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Abstract.

This study provides new and additional data on morphology and a phylogenetic analysis of the recently described

species Pelagia benovici Piraino, Aglieri, Scorrano & Boero, 2014 from the Northern Adriatic (Mediterranean Sea).
Comprehensive morphological analyses of diagnostic characters, of which the most significant are marginal tentacles
anatomy, basal pillars, gonad pattern, subgenital ostia and exumbrellar sensory pits, revealed significant differences from the
currently known genera Sanderia, Chrysaora and Pelagia in the family Pelagiidae. A phylogenetic analysis of mitochondrial
genes (COI, 16S rRNA, 12S rRNA) and nuclear ribosomal genes (28S rRNA, ITS1/ITS2 regions), together with cladistic
analysis of morphological characters, positioned Pelagia benovici as a sister taxon with Sanderia malayensis, and both
share a common ancestor with Chrysaora hysoscella. Pelagia benovici does not share a direct common ancestor with
the genus Pelagia, and thus we propose it should not belong to this genus. Therefore, a new genus Mawia, gen. nov.
(Semaeostomeae : Pelagiidae) is described, and Pelagia benovici is renamed as Mawia benovici, comb, nov.
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Introduction

Exact recognition of a species is one of the basic requirements in
ecology and in many related disciplines that rely on an accurate
species delimitation derived from systematics. In particular, it is
crucial to determine the dynamics and evolution of populations
based on the connectivity of evolutionary relevant units
(Pante et al. 2015a). Besides understanding their evolutionary
history and relationships, both of which are closely linked
with an accurate definition of a species, there are also practical
requirements for accurate species identification, such as
recognition of invasive jellyfish and the associated risk for
humans (Gershwin and Collins 2002 and references therein),
or estimation of jellyfish biomass and their ecosystem relevance
(Bastian et al. 2014). Scyphozoan systematics is complicated
owing to complex life cycles, unpredictable appearances,
ecological plasticity and also because of the lack of trained
taxonomists (Boero 2010; Markmann and Tautz 2005). All of
these factors have led to numerous taxonomical re-arrangements
in classical books (Mayer 1910; Kramp 1961; Russell 1970;

Franc 1993), as well as in current periodic literature (Collins 2002;
Marques and Collins 2004; Morandini and Marques 2010).

There have been many rearrangements of the genus Pelagia
since Mayer’s synopsis of the ‘Medusae of the World” was
published in 1910. Several species in the genus Pelagia were
proposed by Mayer (1910), but currently only the type species,
Pelagia noctiluca (Forskal, 1775), is considered a valid species
(but see Morandini and Marques 2010: table 1). Moreover, a
cladistic analysis of pelagiid species reassigned Pelagia colorata
Russell, 1964 as Chrysaora colorata (Gershwin and Collins
2002). An approach coupling morphological and phylogenetic
analyses in scyphozoan systematic can help overcome these
difficulties, reveal evolutionary relationships, and possibly
facilitate the redescription of taxa (Marques and Collins 2004;
Dawson 20054, 2005b). However, Gershwin and Collins (2002)
pointed out that identifying a suitable outgroup for a pelagiid
phylogenetic analysis is very difficult, and for this reason it is
particularly hard to establish the true direction of character
changes.
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The description of a new species, Pelagia benovici Piraino,
Aglieri, Scorrano & Boero, 2014 (Piraino et al. 2014), from
the northern Adriatic Sea opened some questions. These
medusae were classified within the genus Pelagia according to
morphological features (shape and colouration of umbrella; shape
and distribution of cnidocyst warts; thickness of mesoglea;
shape and number of marginal lappets; morphology and
number of rhopalia; number, arrangement and relative length
of tentacles; presence or absence of muscular folds in tentacle
sections; relative length and shape of manubrium and oral arms;
shape and arrangement ofradial septa in the gastrovascular cavity;
number and shape of gonads; cnidocyst types and sizes) and
phylogenetic analysis. In particular, molecular analysis of the
COI gene revealed Pelagia benovici as a separate group from
Pelagia noctiluca, while the analysis of 28S rRNA led authors to
suggest incomplete lineage sorting or hybridisation events among
Pelagia benovici and Pelagia noctiluca (Piraino et al. 2014). This
evidence causes an uncertain phylogenetic relationship between
Pelagia benovici and Pelagia noctiluca. We collected specimens
of Pelagia benovici in the northern Adriatic Sea from September
2013 to August 2014, and here provide new and additional
morphological data and a phylogenetic analysis (nuclear 28S
rRNA, ITS1/ITS2 regions; mitochondrial genes COI, 16S rRNA
and 12S rRNA) of these scyphomedusae. A comprehensive
and detailed redescription of Pelagia benovici is presented,

and we show that the morphological and molecular characteristics
of this species require the creation of a new genus.

Material and methods

The Latin name Pelagia benovici will be used in our text until we
provide a description of the new genus in the results section.

Sampling and observations

We collected, as by-catch, hundreds of specimens of Pelagia
benovici that were at that time still undetermined (Figs 1, 2a, b)
during a small pelagic acoustic survey carried out in the Adriatic
Sea on 6 September 2013 at a station located ~16 nm off shore
from the Po delta. Despite the large number of specimens
collected in the trawling net, we did not observe these
medusae in the surface water, and did not find the species
again during the following 2 weeks. After this first finding, no
large aggregations were observed, but several individuals
were noted and sampled in different locations in the Gulf of
Trieste from late November 2013 to March 2014 (Figs 1, 2 and
Table 1). One specimen was seen and photographed in the Venice
Lagoon on 24 December 2013 (Bastianini, pers. communication,
Supplementary Material 1). Two specimens were again collected
on 31 August 2014 offshore from the Po delta, in the same area of
the September 2013 samplings (Fig. 1, Table 1).
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Fig. 1.

Mawia benovici, map of the sampling and observation sites (September 2013—March 2014).



Fig.2. Mawia benovici, (a) and () collected during the small pelagic ecosurvey of 6 September 2013; (c) a lateral view of a jellyfish in
the Bay of Piran, 5 February 2005. Well evident is the lack of colouration of the tentacles and oral arms; (d) picture taken near the shore
in the Bay of Piran, 20 November 2004, with an adult specimen together with Pelagia noctiluca specimens. The arrow indicates the dark
pink—purple colouration of the gonads. Scale bars=1 cm.

Specimens were collected with a sampling bucket or with
a hand net and immediately transported to the laboratory.
They were photographed under a Leica Microsystems
M205C stereomicroscope, then preserved in a buffered 4%
formaldehyde—saltwater solution. Fifty-three specimens were
collected on 4 December 2013, and their tissue samples were
immediately preserved in 96% ethanol for molecular and
phylogenetic analysis. The dates and location of observations
and sampling are presented in Table 1 and Fig. 1. In light of these
recent findings, old samples collected and preserved in formalin
in summer—autumn 2004 and winter 2005 in the Gulf of Trieste
and pictures taken near the shore of Piran (Slovenia) during winter
200405, were reexamined (Fig. 2¢, d).

In order to obtain additional comparative data on pelagiid
morphology, the following specimens were analysed: Sanderia
malayensis Goette, 1886 (one specimen from Kamo aquarium,
Japan, and one from Schonbrunner Tiergarten, Wien, Austria);
Chrysaora fuscescens Brandt, 1835 (one specimen from
Schonbrunner Tiergarten, Wien, Austria); C. hysoscella
(Linnaeus, 1767) (several specimens collected from the Gulf
of Trieste in February—March 2014); C. lactea Eschscholtz, 1829
(two specimens from the Departamento de Zoologia, Instituto
de Biociéncias, Sao Paulo, Brazil); C. pacifica (Goette, 1886)
(two specimens from Shimanoseki, the strait between Honshu
and Kyushu Islands, collected in March 2015); C. plocamia
(Lesson, 1830) (one specimen from the Departamento de

Zoologia, Instituto de Biociéncias, Sao Paulo, Brasil); and
several specimens of Pelagia noctiluca (Forskal, 1775) (from
the Strait of Messina, Italy, collected in February 2014).
Moreover, six specimens of Chrysaora hysoscella and
additional specimens of Pelagia noctiluca from the Western
and Eastern Mediterranean Sea were studied for phylogenetic
inference.

Morphological analysis

Morphology was examined on the living and fixed specimens
collected in the Gulf of Trieste (Table 1) and compared with the
holotype and paratype I of Pelagia benovici deposited in the
Collection of the Museum of Adriatic Zoology Giuseppe Olivi
(Palazzo Grassi, Chioggia, Padova University). Morphometric
measurements were made on six adult specimens of Pelagia
benovici (four caught in summer—winter 2013, two in June and
November 2004) preserved in formaldehyde. All morphometric
examinations were performed on specimens taken from the
liquid and gently stretched out in a Petri dish. Measurements
were performed using a Leica Microsystems M205C
Stereomicroscope, or a scanner (Epson expression 1600 pro)
equipped with a waterproof container, through Image Pro
Plus 4.1 and Adobe Photoshop Elements 13 software. Twenty-
eight morphological-morphometric parameters were considered
(Fig. 3). Morphometric data normalised as feature/umbrellar
diameter ratios are reported in Supplementary Material 2.



Table 1. Observation and sampling of Mawia benovici in the northern
Adriatic Sea with notes on analysis used in this study: (1) morphological
analysis; (2) phylogenetic analysis; and (3) photographs

Date of Latitude Longitude Number of Analysis

observation N) (E) specimens performed
in this study

28 Jun. 2004 45.65 13.74 1 1

19 Nov. 2004 45.00 12.92 Several

20 Nov. 2004 45.53 13.57 Several 3

5 Feb. 2005 45.55 13.55 Several

6 Sept. 2013 45.00 12.92 >100 3

29 Nov. 2013 45.52 13.18 14 3

29 Nov. 2013 45.73 13.68 1 1

4 Dec. 2013 45.52 13.57 53 23

6 Dec. 2013 45.69 13.74 1 1

6 Dec. 2013 45.65 13.73 1

6 Dec. 2013 45.64 13.64 1

16 Dec. 2013 45.73 13.68 1 1

17 Dec. 2013 45.64 13.68 1

17 Dec. 2013 45.61 13.72 1

17 Dec. 2013 45.70 13.71 1

17 Dec. 2013 45.59 13.66 99

24 Dec. 2013 45.44 12.37 1

10 Jan. 2014 45.62 13.57 2

22 Jan. 2014 45.71 13.71 1 1

14 Feb. 2014 45.55 13.55 1

25 Feb. 2014 45.59 13.66 7

2 Mar. 2014 45.65 13.74 1

31 Aug. 2014 45.12 12.98 2

In order to analyse the morphology and morphometry of
the sensory pit, samples of rhopalar umbrellar margin were
excised from Sanderia malayensis, Chrysaora hysoscella,
Pelagia benovici and P. noctiluca specimens, stained with a
1% aqueous solution of methylene blue to contrast the
epidermal layer and observed both on exumbrellar and lateral
views. Measurements are expressed as length/maximum depth
ratio (LM ratio) and asymmetry ratio (AS ratio), which we
defined as the ratio between the drift of the point of maximal
pit’s depth (md in Fig. 8c) towards the sensory pit’s distal margin
(asd in Fig. 8¢), and towards the sensory pit’s proximal margin
(asp in Fig. 8¢), with a value <1 if the maximal depth is
shifted towards the distal margin, >1 if the opposite (scheme
of asymmetry ratio is presented in Supplementary Material 3).

