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Abstract

Rich and diverse mesophotic sponge grounds were recently discovered along the easternmost part of the Mediterranean Sea 
(Israeli coast). Seven sites have been surveyed over the last decade (2009-2019) and the sponge specimens discovered and col-
lected in these expeditions have increased the known sponge richness of the Israeli fauna by ~34%. Here we provide an updated 
checklist along with the distribution of the various species in seven mesophotic sponge grounds along the coast. Nine mesophotic 
species have been added, seven of which are new to the Israeli coast. Moreover, we describe three novel species: Hemiasterella 
verae sp. nov., Axinella venusta sp. nov., and Plakortis mesophotica sp. nov. H. verae sp. nov. differs from other congeneric spe-
cies in both shape and color; in addition, it has thinner megascleres with more abundant oxeas and microscleres containing both 
oxyasters and strongylasters. A. venusta sp. nov. is a rather stiff and smooth axinellid with only a few short protruding spicules, 
and differs from other congeneric species mainly in shape and color. P. mesophotica sp. nov. is characterized by many folds and 
grooves, and molecular analysis revealed only a 96% similarity with Plakorits simplex.The discovery of these novel species high-
lights the importance of studying ecosystems that are not readily accessible. Further research of these mesophotic sponge grounds 
is needed in order to establish the community baseline data and support conservation attempts for these unique habitats.

Keywords: New species; checklist; Levantine Sea.

Introduction

Sponge richness and diversity in the Mediterranean 
Sea are considered to decrease along a NW to SE gradient 
(Voultsiadou, 2005a). The Levantine Sea, being the east-
ernmost part of the Mediterranean, has been considered 
to be the poorest area (Voultsiadou, 2005b, 2009; Coll 
et al., 2010; 2012; Mouillot et al., 2011). While this is 
thought to be mainly due to a gradient in environmental 
factors, at least part of the decrease can be attributed to 
the differences in research efforts in the different parts of 
the Mediterranean Sea (Vacelet et al., 2007; Voultsiadou, 
2009; Gerovasileiou & Voultsiadou, 2012; van Soest et 
al., 2012). In accordance, each new study of sponges in 
the Levant has resulted in the discovery of species new to 
the region, and in many cases the description of species 
novel to science (Lévi, 1957; Tsurnamal, 1969; Vacelet et 
al., 2007; Vacelet & Pérez, 2008; Evcen & Çinar, 2012). 
Moreover, with recent technological advancements, it 

is now easier to reach previously inaccessible habitats, 
such as caves and mesophotic to abyssal depths (Lesser 
et al., 2009; Gerovasileiou & Voultsiadou, 2012; Cerra-
no et al., 2019). These advances have indeed led to the 
discovery of new species (Cerrano et al., 2019; Pomponi 
et al., 2019). The mesophotic surveys conducted along 
the Israeli coast between 2009 and 2015 have added 25 
species to the Israeli fauna, at least 12 of which are new 
to the Levantine Sea (Idan et al., 2018). Furthermore, as 
many of the sponge species in the mesophotic zone are 
small-sized, cryptic, encrusting, and difficult to sample 
by Remotely Operated Vehicles (ROV), it is likely that 
the sponge biodiversity in the mesophotic zone is under-
estimated (Fig. 1). It is therefore of high importance to 
find ways by which to sample in these unique habitats 
(Bo et al., 2012; Sitja & Maldonado, 2014; Bertolino et 
al., 2015; Idan et al., 2018), and even more so in areas 
such as the Levantine Sea, where the abiotic conditions in 
the shallow zone are harsh, and the mesophotic zone may 
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contain a considerable part of the local richness (Idan et 
al., 2018). In this study, we present an updated check-
list and species distribution for seven mesophotic sponge 
grounds surveyed along the Israeli coast, as well as a de-
scription of three species collected during the mesophotic 
expeditions that are proposed as novel species in the gen-
era: Axinella, Hemiasterella, and Plakortis. 

Materials and Methods

Sampling

Sponges were collected from the mesophotic sponge 
grounds at a depth of 80-130 m, off the Israeli Mediter-
ranean coast (Table 1, Fig. 2). Collections were carried 
out on-board the R/V Mediterranean Explorer using an 
ROV (ECA-Robotics H800). The ROV was equipped 
with a five-function-manipulator, a full high-definition 
camera, and two parallel laser beams for scale. Collected 
samples were documented and an initial morphological 
description was given on board. The specimens were 
photographed in situ (underwater) prior to collection, and 
again in the laboratory, after which they were preserved 
in 85% and 100% ethanol for morphological and molec-
ular taxonomic evaluation, respectively.

Morphological identification

Preparation of spicules and tissue sections followed 
standard methods (Hooper, 2003). In some cases, spic-
ules and tissue were examined using scanning electron 

microscopy (SEM). The spicule composition was ana-
lyzed for each sample according to Rützler & Macintyre 
(1978). For each spicule type, the length and width were 
measured and the size range, mean, and standard devia-
tion were calculated (n = 30 per sample). For classifica-
tion and identification, we followed Hooper & van Soest 
(2002), Morrow & Cárdenas (2015), and the updated no-
menclature reported in the World Porifera Database (van 
Soest et al., 2021). 

Molecular identification 

DNA was extracted with the DNeasy kit (Qiagen 
#69504) following the manufacturer’s protocol (for elu-
tion of the DNA we used only 40-60 μl of elution buffer). 
For the molecular identification we amplified and se-
quenced fragments from the 28S and 18S rDNA as well as 
the mitochondrial COI (the barcoding region) commonly 
used for sponge phylogeny (Cardenas et al., 2012). The 
choice of molecular markers to amplify for species iden-
tification was based on data available for comparison in 
GenBank, or on PCR success. The 18S rDNA gene was 
amplified using the primer sets 18S1/18S2 (Borchiellini 
et al., 2001). The 28S rDNA gene was amplified using the 
primer sets C1’ modified/D2 (Chombard et al., 1998) or 
C1’ modified/28S_R1t (Idan et al., 2018). The COI gene 
was amplified with the primers LCO1490 (Folmer et al., 
1994) and COX1R1 (Rot et al., 2006).

The obtained sequences were compared with those in 
the nucleotide database of the National Center for Bio-
technology Information (NCBI), using BLAST search 
(BLASTN 2.5.0+; Zhang et al., 2000). 

