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On the taxonomic position of the genus Parahigginsia (Porifera:
Demospongiae), with the description of a new species and the first record
of the genus from the North Pacific
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Abstract. A new species of the genus Parahigginsia Dendy, 1924 from the southern slope of the underwa-
ter Piip Volcano in the western Bering Sea, found at a depth of 981 m, is described. Previously, only two
species of this genus were known, P. phakelloides Dendy, 1924 from the South Pacific and P. strongylifera
Van Soest, Meesters et Becking, 2014 from the Caribbean. The discovery of P. beringiensis sp. nov. in
the North Pacific extends the known distribution and depth ranges of Parahigginsia. Morphological com-
parison of the species from this genus has been conducted. The results of morphological examination and
sequencing of the 18S and 28S rRNA genes indicate that the new species belongs to the order Suberitida
and, most likely, to the family Halichondriidae.

Pe3stome. Hosbili Buz pona Parahigginsia Dendy, 1924 onucaH ¢ 105KHOTO CKJIOHA TIOABOAHOTO ByJIKaHa
IMuiina B 3amaaHol yactu Bepurrosa Mopst ¢ ray6uns 981 M. Pasee 65111 U3BECTHBI JIUIID Ba BUIA
storo poza: P. phakelloides Dendy, 1924 u3 1oxHoi yacTu Tuxoro okeana u P. strongylifera Van Soest,
Meesters et Becking, 2014 us Kapu6ckoro Gacceiina. Haxonka P. beringiensis sp. nov. B CeBEpHOMR
[Manuduke pacimupsieT CBefleHUsI O PACIPOCTPAHEHUH ¥ AUATNAa30H rayOouH 1yisi pona Parahigginsia.
ITpoBeeHOMOpPhOTIOrNYECKOE CPaBHEHVE BULOB POa. Pe3yrbTaTsi MOPGOIOTHYECKOTO NCCIIEJOBAHUS
u cexkBeHnpoBanus reqoB 18S pPHK u 28S pPHK yxkassiBatoT Ha TO, YTO HOBBIN BUJ IPUHAJIEKUT
orpsany Suberitida u, ckopee Bcero, k cemeiictsy Halichondriidae.
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Introduction

In recent decades, spongiologists have col-
lected a tremendous amount of material from the
North Pacific, including the Bering Sea. State-of-
the-art equipment for deep-sea exploration such
as human-occupied vehicles (HOV) and remotely
operated vehicles (ROV) has made even the great-
est depths accessible to researchers. Lehnert with
co-authors (2005-2020) published a substantial
number of papers on sponges from the Aleutian
Islands and adjacent waters with descriptions of
species living /found both in the shelf zone and at
greater depths, including 30 new species. Lehnert
et al. (2005) recorded a new demosponge species
from a depth of 1357 m and described (Lehnert
et al., 2006) nine new demosponge species from
depths to 2827 m. Reiswig & Stone (2013) iden-
tified 13 new hexactinellid species from depths to
2311 m. Three demosponge species were described
from the eastern Bering Sea (off the Pribilof Is-
lands) (Lehnert et al., 2008; Lehnert & Stone,
2017). Recently, an inventory of sponges from the
eastern Bering Sea has been carried out, which re-
sulted in the identification of a new demosponge
species (Stone et al., 2019). In addition, four new
species and a new genus of Demospongiae have
been described from the Aleutian Islands (Leh-
nert & Stone, 2020a, 2020Db).

The 22nd research cruise aboard the research
vessel (R/V) “Akademik Mstislav Keldysh” in
1990 and the 75th and 82nd cruises aboard the
R/V “Akademik M.A. Lavrentyev” in 2016 and
2018 yielded rich materials from the area of the
Vulkanologov Massif, including the underwa-
ter Piip Volcano, the Bering Sea. Those cruises
provided ample materials for the descriptions of
new taxa of Hexactinellida and Demospongi-
ae. Tabachnick (2002) described a new genus,
Ijimaiella Tabachnick, 2002 (Hexactinellida:
Euplectellidae). Later on, additional data on Iji-
maiella were obtained, with new findings and ob-
servations in vivo (Tabachnick et al., 2022). Men-
shenina & Tabachnick (2022) described the genus
Docosaccus Menshenina et Tabachnick, 2022
(Hexactinellida: Euplectellidae). Tabachnick et al.
(2023) provided information on the family Ros-
sellidae from the Bering Sea and off the Pacific
part of Bering Island and described one subspe-
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cies and three species of this family. Shilov et al.
(2023) described four new species of Vulcanelli-
dae (Demospongiae: Tetractinellida).