Histology of gonads and tentacles were compared among
S. malayensis, C. fuscescens, C. hysoscella, C. lactea,
C. pacifica, C. plocamia, P. benovici and P. noctiluca. Small
pieces of gonads and tentacles were excised from the
formaldehyde-preserved specimens, washed in filtered seawater,
and re-fixed in 2% glutaraldehyde—seawater solution (pH=7.2),
again washed in filtered seawater and post-fixed in a 1% OsOy4
seawater solution. Samples were dehydrated in an ascending
series of ethanol, then treated in propylene oxide and embedded
in Derr 372—732 media. Semi-thin sections were obtained with a
Leica Ultracut UCT Ultramicrotome, stained with toluidine blue,
and observed under a light microscope (Olympus BX50 or Nikon
ECLIPSE E-800 with a DXM 1200 camera).

A cnidome analysis was performed on two fresh specimens of
Pelagia benovici. Tentacles, oral arms, gastric cirri and portions

of exumbrellar warts were excised and put consecutively into
a 1M glycerol solution in distilled water started at 0°C to finally
at 4°C, left to macerate, and then homogenised. Macerate was
filtered through a 500-um mesh net, centrifuged twice at 5°C
for 15 min at 304g with an Eppendorf Centrifuge 5804R, and
the pellet was resuspended in distilled water. The cnidome
was investigated under light microscopy as described above,
and scanning electron micrographs (SEM) were made with a
Leica 430i Scanning Electron Microscope. Terminology used
to describe cnidome follows Watson and Wood (1988), with
nematocyst taxonomy based on Mariscal (1974), Ostman and
Hydman (1997) and Ostman (2000).

DNA extraction, PCR amplification and sequencing

DNA was extracted from preserved gonadal tissue samples using
Kapa Express Extract (KapaBiosystems) and an E.Z.N.A.
Mollusc DNA Kit (OMEGA Bio-Tek). Part of nuclear gene
28S rRNA and ITS1/ITS2 interspacer regions were amplified,
as well as parts of three genes from mitochondrial DNA (COI, 16S
and 12S). The 28S rRNA was amplified with primers 28Slev2
and 28Sdes2 (Verovnik et al. 2005; Zaksek et al. 2007) and with
primers Aa_L28S_21,Aa_H28S_1078 (Bayhaetal . 2010),ITS 1
and ITS 2 regions were amplified with universal primer pair
described by White ef al. (1990), the COI gene fragment was
amplified with universal invertebrate primers LCO1490 and
HCO2198 (Folmer ef al. 1994) and 16S rRNA and 12S rRNA
with universal primers (Simon et al. 1991; Kocher et al. 1989).
The PCR mixture was made of 30 ng to 50 ng of template DNA,
1.25 U of Top Taq Polymerase (Qiagen, Cat. No. 200203),
1.5mM MgCl,, 0.5uM primers, and 0.2mM dNTPs. The
amplification conditions were as follows: 3 min denaturation at
95°C followed by 35 cycles of 1 minat 95°C, 1 minat48°C, 90 s at
72°C and terminated with a Smin extension at 72°C. PCR
products were sequenced by a commercial service (Macrogen,
Amsterdam, Netherland and IGA Udine, Italy) and the same
primer pairs were used for cycle sequencing as for previous
PCR. Samples were sequenced in the forward and reverse
direction to assure the accuracy of each polymorphic site.
GenBank accession numbers of retrieved sequences, together
with sequences used as an outgroup, are listed in Table 2.

Sequence alignment

Contigs were assembled and edited using ChromasPro 1.7.6
(Technelysium Pty Ltd, Queensland, Australia). The
homologous sequences for comparisons were searched using
the BLAST algorithm in GenBank. COI sequences were
verified with translation into amino acid sequences using
Coelenterate mitochondrial code. The length of COI was 655 bp
and alignment was gapless, while the length of 28S rRNA was
671 bp, the length of ITS1/ITS2 regions were 300/346 bp, 16S
rRNA was 639bp, and 12S alignment was 410bp. Pelagia
benovici sequences of 28S rRNA from a previous study
(Piraino et al. 2014), as well as sequences of 28S rRNA from
archived Pelagia noctiluca samples, were included into the
analysis (see Table 2). Alignments were done with a separated
dataset for each amplified gene and with concatenated
sequences together with sequences of outgroup species (see
Table 2 for details) using MAFFT 7 (Katoh and Standley
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Fig.3. Drawing of Mawia benovici, intentionally performed as similar to the analogous drawing of
Pelagia noctiluca made by Russell (1970; p. 74, fig. 38), subumbrellar view of adult to show the
morphological features considered (in mm). Inset (top left), exumbrellar perspective: (1) perradial
radius; (2) bell diameter (perradial, between opposite rhopalia); (3) interradial radius; (4) rhopaliar
lappet length; (5) rhopaliar sensory pit depth; (6) tentacular lappet length; (7) marginal lappet cleft;
(8) perradial septum length; (9) interradial septum length; (10) coronal muscle width; (11) gonad width
(at perradius); (12) largest length between opposite gonads (interradial); (13) largest amplitude of the
gonadic arc (distal); (14) smallest amplitude of the gonadic arc (proximal); (15) gastric pouch largest
width (perradial, distal); (16) gastric pouch largest width (interradial, distal); (17) length between
umbrella centre and origin of perradial septum; (18) length between umbrella centre and origin of
interradial septum; (19) basal pillar width (at half of its length); (20) basal pillar, mesogleal thickness at
the manubrium emergence; (21) basal pillar, thickness at half of its length (*); (22) basal pillar, length;
(23) manubrium plus oral arms total length; (24) manubrium length (*); (25) oral arm length;
(26) manubrium mesogleal layer, thickness (*); (27) umbrella mesogleal layer, thickness (*); (28) nr of
nematocyst warts per cm? (square in the inset —top left); Features marked with (*) are not plotted in the
drawing. The feature (24) cannot be measured directly; was obtained by subtracting from the total
measure (23) the length of the oral arms (25).

2013). The following default settings were used concerning
each set of sequences: scoring matrix: 1PAM/x =2 for 28S, 16S
and 12S rRNA, while for COI was used 200PAM/x =2, gap
opening penalty 1.53 (1.0-3.0), offset value 0.00 (0.0-1.0). The
scoring matrix was based on the Kimura-2 parameter substitutions
model. The combined alignment of COI-16S-12S-28S-ITS1-1TS2

(length 3021 bp) was made from sequences of Pelagia benovici
(12 specimens), Pelagia noctiluca (7 specimens), Sanderia
malayensis (1 specimen), Chrysaora hysoscella (2 specimens)
and the outgroup species Cyanea capillata (Linnaeus, 1758)
(1 specimen). Concatenated sequences were made of sequences
amplified from the same individuals of P. benovici (collected
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in this study), P. noctiluca, and C. hysoscella produced during this
study, while in other species concatenated sequences were made of
available sequences regarding the genes (see Table 2 for details).
The dataset of 28S rRNA consisted of sequences of P. benovici,
P. noctiluca, C. hysoscella, C. lactea, Chrysaora sp., S. malayensis
and C. capillata as the outgroup.

Phylogenetic analysis

Each dataset for phylogenetic analysis was composed of unique
haplotypes from nuclear and mitochondrial genes (28S, ITS1/
ITS2, COI, 168, 12S) used in alignments as described in the
previous section. A phylogeny inference was done separately on
each dataset and on combined alignment, which included species
from all the valid genera of Pelagiidae (Pelagia, Chrysaora and
Sanderia). A test of substitution saturation was performed for COI
haplotypes as described by Xia ef al. (2003) using the software
Dambe v5.3.108, and no saturation with substitutions was found.
The best models of substitution under the Akaike Information
Criterion (AIC) were: GTR+I+G (oe=1.008) for COI, GTR+G
(0=0.459) for 28S, GTR+G (0.=0.335) for 12S, GTR+I+G
(with =0.813) for 16S, GTR+I+G (o.=1.134) for ITS1, and
SYM+G (0.=0.437) for ITS2. jModeltest v2.1.1 (Darriba et al.
2012) was used for calculations. Phylogenetic analyses were run
with MrBayes v3.2.1 (Ronquist and Huelsenbeck 2003) with four
chains for 2 x 10° generations, sampled every 1000 generations,
discharging the first 25% of samples as burn in and run until
stationarity was reached (Figs 11, 12). For each gene, we used
models suggested by AIC or the most similar one available in
MrBayes. Stationarity was checked against plotted values, and
MCMC was used to estimate posterior probability distribution
using Tracer v1.6.0 (Rambaut et al. 2014). Trees were visualised
in FigTree v1.4.2 (Rambaut 2006). Furthermore, a maximum
likelihood (ML) tree was calculated using the same set of
concatenated genes in RaxML v8.2.8 (Supplementary Material
5; Stamatakis 2014) and setting C. capillata as the outgroup.
RaxML was run online on the CIPRES Science Gateway
portal v3.3 (Miller et al. 2010). RAXML Workflow interface
was followed for the ML using Maximum Likelihood/Thorough
Bootstrap approach and GTRGAMMA model and autoMRE
criterion to assess the saturating number of bootstrap
resampling (504 bootstraps). The evolutionary distances
between haplotypes at each locus were calculated among and
within pelagiid species using the Kimura-2 parameter model
(K2P) in MEGA v6.0 (Tamura et al. 2013).

Cladistic analysis

Cladistic analyses were based on a set of morphological
characters we considered as genus-specific within the family
Pelagiidae. We used a genus of the family Cyaneidae (Cyanea
Péron & Lesueur, 1810) as an outgroup, and within the family
Pelagiidae, all valid species were considered (Sanderia
Goette, 1886; with S. malayensis and S. pampinosus Gershwin
& Zeidler, 2008; Chrysaora Péron & Lesueur, 1810, with
C. achlyos Martin, Gershwin, Burnett, Cargo & Bloom, 1997,
C. chinensis Vanhoffen, 1888, C. colorata, C. fulgida (Reynaud,
1830), C. fuscescens, C. hysoscella, C. kynthia Gershwin
& Zeidler, 2008, C. lactea, C. melanaster Brandt, 1835,
C. pacifica (Goette, 1886), C. pentastoma Péron & Lesueur,

1810, C. plocamia (Lesson, 1830), C. quinquecirrha (Desor,
1848), C. wurlerra Gershwin & Zeidler, 2008; Pelagia Péron &
Lesueur, 1810, with P. noctiluca and P. benovici. We have not
considered species inquirendae, as C. caliparea (Reynaud,
1830), or species dubiae, as P. cyanella Péron & Lesueur,
1810, P. flaveola Eschscholtz, 1829, and P. panopyra Péron &
Lesueur, 1810.