Fig. 1: Typical view at the Herzliya site, 97 m depth. The following species can be noticed: 1. Raspailia (Raspailia) viminalis, 2. 
Chondrosia reniformis, 3. Axinella polypoides, 4. Axinella damicornis, 5. Axinella venusta sp. nov, 6. Oscarella tuberculata, 7. 
Fasciospongia cavernosa (covered by Oscarella tuberculata and, and several encrusting sponges).
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Results and Discussion

Class Demospongiae, 1978
Order Tethyida Morrow & Cárdenas, 2015
Family Hemiastrellidae Lendenfeld, 1889
Genus Hemiasterella Carter, 1879 
Hemiasterella verae sp. nov.
Material examined. Holotype - Po.25931, site Her-

zliya, 97 m depth, date 28.07.15. Paratype - Po. 26354, 
site Herzliya, 99 m depth, date 04.07.18. Collection site: 
32.176250º N, 34.633056º E. 

Description. External morphology: The two speci-
mens collected are small, massive-columnar. The holo-
type pieces measure between 1.4 x 3.4 x 3.8 - 1.6 x 0.8 
x 0.6 cm and the paratype is 3.7 x 1.7 x 1.2 cm (Fig. 
3 A, B, respectively). The surface shows irregular folds 
with grooves generally running parallel to the longest 
body axis. The surface is hispid with sparse long spic-
ules protruding the surface (Fig. 4). Color: surface is yel-
low-orange in life (Fig. 3 A, B) and creamy-white after 
preservation in ethanol. The internal part of the sponge is 
yellow-cream. 

Skeleton. Columns and cross-connections of the 
megascleres create a plumoreticulated structure. Some 
megascleres protrude from the ectosome, causing hisp-
idation of the surface. Columns are surrounded by high-
ly abundant asters. Aster density gradually increases to-
wards the sponge surface (Fig. 4).

Spicules. Megascleres are mainly slightly curved, 
curved, or flexuous styles, measuring 1350-1825 x 7.5-
17.5 µm (Table 2, Fig. 5 J-M). The round head of the 
styles may also be strongyloxea fashion; the pointing end 
is regularly acerate or stepped. Rare oxea (or modified 
styles), were found in both individuals, measuring 1157-
1775 x 5-15 µm, most with one end hastate or blunt while 
the other end was stepped or acerate (Table 2). Microscle-
res: oxyaster and strongylasters ranging from 12-27 µm 
in total diameter, with 3-11 pointed to blunt spiny rays 
(Table 2, Fig. 5 A-I). Spines are more abundant towards 
the tip of the ray; length of rays was normally equal. As-
ters with fewer rays were typically larger (Fig. 3 C, D, 
Fig. 5 A-I).

Molecular. 28S and 18S were sequenced. GenBank 
accession number: 18S - KX866780, 28S - MW380746, 

Table 1. The study sites and their characteristics.

# Site Formation Depth range (m) Coordinates

1 Haifa – Rosh Carmel Extension of a terrestrial 
limestone ridge

80-130 32.875417º N, 34.861972º E

2 Atlit Submerged sandstone ridge 99-120 32.741611º N, 34.839306º E

3 Hadera Submerged sandstone ridge 96-106 32.415611º N, 34.738764º E

4 Nethanya Submerged sandstone ridge 107-120 32.271481º N, 34.666167º E

5 Shefayim Submerged sandstone ridge 95-123 32.214222º N, 34.643228º E

6 Herzliya Submerged sandstone ridge 92-127 32.176250º N, 34.633056º E

7 Tel Aviv Submerged sandstone ridge 93-117 32.149694º N, 34.623750º E

Fig. 2: A. Map of the Mediterranean Sea, the coast of Israel is marked by a blue circle. B. Map of the sampling sites along the 
Israeli coast. Site numbers correspond with Table 1.
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for Po.25931 and GenBank accession number: 18S - 
MW380748, 28S – MW380747 for Po.26354. Current-
ly, there are no other 18S sequences of Hemiasterella in 
GenBank, a maximum-likelihood phylogenetic tree for 
18S can be found in Idan et al. (2018), where H. verae is 
referred to as Jaspis sp. Sequences of the 28S large sub-
unit ribosomal RNA gene were therefore submitted to a 
BLAST search against sponge sequences in general, and 
specifically against Hemiasterellidae sequences, based on 
the rearrangements in Hemiasterella taxonomy by Mor-
row et al. (2018, 2019). Hemiasterellidae sequences and 
others sponge 28S sequences that were >94% identical to 
the H. verae sequence in the BLAST search were aligned 
using MAFFT (Katoh et al., 2005). The alignment was 
corrected by eye, and short sequences of Adreus mi-
craster (accessions AY561903 and AY626306) and Stel-
ligera stuposa (accessions AY561950 and AY626321) 
were assembled to create a sequence that covers most 
of the length of the alignment. A maximum-likelihood 
phylogenetic tree was reconstructed with PhyML (Guin-
don et al., 2010) using the GTR substitution model (Fig. 
S1). The 28S sequence of H. verae formed a cluster with 
three Hemiasterella sequences (Fig. S1). It was clustered 
with Hemiasterellidae sequence originated from the USA 
(Thacker et al., 2013) with a bootstrap support of 82. Two 
other sequences of Hemiasterella sp. clustered with low 
bootstrap support, however the country of origin of these 
samples was not provided (Nichols, 2005). It is important 
to note that sequences of Hemiasterella herein identified 
to the species level do not exist in the GenBank.

Distribution and ecology notes. Hemiasterella verae 
sp. nov. was found on two pinnacles in the Herzliya meso-
photic sponge grounds. In both cases the specimens were 

not intentionally collected but found among or attached 
to other species that we sampled. The holotype found in 
the collection basket together with Axinella damicornis, 
Dictyonella incisa, Sarcotragus foetidus, Coscinoderma 
sporadense, Aplysina cavernicola and Plakortis meso-
photica sp. nov. The paratype was attached to a piece of 
substrate together with Chondrosia reniformis. Due to the 
small size of this species, we were not able to detect it in 
the images taken underwater, making it hard to assess its 
distribution at other mesophotic sites. 

Taxonomic remarks. This sponge is assigned to the 

Fig. 3: Hemiasterella verae sp. nov. morphological characteristics. A. H. verae sp. nov. holotype; B. H. verae sp. nov. paratype, 
scale bar A, B 5 cm; C. A style and euasters with different numbers of rays; D. Oxyasters with different numbers of rays, spines 
are visible on the rays (arrow).

Fig. 4: Skeletal structure of Hemiasterella verae sp. nov. longi-
tudinal section of holotype (scale: 200 µm). The euasters in the 
image appear as dark spots, as their density increase the section 
becomes darker.
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Fig. 5: Spicules of Hemiasterella verae sp. nov.: A-B. Oxyasters; C. Strongylasters; D-E. Oxyasters; F-H. Strongylasters; I. Oxy-
asters, scale bar 5µm; J-K. Oxeas; L-M. Styles, scale 100 µm. Figure drawn by Michelle Dan.

