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Abstract: The Stylasteridae, commonly known as lace corals, is a family of colonial calcifying
hydrozoans mostly inhabiting deep waters. Stylasterids show a cosmopolitan distribution but, in
some areas, they are characterized by low species diversity, such as in the Red Sea, where only
a shallow-water species has been reported so far. With this work, we provide the first evidence
of a deep-sea stylasterid inhabiting the NEOM region in the northern Saudi Arabian Red Sea, at
depths ranging between 166 and 492 m. Morphological examinations revealed that this species was
previously unknown and belonging to the genus Stylaster. We, therefore, describe Stylaster tritoni sp.
nov., representing the first record of the genus in the Red Sea. Lastly, the phylogenetic position of
the species within the Stylasteridae was evaluated, revealing a close relationship with shallow-water
Indo-Pacific and Western Atlantic Stylaster species and confirming the polyphyletic nature of the
genus Stylaster.

Keywords: Stylaster; Stylaster tritoni; lace coral; new species; new record; phylogeny

1. Introduction

Despite once being considered a homogeneous and abiotic environment, in the last
decades, the deep sea has revealed an extraordinary diversity of life, habitats, and ecosys-
tems [1,2]. The fast-paced technological progress in deep-sea research is constantly widen-
ing our knowledge on the diversity, ecology, and evolution of benthic deep-sea life [3].
Key advances, such as the development of manned and unmanned underwater vehicles,
are allowing scientists to directly observe and sample deep-sea organisms in their natural
environment, facilitating, for instance, biodiversity, distributional, and behavioral studies,
as well as new species discovery (e.g., [4–7]).

Despite the flourishing deep-sea research, some areas remain poorly explored, such as
the Red Sea basin. The Red Sea is a young and elongated body of water that stretches over
15◦ of latitude [8]. As a consequence, it is characterized by diverse environmental conditions
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along its latitudinal gradient [9]. Overall, the Red Sea is characterized by environmental
conditions which have been defined extreme, especially due to the high water temperature
and salinity, and the strong seasonal fluctuations of several environmental variables. In
its more surficial portion, the Red Sea seawater increases in temperature from north to
south, while salinity follows an opposite trend, due to a higher evaporation rate, lack of
freshwater input, and exchange with adjacent basins in the north [10]. In its deeper layers,
the Red Sea water remains unusually warm and very saline compared to any other ocean,
with water temperature never dropping below 21 ◦C and salinity around 40.5 PSU, thus
providing unique environmental conditions and physiological challenges for the organisms
which have adapted to live there [11,12].

In recent years, the shallow-water reef communities in the Red Sea have been in-
creasingly investigated, even though many relevant topics may still be underrepresented
compared to other better-studied coral reef systems [13–16]. The current knowledge
on the shallow Red Sea marine life reveals this basin as a hotspot for biodiversity and
endemism [17,18], mostly due to the peculiar geological history of this sea and the pres-
ence of multiple potential isolating barriers [10,19]. Regarding the deep-sea benthos,
only a few studies have been conducted in the Red Sea compared to other areas (see
Joydas et al. [20] and references therein), and information on some taxa, such as hydro-
zoans, is scant in literature.

Overall, Red Sea hydrozoans have been scarcely studied in the past, summing up to
about 160 species [21,22], even though new species, new records, and possibly endemic
cryptic genetic lineages have been recently identified thanks to an integrative taxonomic
approach [23–26]. Indeed, this approach, which relies on combining multiple lines of
evidence (such as morphology, genetics, and ecology) to delineate taxonomic units [27], is
greatly improving our knowledge of the diversity and biogeography of different marine
organisms globally and in the Red Sea (e.g., [28–30]). Hydrozoans play important ecological
roles in shallow Red Sea waters, especially the calcifying hermatypic species [31,32], such
as the three fire coral species of the area [33], which can become dominant in specific
reef zones [31]. Another calcifying shallow-water species reported from the Red Sea is
Distichopora violacea (Pallas, 1766), which is also the only member of the family Stylasteridae
(Gray, 1847) recorded from the area so far [34].