The data matrix contains 32 characters (Table 3) for each
genus, coded as binary when possible, or multistate, and
considered as unordered. Characters that were not available are
coded as —, unknown characters are marked as ?. Characters of
the Cyanea genus, some Chrysaora species and S. pampinosus
not directly observed in the present work were taken from
literature (Mayer 1910; Russell 1970; Dawson 2005a;
Gershwin and Zeidler 20085; Morandini and Marques 2010;
Holst and Laakmann 2014). The maximum parsimony tree of
morphological characters was made by branch-and-bound
search using the cladistic option in the software PAST v2.17
(Hammer ef al. 2001) and 500 bootstrap replicates were used.
The gene tree (mtDNA, 28S and ITS) was analysed together
with the 32 genus-level morphological characters (see Table 3)

Table 3. Data matrix of 32 characters of pelagiid genera and one
cyaneid (outgroup)

For characters’ description see ‘Results’. —= data not available, ? =unknown
Morphological Pelagiid genera Outgroup
character Sanderia  Mawia,  Chrysaora Pelagia  Cyanea
gen. nov.

1 0 0 0 0 1
2 1 0 0 1 2
3 1 0 0 0 0
4 0 1 1 0 0
5 0 1 1 0 0
6 0 1 1 0 -
7 1 0 0 1 -
8 0 0 0 0 1
9 1 0 2 0 3
10 0 0 1 0 1
11 0 0 1 0 2
12 1 0 0 0 0
13 0 0 1 3 2
14 1 0 2 0 0
15 1 0 0 0 0
16 3 0 2 0 1
17 0 1 2 1 3
18 0 0 2 0 1
19 1 0 2 0 3
20 0 1 2 3 1
21 0 0 1 0 2
22 0 0 0 0 1
23 1 0 3 2 4
24 1 0 2 2 2
25 1 0 0 0 0
26 1 1 0 0 0
27 2 1 3 1 0
28 2 1 3 4 0
29 0 0 1 0 0
30 0 0 0 1 0
31 0 0 0 1 0
32 0 ? 0 1 0




in MrBayes 3.2.1 under the same conditions as concatenated
sequences only.

Results
Systematics

According to the examined morphological features and
phylogenetic position described in the next section, we
conclude that Pelagia benovici must be classified into a genus
novum.

Genus Mawia, gen. nov.

http://zoobank.org/urn:lsid:zoobank.org:act:7C8A7B22-6D21-4208-B615-
BAA86188C200
Type species: Pelagia benovici Piraino, Aglieri, Scorrano & Boero, 2014
Type locality: Northern Adriatic: from the Gulf of Venice to the Gulf of
Trieste.

Generic diagnostic characters for genus Mawia

A pelagiid with marginal tentacles without mesogleal folds, or
adaxial furrow, or thickenings; basal pillars Y-shaped, slight,
lateral distal branches short, slightly curved inwards, single arch
cross-section, proximal portion thicker, right triangle-shaped
from a lateral view; horseshoe-shaped gonads, simple folded
ribbon-like, with concavity facing the manubrium, slightly
protruding; covered by nematocyst warts; subgenital pouch —
wide flat area, leaf clover-shaped, gonad folds slightly protruding
in the distal area; exumbrellar sensory pit shallow, ovoidal,
longitudinal section as a right triangle, with the minor cathetus
(facing outwards) ~1/3 of the larger cathetus, the distal edge
emphasised by nematocyst warts, of glass-like transparency.

Etymology

The genus name is derived from the Latin form of the name of
Mawiyya, a legendary warrior queen who ruled over an Arab
confederation in southern Syria in the latter half of the fourth
century.

Mawia benovici (Piraino, Aglieri, Scorrano & Boero, 2014),
comb. nov.

Material examined

Holotype. Male specimen (adult), collected from the Gulf of Venice
(Chioggia), November 2013, with a 46 mm umbrella diameter. Deposited in
the Collection of the Museum of Adriatic Zoology Giuseppe Olivi (Palazzo
Grassi, Chioggia, Padova University). Accession number: CN54CH (Piraino
et al. 2014).

Paratype 1. Female specimen (adult), Gulf of Venice (Chioggia),
November 2013, 50 mm diameter of umbrella. Deposited in the Collection
ofthe Museum of Adriatic Zoology Giuseppe Olivi (Palazzo Grassi, Chioggia,
Padova University). Accession number: CNS5CH (Piraino ez al. 2014).

Other material examined. 10 specimens. Gulf of Venice (Chioggia),
November 2013, 32-45mm (range of bell diameter). Deposited in the
Collection of Marine Invertebrates at the Laboratory of Zoology and
Marine Biology of the University of Salento (Lecce). Accession numbers:
UNIS_SCY_001-10.

Remarks

The reported morphological descriptions are based on the
following additional material: six specimens, all males, and

deposited in the collection of the Trieste Natural History
Museum, Via dei Tominz 4, Trieste. One was collected on 6
December 2013 outside the harbor of Santa Croce, with a 57 mm
umbrella diameter (accession number: Im/CNI 060-060);
three specimens collected near Piran on 4 December 2013,
with umbrellar diameters of 68, 69, and 67 mm, respectively
(accession number: Im/CNI060-061 to—063); and two preserved
specimens collected in 2004 and analysed for the first time
during this study, one collected on 28 June outside the harbor
of Santa Croce with an umbrellar diameter of 70.5 mm, and
one on 11 November in the Gulf of Trieste near Piran with
an umbrellar diameter of 63 mm (accession number: Im/CNI
060-064 and —065).

Species morphological description

Morphological characteristics of the species are presented
in Figs 2-4 and 9-10 while Figs 5, 6, 7 and 8 show a
comparison of specific characteristics with some other pelagiid
species. The detailed new description is below:

The umbrella diameter of specimens ranges from 3 to 7 cm and
is hemispherical to somewhat flattened, with a thick, but rather
soft mesogleal layer, is inconsistent, has eight adradial marginal
tentacles, and eight per- and interradial rhopalia. Medusa with 16
marginal lappets, rounded lateral portions, and a slight cleft (its
depth is variable even in a single specimen) between them, with a
mean depth of 1.7mm (n=6, Fig. 4b). Their lateral portion is
thicker, due to the presence of two gastric pouch extensions, one
tentacular and one rhopaliar, which terminate in an irregular
rounded end. The intermediate areas and the margins are very
thin and transparent (Figs 3, 4b, d). Preliminary observations
about its pulsation rate indicate a pulsation rate of 60 pulsations/
min at a temperature of 18°C in laboratory conditions (Feb.
21st, 2014, Supplementary Material 4), and ~20 pulsations/
min at a temperature of 11.5°C in a natural environment. In
field observations, Mawia benovici, if disturbed, let itself sink
without pulsating or turning downwards.

Hollow tentacles originate from an ellipsoidal, slightly
downward sloping area, the exumbrellar margin of the
tentacular niche is fused over the proximal portion of the
tentacle (Fig. 5b). The transverse section of a tentacle shows a
regular outer epidermal layer, an underlying homogeneous layer
of mesoglea and an innermost gastrodermic layer, which delimits
the tentacular canal of the gastro-vascular apparatus. There is no
evidence of ectodermal, muscular folds into the mesogleal layer
(Fig. 5d), nor subumbrellar longitudinal furrows or thickenings.
Relaxed tentacles can exceed a length of more than three times the
bell diameter.

The rhopalia (Fig. 4e, f) are housed in rhopaliar niches. In
living or freshly fixed specimens, the statocyst shows an ellipsoid
shape, dark brown to black in colour. The pits that are present
laterally to the base of the rhopalium exhibit horizontal brownish
stripes that tend to fade quickly in fixed specimens (Fig. 4¢). The
brownish stripes disappear a couple of weeks after fixation.

The exumbrellar sensory pits are placed over the rhopaliar
base, are ovoidal in aspect with the apex pointing outwards,
slightly depressed, with the deepest point in correspondence
of the distal margin; the longitudinal section corresponds
approximately to a right triangle, with the minor cathetus


http://zoobank.org/urn:lsid:zoobank.org:act:7C8A7B22-6D21-4208-B615-BAA86188C200
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Fig.4. Mawia benovici: (a) living specimen showing a short manubrium and small oral arms (arrow); (b) preserved specimen, exumbrellar view of the straight
radial septa, with rounded proximal edge (arrow), and marginal lappets (scale bar = 1 cm). Asterisk indicates the cleft present in the middle of the marginal lappets;
(c) preserved specimen, subumbrellar view showing the pattern of basal pillars (arrows; scale bar = 1 cm); (d) living specimen showing the exumbrellar glass-like
area, which contains the sensory pit (arrow; scale bar= 1 cm); (e) living specimen, exumbrellar view of a rhopalium. Arrows indicate the dark stripe present in the
lateral niches (scale bar =2 mm); (f) dark field micrograph of a rhopalium as in (f); (g) living specimen, exumbrellar magnification showing the weakly protruding
papillar warts, with darker tip (scale bar = 1 mm); (%) higher magnification of some exumbrellar warts (scale bar = 0.5 mm); (i) living specimen, subumbrellar view
of one folded ribbon-like gonad, covered with nematocyst warts (arrow; scale bar=1 mm).

distal (Fig. 7d), and with amean LM ratio 0£0.279 and amean AS
ratio of 0.239 (n=4). The distal margin of the sensory pit is very
distinctive, as it is covered by arow of nematocyst warts (Fig. 75).
This area in living specimens is of a glass-like transparency,
obvious even to the naked eye (Fig. 4d).

The exumbrella is smooth when touched, even if the
exumbrellar surface is uniformly covered with densely packed
nematocyst warts, whose shape vary from circular to elliptical,
or more narrow and elongated at the level of marginal lappets
(Figs 2¢, 3, 4g, h, i). Warts are only present over the two gastric
pouches (tentacular and rhopaliar) extensions on both sides of
each lappet (Fig. 4b, d). The warts are not thick. The larger warts
with pigmented apex can be seen in the central exumbrellar area of
living specimens (Fig. 4¢g, &), with a weak, fluffy consistency.

M. benovici exhibits a mean number of nematocyst warts/cm” of
128 (Supplementary Material 2).

The subumbrellar surface just before the rhopaliar and
tentacular pits shows a well developed coronal muscle (Figs 3,
4b), which seem divided (it’s just an optical effect) by the
presence of 16 straight radial septa. Each division has a thin,
radial irregular line just in the middle, in correspondence with
every rhopalium and tentacle (Figs 3, 4b). Along the perradia,
there are four long, narrow bases of the manubrium (oral or basal
pillars). Each of them starts peripherally with a Y- or T-shaped,
slightly thickened structure, with lateral distal branches short,
slightly curved with concavity facing inwards, and the main radial
branch narrow and semicircular or arc-shaped in the cross-
section, with parallel lateral edges. Near the emergence of the
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Fig.5. Tentacle characteristics: left Sanderia malayensis (a, c), right Mawia benovici (b, d). (a) Sanderia malayensis, light micrograph
of the area of emergence of one tentacle, subumbrellar view (scale bar =1 mm), arrow indicates one of the thin, subumbrellar epidermic
furrows; (b) Mawia benovici, dark field micrograph of the area of emergence of one tentacle, subumbrellar view (scale bar=1 mm);
(¢) Sanderia malayensis, tentacular semi-thin transverse section, adaxial area (scale bar= 150 um); (d), Mawia benovici, tentacular
semi-thin transverse section, adaxial area (scale bar = 150 um). Ep, epidermis; Gd, gastrodermis; Gvc, gastrovascular canal; M, mesoglea.

manubrium, each pillar increases in thickness, thus forming a sort
of right triangle — if observed laterally — downwardly projecting
which continues in the manubrium (Figs 3, 4c¢, 9a).