Table 2. Comparison of morphological characteristics of Hemiasterella spp. recorded from the Mediterranean Sea.

H. aristoteliana 
Voultsiadou-Koukoura & 

van Soest, 1991*

H. elongata 
Topsent, 

1928*

H. verae sp. 
nov.

ZMA speci-
men

Original Alboranian 
specimens

Holotype Paratype

Specimen 
size

3.5 x 1 cm Not speci-
fied

Not specified 0.5-1.5 x  
0.4-0.7 cm

The sponge arrived 
in pieces of 3.7 x 
4.1-1.8 x 0.66 cm

3.1 x 1.72

Styles 
(µm)

1800-3000 x 18-37 550-1800 x  
22-36

1500-2000 x  
25-60

1316-2250 
x  

10-30

1350-1825 x 7.5-
17.5

926-1543 x 
6-14

Oxea (µm) No Rare 600-
1500

Rare 1900-
2345

1825 x 10 1150-1775 x  
5-15

1375 x 11

Diameter 
of asters 

(µm)

13-42 12-18 15-18 14-23 12-27 12-29

No. of 
aster rays

1-12 8-13 12 10-15 3-11 3-12

*H. aristoteliana (Voultsiadou-Koukoura & van Soest, 1991), H. elongata (Sitja & Maldonado, 2014; Topsent, 1928).
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genus Hemiasterella because it has mainly styles as me-
gascleres and oxyasters as microscleres. Unlike most of 
the species in this genus, this sponge does not display the 
typical vase form. Two other species with a similar mor-
phology are known from the Mediterranean Sea: H. aris-
toteliana Voultsiadou-Koukoura & van Soest, 1991, from 
the Aegean Sea (Voultsiadou-Koukoura & van Soest, 
1991); and H. elongata Topsent, 1928, from the Alboran 
Sea (Sitja & Maldonado, 2014; Topsent, 1928). The ex-
ternal morphology of H. verae sp. nov. differs in size and 
color from that of H. elongata. The latter is much smaller 
and described as bright to creamy white, while H. verae 
sp. nov. is orange. Although the color of H. verae sp. nov. 
is similar to that of H. aristoteliana, its shape is more 
massive and not branched like the latter. The spicules of 
H. verae sp. nov. also differ from those of H. elongata 
and H. aristoteliana (Table 2); its styles are slenderer than 
those of H. elongata and H. aristoteliana, and its oxeas 
are more abundant than described for H. elongata (Sitja 
& Maldonado, 2014). While the diameter of the asters 
may also fit H. elongata, the euasters in H. verae sp. nov. 
were comprised of both oxyasters and strongylasters, and 
the number of rays demonstrated a greater variation. The 
number of rays was similar to that of H. aristoteliana, but 
the latter only has strongylasters.

Etymology. The species name verae is given in honor 
of Vera Idan, a brave Holocaust survivor.

Class Demospongiae, 1978
Order Axinellida
Family Axinellidae Carter, 1875
Genus Axinella Schmidt, 1862 
Axinella venusta sp. nov. 
Material examined. Holotype – Po. 25779, site 

Herzliya, 97 m depth, date 23.10.13, collection site: 
32.176111ºN, 34.632778ºE, Paratype – Po. 26035, site 
Herzliya, 98 m depth, date 24.03.16, collection site: 
32.176250º N, 34.633056º E.

Description Both specimens are erect with a small 
peduncle; the holotype is larger and foliaceous (size 10.5 
cm x 4.5 cm); the paratype is smaller and flabellate (5 cm 
x 2.7 cm). This difference in form may be due to the para-
type’s small size, which might not have reached its ful-
ly developed form (Fig. 6A, 7B). The surface is uneven, 
somewhat rugose, and slightly hispid, with a few short 
spicules protruding through a “skin”-like membrane cov-
ering the surface (Fig. 7 A). Color: bright yellow-orange 
in life and creamy-white after preservation in ethanol 
(Fig. 6 A-B, Fig. 7). Sponge consistency is stiff and not 
compressible. 

Skeleton. A plumoreticulated skeletal arrangement is 
clearly visible in the longitudinal sections (Fig. 8). 

Spicules. Styles to subtylostyles measuring 326-940 
x 3.9-15 µm, and oxeas (sometimes with centrotylote) 
measuring 106-630 x 1-7.5 µm (Fig. 6 G, Fig. 9 C, D, 

Fig. 6: Axinella venusta sp. nov. morphological characteristics. A. A. venusta sp. nov holotype; B. A. venusta sp. nov. in situ at the 
Atlit site, scale bar A, B 5 cm; C. Oxea with a stepped point; D. Curved oxea; E. Skeletal arrangement, large oocytes are visible 
(arrow); F. Spicules protruding the ectosome, large oocytes are visible (arrow); G. flexuous oxea.
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G and Table 3). The oxeas are slightly curved to curved 
(Fig. 6 D, Fig. 9 A, B and Table 3), while the styles are 
slightly curved, curved, angulated or flexuous (Fig. 6 G 
Fig. 9 C, D, G and Table 3). The pointing end of the oxeas 
is regularly acerate or stepped (Fig. 6 C, Fig. 9 E, F). 

Molecular. COI, 28S and 18S were already se-
quenced in our previous study, where Axinella venus-
ta sp. nov. was referred to as Axinella sp.1 (Idan et al., 
2018). A. venusta 28S sequence was submitted to a 
BLAST search against Axinellidae sequences. Sequences 
that covered more than 50% of the A. venusta sequence 
were downloaded and aligned using MAFFT (Katoh et 

al., 2005). Sequences AY864743 (Ptilocaulis gracilis) 
and MK372886 (Epipolasis spissa) were omitted from 
the alignment since they were different from the other 
Axinellidae sequences, as observed by eye. Positions 
that had more than 50% gaps were also deleted from the 
alignment. A maximum-likelihood phylogenetic tree was 
reconstructed with PhyML (Guindon et al., 2010) using 
the GTR substitution model (Fig. S2). A. venusta grouped 
with A. polypoides, the type-species of the genus Axinella 
in phylogenetic analyses base on the COI, 18S (Fig. S1 
and S2 in Idan et al., 2018) and 28S (Fig. S2) sequences. 
Therefore, we concluded, at the time, that it was indeed 

Fig. 7: Axinella venusta sp. nov. (paratype) and A. vaceleti side by side. A. close-up of the sponge surface, many protruding spic-
ules are visible in A. vaceleti (arrow) while A. venusta sp. nov. (on the left) has only a few short protruding spicules; B. A. venusta 
sp. nov. (blue arrow) and A. vaceleti (red arrow).