A total of 55 Demospongiae species belonging
to 22 genera and 15 families were found in the
material collected from the Piip Volcano slopes.
Among them is an unknown representative of the
genus Parahigginsia Dendy, 1924.

Parahigginsia and its type species, P. phakelloi-
des Dendy, 1924, were described from New Zea-
land (Dendy, 1924). The species was later found
off New Caledonia (Lévi & Lévi, 1983). The genus
remained monotypic for a long time, and only re-
cently, another species has been described from the
Southern Caribbean, P. strongylifera Van Soest,
Meesters et Becking, 2014. The third species,
P. beringiensis sp. nov., which we have collected
on the slope of the underwater Piip Volcano in the
Bering Sea, is the only known representative of the
genus from the North Pacific. Parahigginsia is cur-
rently assigned to the family Heteroxyidae of the
order Axinellida (De Voogd et al., 2023). The aim
of this study is to describe the new species and to
assess the taxonomic position of the genus Para-
higginsia using morphological and molecular data.

Material and methods

Study area and sampling. The material was
collected during the 82nd research cruise aboard
the R/V “Akademik M.A. Lavrentyev” in 2018.
That expedition was carried out in the area of the
Vulkanologov Massif and the underwater Piip
Volcano, Bering Sea. All samples were collected
from one locality using a ROV “Comanche 18”
(Sub-Atlantic, UK) on the southern slope of the
underwater Piip Volcano (Figs 1, 2A). During the
ROV dives, photography and video filming were
conducted. The material was fixed in 96% ethanol
on board. After the cruise, the collected material
was deposited at the museum (MIMB) of the A.V.
Zhirmunsky National Scientific Center of Marine
Biology, Far Eastern Branch, Russian Academy of
Sciences, Vladivostok (NSCMB FEB RAS).

Microscopy. Spicule and skeleton mounts for
optical microscopy (ZEISS Primostar 3) were
made according to standard methods (Hoop-
er, 2003; Van Soest & Hooper, 2005). For scan-
ning electron microscopy (SEM, ZEISS Sigma
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Fig. 1. Map of the study area, with the sampling locality of Parahigginsia beringiensis sp. nov. indicated by a

red circle.

300 VP), a suspension of spicules and the sponge
fragment were applied onto a microscope stub,
and, after drying, were carbon sputter-coated. The
examination was conducted at a voltage of 10 kV.
The material was processed and images were
taken using a ZEISS Primostar 3 optical micro-
scope and a ZEISS Sigma 300 VP scanning elec-
tron microscope at NSCMB FEB RAS. The sponge
specimens were photographed in the laboratory.
Micro-computed tomography. Without de-
nying the value of the imaging techniques used in
this study of sponges such as embedding in epoxy
resin or paraffin, we here demonstrate that mi-
cro-computed tomography (micro-CT) provides a
greater array of data. It allows the most inform-
ative “virtual” slices of the object under study
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to be selected and located in any desired plane.
Moreover, preparation of samples for micro-CT is
simple and convenient, especially in order to ex-
amine relative positions of spicules in the skeleton.
The samples kept in 96% ethanol were air-dried
at 50-70% air humidity for about 4—5 h without
pretreatment. The drying time was selected em-
pirically. As our experience showed, this factor is
important for providing high quality of the final
image. Scanning was performed using a Neoscan
N80 system with the following parameters: source
voltage of 40 kV, source current of 120 mA, image
pixel size of 2—3.5 pum, no filter, and rotation step of
0.2°. All samples were rotated 360°. The scanning
included 800 to 1,000 sections, from which X-ray
images were recalculated into density sections

% Zoosystematica Rossica, Vol. 34, No. 2, pp. 298-311
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displaying the structure of the scanned specimens
using the SkyScan NRecon and DataViewer soft-
ware packages. The study was carried out using
the equipment of the Core Facilities Centre “Tax-
on” at the Zoological Institute, Russian Academy
of Sciences (ZIN RAS, St Petersburg, Russia).