The stomach is simple, without interradial septa, with four
interradial, subumbrellar ribbon-like folded gonads, with distal
free edges (Figs 4b, ¢, 9a).

The four gonads are horseshoe-shaped. There is not a real
subgenital pouch or ostium, but rather a thin transparent surface,
leaf clover-shaped, bound by the basal pillars laterally, by the
gonads distally, and by the manubrium proximally. The layer
under the gonads tends to follow their folded ribbon-like
shape, protruding a little downwards, but the topography of
the gonad is stable, there are not foldings of the IInd or Illrd
order, highly protruding downward as in Pelagia or Chrysaora.
Some hundreds of gastric cirri (or filaments) emerge from four
subumbrellar areas adjacent to the gonads. Their length is
variable, with some of them longer than 2 cm in length, with
tips that can protrude into the basal opening of the manubrium
(Figs 2d, 3, 4b, ¢, i, 9a).

The gastrovascular sinus is divided into 16 pouches (eight
rhopaliar and eight tentacular, all alike) by 16 straight gastric septa
(Figs 4b, 9a). They are thicker proximally, with a rounded edge,
just over the coronal muscle area, with a distal termination in the

cleft of marginal lappets equidistant from tentacles and rhopalia.
They give origin distally to the small tentacular and rhopaliar
lateral pouches inside the marginal lappets. The shape of the
lateral pouches is irregularly rounded (Fig. 4b). The tentacular
pouches continue into the tentacular canals, and the rhopaliar
pouches into the rhopaliar canals. A ring canal is absent.

The manubrium arises centrally from the perradial basal
pillars, and distally is divided into four oral arms, sometimes
very long, the margins of which are thin and highly frilled. The
oral arms are U-shaped in cross-section, with the thicker section at
the base. The length of the whole manubrium can reach up to three
times or more than the bell diameter, whilst the oral tube can be
very short, and very difficult to detect (Figs 2¢, 3, 9d, ¢). Some
specimens exhibit, on the contrary, short oral arms with a long
oral tube up to almost half of the total length (Fig. 4a). There is a
mesogleal layer inside, thicker in correspondence to the outer
portion, but the whole manubrium consistency is extremely weak,
or flaccid, and in samples placed on a Petri dish without liquid,
it collapses completely (Fig. 9d).

The subumbrellar nematocyst warts have the same shape as
the exumbrellar warts, sometimes a little more elongated, and
are present on the basal pillars and under the gonad foldings —
but not on the subgenital area (Fig. 4/). The oral arms and
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Fig. 6. Tentacle characteristics: left Chrysaora hysoscella (a, c), right Pelagia noctiluca (b, d). (a) Chrysaora hysoscella, dark field
micrograph of the area of emergence of one tentacle, adjacent to a rhopalium (bottom), subumbrellar view. The arrow indicates the adaxial
longitudinal furrow; double arrows indicate the curved, S-shaped distal portion of a radial septum (scale bar=1mm); (b) Pelagia
noctiluca, dark field micrograph of the area of emergence of one tentacle. The arrow indicates the presence of the epidermal longitudinal
muscular folds (scale bar=1 mm); (¢) Chrysaora hysoscella, tentacular semi-thin transverse section, adaxial area (scale bar= 150 um);
(d) Pelagia noctiluca, tentacular semi-thin transverse section, adaxial area (scale bar=150 um). Ep, epidermis; Gd, gastrodermis;
Gve, gastrovascular canal; M, mesoglea; Mf, epidermal muscular folds; SIf, subumbrellar (or adaxial) longitudinal furrow.

the manubrium have no warts, but are covered by many small
protrusions with an apical cluster of nematocysts (detectable only
under a stereomicroscope, Fig. 9d, e).

Gonad histology: the specimens collected and measured in
2013 and in 2014 were males and their testes were analysed. All
specimens observed exhibit well developed spermatozoa, at least
within some follicles (Fig. 9¢), regardless of size (from 3 to 7 cmin
diameter). From the subumbrellar layer, just distal to the gastric
cirri area, a thin fold protrudes, which leans against the floor of
the stomach, thus limiting a tiny genital sinus that communicates
with the main stomach cavity outwardly (Fig. 95, ¢). At present,
the single specimen labelled as female is the Paratype I, of S cm
in diameter, but no oocytes in advanced stages of maturation were
observed during our reexamination under a steromicroscope,
which may indicate an immature ovary.

Cnidome: the majority of nematocyst observations was based
on undischarged capsules, as the nematocysts have not responded
to the usual ion-induced discharging agents, like NaSCN, Nal etc.
(Avian et al. 1991a, 1995), and only two discharged nematocyst
types were observed under the SEM. However, even though
their exact classification is not possible without observation
of the discharged tubules, the following nematocyst types can
be provisionally assigned: heterotrichous microbasic eurytele

1"

(Fig. 10a, d); O-holotrichous isorhiza (Fig. 10a, b, c¢);
A-holotrichous isorhiza-or heterotrichous isorhiza, depending
on the spine morphology (Fig. 10a, e); a smaller capsule that
could be assigned to an a-holotrichous isorhiza (or heterotrichous,
as the previous) or atrichous isorhiza (Fig. 10a, f); a big
ovoid capsule with a large operculum, but with an unclear
undischarged tubule morphology (at present it is not possible
to state the presence — or not — of a shaft, Fig. 10g); and finally a
nematocyst with a very elongated, ellipsoid capsule, containing a
shaft whose length is almost equal to the larger diameter of the
capsule (a p-mastigophore?, Fig. 10/4). A possible presence of
birhopaloid type 11, as suggested by Piraino ez al. (2014), without
SEM analyses, cannot be confirmed.

Colouration is mainly determined by the ex- and sub-
umbrellar nematocyst warts, which are orange-reddish to
purple in colour. Umbrellar mesoglea, tentacles, manubrium,
and oral arms are colourless (Figs 2c¢; 4a, 9d, e). All the
specimens we observed were males, and testes vary from ivory
white to pale sandy (Figs 2a; 41). The pale pink to fuchsia gonads
of some living specimens photographed in November 2004
(Fig. 2d) were never observed in specimens collected in this
study. There is also a slight colour variation between the
specimens observed in 2004 and 2013: some specimens from
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Fig. 7. Exumbrellar sensory pit: left Sanderia malayensis (a, c), right Mawia benovici (b, d). (a) Sanderia malayensis, exumbrellar
sensory pit, distal view. The arrow indicates the concavity of the sensory pit, with the deepest point visible in transparency (scale
bar=1mm); (b) Mawia benovici, exumbrellar sensory pit, distal view. The arrow indicates the nematocyst warts on the distal edge of the
sensory pit (scale bar= 1 mm); (¢) Sanderia malayensis, sensory pit, lateral view. Distal umbrellar margin on the left (scale bar=0.5 mm);
(d), Mawia benovici, sensory pit, lateral view. Distal umbrellar margin on the left (scale bar=0.5 mm).

2004 have reddish and darker colouration of the bell, whilst
all the recent (from 2013 to 2014) specimens have a bell with
orange-red colouration. The manubrium and oral arms of some
2004 specimens have oral arm frillings with a series of faint pink
shades, whilst all the specimens collected-observed from 2013
and 2014 only show colourless oral arms.

Morphological characters at genus level

In order to assess a phylogenetic position of Mawia within
Pelagiidae, we selected 32 characters, considered at genus
level for Sanderia, Mawia, Chrysaora and Pelagia, with
Cyanea as an outgroup (see Table 4).

The results are presented in Table 3. The comparison of
characters between Mawia and the other pelagiid genera
(Table 3) highlights that Mawia shares the highest number of
similar characters with Pelagia (18 characters). In contrast, the
highest number of differences in characters was observed with
Sanderia (19 characters). Moreover, Mawia possesses some
peculiarities not shared with any other pelagiid genera, like
the proximal shape of the radial septa (character 20), the
gonad pattern in living specimens (character 23), their degree
of folding (character 24), and the shape of basal pillars (character
28). A more detailed description of the morphological features
suitable for discriminating Pelagiidac genera is presented in
Table 5.

Nematocyst morphology and morphometry were not
considered owing to the lack of comparable data in all the
studied genera.

Sequences data and haplotypes description

The nuclear gene 28S rRNA and ITS1/ITS2 interspacer regions
and parts of three mitochondrial genes COI, 16S rRNA and 12S
rRNA were sequenced from Mawia benovici specimens collected
in the northern Adriatic Sea (Table 1). We amplified the COI
from 36 specimens (four unique haplotypes), 28S rRNA from 15
specimens (three unique haplotypes), 16S rRNA was amplified
from 15 specimens (six unique haplotypes), 12S rRNA amplified
from 16 specimens (one unique haplotype), ITS 1 amplified from
34 specimens (two unique haplotypes), and ITS 2 amplified from
31 specimens (two unique haplotype). A comparison of COI
sequences from our 36 specimens and seven COI sequences from
a previous study (Piraino ef al. 2014) revealed five unique COI
haplotypes (Table 2). The most abundant haplotype 1-COI was
found in 39 sequences from both studies and was represented
by the sequence under the accession number KM015222 Mawia
benovici 2. The other haplotypes were: haplotype 2-COI with
accession number KM015243 Mawia benovici 30, haplotype 3-
COI with accession number KM015254 Mawia benovici 46,
haplotype 4-COI with accession number KMO015257 Mawia
benovici 50, and haplotype 5-COI represented by Pelagia
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Fig.8. Exumbrellar sensory pit: left Chrysaora hysoscella (a, c), right Pelagia noctiluca (b, d). (a) Chrysaora hysoscella, exumbrellar
sensory pit, upper view. The arrow indicates the deeper distal edge of the sensory pit (scale bar = 1 mm); (b) Pelagia noctiluca, exumbrellar
sensory pit, distal view. The arrow indicates the pit’s embayment (scale bar= 1 mm); (c¢) Chrysaora hysoscella, sensory pit, lateral view.
Distal umbrellar margin on the left (scale bar=0.5 mm). asd, distance of the point of maximum depth towards its distal margin; asp,
distance of the point of maximum depth towards its proximal margin; md, maximum depth; ml, maximum radial length. (d) Pelagia
noctiluca, sensory pit, lateral view. Distal umbrellar margin on the left (scale bar=0.5 mm).

benovici NSAMO00036B with accession number KJ573409 from
Piraino et al. (2014).