Stylasterids, commonly known as lace corals, are colonial hydrozoans able to produce
a calcium carbonate skeleton, similar to fire corals and scleractinians. They are generally
smaller in size compared to Scleractinia and do not contribute much to shallow coral reef
formation [35]. Only a few species are known to inhabit shallow waters, and Lindner
et al. [36] demonstrated that this group originated and largely diversified in the deep sea
and only later invaded shallower environments, at least four times. Most species (about
90%) inhabit waters deeper than 50 m [35,37] where, in some cases, they reach large size
and densities, representing dominant and habitat-forming species in deep-water coral
mounds [1]. A recent example is provided by Hoarau et al. [38], who described mesophotic
(75–100 m deep) aggregations of the stylasterid Stylaster flabelliformis (Lamarck, 1816) and
the scleractinians Leptoseris spp. in the Western Indian Ocean, providing a habitat for a
diverse associated community of vertebrates and invertebrates.

Stylasterids are distributed almost ubiquitously [35], with a predominantly insular
distribution [39] and with the tropical southwest Pacific region being the richest in terms
of species [40]. However, several areas appear not to be suitable environments for lace
corals, including large islands and continental masses [39]. Accordingly, only the widely
distributed shallow-water D. violacea has been reported from the Red Sea [34], whereas no
deep-sea stylasterid species had been found so far.

In this work, we present the first record of a deep-sea stylasterid and of the genus
Stylaster (Gray, 1831) in the Red Sea, describing a new species and assessing its phylogenetic
position within the family Stylasteridae.
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2. Materials and Methods

From September to November 2020, shallow, mesophotic, and deep-sea explorations
were carried out in the NEOM (the largest of the Saudi Arabia development giga-projects)
area, on the Saudi Arabian coast of the Gulf of Aqaba and northern Red Sea, in the context
of the OceanX-NEOM ‘Deep Blue’ Expedition aboard the M/V OceanXplorer. Sampling
took place from two Triton 3300/3 submersibles (Nadir and Neptune) equipped with
a Sonardyne Ranger Pro 2 system, light and camera systems including a Wide-Angle
Red DSMC2 Helium 8K Canon CN-E15.5–47 mm lens and a macro Red DSMC2 Helium
8K Nikon ED 70–180 mm F4.5-5.6D. One submersible (Neptune) was equipped with a
CTD probe, two parallel-aligned scaling lasers providing 100 mm scale, and a Schilling
T4 hydraulic manipulator that was used for sampling activities. Video transects from
Neptune were conducted using an ArcticRays Eagle Ray 4K camera recorded to a 4K
Atmos Shogun monitor.

Stylasterid colonies were collected at thee sampling stations in the northern Saudi
Arabian Red Sea, namely NTN0029, NTN0048, and NTN0049 (Figure 1), in a bathymetric
range spanning 166 to 492 m deep. After collection, colonies were air-dried at room tem-
perature, and, for two colonies, small fragments were fixed in 99% ethanol. The specimens
were firstly observed and photographed using a Leica M205 A stereomicroscope equipped
with a Leica DMC 5004 camera in the Red Sea Research Center at King Abdullah Univer-
sity of Science and Technology (KAUST, Thuwal, Saudi Arabia) to assess their general
macro-morphology. Subsequently, skeletal fragments were analyzed using a Thermo Fisher
Scientific Quattro S Environmental scanning electron microscope (SEM) at KAUST Imaging
Core Lab to describe the skeletal structures and using a Zeiss Axioskop 40 compound
microscope equipped with a Canon PowerShot G7 X Mark II camera to study the cnidome
composition. Specifically, for SEM fine-scale characterization of the skeletal structures,
tissues were removed from dry specimens by immersion in a 10% sodium hypochlorite
solution for 6–12 h. Skeletons were then rinsed, air-dried, and sputter-coated with Au–Pd.
For cnidome characterization, the skeleton of ethanol-fixed fragments was dissolved by
immersion in a 10% hydrochloric acid solution for 2–4 h, and the remaining tissues were
washed with MilliQ water and directly observed under the compound microscope. All
measurements were taken using the ImageJ 1.52p software [41]. The video footage obtained
during the sampling campaign was also explored with the open-source software MPC-HC
(Media Player Classic Home Cinema) available at https://github.com/mpc-hc/mpc-hc
(accessed on 1 October 2021) to find other possible sites where stylasterids were present.