Fig. 8: Skeletal structure of A. venusta, scale 200 µm. A. longitudinal section of the narrow aspect; B. longitudinal section of the 
wide aspect.
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an Axinella sp. following the revision of the Axinella ge-
nus by Gazave et al. (2010). The BLAST search revealed 
the 28S and 18S sequence of A. pyramidata are 98% 
(741/760 nucleotides, 0/760 gaps, E value 0.0) and 99.5% 
(1107/1109 nucleotides, 0/1109 gaps, E value 0.0) identi-
cal, respectively. 18S also shows 99% (1102/1109 nucle-
otides, 0/1109 gaps, E value 0.0) similarity to A. vaceleti, 
but for the 28S there is only 89% identical sequencing 
(684/767 nucleotides, 11/767 gaps, E value 0.0). 

Distribution and ecology notes. Two specimens of 
A. venusta sp. nov. were collected from the mesophotic 
sponge grounds. While small in size (Fig. 6 A-B), this 
species is one of the six most common species in the 
Herzliya sponge ground (Idan et al., 2018 referred to as 
Axinella sp.1). It is also very common at the other stud-
ied mesophotic sites along the Israeli coast: Atlit, Rosh 
Carmel, and Shefayim.

Taxonomic remarks. The external morphology and 
spicule sizes of this sponge are ostensibly similar to those 

of A. vaceleti (Table 3, Fig. 6-9). However, when com-
pared with both fresh and preserved specimens of the lat-
ter (kindly provided by Dr. Jean Vacelet and Dr. Thierry 
Pérez), several differences can be observed. The novel 
species is much stiffer than A. vaceleti, which is very soft 
and flexible; the thickness of the lamella of the novel spe-
cies is 3-5 mm, while in A. vaceleti the maximal thickness 
of the lamella is 1.5 mm. Many long spicules protrude 
from the surface of A. vaceleti, giving it a velvety ap-
pearance; while A. venusta sp. nov. appears smooth and 
has only a few protruding spicules (Fig. 9). Moreover, 
the color of the novel species is a bright yellow-orange 
(Fig. 6), in contrast to A. vaceleti, which is dark orange 
(Pansini, 1984). 

A. pyramidata, which is genetically the closest spe-
cies to A. venusta, differs in both shape and color. A. py-
ramidata is much smaller than A. venusta, its shape is of 
an inverted three-sided pyramid, and its color is grey to 
off-white (Picton & Goodwin, 2007; Stephens, 1916). 

Fig. 9: Spicule of Axinella venusta sp. nov.: A. Oxea; B. Centrotylote oxea; C-D and G. Styles; E-F. Variations of stepped points 
of oxea. Scale bars: A-B, 50 µm; C-D, G 200 µm; E-F, 10 µm. Figure drawn by Michelle Dan.

Table 3. Comparison of morphological characteristics between Axinella venusta sp. nov. and morphologically or genetically re-
lated Mediterranean species.

A. vaceleti Pansini, 
1984*

A. minuta Lévi, 
1957*

A. pyramidata Ste-
phens, 1916*

A. venusta sp. nov. 
holotype

A. venusta sp. nov. 
paratype

Size 5-6 x 4-5 cm 2 x 0.2 cm 1.5 x 1.7 cm 10.5 cm x 4.5 cm 5 cm x 2.7 cm
Color Orange Not described Pale brown, beige Bright yellow-or-

ange
Bright yellow-orange

Shape Flabellate with small 
peduncle

Encrusting with a 
few perpendicular 

extensions

Three-sided pyramid 
standing on its apex

Foliaceous with 
small peduncle

Flabellate with small 
peduncle

Styles
(µm)

270-1450 x 2.5-14
subtylostyles found

1200-1700 x 11-30
120-300 x 5.5-14

230-1000 x 10-16
subtylostyles found

326-940 x 3.9-15
subtylostyles found

153-1013 x 3-11.5
subtylostyles found

Oxea
(µm)

250-370 x 2-12 260-400 x 6.5-13 300-600 x 10-16
centrotyloxea found

106-630 x 1-7.5
centrotyloxea found

150-375 x 3-10
centrotyloxea found

* A. vaceleti (Pansini, 1984), A. minuta (Levi, 1957), A. pyramidata (Stephens, 1916).
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Etymology. The species is named venusta in refer-
ence to its beauty and grace. 

Class Homoscleromorpha Bergquist, 1978
Order Homosclerophorida Dendy, 1905
Family Plakinidae Schulze, 1880
Genus Plakortis Schulze, 1880 
Plakortis mesophotica sp. nov. 
Material examined. Holotype – Po.25927, site: 

Herzliya, date: 28.07.15, ~100 m depth, collection site: 
32.176250º N, 34.633056º E.

Description. Massive morphology, 3.5 x 3 x 1.5 cm. 
Color of live specimen is gray to tan (Fig. 10A). Surface 
smooth, with some irregular folds and grooves, mucoid, 
oscules 2-4 mm diameter (Fig. 10A, Table 4). Skeleton 
densely confused, with ectosomal specialization; spicules 
packed more densely in the ectosome but with no differ-
ential location (Fig. 11).

Skeleton. Densely confused skeleton, spicule density 
is highest in the ectosome (Fig. 11).

Spicules. Mostly diods centrotylote or with knob-
by-knotty centers, curved to somewhat sinuous, 48-100 
x 2-5µm (Table 4, Fig. 9 B-C and 12 F-J). Triods 7.5-45 
µm, some sagittal; the ends of the triod actines are acerate 
or blunt (Fig. 9 D and 12 A-E). 

Molecular. COI gene was amplified and sequenced. 
GenBank accession number: COI KX866773. The closest 
species to P. mesophotica, with 97% similarity, is Plakor-
tis halichondrioides, known from the eastern Caribbean 
(Moraes & Muricy, 2003). A phylogenetic tree including 
P. mesophotica (referred to as Plakortis sp.) and P. sim-
plex described from the Israeli coast can be found in Idan 
et al. (2018). 

Distribution and ecological notes. The specimen of 
P. mesophotica sp. nov. was not intentionally collected 
but found in the collection basket together with A. dam-
icornis, D. incisa, S. foetidus, C. sporadense, A. and H. 
verae. Due to the small size of the species, we were not 
able to detect it in the images taken underwater, making 
it hard to assess its distribution. However, it has not been 

Fig. 10: Plakortis mesophotica sp. nov. morphological characteristics. A. P. mesophotica sp. nov. holotype; B-C. Diods can 
be straight or curved, smooth, acerate, with a central irregularity varying from very slightly to markedly S-shaped or centroty-
lote-like; D. Triods, irregular T-shaped and smooth.

Table 4. Comparison of morphological characteristics between Plakortis mesophotica sp. nov., P. simplex Schulze, 1880 and 
P. halichondrioides (Wilson, 1902).