Part of the 28S rRNA gene was sequenced in 15 specimens,
and all specimens were sequenced with primer pair 28Slev2 and
28Sdes2, and some also with primer pair Aa _L28S_21 and
Aa_H28S_1078. The first primer pair aligned in D1 and D2
regions (637 bp product), while the second primer pair aligned in
D1 and D3 regions, giving a longer product (1080 bp). The longer
sequences were aligned and compared with available sequences
from Pelagia benovici (Piraino et al. 2014). The part of sequences
from D2 to D3 regions was identical in all examined species
(Mawia benovici, Pelagia benovici, Pelagia noctiluca, Sanderia
malayensis, Chrysaora hysoscella), therefore, this part of the
sequences was eliminated, and in final alignment only the variable
part from D1 to D2 regions of 28S rRNA was used. All the 28S
sequences from this study were compared with previously
published sequences from Pelagia benovici (Piraino et al.
2014). Manual inspection of 28S rRNA-aligned sequences
revealed differences in four bases which were related with the
examined species: Mawia benovici and Pelagia benovici have
GAAG; Chrysaora hysoscella, Chrysaora lactea (HM194863),
and Chrysaora sp. (AY920779) have GAGA; Sanderia
malayensis has GCGG; while in Pelagia noctiluca there is a
deletion on this site. Taking into account this deletion, as well as
the results of the phylogenetic analysis of 28S rRNA haplotypes,
it is undoubtedly possible to separate 28S rRNA haplotypes
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between all examined genera Pelagia, Mawia, Sanderia and
Chrysaora (Table 2). In contrast to Piraino et al. (2014), we
did not find any 28S rRNA haplotypes from Pelagia noctiluca
which would be shared with Mawia benovici. In total, six unique
28S rRNA haplotypes were identified (Table 2), and among them,
haplotype 1-28S and haplotype 2-28S are the more abundant.
The haplotype 1-28S was found in 10 sequences and represented
under accession number KM217190 Mawia benovici 2, the
haplotype 2-28S represented by accession number KJ697774
Mawia benovici 11, and haplotype 3-28S represented by
sequence with accession number KM217199 Mawia benovici
39. Three unique haplotypes were from analysed sequences
from the study of Piraino et al. (2014), and revealed all the
characteristics of Mawia benovici haplotypes, which are
characterised by the presence of GAAG bases. Our set of data
does not confirm hybridisation events among Mawia benovici
and Pelagia noctiluca.

Six haplotypes were found among 16S rRNA sequences.
The most numerous was haplotype 1-16S, represented by
accession number KM217205 (10 sequences), then 3-16S
(two sequences), and the rest of the haplotypes with only one
sequence (see Table 2 for details). Only one haplotype was found
among 12S rRNA sequences represented by accession number
KMO036489, while among ITS2 sequences two haplotypes were
found (haplotype 1-ITS2 with accession number KM036431,
which is most numerous, and haplotype 2-ITS2 with accession



Fig.9. Mawia benovici: (a) preserved specimen, exumbrellar view of the overall appearance of one gonad, and the gastric cirri distribution; (b) transverse semi-
thin section of a testis, in the (proximal) area of protrusion of the gonad ribbon (scale bar =70 um). End, genital sinus endoderm; Ep, epidermis; Gd, gastrodermis;
M, mesoglea; Sgs, sub-genital sinus. (¢) as in (b), in a more distal area; (d), excised manubrium and oral arms, showing the softness of the mesogleal layer, and the
absence of large pigmented nematocyst warts; (e), magnification of an oral arm frilled margin, showing many very small protrusions (arrow) containing a
nematocyst; (f), Pelagia noctiluca, excised manubrium and oral arms, showing the robustness of the oral arms’ medial axis (arrows).

number KM036456). Two haplotypes were found among ITS1
sequences: haplotype 1-ITS1 (accession number KM217234)
and haplotype 2-ITS1 (accession number KM217237).

The genetic distances between conspecifics and individuals
from different species are used as a threshold in a primary step to
delimit species (Pante et al. 2015b; Meyer and Paulay 2005).
Evolutionary distances (Table 6) were calculated for each locus
separately using the Kimura-2 parameter model as the best
model when distances were low (Nei and Kumar 2000). The
closest distance was between Mawia benovici and Sanderia
malayensis at the following loci: COI (0.290 £ 0.33), 16S, and
288, while for the other loci data were not available for Sanderia
malayensis. The distance between Mawia benovici and Pelagia
noctiluca at COI locus was 0.399 + 0.043, while between Mawia
benovici and Chrysaora hysoscella was 0.380 £ 0.040 (Table 6).
Haplotype (h) and nucleotide diversity (m) for COI were
calculated from the presented dataset (DnaSP 5.10, Librado
and Rozas 2009) in order to measure the degree of
polymorphism within the population. In Mawia benovici, the
calculated  was extremely low (below 1% within the examined
population) and also COI haplotype diversity (h=0.116).

Phylogenetic analysis

Concatenated sequences were made of a dataset from six genes
(COI-16S-12S-28S-ITS1-ITS2) from Mawia benovici collected
in this study, Pelagia noctiluca, Chrysaora hysoscella, Sanderia
malayensis, and Cyanea capillata (Fig. 11). The phylogenetic

analysis on concatenated sequences (Fig. 11) revealed a highly
supported separation (posterior probability 1) between Pelagia
noctiluca and the rest of analysed species (Mawia benovici,
Sanderia malayensis, and Chrysaora hysoscella) as revealed
by the Bayesian approach. Mawia benovici collected in this
study were nested within this group as the closest species to
Sanderia malayensis (posterior probability 1). Separation
between Sanderia malayensis and Chrysaora hysoscella is
highly supported. The ML tree gave the same tree topology
with high bootstrap support (97%) at nodes (Supplementary
Material 5). Concatenated sequences of Cyanea capillata were
used as the outgroup in both cases. A comparison of phylogenetic
tree and morphological data analysed by Bayesian approach
revealed the same results (see Fig. 11). Moreover, the
phylogenetic tree of 28S rRNA (Fig. 12) is congruent with the
phylogenetic tree made from concatenate sequences: Mawia
benovici was the closest relative of Sanderia malayensis
(posterior probability 1). Chrysaora hysoscella, Chrysaora
lactea, and Chrysaora sp. formed their own group, separated
from group of Mawia benovici and Sanderia malayensis.
Separation of Pelagia noctiluca from the rest of the group
(Chrysaora sp., Chrysaora hysoscella, Sanderia malayensis
and Mawia benovici) is also highly supported.

The maximum parsimony tree (MP) obtained by
morphological characters based on features at the genus level
(Table 3, Fig. 13) produced a highly supported separation of
genus Pelagia from other genera of Pelagiidae, with genus Mawia
being the closest to the genus Chrysaora, though clearly separated
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Fig. 10. Mawia benovici: (a) alight micrograph of a discharged holotrichous O-isorhiza (5 point star), some undischarged microbasic eurytele (asterisks), one
undischarged holotrichous A-isorhiza (6 point star) and two undischarged a-isorhiza (arrows; scale bar=3 um); () a light micrograph of an undischarged
holotrichous O-isorhiza (scale bar =3 um); (¢) a scanning electron micrograph of a discharged holotrichous O-isorhiza (scale bar = 3 um); () a light micrograph of
anundischarged microbasic eurytele (arrow indicates the inverted shaft; scale bar = 3 um); (e) a light micrograph of an undischarged A-isorhiza (scale bar =3 um);
() a light micrograph of a small, undischarged a-isorhiza (scale bar=3 um); (g) a light micrograph of a large undischarged nematocyst, with an unclear tubule
pattern (arrow indicates a ‘big’ operculum; scale bar=3 um); (%) a light micrograph of an undischarged p-mastigophore (arrow indicates the shaft; scale

bar=3 pm).

(see Fig. 13). Moreover, the results from the combined datasets
of morphological and gene sequences (mtDNA, 28S and ITS)
gave congruent results with the gene tree (see Fig. 11), placing
Pelagia noctiluca most distantly from other pelagiid genera,
both obtained by Bayesian approach (MrBayes 3.2.1).

Discussion

Morphological differences and phylogenetic analysis together
allowed us to separate the recently described species Pelagia
benovici (Piraino et al. 2014) from other genera in the Pelagiidae,
and to reclassify this species into the new genus Mawia. A
phylogenetic analysis of several nuclear and mitochondrial
loci, together with morphological data, revealed that Mawia
benovici is clearly separated from all other investigated genera
within Pelagiidae (Fig. 11). A comparison of COI sequences from
M. benovici revealed low haplotype diversity and gave a clear
signal for species delimitation and nuclear markers, especially
with the significant region in the 28S rRNA, which pointed
out delimitation at genus level. This region is identical for
three examined species within genus Chrysaora, while it is
different between examined genera. These findings are also
supported by the comparison of the morphological features
of M. benovici with the other pelagiid species (Sanderia
malayensis, S. pampinosus, Pelagia noctiluca and Chrysaora
species), of which the main ones at the genus level are synthesised
in Table 5. Cladistic analyses of 32 morphological characters
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(see the Results for the list), considered as unordered, revealed
close relationships between Mawia and Chrysaora (Fig. 13) and
confirm the phylogenetic analysis on nuclear and mitochondrial
loci, also support separation of new jellyfish from genus
Pelagia. The present study is one of the rare studies dealing
with relationships within genera in Pelagiidae in order to uncover
a phylogenetic relationship in spite of main obstacles, such
as homoplasies in morphological characters and a paucity of
diagnostic characters.

Several morphological diagnostic features (Tables 3, 5,
Figs 4-9) enable the re-assignment of the previously described
Pelagia benovici into the new genus Mawia.

The gastric pouches are all alike in Mawia (Fig. 4b), with
straight radial septa, thicker proximally with a rounded edge. In
Pelagia the radial septa are also straight, with the proximal,
thicker edge sometimes rounded or teardrop-shaped, but more
frequently triangular or T-shaped (both edges can be present in
the same specimen irregularly alternating; other specimens only
exhibit triangular or T-shaped edges), and the pouches are all
alike. In both genera the distal termination is just in the middle of
the marginal lappets, equidistant from tentacles and rhopalia. In
Chrysaora, aside from a certain variability, the radial septa can be
straight initially. However, in the distal area they curve towards
the rhopalia, then turn again towards the tentacles, and ending
into the rhopalar lappets near the tentacular base (Fig. 6a) as
in C. hysoscella and C. lactea, thereby enlarging the distal
portion of the tentacular pouches (the ‘Atlantic pattern,” as



Table 4. Genus-level characters and character states for Sanderia, Mawia, Chrysaora, Pelagia and the outgroup (Cyanea)

(1) Umbrella overall shape: 0 =hemispherical, more or less flattened in the central area; 1 = central disk with an irregular pattern of shallow furrows, honeycomb-

like pattern.