Two ethanol-fixed specimens were used for genomic DNA extraction with the DNeasy
Blood and Tissue Kit (Qiagen: Hilden, Germany). Three molecular markers were amplified
using polymerase chain reactions (PCRs) following Lindner et al. [36]. Specifically, a ~600 bp
portion of the mitochondrial 16S ribosomal DNA (16S rRNA) was amplified using the
primers SHB–SHA and protocols in Cunningham and Buss [42], a ~1600 bp portion of the
nuclear 18S ribosomal DNA (18S rRNA) was amplified using the primers 18SA–18SB and
protocols in Medlin et al. [43], and a ~350 bp portion of the nuclear calmodulin gene (CaM)
was amplified using the primers CAMF1–CAMR1 and protocols in Lindner et al. [36]. All
PCR products were checked using a QIAxcel Capillary Electrophoresis System (Qiagen:
Hilden, Germany), purified with Illustra ExoStar (GE Healthcare: Amersham, UK), and
sequenced in forward and reverse directions using an ABI 3730xl DNA Analyzer (Ap-
plied Biosystems: Carlsbad, CA, USA) at KAUST Bioscience Core Lab. Geneious 7.1.9
(Biomatters Ltd.: Auckland, New Zealand) was used to visually check and assemble the
obtained chromatograms, and the consensus sequences were deposited in GenBank with
the accession numbers OM416034, OM416035, OM416037, and OM416038.

https://github.com/mpc-hc/mpc-hc
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the alignments, respectively), and all datasets were concatenated using Mesquite 3.2 [49], 
resulting in a final alignment of 2583 bp. Partition schemes and models for the concate-
nated dataset were determined with PartitionFinder 1.1.1 [50] using the Akaike infor-
mation criterion, resulting in partitioning by DNA region and applying the GTR + I + G 
model to all partitions. Phylogenetic inference was performed using maximum likelihood 
(ML), maximum parsimony (MP), and Bayesian inference (BI) with RAxML 8.2.12 [51], 
PAUP 4.0b10 [52], and MrBayes 3.2.6 [53], respectively, as described in Maggioni et al. 
[54]. 

The holotype was deposited at the Museo Civico di Storia Naturale, Cnidaria Collec-
tion, Milano, Italy, whereas the paratypes at the KAUST. The acronyms for the voucher 
and deposited material are MSNM-Coe-# (Museo Civico di Storia Naturale, Cnidaria Col-
lection, Milano, Italy) and NTN-# (Neptune). 
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sulted to be conspecific and to belong to Stylaster tritoni sp. nov. (see Section 3.2), a previ-
ously unknown species. 

Figure 1. Map showing the sampling localities. Red diamonds show sites where samples were
collected, while black diamonds show sites where samples were only observed.

Sequences of each DNA region were aligned using MAFFT 7.110 [44] with the E-
INS-i option, after adding other available stylasterid sequences and outgroups listed in
Lindner et al. [36,45] and after updating species names following Cairns [40] and Cairns and
Lindner [46]. The 16S and 18S rRNA datasets were run through Gblocks [47,48] using the
default ‘less stringent’ settings to remove ambiguously aligned regions (~9% and ~2% of
the alignments, respectively), and all datasets were concatenated using Mesquite 3.2 [49],
resulting in a final alignment of 2583 bp. Partition schemes and models for the concatenated
dataset were determined with PartitionFinder 1.1.1 [50] using the Akaike information crite-
rion, resulting in partitioning by DNA region and applying the GTR + I + G model to all
partitions. Phylogenetic inference was performed using maximum likelihood (ML), maximum
parsimony (MP), and Bayesian inference (BI) with RAxML 8.2.12 [51], PAUP 4.0b10 [52], and
MrBayes 3.2.6 [53], respectively, as described in Maggioni et al. [54].

The holotype was deposited at the Museo Civico di Storia Naturale, Cnidaria Collec-
tion, Milano, Italy, whereas the paratypes at the KAUST. The acronyms for the voucher and
deposited material are MSNM-Coe-# (Museo Civico di Storia Naturale, Cnidaria Collection,
Milano, Italy) and NTN-# (Neptune).

3. Results
3.1. Sampling and Phylogenetic Analyses

The sampled colonies belonged to the genus Stylaster, representing the first record
of a deep-sea stylasterid, as well as the first record of the genus Stylaster, in the Red Sea.
According to morphological and molecular analyses (Figure 2), the collected colonies
resulted to be conspecific and to belong to Stylaster tritoni sp. nov. (see Section 3.2), a
previously unknown species.
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Figure 2. Phylogenetic hypothesis of the Stylasteridae based on the concatenated dataset, with
Stylaster tritoni sp. nov. in red. The tree topology reflects the ML analysis and numbers at nodes show
ML bootstrap values, MP bootstrap values, and Bayesian posterior probabilities, respectively; they
are shown only when at least two analyses resulted in support values ≥70 (ML and MP) or ≥0.9 (BI).
Species represented only by letters follow identifications of Lindner et al. [36]. Representatives of
clades A and B are listed in the legend.