P. simplex Schulze, 1880* P. halichondrioides (Wilson, 1902)* P. mesophotica sp. nov.

Size, shape and 
color

Thinly-encrusting sponges; gen-
erally 0.2-0.5 mm thick; white, 

yellow, light brown

Massively encrusting cake shaped;  
5 x 1.5 cm; dark brown to black

Massively encrusting to mas-
sive; 4.7 x 4 cm; beige-gray

Diods (µm) 60-160 x 3-6 100-200 x 4-5 48-100 x 2-5

Triods (µm) 25-50 x 3-6 Not described (rare in later collected 
specimens)

7.5-45 x 1-9

* P. simplex (Hooper & van Soest, 2002; Schulze, 1880), P. halichondrioides (Moraes & Muricy, 2003)
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detected in shallow water, unlike P. simplex reported by 
Tsurnamal (1968).

Taxonomic remarks. The only species of Plakortis 
known so far from the Mediterranean Sea, including the 
coast of Israel, is the cosmopolitan P. simplex Schulze, 
1880 (van Soest et al., 2021). P. mesophotica sp. nov. 
does not fit the description of P. simplex neither in ex-
ternal morphology nor in spicule size (Table 4). While P. 
simplex is described as thinly-encrusting, P. mesophotica 
sp. nov. is massively encrusting to massive (Fig. 10 A). 
P. simplex usually has a lightish color: brown, white, yel-
low, or tan, and a surface described as smooth and regu-
larly pierced by ostia (Hooper & van Soest, 2002; Schul-
ze, 1880), while in P. mesophotica sp. nov. it is irregular 

with many folds and grooves. Spicules of P. simplex are 
somewhat smaller than those of P. mesophotica sp. nov. 
(Table 3; Hooper & van Soest, 2002; Schulze, 1880). Mo-
lecular analysis revealed only 96% similarity between P. 
simplex and P. mesophotica sp. nov. The species P. hali-
chondrioides, which is molecularly the closest to P. me-
sophotica sp. nov. (similarity 97%), is very different in 
morphology, being described as dark brown to black. The 
diods are larger than in P. mesophotica sp. nov. (Table 4) 
and no triods were found in the holotype, although in lat-
er collected specimens of P. halichondrioides triods were 
rarely seen (Wilson, 1902; Moraes & Muricy, 2003).

Etymology. The species name mesophotica refers to 
the habitat in which it was found.

Fig. 11: Plakortis mesophotica sp. nov. skeletal arrangement. A. Diods scattered with no visible organization; B. Densely confused 
skeleton, spicule density is higher in the ectosome (black arrow).

Fig. 12: Spicules of Plakortis mesophotica sp. nov., A-E. Triods; F-J. Diods. T-shaped triods (A, E), irregular (B) and smooth (D). 
Straight diods (F, G) or curved (H, J), smooth, acerate, with a central irregularity varying from very slightly (G, H) to markedly 
(J), S-shaped (I) or centrotylote-like (J). Scale bar 20 µm. Figure drawn by Michelle Dan.
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Table 5. Updated checklist of sponge species collected from the mesophotic sponge ground and their distribution at the meso-
photic sites, along the shallow Israeli coast, and in the Levantine Sea. * reported in Tsurnamal (1968). ? unknown distribution of 
species that are not yet identified. a Jean Vacelet, personal communication, identified from photo. b Thierry Pérez, personal com-
munication. HR = Herzliya, AT = Atlit, RC = Rosh Carmel, HD = Hadera, SH = Shefayim, TA = Tel Aviv. Sites coordinates and 
characteristics are provided in Table 1.

Lowest systematic identifica-
tion level 

Muse-
um # Site Family Order 

Up-
per-pho-
tic zone 
Israel

Levant 
Basin

Demospongiae
1 Agelas oroides (Schmidt, 

1864)*
25669; 
25598

HR, AT, RC, 
HD, SH, TA

Agelasidae Agelasida - +

2 Axinella damicornis (Esper, 
1794)

25764 HR, AT, RC, 
SH

Axinellidae Axinellida - -

3 Axinella polypoides Schmidt, 
1862

25597 HR, AT, RC, 
HD, SH

Axinellidae Axinellida + +

4 Axinella venusta sp. nov. 25779; 
26035

HR, AT, RC, 
HD, SH

Axinellidae Axinellida - -

5 Axinella vaceleti Pansini, 1984 26438 HR, SH, RC, 
AT

Axinellidae Axinellida - -

6 Axinella verrucosa (Esper, 
1794)

25668; 
25674

HR, AT, RC, 
HD, SH

Axinellidae Axinellida + +

7 Axinella sp.2 25781 HR, AT, RC Axinellidae Axinellida - ?
8 Axinella sp.3 26259 AT Axinellidae Axinellida - ?
9 Axinella sp.4 26437 RC Axinellidae Axinellida - ?
10 Raspailia (Raspailia) viminalis  

Schmidt, 1862*
25743 HR, AT, RC, 

SH
Raspailiidae Axinellida - +

11 Dictyonella incisa (Schmidt, 
1880)

25741; 
25919

HR, AT, RC, 
SH, HD, TA

Dictyonellidae Bubarida - -

12 Dictyonella sp.1 25926 RC Dictyonellidae Bubarida - ?
13 Thymosiopsis conglomerans 

Vacelet, Borchiellini, Perez, 
Bultel-Poncé, Brouard & 

Guyot, 2000

25914 HR, AT, RC, 
HD, SH

Chondrillidae Chondrillida - -

14 Chondrosia reniformis Nardo, 
1847*

25664; 
25776; 
25930

NA, HR, SH, 
TA, AT, RC

Chondrosiidae Chondrosiida + +

15 Lamellodysidea sp.1 25778 HR Dysideidae Dictyoceratida - ?
16 Ircinia dendroides (Schmidt, 

1862)
25830; 
25831

HR, AT, RC, Irciniidae Dictyoceratida + +

17 Ircinia oros (Schmidt, 1864) 25670 HR, AT, RC, 
HD, SH

Irciniidae Dictyoceratida - +

Continued

Updated checklist

Extensive surveys were carried out during 2016-2019 
in the mesophotic zone of the Israeli Mediterranean coast. 
Over 100 specimens were collected and classified to the 
lowest possible taxonomic level. These surveys, together 
with the collection carried out by Idan et al. (2018) have 
resulted in the addition of 33 species to the local species 
list (Table 5), elevating the local richness by ~34% (Idan 
et al., 2018). The current update adds seven more species 

to those of the Israeli coast: Axinella vaceleti, Axinella 
sp.3, Axinella sp.4, Spongia (Spongia) lamella, Haplo-
sclerida sp.1, Haliclona poecillastroides and Corticium 
candelabrum. Moreover, Petrosia (Petrosia) ficiformis 
and Aaptos aaptos, that are known from the shallow wa-
ter of the Israeli coast were also found in the mesophotic 
sponge grounds. The current checklist also provides the 
distribution of the identified species at seven mesophotic 
sites along the coast.
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Lowest systematic identifica-
tion level 