(2) Umbrellar nematocyst warts, thickness and protrusion from the umbrellar surface: 0=no or weak, faint protrusion; 1= clear protrusion; 2 = papillar

protrusions in the marginal area only.

(3) Rhopalia, number: 0=8; 1=16.

(4) Exumbrellar sensory pits shape of the longitudinal section: 0 =symmetric isosceles triangle; 1 =right triangle.

(5) Exumbrellar sensory pits, depth: 0=shallow; 1=deep.

(6) Exumbrellar sensory pits, LM ratio: 0=less than 0.25; 1 =more than 0.25.

(7) Exumbrellar sensory pits, AS ratio: 0=1ess than 0.5; 1 =more than 0.5.

(8) Marginal tentacles, origin: 0= arising from the umbrellar margin; 1 =arising from subumbrellar surface at some distance from the margin.

(9) Marginal tentacles, total number: 0= 8; 1 = 16; 2 =number can vary from 8 to 40 or little bit more in different species; 3 =many, more than 50, arranged in eight

subumbrellar adradial clusters each consisting in more than one row.

(10) Marginal tentacles, number between adjacent rhopalia: 0=1; 1 =more than 1.

(11) Marginal tentacles-rhopalia ratio (total number): 0=1; 1=3, 5 or a few more; 2 =many, more than 10.

(12) Marginal tentacles, basal portion anatomy: 0 =smooth, without folds or furrows, in one species with a row of vacuoles in the central tentacle only; 1 =with
localised longitudinal adaxial ectodermal furrows.

(13) Marginal tentacles, anatomy: 0 = without mesogleal folds, or adaxial furrow or thickenings; 1 = with an adaxial longitudinal furrow in the mesoglea; 2 = with
epidermal longitudinal adaxial thickening; 3 =with epidermal longitudinal muscular folds in the mesoglea, the deeper adaxial.

(14) Marginal lappets, total number: 0=16; 1 =32; 2=32 and more —in different species.

(15) Marginal lappets, shape: 0 =width and length equivalent or larger than long, with a slight cleft in the middle; 1 =longer than wide.

(16) Gastrovascular sinus: 0 = tentacular and rhopalar pouches equal; 1 =tentacular pouches wider throughout their length; 2 = tentacular pouches wider distally;
3 =tentacular and rhopalar pouches equal or slightly wider proximally and distally.

(17) Presence and shape of gastrovascular protrusions in the marginal lappets: 0 = present, one per lappet; 1 =present, two extensions in the lateral portions of
each marginal lappet; 2 =present or absent, depending on the species, if present 2 protrusions in the lateral portions of the rhopaliar lappet, 1 only in the
tentacular; 3 =present, with several irregularly ramified branches in each lappet.

(18) Tentacular and rhopalar lappets, shape: 0=equal, symmetric; 1 =equal, asymmetric; 2 =mainly unequal, with rhopalar asymmetric, few species equal.

(19) Radial septa, overall shape: 0= straight throughout; 1 =straight throughout or with shallow ‘S’-curve in distal 1/4, ending towards rhopalia in different
species; 2 = straight proximally, then markedly S-shaped; or straight proximally, then bending towards rhopalia in different species; 3 = straight, with
irregular, short lateral branches, wider in the distal portion, sometimes with anastomoses across them which connect the adjacent gastric pouches.

(20) Radial septa, proximal shape: 0 =rounded, teardrop- or circular-shaped, the thickness of which is reduced sharply just after the origin; 1 =rounded, whose
thickness gradually decreases distally; 2 = triangular or rounded - in different species; 3 =mainly circular, but some triangular, irregularly alternating in the
same specimens.

(21) Radial septa, distal ending: 0=just in the middle of the marginal lappet; 1 =near the tentacle, at the basis of the marginal lappet; 2 =asymmetrically in the
marginal lappet, closer to rhopalia, but with the end irregularly turning towards the tentacular portion of lappet.

(22) Subumbrellar musculature: 0 =coronal muscle annular, just under the gastric septa, weakly folded, radial muscles not perceptible; 1 =coronal muscle
annular, starting before the origin of gastric septa, highly folded circularly, ending distally at about a quarter or a third of the gastric septa total length, with well
developed radial muscles starting from the distal margin of coronal muscle, equally folded. Folds can hold rows of pit-like extensions of the gastrovascular
sinus.

(23) Gonads pattern in living specimens: 0 = four leaf-shaped; 1 = four leaf-shaped or heart-shaped, with protrusion in the subumbrellar papillae; 2 = cross-shaped,
with concavity facing outwards; 3 =irregular semicircular ring, with many folds; 4 =highly folded, markedly dangling freely beneath the subumbrella.

(24) Gonads, degree of foldings: 0=low, not affecting the overall gonad topography; 1 =high, with protrusion in gonadal papillae, but not affecting the overall
gonad topography; 2 =high, affecting the overall gonad topography.

(25) Gonads, finger-shaped papillae: 0=absent; 1 =present.

(26) Gonads, nematocyst warts on gonad subumbrellar epidermal outline: 0=absent; 1 =present.

(27) Subgenital ostium: 0 = absent; 1 = a wide area, bounded by basal pillars laterally and in part distally; 2 = a wide area, bounded by basal pillars laterally and their
branches plus a row of papillae distally; 3 =very evident and localised, delimited everywhere from the basal pillars enlargements.

(28) Basal pillars, shape: 0 =absent; 1 =Y-shaped, slight, lateral distal branches shorter, slightly curved with concavity facing inwards, single arch cross-section;
2 = Slight, elongated rectangular shape, single arch cross-section, lateral edges diverging distally and fused; 3 = Thick or very thick, distally branched, the ends
ofadjacent branch fused, double arch cross-section, noticeable perradial embayment, sometimes quadralinga in some species; 4 = Slight, roughly trapezoid,
larger distally, double arch cross-section, shallow perradial embayment, lateral edges diverging distally.

(29) Oral arms, distal portion: 0=not spirally coiled; 1 =spirally coiled.

(30) Manubrium and oral arms interradial mesogleal layer: 0 =thin, inconsistent; 1 =thick, solid.

(31) Manubrium nematocyst warts: 0=small, not visible at the naked eye; 1 =large and evident, similar to the umbrellar ones.

(32) Biological cycle: 0 =meroplanktonic; 1 =holoplanktonic.

defined by Morandini and Marques 2010). In other species, like
C. fuscescens, C. pacifica, and C. plocamia they are straight
initially, then ‘S’-shaped, first thinning the tentacular pouch,
then enlarging it, and ending into the rhopaliar lappet, near the
tentacular base (the ‘Pacific pattern,” Morandini and Marques
2010). In Sanderia the radial septa are straight, with a rounded

or teardrop-shaped proximal edge, distal termination just in the
middle of the marginal lappets, equidistant from tentacles and
rhopaliar, with gastric pouches that are all alike in S. malayensis.
In S. pampinosus Gershwin and Zeidler (2008b) describe
the distal portion as: ‘with a shallow ‘S-curve’ in the distal
1/4, ending towards rhopalia,” thus widening the tentacular
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Table 5. Selected diagnostic morphological features suitable for discriminating Pelagiidae genera

Sanderia®™ Mawia, gen. nov. Chrysaord® Pelagia®
Tentacles, rhopalia, marginal 16; 16; 32; 32 8; 8;16; 16 8-50; 8; 32 or more; 16 8; 8;16; 16
lappets, and gastric
pouches nr
Marginal tentacles: S. malayensis in the adaxial ~ Smooth In the adaxial area adjacent to Smooth

origin area

Marginal tentacles:

anatomy

Basal pillars

Radial septa

Gonads pattern

Subgenital ostium

Exumbrellar
sensory pits

area of the tentacle origin
there are several, short
epidermal tight furrows,
which do not extend in
the tentacle

S. malayensis laterally

compressed, S. pampinosus

ab- adaxially compressed.
Without mesogleal folds,
or adaxial furrow
or thickenings

Slight, elongated rectangular
shape, single arch cross-
section, lateral edges
diverging distally,
continuing under the
gonads and then merging
with the adjacent edge

mesogleal folds, or adaxial
furrow or thickenings

branches shorter, slightly
curved with concavity
facing inwards, single arch
cross-section, proximal
portion thicker, right
triangle-shaped if observed
laterally

Straight, with teardrop-shaped Straight, with rounded

proximal edge, with gastric
pouches all alike

(S. malayensis) or with
slight S-shaped distal
portion, with larger
tentacular pouches

(S. pampinosus), distal end

symmetric between rhopalia

and tentacles, or closer to
rhopalia

Horseshoe-shaped, with
external pendant hollow
papillae containing gonad
folds, lateral portions not
beneath basal pillars,
covered by nematocyst
warts

Wide flat area, heart-shaped

in S. malayensis, horseshoe-

shaped in S. pampinosus,
laretally and distally
delimited by the gonads
plus papillae

Small, shallow, ovoid-
ellipsoid, with the deepest
point central, longitudinal
section like a flattened
isosceles triangle*

Sensory pits:LM and AS ratio 0.25 and 0.49

proximal edge, with gastric
pouches all alike, distal end
symmetric between rhopalia
and tentacles

Horseshoe simple folded
ribbon-like, with concavity
facing the manubrium,
slightly protruding; covered
by nematocyst warts

Wide flat area, clover-shaped,
gonad foldings slightly
protruding in the distal area

Shallow, ovoidal, of glass-like
transparency, longitudinal
section as a right triangle,
with the minor cathetus
(facing outwards) ~1/3
of the larger cathetus

0.28 and 0.24

the tentacle origin there are
several, very shallow, short
epidermal tight furrows,
which do not extend in the
tentacle

Laterally compressed, without Ribbon-like proximally, with

an adaxial longitudinal
furrow in the mesoglea, at
least in the basal (proximal)
part

Y-shaped, slight, lateral distal Thick or very thick, distally

branched, the ends of
adjacent branch more or less
fused, double arch cross-
section, noticeable perradial
embayment, sometimes
quadralinga

With proximal straight portion,
with rounded to triangular
proximal edge, and S-
shaped distal portion, with
larger tentacular pouches,
distal end generally closer
to tentacles

Extremely folded, highly
protruding from the
subgenital pouch, lateral
portions beneath basal
pillars

Very evident, broad to narrow,

of variable shape from
circular to heart-shaped,
etc., from which gonad
folding may protrude

Deep, generally ovoidal to
ellipsoidal, longitudinal
section like an elongated
cone with the apex curved
outwards

0.50 and 0.23

With epidermal longitudinal
muscular folds in the
mesoglea, the deeper
adaxial

Slight, roughly trapezoid,
larger distally, double arch
cross-section, shallow
perradial embayment,
lateral edges diverging
distally

Straight, with sometimes
rounded proximal edge,
more frequently triangular
or T-shaped, with gastric
pouches all alike, distal end
symmetric between rhopalia
and tentacles

Ribbon-like strongly folded,
protruding from the
subgenital pouch, lateral
portions beneath basal
pillars. In living specimens
tend to be arranged into a
cruciform shape (median
area shifted near the
manubrium)

Wide flat area, seed to barrel
shaped, distally containing
the protruding gonadic
foldings

Shallow, ovoid-ellipsoid, with
the deepest point central,
longitudinal section like a
flattened isosceles triangle

0.24 and 1.10

AData from: present work and Goette, 1886, Mayer, 1910, Kramp, 1961, Franc, 1993, Gershwin and Zeidler, 2008b, Morandini and Marques, 2010 and * Avian,

pers. observations.

