F, Garey AL, Granata A, Gugliandolo C, Lentini V, Lo Gullo MA, Maugeri TL, Pan-


https://doi.org/10.1016/j.gloplacha.2017.07.008
https://doi.org/10.7320/Borz.001.035
https://doi.org/10.7320/Borz.001.035
https://doi.org/10.23818/limn.30.10
https://doi.org/10.7872/crya.v33.iss1.2011.061
https://doi.org/10.7872/crya.v33.iss1.2011.061
https://doi.org/10.1127/1863-9135/2013/0493
https://doi.org/10.1111/jpy.70095
https://doi.org/10.1127/algol_stud/105/2002/95
https://doi.org/10.1111/j.1529-8817.2009.00686.x
https://doi.org/10.1111/j.1529-8817.2009.00686.x

62 Ilaria Pagana et al / Italian Botanist 22: 51-63 (2026)

sera M, Raimondo F, Rodriguez Valdes LP, Smock LA, Spano A, Trifilo B, Vick JK, Young
DR, Zagami G, Zinnert JC, Minutoli R (2013) Multidisciplinary ecological assessment
of the Alcantara River (Sicily, Italy) using bioindicators. Marine and Freshwater Research
65(4): 283-298. https://doi.org/10.1071/MF13044

Gutowski A, Foerster ], Schaumburg J (2004) The use of benthic algae, excluding diatoms and
charales, for the assessment of the ecological status of running fresh waters: A case history
from Germany. Oceanological and Hydrobiological Studies 33: 3—-15.

John DM, Whitton BA, Brook AJ (2002) The Freshwater Algal Flora of the British Isles: An
Identification Guide to Freshwater and Terrestrial Algae. Cambridge University Press,
Cambridge, 702 pp.

Kucera B, Marvan P (2004) Taxonomy and distribution of Lemanea and Paralemanea (Lema-
neaceae, Rhodophyta) in the Czech Republic. Preslia 76: 163-174.

Kumano S (2002) Freshwater Red Algae of the World. Biopress, Bristol, 375 pp.

Lemes Da Silva NM, Crowell RM, Vis MI, Chiasson WB, Paiano MO, Silva Lopes YM, Nec-
chi OJR (2025) Investigation of mitochondrial genomes of members of the order Batra-
chospermales (Rhodophyta). Phycologia 64(2): 118-126. https://doi.org/10.1080/00318
884.2025.2473285

Mannino AM (2001) New records from the Oreto River (N.W. Sicily). Phycologia 40: 71-72.

Mannino AM, Barone R, Raimondo FM (2003) First record of Paralemanea catenata (Rhodo-
phyta) from Italian Peninsula. Bocconea 16(2): 1053—1058.

Mitrovi¢ AB, Dordevi¢ NB, Simi¢ SB (2021) A review of research on the Lemanea genus in Ser-
bia. Oceanological and Hydrobiological Studies 50(1): 47-59. https://doi.org/10.2478/
oandhs-2021-0006

Necchi Jr O, Carmona JJ (2002) Somatic meiosis and development of the juvenile gameto-
phyte in members of the Batrachospermales sensu lato (Rhodophyta). Phycologia 41(4):
340-347. https://doi.org/10.2216/i0031-8884-41-4-340.1

Saber AA, Cantonati M, Vis ML, Anesi A, Guella G (2016) Multifaceted characterization of
a Lemanea fluviatilis population (Batrachospermales, Rhodophyta) from a glacial stream
in the south-eastern Alps. Fottea 16(2): 234-243. https://doi.org/10.5507/f0t.2016.014

Sheath RG (1984) The biology of freshwater red algae. Progress in Phycological Research 3:
89-157.