Molecular analyses. DNA was isolated from
fragments of specimen MIMB47653 fixed in 96%
ethanol using a PureLink™ Genomic DNA Mini
Kit (Invitrogen) according to the manufacturer’s
instructions. The primers used for the amplifica-
tion of 18S and 28S rRNA and ITS1-5.8S-1TS2
gene fragments are listed in Electronic supplemen-
tary material 1 (see Addenda).

The amplification reaction was carried out in
10 pL of a mixture of DreamTaq polymerase (Ther-
moFisher) (0.1 U/uL) and 1% Taq Turbo buffer (Ev-
rogen), forward and reverse primers at a concen-
tration of 0.25 uM each and 0.2 mM dNTPs each
in the Verity thermocycler (Applied Biosystems).
Thermocycling conditions were as follows: an in-
itial denaturation step of three minutes at 95 °C,
followed by 35 cycles of denaturation at 95 °C for
20 seconds, annealing at the temperature pre-
sented in Electronic supplementary material 1 for
30 seconds, and extension of 72 °C for one minute
30 seconds. This was followed by a final exten-
sion step of 72 °C for seven minutes and holding at
4 °C. The quality and quantity of PCR products
were checked by electrophoresis in 1.5% agarose
gel. Amplified DNA fragments were purified with
ExoSap-IT (ThermoFisher) under the conditions
recommended by the manufacturer. Amplicons were
used as a template for the sequencing reaction using
a BigDye Terminator v3.1 Cycle Sequencing Kit
(Applied Biosystems). For the sequencing reaction,
the same primers were used as for the amplification.
Sequence reaction products were purified from un-
reacted terminators on Sephadex G-50 columns
(GE Healthcare). Dried samples were dissolved in
formamide and subjected to electrophoresis in a
GA-3500 Genetic Analyser (Applied Biosystems).
Sequences were assembled using the Geneious R11
program (https://www.geneious.com/) and depos-
ited in the NCBI/GenBank database under the ac-
cession numbers PP266643 and PP250158 (for the
18S and 28S rRNA genes, respectively).

Sequences from NCBI/GenBank for the phy-
logenetic analysis were accessed using the Unipro
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UGENE v.51.0 program (https://ugene.net/). For
18S rRNA sequences, two types of inquiries were
made: (1) “Heteroscleromorpha” AND “18S”; (2)
“Heteroscleromorpha” AND “small” AND “subu-
nit” AND “RNA”. For 28S rRNA sequences, the
inquiries were, respectively, as follows: (1) “Het-
eroscleromorpha” AND “28S”; (2) “Heteroscle-
romorpha” AND “large” AND “subunit” AND
“RNA”. Duplicate sequences were removed from
the analysis.

To identify the region to which the NCBI/
GenBank-accessed 28S rRNA sequences of
sponges from the subclass Heteroscleromorpha
belonged, we assembled them using our sequence
(PP250158) as a reference. For this, we used the
Geneious R11 program (“Geneious” algorithm).

Our sequences and those accessed from Gen-
Bank were aligned in the Geneious program using
the integrated MAFFT tool (Katoh & Standley,
2013). The nucleotide substitution model was
calculated in the MEGA 7 program (Kumar et
al., 2016). For both fragments (18S rRNA and
28S rRNA), the TrN+I+G model was used. Phy-
logenetic trees were constructed by the neigh-
bour-joining (NJ), maximum likelihood (PhyML)
and Bayesian Inference Analysis (BA) methods
using Geneious R11 program.

To construct maximum likelihood (ML) trees
with large numbers of sequences, IQTREE Web
Server was used (http://iqtree.cibiv.univie.ac.at/).