PCRs and sequencing were successful for 16S and 18S rRNA, but not for the CaM gene,
and the phylogenetic analyses confirmed that S. tritoni sp. nov. was genetically different
from any stylasterid species sequenced so far. Specifically, the obtained phylogenetic hy-
potheses (Figure 2) were comparable to those reported by previous studies [36,45]. Similar
to previous phylogenetic reconstructions, deeper nodes within the Stylasteridae family
were generally not well supported, and the genus Stylaster as currently defined is poly-
phyletic. Stylaster tritoni sp. nov. sequences formed a fully supported monophyletic group,
sister to a clade composed of shallow-water Stylaster species inhabiting tropical Indo-Pacific
waters, apart from Stylaster roseus (Pallas, 1776) from the tropical Western Atlantic [36].
This latter clade, together with S. tritoni sp. nov., formed a clade sister to two deep-sea
species from the West Pacific, Stylaster lindneri Cairns, 2015 and Calyptopora reticulata B
(identified as Stylaster cf. horologium and Calyptopora sinuosa Cairns, 1991, respectively, in
Lindner et al. [36]). All other Stylaster species included in the analyses clustered in two
divergent clades, together with species belonging to several other stylasterid genera.

3.2. Taxonomic Account

Class: Hydrozoa (Owen, 1843)
Order: Anthoathecata (Cornelius, 1992)
Family: Stylasteridae (Gray, 1847)
Genus: Stylaster (Gray, 1831)
Stylaster tritoni sp. nov. Maggioni, Cairns, Pica & Benzoni
urn:lsid:zoobank.org:act:194FD2C1-8FEC-4611-AA4E-07B5A9C20B31.

Type material: NTN0048-7 (Holotype): one dry colony and fragments from the same
colony in 99% ethanol, station NTN0048, 27.71701◦ N 35.28974◦ E, 373 m, 1 November 2020,
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GenBank accession numbers: OM416035 (16S rRNA), OM416038 (18S rRNA). Voucher
number: MSNM-Coe-356.

Additional examined material: NTN0029-5: one dry colony and fragments from the same
colony in 99% ethanol, station NTN0029, 27.60023◦ N 35.33427◦ E, 492 m, 10 October 2020,
GenBank accession numbers: OM416034 (16S rRNA), OM416037 (18S rRNA); NTN0029-19:
one dry colony, station NTN0029, 27.58968◦ N 35.33203◦ E, 166 m, 10 October 2020; NTN0049-1:
one dry colony, station NTN0049, 27.63267◦ N 35.31033◦ E, 166 m, 1 November 2020.

Description: Corallum uniplanar or slightly multiplanar in larger colonies, thin, deli-
cate, and highly branched (Figures 3 and 4A–C). Holotype ~17 cm in height and ~28 cm in
width, with a basal branch diameter of ~1 cm Figures 3A,B and 4A). Other investigated
colonies smaller (Figure 4B–D). Branching generally dichotomous, rarely anastomosing in
certain points. Main branches ~3 mm in diameter and other branches thinner, ~1 mm in
diameter, terminating in a terminal cyclosystem (Figure 4E). Commensal organisms not
observed. Coenosteal texture linear-imbricate (Figure 5A), with strips 47–140 µm wide and
slightly ridged, especially in smaller branches (Figure 4G), and slits 43–97 µm wide. Texture
becomes more irregular and granular in some points and in larger branches (Figure 5C).
Platelets with normal polarity, 52–136 µm µm wide and 11–27 µm high (Figure 5A,B),
each one extending entirely across strips and with edges irregular in shape. Coenosteal
pores round to slightly elliptic in shape, 14–36 µm in diameter, with (Figure 5C) or with-
out (Figure 5A) small teeth, 5–18 µm in length, projecting inward toward center of pore;
teeth observed when texture is more irregular and granular. Coenosteal pores in larger
branches more scattered than longitudinally organized in slits (Figure 5E). Conical nemato-
pores present on some of the main and smaller branches (Figure 5D–F), up to 50 µm in
height, with apical pore measuring 67–94 µm in diameter. Living colonies uniformly white
(Figure 4A–D).