Muse-
um # Site Family Order 

Up-
per-pho-
tic zone 
Israel

Levant 
Basin

18 Ircinia variabilis (Schmidt, 
1862)*

25918; 
25492

HR, AT, RC, 
SH

Irciniidae Dictyoceratida + +

19 Sarcotragus foetidus Schmidt, 
1862*

25921 HR, AT, RC, 
SH, TA

Irciniidae Dictyoceratida + +

20 Sarcotragus spinosulus 
Schmidt, 1862*

25673; 
25666

HR, AT, RC, 
HD

Irciniidae Dictyoceratida + +

21 Spongia (Spongia) nitens 
(Schmidt, 1862)

25742; 
25493

HR, AT, RC Spongiidae Dictyoceratida - -

22 Spongia (Spongia) zimocca 
Schmidt, 1862

25742 HR Spongiidae Dictyoceratida - +

23 Spongia (Spongia) lamella 
(Schulze, 1879)

26215 HR, SH Spongiidae Dictyoceratidae - +

24 Coscinoderma sporadense 
Voultsiadou-Koukouras, van 

Soest & Koukouras, 1991

25932 HR, RC, SH, 
AT

Spongiidae Dictyoceratida - -

25 Fasciospongia cavernosa 
(Schmidt, 1862)

26241 HR, RC, 
HD, SH

Thorectidae Dictyoceratida + +

26 Dictyoceratida sp.1 25766 HR ? Dictyoceratida - ?
27 Haplosclerida sp.1 26280 HR ? Haplosclerida - ?
28 Chalinidae sp.1 25928 HR Chalinidae Haplosclerida - ?
29 Chalinula sp.1 25782 HR Chalinidae Haplosclerida - ?
30 Haliclona poecillastroides 

(Vacelet, 1969) a
RC Chalinidae Haplosclerida - -

31 Haliclona sp.1 25929 HR Chalinidae Haplosclerida - ?
32 Petrosia (Petrosia) ficiformis 

(Poiret, 1789)
26243 HR, RC, SH Petrosiidae Haplosclerida + +

33 Calyx nicaeensis (Risso, 1826) 25570 HR, AT, RC, 
SH

Phloeodictyidae Haplosclerida - +

34 Phorbas tenacior (Topsent, 
1925)

26398 HR, RC, SH Hymedesmi-
idae

Poecilosclerida - +

35 Phorbas topsenti Vacelet & 
Pérez, 2008

25767 NA, HR, SH, 
TA, AT, RC

Hymedesmi-
idae

Poecilosclerida + +

36 Aaptos aaptos (Schmidt, 1864) 
*

26082 RC, HR, SH Suberitidae Suberitida + +

37 Hemiasterella verae sp. nov. 25931 HR Ancorinidae Tetractinellida - -
38 Stryphnus mucronatus 

(Schmidt, 1868)
25733 HR, AT, RC, 

SH
Ancorinidae Tetractinellida - -

39 Aplysina cavernicola (Vacelet, 
1959)

25922; 
25923

HR, AT, RC, 
SH

Aplysinidae Verongiida - -

Homoscleromorpha
40 Oscarella lobularis (Schmidt, 

1862)*,b
25935 HR, AT, RC, 

SH
Oscarellidae Homosclerophorida + +

41 Oscarella tuberculata 
(Schmidt, 1868) b

25934 HR, AT, RC, 
SH

Oscarellidae Homosclerophorida - -

42 Oscarella sp.1 25936 HR Oscarellidae Homosclerophorida - ?
43 Corticium candelabrum 

Schmidt, 1862
26254 HR, RC, SH, 

AT
Plakinidae Homosclerophorida - +

44 Plakortis mesophotica sp. nov. 25927 HR Plakinidae Homosclerophorida - -

Table 5 continued
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Concluding remarks

The discovery of three new species in the Israeli me-
sophotic zone is not surprising. Results from the latest ex-
peditions have shown that the rocky substrates of the Is-
raeli mesophotic zone are characterized by unexpectedly 
high sponge richness and substantial diversity, hosting at 
least 40% of the known Israeli sponge fauna (Table 5 and 
Table S1 in Idan et al., 2018). However, these surveys 
are still far from being complete, since many of the spe-
cies found in the mesophotic sponge grounds are small, 
inconspicuous, and difficult to sample, or even to quan-
tify their abundance. Plakortis mesophotica sp. nov. and 
Hemiasterella verae sp. nov, both belong to this group. 
Axinella venusta sp. nov., in contrast, is highly abundant 
in all study sites (Table 5). The discovery of these species 
(as well as several others that still await description; Ta-
ble 5) emphasizes the importance of studying ecosystems 
and habitats that are not easily accessible. Such studies 
are bound to yield additional discoveries of novel species. 
Further research of the sponges comprising the benthic 
assemblages of the mesophotic habitats is needed, both 
in order to establish a baseline of data regarding the fau-
na there, and also in support of conservation attempts for 
these unique habitats. In Israel, in the last couple of years, 
a great effort has been invested in establishing near-shore 
marine reserves. A greater challenge still lies in the es-
tablishment of deeper-water marine reserves, which, due 
to their distance from shore, makes them harder to pro-
mote among the public and policymakers. Consequently, 
it is easier to convey the importance of preserving such 
habitats when they feature unique, novel, and endemic 
species. 

Acknowledgements 

The authors would like to acknowledge and thank the 
following: The environmental NGO EcoOcean personnel 
for providing the facility for marine research on board 
the R/V Mediterranean Explorer and for the operation 
of the Remotely Operated Vehicle; To all the volunteers 
for their help during the expeditions; Michelle Dan, who 
drew the sponge spicule figures; Dr. Jean Vacelet and Dr. 
Thierry Pérez, as well as members of their laboratories at 
the Institut Méditerranéen de Biodiversité et d’Ecologie 
Marine et Continentale, Marseille, France, who helped 
with identification of several species; Dr. Christine Mor-
row, who helped and provided support for the description 
of H. verae; the participants at the Taxonomy Workshop 
on Atlanto-Mediterranean Deep-Sea Sponges (Azores, 
2012 and Marseille, 2018), for their help in identifica-
tion of some of the sponges. Naomi Paz, who edited the 
manuscript. The study was supported by the following 
institutions and grants: The Israel Nature and Parks Au-
thority (Assessing the sponge communities along the 
Israeli Mediterranean coast, grant PO18000154 to MI); 
The Israeli Ministry of Science, Technology, and Space 
(the program for the development of scientific and tech-
nological infrastructure, grant 3-10343 to MI); The Israe-

li Ministry of National Infrastructure, Energy, and Water 
(grant 217-17-020 to MI); and partially supported by the 
ISF-NSFC joint research program (grant No. 2577/18 to 
MI). MERCI- Mediterranean Sea research center of Isra-
el provided the funding for training Tal Idan in methods 
of sponge taxonomy. Tal Idan was supported by the Shu-
lamit Aloni fellowship from the Israeli Ministry of Sci-
ence, Technology, and Space.