Sheath RG, Hymes BJ (1980) A preliminary investigation of the freshwater red algae in streams
of southern Ontario, Canada. Canadian Journal of Botany 58(11): 1295-1318. https://
doi.org/10.1139/b80-161

Sheath RG, Muller KM, Vis ML, Entwisle T] (1996) A re-examination of the morphology, ultra-
structure and classification of genera in the Lemaneaceae (Batrachospermales, Rhodophy-
ta). Phycological Research 44(4): 233-246. https://doi.org/10.1111/j.1440-1835.1996.
tb00053.x

Simi¢ SB, Dordevi¢ NB (2017) Morphology, distribution and ecology of the freshwater red
algae Paralemanea (Batrachospermaceae, Batrachospermales, Rhodophyta) in Serbia. Ar-
chives of Biological Sciences 69(1): 167-174. https://www.serbiosoc.org.rs/arch/index.
php/abs/article/view/149 https://doi.org/10.2298/abs160211093s

Simi¢ S, Pantovi¢ N, Vasiljevi¢ B (2010) Factors threatening the habitats of rare species of
Rhodophyta in Serbia. In: Morell M, Popovska C, Morell O, Stojov V (Eds) Confer-


https://doi.org/10.1071/MF13044
https://doi.org/10.1080/00318884.2025.2473285
https://doi.org/10.1080/00318884.2025.2473285
https://doi.org/10.2478/oandhs-2021-0006
https://doi.org/10.2478/oandhs-2021-0006
https://doi.org/10.2216/i0031-8884-41-4-340.1
https://doi.org/10.5507/fot.2016.014
https://doi.org/10.1139/b80-161
https://doi.org/10.1139/b80-161
https://doi.org/10.1111/j.1440-1835.1996.tb00053.x
https://doi.org/10.1111/j.1440-1835.1996.tb00053.x
https://www.serbiosoc.org.rs/arch/index.php/abs/article/view/149
https://www.serbiosoc.org.rs/arch/index.php/abs/article/view/149
https://doi.org/10.2298/abs160211093s

First record of Lemanea fucina and Paralemanea catenara in Sicily (Italy) 63

ence on Water Observation and Information System for Decision Suport, Balwois, May
25-29 2010. University “St. Kliment Ohridski”; Hydrobiological Institute Naum, Ohrid,

440-451.

Vis ML, Necchi Jr O (2021) Freshwater Red Algae: Phylogeny, Taxonomy and Biogeography.
Springer International Publishing. https://doi.org/10.1007/978-3-030-83970-3

Vis ML, Sheath RG (1992) Systematics of the freshwater red algal family Lemaneaceae in North
America. Phycologia 31(2): 164-179. https://doi.org/10.2216/i0031-8884-31-2-164.1

Xie SL, Shi ZX, Wang RN (2004) Taxonomy of the Lemaneaceae (Batrachospermales, Rhodo-
phyta) in China. Acta Botanica Sinica 46(8): 883-888.

Additional information

Conflict of interest

‘The authors have declared that no competing interests exist.
Ethical statement

No ethical statement was reported.

Artificial Intelligence (Al) use

The authors accept full responsibility for the content of the man-
uscript, including the disclosure of any use of Al

No Al tools were used in the preparation of this manuscript.
Funding

No funding was reported.

Author contributions

All authors have contributed equally.
Author ORCIDs

1. Pagana " https://orcid.org/0000-0003-3612-9079

M. Di Stefano “# https://orcid.org/0000-0003-3437-6981
G. Alongi “& https://orcid.org/0000-0003-2604-6106

A. Cristaudo "= https://orcid.org/0000-0002-4607-9901
G. Emma ‘& https://orcid.org/0009-0000-2265-0707

Data availability

All of the data that support the findings of this study are available
in the main text.



https://doi.org/10.1007/978-3-030-83970-3
https://doi.org/10.2216/i0031-8884-31-2-164.1
https://orcid.org/0000-0003-3612-9079
https://orcid.org/0000-0003-3437-6981
https://orcid.org/0000-0003-2604-6106
https://orcid.org/0000-0002-4607-9901
https://orcid.org/0009-0000-2265-0707

	First record of Lemanea fucina Bory in Italy and Paralemanea catenata (Kützing) Vis & Sheath (Batrachospermaceae, Rhodophyta) in Sicily (Italy)
	Abstract
	Introduction
	Materials and methods
	Study area
	Morphological analyses

	Results
	Lemanea fucina Bory
	Paralemanea catenata (Kützing) Vis & Sheath

	Discussion
	References
	Additional information