Cyclosystems sympodially arranged, circular to slightly elliptical in outline, with no
diastemas, ranging from 0.5–1.0 mm in diameter, with terminal ones being slightly smaller
(0.5–0.8 mm in diameter) (Figures 4E,F and 5G–I). Average number of dactylopores per
cyclosystem: 12.0 (n = 50, range = 7–16, standard deviation = ±1.6, mode = 12).

Gastropores circular, 0.19–0.34 mm in diameter (Figure 5G–J), leading to cylindrical
gastropore tubes (Figure 5K). Gastrostyles generally not visible from surface, cylindrical,
with slightly pointed end (Figure 5J,L–N), 0.27–0.37 mm long and 54–94 µm in diame-
ter. Gastrostyles not ridged, with spines often multi-tipped (Figure 5O,P), 8–32 µm long.
Annular ring palisade at level of gastrostyle tip, composed of 3–4 rings of cylindrical to
clavate elements (Figures 5J,K,M,N and 6A,B), 14–46 µm in length and 8–19 µm in di-
ameter. Dactylopores round to elliptical, dactylotomes measuring 44–107 µm in width
(Figure 5G–J), triangular pseudosepta 43–177 µm wide. Older cyclosystems with absent or
reduced dactylotomes, generally reducing dactylopore diameter (Figure 5I). Dactylostyles
generally absent. Occasionally, in some dactylopores of terminal cyclosystems, small pro-
truding elements 6–14 µm high occur in uppermost part of dactylopore tubes (Figure 5J),
resembling dactylostyle elements.

External female ampullae mostly observed on smaller branches (Figures 4F and 6C–F),
0.44–0.68 mm in diameter, with a lateral efferent pore (Figure 6D–F), 77–132 µm in diameter.
Male ampullae not observed.

Cnidome composed of three types of nematocysts concentrated in dactylozooids and
gastrozooids, but also scattered in the coenosarc: desmonemes (3–4 × 2–3 µm) (Figure 7A),
large microbasic euryteles (9–10 × 4–6 µm; shaft: 8) (Figure 7A,B), small microbasic
euryteles (5–8 × 2–3 µm; shaft: 5 µm) (Figure 7A,C).
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Figure 3. In situ photographs of Stylaster tritoni sp. nov. (A,B) Largest observed colony (holotype) 
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ing the habitat and aggregations of S. tritoni sp. nov., commonly associated with living scleractinians 
and octocorals. Arrowheads indicate stylasterid colonies. The distance between the two green laser 
points indicates 10 cm. 

Figure 3. In situ photographs of Stylaster tritoni sp. nov. (A,B) Largest observed colony (holotype) in
frontal and lateral view, respectively, and associated with a gorgonian. (C–H) Photographs showing
the habitat and aggregations of S. tritoni sp. nov., commonly associated with living scleractinians
and octocorals. Arrowheads indicate stylasterid colonies. The distance between the two green laser
points indicates 10 cm.
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Figure 4. Corallum of Stylaster tritoni sp. nov. (A) Portion of the colony figured in Figure 3A,B (hol-
otype) and (B–D) other collected colonies (paratypes). Colonies in (C) and (D) growing on a dead 
dendrophylliid scleractinian and a dead portion of a gorgonian, respectively. Detailed view of the 
(E) cyclosystem on a terminal branch and (F) female ampullae of the holotype. (G) Terminal branch 
of the holotype showing the longitudinal lines of coenosteal pores and slightly ridged strips. Scale 
bars: (A,B) 5 mm, (C–G) 0.5 mm. 

Cyclosystems sympodially arranged, circular to slightly elliptical in outline, with no 
diastemas, ranging from 0.5–1.0 mm in diameter, with terminal ones being slightly smaller 
(0.5–0.8 mm in diameter) (Figures 4E,F and 5G–I). Average number of dactylopores per 
cyclosystem: 12.0 (n = 50, range = 7–16, standard deviation = ±1.6, mode = 12). 