BData from: present work and Mayer, 1910, Kramp, 1961, Russell, 1970, Gershwin and Collins, 2002, Gershwin and Zeidler, 2008a, Morandini and Marques,

2010.

“Data from: present work and Mayer 1910, Kramp 1961, Russell 1970, Gershwin and Collins 2002, Gershwin and Zeidler 20084, Morandini and Marques 2010.
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Table 6. Evolutionary divergence across mitochondrial loci (COIL, 16S, 12S) and nuclear loci (28S, ITS1, ITS2) between Mawia benovici and Pelagia

noctiluca, Chrysaora hysoscella, and Sanderia malayensis (top), and within species in Pelagiidae (bottom)

Distances based on the Kimura-2-parameter model, presented together with standard errors

Species Mawia benovici to other species in Pelagiidae (d +s.e.)

COI 16S 128 28S ITS1 ITS2
Pelagia noctiluca 0.399+0.043 0.269+0.028 0.217+0.027 0.125+0.016 0.367+0.052 0.241+0.031
Chrysaora hysoscella 0.380+0.040 0.128+0.019 0.114+0.018 0.148+0.017 0.439+0.067 0.267+0.032
Sanderia malayensis 0.290+0.033 0.072+0.013 No data 0.104+0.013 No data No data

Evolutionary divergence within species in Pelagiidae (d+s.e.)

Species COI 16S 128 28S ITS1 1TS2
Mawia benovici 0.000+0.000 0.006 +0.002 0.000 +0.000 0.003+0.001 0.004 +0.002 0.002+0.001
Pelagia noctiluca 0.035+0.005 0.008+0.002 0.011+0.003 0.003+0.001 0.004 +0.001 0.004 +0.002
Chrysaora hysoscella 0.005 +0.004 0.005+0.002 0.066+0.013 0.001+0.001 0.001+0.001 0.000+0.000
Sanderia malayensis A 0.017+0.005 No data A No data No data

AOnly 1 sequence.

Pelagia noctiluca PNTH

1 Pelagia noctiluca PN2H
Pelagia noctiluca PN12M
Pelagia noctiluca PN17

1 Pelagia noctiluca PNOH

0.82

—

L }’elagiu noctiluca PN1IM
Pelagia noctiluca PN14M
Mawia benovici 2

Mawia benovici 9

Mawia benovici 16

Mawia benovici 36

Mawia benovici 39

Mawia benovici 11

- Mawia benovici 14

Mawia benovici 11
Mawia benovici 25
Mawia benovici 30

Mawia benovici 44

Mawia benovici 50
Sanderia malayensis

1T Chrysaora hysoscella 2

Cyanea capillata

Fig. 11.

0.04

L Chrysaora hysoscella 4

Phylogenetic relationships between Mawia benovici, Pelagia noctiluca, Sanderia malayensis, Chrysaora hysoscella and Cyanea capillata inferred

from concatened sequences of six loci dataset (COI-16S-12S-28S-ITS1-ITS2) analysed together with morphological characters by the Bayesian approach
(numbers at nodes indicate posterior probability: above the line for gene tree and below line combined analysis).

pouches. Unfortunately, this description is solely based on three
specimens collected in 1982, and one of them was damaged
(Gershwin and Zeidler 20085), without pictures or drawings.
The extensions of the gastric pouches inside the marginal lappets,
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although the margin can be irregular, are more rounded in Mawia
benovici (Figs 3, 4b, d) than those of P. noctiluca (Russell 1970:
74, fig. 38). A similar pattern to that of Mawia benovici can be
observed within the genus Chrysaora, for example C. colorata



Pelagia noctiluca PNIHKM217177

Pelagia noctiluca PNI2M KM217180
OB pelaianoctilica PNOH KM2ITISS
Pelagia noctiluca PNITM KM217182
Pelagia noctiluca* KIS73403

Pelagia noctiluca PN1307KI697778

Pelagia noctiluca PNIIM KM217179

- Pelagia noctiluca PNO303 KM873332
Pelagianoctiluca PN2H KM217183

1

095

{022921agia noctiluca PN110§ KM873333
 Pelagia noctiluca PN14M KM217186
+— Pelagia noctiluca KI573401

Pelagia noctiluca KI573402
ﬂ@}zelagia noctiluca KIS73400
- Mawia benovici 2 KM217190
- Mawia benovici 11 K1697774
— Mavwia benovici 39 KM217199

Mavia benovici* KIS73407
ﬂﬁﬁawia benovici * KIS73405

—

0.717

L Mawia benovici* KI573396

Sanderia malayensis HM194861
Chrysaora hysoscella | KM651814

1
Chrysaora hysoscella 2 KM651815

Cyanea capillata HM194873

0.02

Fig. 12.

Chrysaora sp. EK-2011 AY920779
Chrysaora lactea HM194863

067

Phylogenetic relationships between Mawia benovici, Pelagia noctiluca, Sanderia malayensis, Chrysaora spp. and Cyanea capillata based

on 28S rDNA inferred by the Bayesian approach (numbers at nodes indicate posterior probability).

Russel, 1964 (Morandini et al. 2004; Morandini and Marques
2010). In Sanderia malayensis these extensions are similar to
those observed in Mawia and described as triangular-shaped in
S. pampinosus (Gershwin and Zeidler 2008b).

The pattern of the exumbrellar nematocyst warts of Mawia
benovici differs from that of P. noctiluca, the latter has larger,
irregularly shaped, and more dispersed warts in adults. The shape
of'the M. benovici larger warts in the umbrellar central area is not
equivalent with the larger and thicker papillar warts present in
the genus Sanderia (Gershwin and Zeidler 2008b). In Chrysaora
the warts shape, size, and colouration are too variable to make
affordable comparisons (Morandini and Marques 2010).

The umbrellar colour pattern of M. benovici, rather than
P. noctiluca, is more similar to at least some species of
Chrysaora, e.g. younger specimens of C. hysoscella, except
for the star-shaped (compass) exumbrellar marks, which,
however, develop only in adult specimens, but with a wide
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variability — from totally absent to very evident (Russell 1970;
Morandini et al. 2004; Morandini and Marques 2010). Sanderia
malayensis is sometimes described as pale yellowish (Mayer
1910; Kramp 1961), while all the specimens observed in the
present study were completely colourless.

The exumbrellar sensory pit of Mawia benovici (Table 5,
Fig. 7b, d) exhibits some peculiarities: its longitudinal section is
approximately right triangle-shaped, with the deepest tip near the
distal margin, with a mean LM ratio of 0.28, and a mean AS ratio
0f 0.24 (n=4), like in Chrysaora hysoscella (Fig. 8a, c), with a
mean LM ratio of 0.507 and a mean AS ratio of 0.23,
n=15; sometimes with the deepest tip slightly curved outwards.
It is not like an isosceles triangle, as in Pelagia (Fig. 8b, d), with
amean LM ratio of 0.24 and a mean AS ratio of 1.10 (n=5), ora
deep, elongated curved cone with the tip facing outwards, as in
other species of the genus Chrysaora (Bigelow 1910; Russell
1970; Gershwin and Collins 2002; Morandini and Marques



Cyanea

Pelagia

Sanderia

62 Mawia

Chrysaora

Fig. 13. Maximum parsimony tree of morphological characters obtained
by branch-and-bound search using the cladistics option in PAST V2.17.
The tree with best bootstrap values based on genus level morphological
characters from Table 3, characters treated as unordered and 500 bootstrap
replicates were used.

2010). In Sanderia malayensis (Fig. 7a, ¢) the sensory pits are like
an isosceles triangle, similar to those observed in P. noctiluca,
with the deepest tip slightly shifted towards the umbrellar
margin with a mean LM ratio of 0.25, and a mean AS ratio of
0.49 (n=3). To our knowledge, no data about sensory pits in
S. pampinosus are available. Furthermore, the genus Sanderia is
unique within all the Semaeostomeae for the fact of possessing
16 rhopalia. In M. benovici there is also a peculiar glass-like
transparency that can be easily detected by the naked eye both
in living and in freshly preserved specimens (Fig. 4d, ¢). This
transparency is due to the underlying less opaque mesogleal
layer. Nematocyst warts, well pigmented, are present on the
distal edge of the sensory pit (Fig. 7b), and surround the
sensory pit area.

The shape of manubrium of Mawia benovici is more similar
to at least some species of the genus Chrysaora than to Pelagia
noctiluca. Its peculiar characteristics are the shortness of the
proximal, undivided portion, and the particular weakness
and softness of the mesogleal layer (Fig. 9d, ¢), unlike the
robustness in the manubrium of P. noctiluca (Fig. 9f). In
Sanderia the manubrium has a long and tubular proximal
portion (Vanhdffen 1902; Franc 1993; Gershwin and Zeidler
2008b), unlike that of M. benovici. In Chrysaora its length is
variable, from well developed to very short (Morandini and
Marques 2010).

The oral arm frillings in Mawia benovici (Figs 2¢, 9d, e) are
more developed than in P. noctiluca (Fig. 9f), even if not so
elongated, flown, and distally coiled as those of C. hysoscella.
In Sanderia there are long, frilled oral arms with small warts
(Vanhoffen 1902; Franc 1993; Gershwin and Zeidler 2008b),
undetectable in M. benovici.

The epidermal muscular folds within the mesogleal layer
are absent in the marginal tentacles of Mawia benovici
(Fig. 5b, d) and was considered as a species-specific character
by Piraino et al. (2014). This characteristic is completely different
in Pelagia noctiluca (Fig. 6b, d). Data on tentacle cross-sections
in other genera are scarce, apart from two Chrysaora species,
C. quinquecirrha (Desor, 1848) (Burnett and Sutton 1969) and
C. hysoscella (Fig. 6a, c). Russell (1970) indicated an adaxial

(subumbrellar) longitudinal furrow in the basal portion (or bulb)
of tentacles in Chrysaora. Our observations in C. fuscescens,
C. hysoscella, C. lactea, C. pacifica, and C. plocamia confirm the
presence of this furrow. Close to the tentacle origin there are
several, very shallow, short subumbrellar epidermal tight
furrows, which however do not extend in the tentacle basis
(Fig. 6a). Apart the proximal adaxial furrow, the tentacles’
histology is very similar to that observed in M. benovici. In
Sanderia malayensis the epidermal muscular folds within the
tentacular mesogleal layer are absent, as well as an adaxial furrow
(Fig. 5¢), but there is a peculiarity: in the adaxial area of the
tentacle origin there are several, short epidermal tight furrows,
which do not extend in the tentacle (Fig. 5a). Their number
increase with the size of the jellyfish. No data are available
on Sanderia pampinosus tentacles, apart their ab-adaxial
compression (Gershwin and Zeidler 20085). In this context,
we suggest that the tentacle anatomy has to be considered a
genus-specific character within Pelagiidae: the simplest form,
like the tentacles of Mawia being a primitive, plesiomorphic
trait, and the most complex, as observed in Pelagia, the derived
(apomorphic) trait.