The taxonomy used in the present study is in
accordance with the World Porifera Database
(De Voogd et al., 2024). The morphological termi-
nology follows Boury-Esnault & Riitzler (1997).

Results

Phylum Porifera Grant, 1836
Class Demospongiae Sollas, 1885

Subclass Heteroscleromorpha
Cardenas, Pérez et Boury-Esnault, 2012

Order Suberitida Chombard et
Boury-Esnault, 1999
Family Halichondriidae Gray, 1867

Diagnosis (modified from Erpenbeck & Van
Soest, 2002). Suberitida with oxeotes and sty-
lotes, i.e. spicules taking variously shapes of oxeas,
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Table 1. Comparative micrometric, habit, distribution and depth data for the species of the genus Parahigginsia.

Species

Oxeas

Acanthomicroxeas

Habit; distribution; depth

P. beringiensis sp. nov.
(holotype, MIMB47653)

P. beringiensis sp. nov.
(paratype MIMB47654)

P. beringiensis sp. nov.
(paratype MIMB47655)

P. phakelloides Dendy, 1924
(original description)

P. phakelloides Dendy, 1924
sensu Levi & Levi (1983)

P. phakelloides Dendy, 1924
sensu Hooper (2002)

P. strongylifera Van Soest,
Meesters et Becking, 2014
(original description)

P. cf. strongylifera Van Soest,
Meesters et Becking, 2014

332.0—(515.8)—650.7 x
9.2-(14.2)-17.1

259.0—(441.7)—610.9 x
9.2-(13.1)-16.6

265.6—(497.7)—624.2 x
9.5-(13.4)-15.8

340 x 22

350—(400)—420 x
18—(20)-25
280355 x 18-23

Strongyles:
290—(341)—370 x
10—(15)—18

171-(196)—204 x
9-(11.1)-14

63.1-(82.1)~113.1 x

Encrusting; Bering Sea, Piip

3.7-(4.4)-5.3 Volcano; 981 m

66.1-(80.5)—105.8 x Encrusting; Bering Sea, Piip

3.2—-(4.1)-5.8 Volcano; 981 m

73.6—(92.8)-131.5 x Encrusting; Bering Sea, Piip

3.9-(4.8)-5.5 Volcano; 981 m

88 x2 Lamellate; New Zealand; 129.5 m

100-120 x 2—-3 Lamellate; Nouvelle-Calédonie;
depth not given

78-95 x 1-2 Lamellate; Nouvelle-Calédonie;

75-(93)—120 x
1-(1.8)-2.5

74—(83.3)-102 x
0.5-(1.1)-2

depth not given

Encrusting; The Caribbean
Netherlands, Bonaire; 238 m, on
volcanic outcrops

Crust; Suriname; 104—130 m

sensu Van Soest (2017)

Note. Measurements are expressed in pm, as minimum—(mean)—maximum length x width values, whenever available.

strongyloxeas, oxeas with blunt ends, and true
styles, occasionally with slightly expanded tyle
near one of endings or more centrally. Spicules
invariably smooth (with rare exceptions), often
elongate, fusiform, but also equidiametrical over
much of their length, with pointed apices normally
elongated and gradually narrowing to sharp point,
usually slightly curved, occasionally straight or
rarely crooked or doubly angulated. Spicules typ-
ically of wide size range, sometimes without dis-
tinct size categories having no clear overlap; in this
case, smaller sizes often concentrated at surface.
Distinct ectosomal skeletal differentiation with
either tangential crust of intercrossing spicules,
often easily detached due to underlying subder-
mal spaces, or confusedly paratangential or pali-
sade-like arrangement, in which case surface skel-
eton not easily detached and coming off in “flakes”.
Choanosomal skeleton confused, with many of
megascleres seemingly randomly strewn and often
with remnants of main spicule tracts and vague in-
terconnecting spicules or tracts. Binding spongin
rare. Spicule density sometimes quite high, and in
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combination with large sizes of megascleres, con-
sistency often becoming hard and brittle.

Genus Parahigginsia Dendy, 1924

Type species: Parahigginsia phakelloides
Dendy, 1924.