Figure 4. Corallum of Stylaster tritoni sp. nov. (A) Portion of the colony figured in Figure 3A,B
(holotype) and (B–D) other collected colonies (paratypes). Colonies in (C) and (D) growing on a dead
dendrophylliid scleractinian and a dead portion of a gorgonian, respectively. Detailed view of the
(E) cyclosystem on a terminal branch and (F) female ampullae of the holotype. (G) Terminal branch
of the holotype showing the longitudinal lines of coenosteal pores and slightly ridged strips. Scale
bars: (A,B) 5 mm, (C–G) 0.5 mm.
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Figure 5. Texture, cyclosystems, and gastrostyles of Stylaster tritoni sp. nov. (holotype). (A) Linear-
imbricate coenosteal texture and (B) detail of platelets. (C) Portion with a more irregular and gran-
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Gastropores circular, 0.19–0.34 mm in diameter (Figure 5G–J), leading to cylindrical 
gastropore tubes (Figure 5K). Gastrostyles generally not visible from surface, cylindrical, 
with slightly pointed end (Figure 5J,L–N), 0.27–0.37 mm long and 54–94 µm in diameter. 
Gastrostyles not ridged, with spines often multi-tipped (Figure 5O,P), 8–32 µm long. An-
nular ring palisade at level of gastrostyle tip, composed of 3–4 rings of cylindrical to 

Figure 5. Texture, cyclosystems, and gastrostyles of Stylaster tritoni sp. nov. (holotype). (A) Linear-
imbricate coenosteal texture and (B) detail of platelets. (C) Portion with a more irregular and granular
imbricate texture, showing pores with teeth. (D) Branch showing nematopores and (E) larger branch
with a more scattered pore distribution and nematopores. (F) Detailed view of two nematopore
mounds. (G) Terminal cyclosystem, (H) Cyclosystem on a small branch, and (I) cyclosystem on a
large branch. (J) Stereo view of a terminal cyclosystem and (K) longitudinal section of a terminal
cyclosystem. (L–N) Gastrostyles and (O,P) details of their spines. Scale bars: (A,C,G–N) 50 µm;
(B,O,P) 10 µm; (D,E) 300 µm; (F) 30 µm.
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Figure 6. Ring palisade, dactylostyles, and ampullae of Stylaster tritoni sp. nov. (holotype). (A) Ring 
palisade and (B) detailed view of a clavate element. (C) Female ampullae on a small branch. (D) A 
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Cnidome composed of three types of nematocysts concentrated in dactylozooids and 
gastrozooids, but also scattered in the coenosarc: desmonemes (3–4 × 2–3 µm) (Figure 7A), 

Figure 6. Ring palisade, dactylostyles, and ampullae of Stylaster tritoni sp. nov. (holotype). (A) Ring
palisade and (B) detailed view of a clavate element. (C) Female ampullae on a small branch. (D) A
broken ampulla (left side) and an intact one showing a large efferent pore (right side). (E,F) Detailed
view of two female ampullae with efferent pores. Scale bars: (A,B) 10 µm; (C,D) 300 µm; (E,F) 50 µm.

Habitat: Stylaster tritoni sp. nov. was commonly found in aggregations close to other
cnidarians, including scleractinians and octocorals, and growing on dendrophylliid and
caryophylliid rubble (Figures 3 and 4C). Moreover, it was observed both growing directed
upward and downward (Figure 3).

Distribution: Known only from the type locality (northern Saudi Arabian Red Sea). Bathy-
metric range: 166–492 m. Samples observed in situ but not collected were found at the fol-
lowing stations and depths: NTN0047, 27.56355◦ N 35.32176◦ E, 242–271 m, 31 October 2020;
NTN0049, 27.63267◦ N 35.31033◦ E, 400–414 m, 1 November 2020; NTN0055, 27.95855◦ N
34.87867◦ E, 272–276 m, 6 November 2020 (Figure 1).

Etymology: The specific name derives from Triton, a god of the sea in Greek mythology,
son of Poseidon and Amphitrite, the god and goddess of the sea, respectively. Triton is also
the name of the submersibles used to collect and photograph the species.
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(A–C) 5 µm.