References

Bertolino, M., Bo, M., Canese, S., Bavestrello, G., Pansini, M., 
2015. Deep sponge communities of the Gulf of St Eufemia 
(Calabria, southern Tyrrhenian Sea), with description of 
two new species. Journal of the Marine Biological Associa-
tion of the United Kingdom, 95 (07), 1371-1387.

Bo, M., Bertolino, M., Bavestrello, G., Canese, S., Giusti, M. 
et al., 2012. Role of deep sponge grounds in the Mediter-
ranean Sea: A case study in Southern Italy. Hydrobiologia, 
687 (1), 163-177. 

Borchiellini, C., Manuel, M., Alivon, E., Boury‐Esnault, N., 
Vacelet, J. et al., 2001. Sponge paraphyly and the origin of 
Metazoa. Journal of Evolutionary Biology, 14 (1), 171-179.

Cardenas, P., Perez, T., Boury-Esnault, N., 2012. Sponge Sys-
tematics Facing New Challenges. pp. 79-209. In: Advances 
in sponge science: Phylogeny, systematics, ecology. Vol-
ume 61. Becerro, M.A., Uriz, M.J., Maldonado, M., Turon, 
X. (Eds.). Advances in Marine Biology, Academic Press.

Cerrano, C., Bastari, A., Calcinai, B., Di Camillo, C., Pica, D. 
et al., 2019. Temperate mesophotic ecosystems: Gaps and 
perspectives of an emerging conservation challenge for the 
mediterranean sea. The European Zoological Journal, 86 
(1), 370-388.

Chombard, C., Boury-Esnault, N., Tillier, S., 1998. Reassess-
ment of Homology of Morphological Characters in Tetrac-
tinellid Sponges Based on Molecular Data. Systematic Biol-
ogy, 47 (3), 351-366.

Coll, M., Piroddi, C., Albouy, C., Ben Rais Lasram, F., Cheung, 
W.W., et al., 2012. The Mediterranean Sea under siege: 
Spatial overlap between marine biodiversity, cumulative 
threats and marine reserves. Global Ecology and Biogeog-
raphy, 21 (4), 465-480.

Coll, M., Piroddi, C., Steenbeek, J., Kaschner, K., Lasram, F.B. 
et al., 2010. The Biodiversity of the Mediterranean Sea: Es-
timates, Patterns, and Threats. PLoS ONE, 5 (8), e11842. 

Evcen, A., Çinar, M.E., 2012. Sponge (Porifera) species from 
the Mediterranean coast of Turkey (Levantine Sea, eastern 
Mediterranean), with a checklist of sponges from the coasts 
of Turkey. Turkish Journal of Zoology, 36 (4), 460-474. 

Folmer, O., Black, M., Hoeh, W., Lutz, R., Vrijenhoek, R., 
1994. DNA primers for amplification of mitochondrial cy-
tochrome c oxidase subunit I from diverse metazoan inver-
tebrates. Molecular Marine Biology and Biotechnology, 3 
(5), 294-299.

Gazave, E., Carteron, S., Chenuil, A., Richelle-Maurer, E., 
Boury-Esnault, N. et al., 2010. Polyphyly of the genus Ax-
inella and of the family Axinellidae (Porifera: Demospongi-
aep). Molecular Phylogenetics and Evolution, 57 (1), 35-47.

Gerovasileiou, V., Voultsiadou, E,. 2012. Marine Caves of the 



283Medit. Mar. Sci., 22/2 2021, 270-284

Mediterranean sea: A Sponge Biodiversity Reservoir within 
a Biodiversity Hotspot. PLoS ONE, 7 (7), e39873.

Guindon, S., Dufayard, J.F., Lefort, V., Anisimova, M., Hordijk, 
W. et al., 2010. New Algorithms and Methods to Estimate 
Maximum-Likelihood Phylogenies: Assessing the Perfor-
mance of PhyML 3.0. Systematic Biology, 59 (3), 307-321.

Hooper, J. N., van Soest, R.W., 2002. Systema Porifera. A 
Guide to the Classification of Sponges. Kluwer Academic/
Plenum Publishers, New York , NY, 1718 pp.

Hooper, J.N.A., 2003. Sponguide guide to sponge collection and 
identification. [Online]. Available: http://www.qm.qld.gov.
au/~/media/Documents/Find%20out%20about/Animals%20
of%20Queensland/Sea%20life/sponguide-2003.pdf

Idan, T., Shefer, S., Feldstein, T., Yahel, R., Huchon, D. et al., 
2018. Shedding light on an East-Mediterranean mesophotic 
sponge ground community and the regional sponge fauna. 
Mediterranean Marine Science, 19 (1), 84-106. 

Katoh, K., Kuma, K.I., Toh, H., Miyata, T., 2005. MAFFT 
version 5: improvement in accuracy of multiple sequence 
alignment. Nucleic Acids Research, 33 (2), 511-518.

Lesser, M.P., Slattery, M., Leichter, J.J., 2009. Ecology of me-
sophotic coral reefs. Journal of Experimental Marine Biol-
ogy and Ecology, 375 (1-2), 1-8. 

Lévi, C., 1957. Spongiaires des côtes d’Israel. Bulletin of the 
Research Council of Israel, 6 (3-4), 201-212.

Moraes, F.C., Muricy, G., 2003. Taxonomy of Plakortis and 
Plakinastrella (Demospongiae: Plakinidae) from oceanic 
islands off north-eastern Brazil, with description of three 
new species. Journal of the Marine Biological Association 
of the United Kingdom, 83 (2), 385-397.

Morrow, C., Cardenas, P., 2015. Proposal for a revised classifi-
cation of the Demospongiae (Porifera). Frontiers in Zoolo-
gy, 12 (1), 1-27. 

Morrow, C., Cárdenas, P., Boury-Esnault, N., Picton, B., Mc-
cormack, G. et al., 2019. Integrating morphological and 
molecular taxonomy with the revised concept of Stellige-
ridae (Porifera: Demospongiae). Zoological Journal of the 
Linnean Society, 187 (1), 31-81.