Diagnosis (modified from Hooper, 2002).
Erect, lamellate, lobate growth or crust forms.
Surface smooth, not hispid. Ectosome glabrous,
containing only spongin and scattered acanth-
oxeas lying tangentially to surface. Extra-axial
skeleton not clearly delineated from axis but con-
sisting of irregularly anastomosing and ascending
primary and secondary tracts of choanosomal ox-
eas not protruding through surface but becom-
ing more ordered and compact near periphery,
forming dense crust below ectosome. Choanoso-
mal skeleton with condensed axial reticulation of
oxeas forming irregular isotropic tracts, without
distinct fibers or obvious collagenous spongin.
Megascleres as smooth oxeas of single category;
microscleres as curved acanthose microxeas.

Zoosystematica Rossica, Vol. 34, No. 2, pp. 298-311
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Parahigginsia beringiensis sp. nov.
(Figs 2—4)

Holotype. MIMB47653, R/V “Akademik M.A.
Lavrentyev” cruise 82, Station LV82—-7, sample 2—19,
Russia, Bering Sea, southern slope of Piip Volcano,
55.3688°N 167.2662°E, 981 m, on skeletons of hexac-
tinellid sponges, 17 June 2018, coll. V. Shilov (MIMB).

Paratypes. Two specimens: MIMB47654 (sample
2-12) and MIMB47655 (sample 2—17), with all other
data same as for the holotype (MIMB).

Description. General appearance as in Fig.
2B-D.

Sponge form as thin crust covering skeleton
of hexactinellid sponges, 2.5 x 2.5 cm in size and
0.5—1.5 mm thick. Colour light grey (in ethanol).
Surface smooth, wavy, at thinnest parts repeating
structure of substrate surface. Surface layer easily
detached from base. Oscula invisible. Consisten-
cy soft.

Skeleton. Ectosomal skeleton (Fig. 3A, B) con-
sisting of thin, non-dense layer of acanthomicrox-
eas supported by horizontally oriented choanoso-
mal oxeas. Pores of 70—100 um in diameter, visible
in dermal membrane (Fig. 3C). Choanosomal
skeleton halichondrioid (Fig. 3A, D—F), formed
by loose bundles of oxeas and single oxeas. In some
places, sponge overgrowing hexactinellid skeleton
on both sides (Fig. 3E, F), but megascleres reach-
ing into porous substrate to no more than 0.5—
0.7 mm. Acanthomicroxeas, being also abundant
in choanosome (Fig. 3E), present in deeper layers
of porous substrate, but not everywhere. Sponge
presumably growing flat over substrate surface
and in its upper layers.

Spicules (Fig. 4A—C). Megascleres. Oxeas (Fig.
4A, B) straight or slightly curved, 259—(441.7)—
610 x 9.2—-(13.1)-16.6 pm. Acanthomicroxeas
(Fig. 4C) slightly curved, 66—(80.5)-106 x
3.2-(4.1)-5.8 pm.

Morphological comparison. The three studied
specimens have similar ectosomal skeleton struc-
tures. The spicule sizes of the specimens differ in-
significantly (Table 1). They have been assigned
to the genus Parahigginsia based on the presence
of oxea megascleres and acanthomicroxea micro-
scleres, organised as a dermal skeleton composed
of acanthomicroxeas, and a choanosomal skeleton
with tangled bundles of oxeas, as well as dispersed
acanthomicroxeas.

Zoosystematica Rossica, Vol. 34, No. 2, pp. 298-311

In the body structure, the new species is closest
to P. strongylifera sensu Van Soest, 2017.

There are similarities in the structure of the ec-
tosomal skeleton of P. beringiensis sp. nov. with
the other two species of Parahigginsia, P. phakel-
loides and P. strongylifera. In all three species, the
skeleton is a thin crust of acanthomicroxeas lying
on a layer of tangled choanosomal fibers and indi-
vidual oxeas. The presence of acanthomicroxeas in
the choanosome is also a common trait.