Remarks: Stylaster tritoni sp. nov. belongs to the ‘Stylaster Group C’ sensu Cairns [55],
by having cyclosystems exclusively arranged in a sympodial fashion on branch edges and
branches ending in a terminal cyclosystem. Stylaster tritoni sp. nov. is the only species
in the genus and only the second stylasterid species reported from the Red Sea after
Distichopora violacea [34], supporting its description as a new species, given the overall
limited distributional ranges of stylasterids [39]. Three other Stylaster C species are known
to inhabit the Indian Ocean, namely, Stylaster lonchitis Broch, 1947, Stylaster ramosus Broch,
1947, and Stylaster flabelliformis (Lamarck, 1816). The first two species were reported from
the Pemba Channel (Tanzania) [56], whereas the latter was reported from Mascarene
Islands [57]. Stylaster lonchitis differs from S. tritoni sp. nov. by having diastemas, distinct
dactylostyles, and highly corrugated ampullae; conversely, S. ramosus is more similar to
the Red Sea species but can be mostly distinguished by a lower number of dactylopores
per cyclosystem (average 8.94). Lastly, S. flabelliformis resembles S. tritoni sp. nov., showing
nevertheless a more uniplanar corallum, with platelets of the texture not long as the
strip, sometimes spines on ampullae and coenosteum, dactylopores in older cyclosystems
elliptical (circular in S. tritoni sp. nov.), and no nematopores. Moreover, S. flabelliformis has
rudimentary linear dactylostyles, whereas S. tritoni sp. nov. does not show this feature.

4. Discussion

Stylaster is the most species-rich genus in the family Stylasteridae, and among the
richest in the whole phylum Cnidaria. With the description of Stylaster tritoni sp. nov., the
number of the extant accepted species of the genus rises to 91 [58]. Altogether, stylasterids
account for about 10% of the known hydrozoan species [58], and their high diversity may
be explained by the fact that they are the only calcifying hydrozoans in the deep sea, also
resulting in great adaptive advantages in terms of protection of polyps, ability to reach a
large size, and reduced competition [40]. This idea is also supported by the fact that the
highest stylasterid diversity is found in deep waters [35].

With this work, we extend the known geographic distribution of the genus Stylaster,
since no previous records in the Red Sea were available in the literature. A few other
Stylaster species are known from the Western Indian Ocean, such as the ‘Group A’ Stylaster
omanensis Cairns & Samimi-Namin, 2015, or the ‘Group C’ Stylaster flabelliformis, Stylaster
lonchitis, and Stylaster ramosus [56,57,59], whereas most of the species inhabit the Atlantic
and Pacific Oceans. Additionally, another unidentified Stylaster species was collected in the
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Gulf of Aden during the Meteor Expedition in 1987 (st. 230, 228–235 m), but no detailed
morphological information is currently available to precisely determine the species (H.
Zibrowius and D. Pica, personal observation). Stylasterid species generally have narrow dis-
tributional ranges [39,60], possibly explained by the ecological preferences [39] and the poor
dispersal abilities of the larvae [61], resulting in high levels of endemism. Miller et al. [62]
demonstrated, for instance, that neighboring populations of Errina novaezelandiae Hickson,
1912 in New Zealand fjords were characterized by limited gene flow and low levels of
heterozygosity, typical of organisms with limited dispersal abilities. In this context, Sty-
laster tritoni sp. nov. may be a Red Sea or even northern Red Sea endemic. Indeed, this
basin is characterized by multiple dispersal barriers, including its narrow entrance and
heterogeneous salinity, temperature, and primary productivity. These conditions isolate it
from adjacent waters and create longitudinal environmental gradients [17,19,63], resulting
in genetic breaks among populations (e.g., [64–66]) and high levels of endemism [17], as
demonstrated by the constant discovery of species only found in the Red Sea (e.g., [67–69]).
These features, together with the abovementioned reproductive traits of stylasterid species,
may indicate a restricted distribution of S. tritoni, but further deep-sea explorations of
the Red Sea and neighboring waters are needed to address whether S. tritoni is a Red Sea
endemic or not.

The stylasterid genetic diversification patterns were examined by Lindner et al. [36]
using three molecular markers, who obtained phylogenetic reconstructions highlighting
the strong need of an integrative systematic revision of the family [70]. Indeed, many
genera resulted polyphyletic, with low statistical support at nodes, as also observed in our
phylogenetic hypotheses. Therefore, it is fundamental to increase the sampling effort in
terms of number of samples and geographic coverage, as well as the amount of genetic
data. In turn, a detailed genetic characterization of this taxon will enhance our knowledge
about the diversity, evolution, and biogeography of stylasterids, contributing toward
the development of effective conservation measures for such a peculiar and ecologically
important group of hydrozoans.
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