Morrow, C., Thomas, O., Mccormack, G., 2018. An integra-
tive approach to investigating the taxonomic affinities of 
Jaspis and Hemiasterella. In: 4th International Workshop 
on Taxonomy of Atlanto-Mediterranean Deep-Sea & Cave 
Sponges, 10-15 September 2018. Marseille, France.

Mouillot, D., Albouy, C., Guilhaumon, F., Lasram, F.B.R., Coll, 
M. et al., 2011. Protected and Threatened Components of 
Fish Biodiversity in the Mediterranean Sea. Current Biolo-
gy, 21 (12), 1044-1050.

Nichols, S.A., 2005. An evaluation of support for order-level 
monophyly and interrelationships within the class Demo-
spongiae using partial data from the large subunit rDNA 
and cytochrome oxidase subunit I. Molecular Phylogenet-
ics and Evolution, 34 (1), 81-96.

Pansini, M., 1984. Notes on some Mediterranean Axinella with 
description of two new species. Bollettino dei Musei e degli 
Istituti Biologici dell’Universitá di Genova, 50-51, 79-98.

Picton, B., Goodwin, C., 2007. Sponge biodiversity of Rathlin 
island, Northern Ireland. Journal of the Marine Biological 
Association of the United Kingdom, 87 (6), 1441-1458.

Pomponi, S.A., Diaz, M.C., van Soest, R.W.M., Bell, L.J., Bu-
sutil, L. et al., 2019. Sponges. p. 563-588. In: Mesophotic 

Coral Ecosystems. Loya, Y., Puglise, K.A., Bridge, T.C.L. 
(Eds.). Springer, Cham. 

Rot, C., Goldfarb, I., Ilan, M., Huchon, D., 2006. Putative 
cross-kingdom horizontal gene transfer in sponge (Porifera) 
mitochondria. BMC Evolutionary Biology, 6 (1), 71.

Rützler, K., Macintyre, I.G., 1978. Siliceous sponge spicules in 
coral reef sediments. Marine Biology, 49, 147-159.

Schulze, F. E., 1880. Untersuchungen über den Bau und die 
Entwicklung der Spongien. Neunte Mittheilung. Die Plak-
iniden. Zeitschrift Für Wissenschaftliche Zoologie, 34 (2), 
407-451.

Sitja, C., Maldonado, M., 2014. New and rare sponges from 
the deep shelf of the Alboran Island (Alboran Sea, Western 
Mediterranean). Zootaxa, 3760 (2), 141-179.

Stephens, J., 1916. Preliminary notice of some Irish sponges. 
The monaxonellida (suborder Sigmatomonaxonellida) ob-
tained by the fisheries branch of the Department of Agricul-
ture and technical instruction, Ireland. Annals and Maga-
zine of Natural History, 8 (17-99), 241.

Thacker, R.W., Hill, A.L., Hill, M.S., Redmond, N.E., Col-
lins, A.G. et al., 2013. Nearly Complete 28S rRNA Gene 
Sequences Confirm New Hypotheses of Sponge Evolu-
tion. Integrative and Comparative Biology, 53 (3), 373-387.

Topsent, E., 1928. Spongiaires de l’Atlantique et de la Médi-
terranée provenant des croisières du Prince Albert ler de 
Monaco. Résultats des campagnes scientifiques accomplies 
par le Prince Albert I. Monaco, 74, 1-376.

Tsurnamal, M., 1968. Studies on the Porifera of the Mediterra-
nean littoral of Israel. Ph.D Thesis, The Hebrew University, 
Jerusalem, 175 pp. (In Hebrew)

Tsurnamal, M., 1969. Four new species of Mediterranean Dem-
ospongiae and new data on Callites lacazii schmidt. Ca-
hiers de Biologie Marine, 10, 343-357.

Vacelet, J., Bitar, G., Carteron, S., Zibrowius, H., Perez, T., 
2007. Five new sponge species (Porifera: Demospongiae) 
of subtropical or tropical affinities from the coast of Leba-
non (Eastern Mediterranean). Journal of the Marine Biolog-
ical Association of the United Kingdom, 87 (6), 1539-1552. 

Vacelet, J., Perez, T., 2008. Phorbas topsenti and Phorbas 
tailliezi (Demospongiae, Poecilosclerida), new names for 
the Mediterranean ‘Phorbas paupertas’ and ‘Phorbas cori-
aceus’. Zootaxa, 1873 (1), 26-38.

van Soest,R.W.M., Boury-Esnault, N., Hooper, J., Rützler K., De 
Voogd, N. et al., 2021. World Porifera Database : http://www.
marinespecies.org/porifera (Accessed 10 January 2021)

van Soest, R.W.M., Boury-Esnault, N., Vacelet, J., Dohrmann, 
M., Erpenbeck, D. et al., 2012. Global Diversity of Sponges 
(Porifera). PLoS ONE, 7 (4), e35105. 

Voultsiadou, E., 2005a. Demosponge distribution in the Eastern 
Mediterranean: A NW-SE gradient. Helgoland Marine Re-
search, 59 (3), 237-251. 

Voultsiadou, E., 2005b. Sponge diversity in the Aegean Sea: 
Check list and new information. Italian Journal of Zoology, 
72 (1), 53-64.

Voultsiadou, E., 2009. Reevaluating sponge diversity and distribu-
tion in the Mediterranean Sea. Hydrobiologia, 628 (1), 1-12. 

Voultsiadou-Koukoura, E., van Soest, R., 1991. Hemiasterella 
aristoteliana n. sp. (Porifera, Hadromerida) from the Ae-
gean Sea with a discussion on the family Hemiasterellidae. 
Bijdragen tot de Dierkunde, 61 (1), 43-49.



284 Medit. Mar. Sci., 22/2 2021, 270-284

Wilson, H.V., 1902. The sponges collected in Porto Rico in 
1899 by the U.S. Fish Commission steamer Fish Hawk. 
Bulletin of the United States Fish Commission, 2, 375-411.

Zhang, J.Z., Mordy, C.W., Gordon, L.I., Ross, A., Garcia, H.E. 
et al., 2000. Temporal Trends in Deep Ocean Redfield Ra-
tios. Science, 289, 183a-189a.

Supplementary data 

The following supplementary information is available online for the article:

Fig. S1: Phylogenetic tree used to support the morphological identification Hemiasterella verae sp. nov. (marked by 
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sequences, using the GTR model of sequence evolution. Bootstrap supports are given near the corresponding nodes.

Fig. S2: Phylogenetic tree based on 28S rDNA sequences, used to support the morphological identification of Axinella 
venusta sp. nov. (marked by ‘*’). The maximum likelihood tree was reconstructed with PhyML 3.0 (Guindon et al., 
2010), using the GTR model of sequence evolution. Bootstrap supports (100 replicates) given near the corresponding 
nodes.
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