There are, nevertheless, differences in the
structure of the choanosomal skeleton. In P. pha-
kelloides, an isotropic reticulation of the choano-
somal skeleton is present (Hooper, 2002: “...cho-
anosomal skeleton a dense petrosiid-like isotropic
reticulation of robust oxeas forming thick irreg-
ular tracts..”). In P. strongylifera, the isotropic
reticulation is less pronounced (Van Soest et al.,
2014: “..confused choanosomal reticulation (Fig.
15d)”). In P. beringiensis sp. nov., the choanoso-
mal skeleton is rather halichondrioid, formed by
indistinct bundles of oxeas and single oxeas, and
lacks any isotropic reticulation. In Parahigginsia
spp., a relationship is observed between the sponge
body shape (lamellate, lobate, or crustose) and the
skeletal structure supporting this shape.

Acanthomicroxeas reach a greater thickness
in P. beringiensis sp. nov., whereas oxeas vary in
length to a greater extent than those in other spe-
cies of the genus (Table 1).

Molecular  analysis. For  specimen
MIMB47653 (the holotype of the new species),
we obtained the following nuclear DNA frag-
ments: (1) a fragment, including an almost com-
plete 18S rRNA nucleotide sequence (without
beginning), the complete ITS1, 5.8S rRNA, and
ITS2 sequences, the beginning of the 28S rRNA
gene (about 70 nucleotides) (GenBank accession #
PP266643); (2) a fragment of the 28S rRNA gene
(approximately from nucleotide 800 to nucleotide
2150) (GenBank accession # PP250158). We
could not amplify the sequence of the beginning of
the 28S rRNA gene from this specimen. With an
increase in the temperature of primer annealing,
the amplification of the DNA fragment did not
proceed; with a decrease, a fragment was obtained
that, however, belonged to other organisms: fungi
(Malassezia restricta Guého, Guillot et Midgley,
1996 and Exophiala oligosperma Calandron ex de
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Fig. 2. Parahigginsia beringiensis sp. nov., general view of the type specimens. A, aggregation of skeletons of hex-
actinellid sponges Farrea sp., on which specimens of P. beringiensis sp. nov. were found; B, holotype; C, paratype
MIMBA47654; D, paratype MIMBA47655. Scale bars (B—D): 1 cm.

Hoog et Tintelnot, 2003), free-living flatworms
(Prolecithophora), and gorgonian corals (whip
coral, Junceella fragilis Ridley, 1884).

We attempted to find the closest matches for
our specimen using the NCBI BLASTn algorithm.
The closest matches for the 18S rRNA sequence
of our specimen were Homaxinella subdola (Bow-
erbank, 1866) (KC901944) (Redmond et al.,
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2013) and Halichondria (Halichondria) genitrix
(Schmidt, 1870) (AY348885) (Borchiellini et al.,
2004), with a 98% similarity. These species belong
to the order Suberitida. The 18S rRNA sequence
of our specimen had a 97% homology with other
representatives of the subclass Heteroscleromor-
pha (orders Clionaida, Merliida, Trachycladida,
Bubarida, and Tethyida).
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Fig. 3. Parahigginsia beringiensis sp. nov., holotype (A, C — light microscopy images; B — SEM image; D—
F — micro-CT images). A, ectosomal acanthomicrooxeas and supporting oxeas; B, surface; C, pores on surface;
D, surface; E, skeleton, a section perpendicular to the surface; F, fragment of hexactinellid skeleton, overgrown
by P. beringiensis sp. nov. on the surface of hexactinellid skeleton. Abbreviations: amo — acanthomicrooxeas; ox —
oxeas; s — hexactinellid skeleton; p — pores. Scale bars: 100 um (A, B), 200 um (C), 1 mm (D, E, F).

Zoosystematica Rossica, Vol. 34, No. 2, pp. 298-311 305
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Fig. 4. Parahigginsia beringiensis sp. nov., SEM images of spicules. A, oxeas; B, detail of the extremity of oxea;
C, acanthomicroxeas. Scale bars: 100 pm (A), 10 um (B), 50 um (C).