The structure of basal pillars in Mawia benovici (Figs 3,4c¢), as
described in the Results, is different from that of the well known
P. noctiluca (Table 5). Chrysaora exhibits a wide variability in
this characteristic (Russell 1970; Gershwin and Zeidler 2008¢;
Morandini and Marques 2010), and is always different from
that observed in M. benovici. The basal pillars of Sanderia are
not thick, with an elongated rectangular shape, single arch
cross-section, with lateral edges diverging distally and fused,
thus forming a thickening just under the gonads in immature
specimens, from which subsequently develop gonadal papillae.

The gonad topographic pattern of Mawia benovici is
horseshoe-shaped, precisely interposed between the basal
pillars, with simple foldings and only protruding slightly into
the interradial area. The sides of the gonads do not protrude
below the pillars ever (Figs 3, 4¢, 9a), but neatly follow the lateral
edges, unlike Pelagia or Chrysaora, but similarly to Sanderia,
at least in S. pampinosus (Gershwin and Zeidler 20085). In
S. malayensis the gonad pattern is described as heart-shaped
(Goette 1886; Vanhoffen; 1902; Mayer 1910; Kramp 1961; Franc
1993; Gershwin and Zeidler 20085), even if the gonadic pattern in
immature specimens we observed is horseshoe-shaped. The
gonads in M. benovici are covered by nematocyst warts, and
do not match either Pelagia or Chrysaora (Figs 2, 3, 4i), but
match Sanderia, whose papillae are covered by nematocyst
warts, as well (Gershwin and Zeidler 2008b). In S. malayensis
immature specimens the overall pattern is closer to that
observed in Mawia nematocyst warts included. Overall, the
gonad arrangement in M. benovici more resembles those
present in Semaeostomeae juvenile stages, at the beginig of
gonads development. In Sanderia, it is possible to observe an
increase in the degree of folds that are housed in the gonadal
papillae, whose presence is a distinctive feature of this genus.
In Pelagia, there is a further increase of the folds, accompanied
by a hypertrophy of the subumbrellar gastrodermis, especially in
the interradial area. In living medusae this allows the gonads
to shift towards the manubrium, thereby obtaining the typical
cruciform gonadic pattern. In Chrysaora, the degree of folds
is much greater, again accompanied by a hypertrophy of the
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subumbrellar gastrodermis, so the convolutions of the gonad are
extremely complicated, sometimes with an overall arch pattern,
whose concavity faces outwards.

There is a vague resemblance with Discomedusa lobata Claus,
1877 (more) and Aurelia sp.8 (sensu Dawson et al. 2005) (less)
gonads, where otherwise is a well developed subgenital pit
(or pouch). The spermatic follicles’ histological structure in
Mawia is similar to those detected in some other scyphozoans,
like Pelagia noctiluca, Aurelia sp.8 or Discomedusa lobata
(Rottini Sandrini ef al. 1986; Avian and Rottini Sandrini 1991;
Avian et al. 1991b; Rottini Sandrini and Avian 1991) and
Chrysaora hysoscella (Widersten 1965; Avian, unpubl. data).
No data are available for Sanderia.

The subgenital ostium area of Mawia is completely different
to those present in the genus Chrysaora (Gershwin and Collins
2002; Morandini and Marques 2010). In Pelagia, it is more
enlarged, but not like in Mawia benovici specimens, and is
more restricted distally, due to the different shape of the oral
pillars. In Sanderia there seem to be differences between
S. malayensis and S. pampinosus (Gershwin and Zeidler
2008b), but in both species the presence of gonadal papillae
makes the subgenital area different from that present in Mawia.
The gonads colouration in living Mawia specimens is ivory
white/pale sandy. In addition, the reexamination of the
Holotype and Paratype I (currently the only specimen defined
as female) showed similar ivory white/pale sandy colour, whilst
taking account of the discolouration due to formaldehyde
preservation. The comparison with the Mawia pictures from
November 2004 (Fig. 2d), depicting some specimens with
intensely-coloured gonads may indicate that this apparent
colour differences are related to the ovaries maturation stage,
still immature in September (light colour, not dissimilar to the
testes), but which could be fully developed in November.

Gershwin and Collins (2002) pointed out the problems about
lack of systematics studies in Pelagiidae, basically relying only
on few morphological features. They also pointed to the
problem in identifying a suitable outgroup to infer pelagiid
phylogeny, and to identify the true direction of character
changes. The use of independent genetic markers ensures
robust analysis in taxonomy, especially when describing
cryptic species (Pante et al. 2015b; Jorger and Schrodl 2013).
Availability of credible gene markers for species delimitation
is of crucial importance considering the complexity of
scyphozoans taxonomy and were justified in several studies of
scyphozoan phylogeny (Collins 2002; Collins et al. 2006). In our
study, a phylogenetic analysis of reliable genetic markers
which have a different mode of inheritance and different rate
of substitutions were used to resolve the taxonomic position
and phylogenetic relationships of the recently discovered
species Mawia benovici within Pelagiidae. The phylogenetic
analyses included all the valid genera within Pelagiidae
(Pelagia, Sanderia and Chrysaora). Morphological characters
were considered unordered in the cladistic analysis also due to
many unresolved homoplasies and unknown evolution of
characteristics. The most parsimonious tree does not support
a close relationship between Pelagia and Mawia benovici,
but a closer relationship with Chrysaora (Fig. 13), while the
phylogenetical analysis done with sequences and morphological
characters together (Fig. 11) confirmed a closer relationship
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between Mawia and Sanderia. The previously mentioned
obstacle, related with evolution of characters, might be more
evident in the results of the cladistic analysis and less pronounced
in combined analysis supporting relationships between Mawia
and Sanderia.

The phylogenetic inference (using the Bayesian approach and
ML) of Mawia benovici by using nuclear 28S rRNA, ITS1/ITS2
regions and mitochondrial genes COI, 16S and 12S with different
evolutionary rates positioned this species as the sister species with
Sanderia malayensis (Fig. 11 and Supplementary Material 5).
M. benovici and S. malayensis shared the most recent common
ancestor with Chrysaora hysoscella. Phylogenetic analysis of
nuclear gene 28S rRNA did not reveal any sign of hybridisation
between Mawia benovici and Pelagia noctiluca, which contradict
the previous hypothesis in Piraino e al. (2014). Our analysis
revealed that 28S rRNA sequences of Pelagiidae provide
diagnostic characteristics for each considered genus (Fig. 12).
These diagnostic characters allowed us to re-classify all the
available 28S rRNA sequences for Mawia benovici (see
Table 2). Manual alignment of 28S rRNA sequences revealed
indels with diagnostic values related with examined genera in
Pelagiidae: Mawia benovici has GAAG, Chrysaora hysoscella,
Chrysaora lactea and Chrysaora sp. have GAGA, Sanderia
malayensis has GCGG, while in Pelagia noctiluca there is a
deletion at this site. Very low polymorphism was found in the
analysed nuclear and mitochondrial markers of M. benovici,
which reveals a very genetically homogenous population
(see Table 6). Biological mechanisms for homogenising
28S rRNA sequences were well described in several taxa.
Most taxa harbor one ribosomal cluster because of concerted
evolution (Elder and Turner 1995; Markmann and Tautz 2005).
Very little intra-individual polymorphism was found in the
D1-D2 region of 28S rRNA (Sonnenberg et al. 2007), which
is also the case of M. benovici. Nevertheless, this region D1-D2 is
suitable to distinguish congeneric species (Verheyen et al. 2003;
Sonnenberg et al. 2007). The characteristic of this marker is also
the length variability due to indels, which can provide additional
information for species discrimination belonging within
Pelagiidae. For all these reasons, we used polymorphism in the
28S rRNA sequences in M. benovici as a diagnostic character at
the genus level. Therefore, nuclear locus 28S rRNA proved to be
a good marker for phylogenetic inference in the medusozoan
(Collins et al. 2006), and showed to be useful for the delimitation
and for inference of relationships between Mawia benovici and
the other members of Pelagiidae.

In some studies, 16S enabled a high degree of differentiation
among scyphozoans (Schroth e al. 2002; Collins et al. 2006;
Bayha et al. 2010). The use of this marker for Mawia benovici,
confirmed the separation of this species from other pelagiid
species. Taking into consideration the different mode of
evolution of nuclear ribosomal genes compared with COI, and
that COI and 16S are mitochondrial, and thus more prone to
mutations (Kayal et al. 2012), all analysed genes supported
Mawia benovici as a separate group. The same results were
achieved by the cladistic analysis of the morphological
characters (Fig. 13) and the the combined analysis with the
gene tree (Fig. 11).

Several measures of polymorphism (haplotype diversity (h),
nucleotide diversity (m) and genetic distances) pointed out that



the investigated population of Mawia benovici is extremely
genetically impoverished (for COl h=0.116, ©=0.0022). This
is strikingly opposite to Pelagia noctiluca, where high diversity
among COI haplotypes (h=0.963, ©=0.68) was found, as
previously described by Stopar et al. (2010) and likewise
in Rhizostoma pulmo (Macri, 1778) (Ramsak et al. 2012).
A comparison of genetic distances as a measure of
substitutions per site in haplotypes revealed the smaller
distance between Mawia benovici and Sanderia malayensis at
COI, 16S and 28S loci. The calculated distances in COI
(Table 6) between Mawia benovici and Sanderia malayensis is
0.290 £ 0.033 and is a higher than usually accepted level for
species separation. In addition, in Mawia benovici intraspecific
variability was very low or even zero across all loci. Among
Pelagiidae the evolutionary divergence within species at COI
locus was the highest in Pelagia noctiluca, as already previously
estimated (Stopar et al. 2010). Higher genetic diversity was also
estimated in Aurelia sp. 8 and Rhizostoma pulmo (Ramsak et al.
2012). These results raised the idea that, at the time of our
sampling, the population of Mawia benovici was extremely
genetically impoverished. In turn, this could suggest that, if
introduced, as suggested by Piraino ef al. (2014) only a few
specimens of Mawia benovici arrived in the Adriatic Sea and, as
consequence, the sampled specimens could derive from the
reproduction of a very few number of individuals or polyps
(founder effect). Conversely, if Mawia benovici was present in
the deeper water of the Adriatic Sea (as never previously observed
along the coast), we could attribute its genetic impoverishment to
a severe genetic drift.

Another intriguing question, still to be resolved, is related to
the observed sex ratio (female scarcity) in our samples. If Mawia
benovici will reappear, as we hope, future observations will likely
help us to understand its origin and future research will primarily
focus on its biological cycle. Moreover, we hope that in near
future more combined morphological and genetic analyses of
multiple species of each pelagiid genus will verify the robustness
of the original genera description and phylogeny.
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