An analysis of the 28S rRNA sequence revealed
a 97% homology with the representatives of the
order Suberitida: Terpios aploos de Laubenfels,
1954 (KC869465) (Thacker et al., 2013), Hyme-
niacidon heliophila (Wilson, 1911) (KC869620)
(Thacker et al, 2013), Pseudosuberites sp.
(AY561917) (Nichols, 2005), Suberites domuncu-
la (Olivi, 1792) (AJ620113) (Perovic-Ottstadt et
al., 2004), and S. latus Lambe, 1893 (OR129860—
OR129863) (Turner et al., 2024). A slightly lower
homology (96%) was revealed with representa-
tives of other orders of the subclass Heteroscler-
omorpha.

The ITS1-5.8S rRNA-ITS2 region of our
specimen showed homology with similar sequenc-
es of sponges of the order Suberitida (although
only 80% and lower, probably because of the large
variability of this region within the whole ge-
nome).

In order to further clarify the taxonomic posi-
tion of our specimen, we accessed the 18S rRNA
nucleotide sequences of all the representatives
of the subclass Heteroscleromorpha longer than
1,500 bp from the NCBI database. Some sequenc-
es were subsequently rejected because of multiple
unidentified bases or long gaps. Ultimately, there
were 667 remaining 18S rRNA sequences of spong-
es of the subclass Heteroscleromorpha, includ-
ing ours. The sequences were then aligned in the
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MAFFT program (included in Geneious) using
the “Auto” and “E-INS-1” algorithms. In both cas-
es, the obtained alignments were not entirely sat-
isfactory to us (sometimes the gaps were not quite
good, and the nucleotide bases were not correctly
aligned with each other). However, we could not
make manual adjustments to such a large matrix,
as the obtained data could have become distorted
or inaccurate. After constructing the phylogenet-
ic trees based on both alignments using different
software and algorithms [Geneious R11 (NJ) and
IQTREE Web Server (http://iqtree.cibiv.univie.
ac.at/) (ML)], we obtained the trees in which the
same sequences clustered with ours in the same
branch (phylogenetic trees are included in Elec-
tronic supplementary material 2; see Addenda).

A fragment of this tree containing the se-
quence under study is shown in Fig. 5. As can be
seen in the cladogram, our specimen appears on
the branch where the representatives of the or-
der Suberitida (Suberitidae/Halichondriidae) are
clustered [with Homaxnella subdola (KC901944)
(Redmond et al., 2013) and Halichondria genitrix
(AY348885) (Borchiellini et al., 2004)], being
basal and sister to this cluster. It should be not-
ed that in the presented cladogram, the families
Suberitidae and Halichondriidae are not grouped
into separate clades but are arranged rather cha-
otically.
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Fig. 5. A fragment of phylogenetic tree of the subclass Heteroscleromorpha (branch with our specimen) inferred
from the analysis of the 18S rRNA gene using the NJ and ML methods (see Addenda: Electronic supplementary ma-
terial 2, for the complete tree). Numbers at nodes are bootstrap supports for NJ/ML trees (values greater than 70).

To analyse the 28S rRNA gene of our specimen,
we downloaded all the sequences of this gene for
the subclass Heteroscleromorpha from NCBI/
GenBank. For this, we used the Unipro UGENE
v.51.0 program (https://ugene.net/). Thus, we ob-
tained a total of 5345 sequences of the 28S rRNA
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gene for the subclass Heteroscleromorpha. These
sequences belonged to different regions of the
28S rRNA gene and, moreover, authors frequent-
ly missed indicating the part of the gene they
sequenced. Therefore, direct alignment seemed
challenging. To select the sequences suitable for
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the analysis, we acted as follows: in the Geneious
program, we assembled all sequences of the 28S
rRNA gene from GenBank using our sequence
(PP250158) (the Geneious algorithm) as a refer-
ence one. A total of 1132 sequences were included
in the contig and 4213 did not get in it. The se-
quences beyond the contig belonged either to the
beginning or to the end of this gene (the sequence
we obtained covered region D3-D8) or showed
a homology below 85% with ours. As a result, we
had two regions of maximum overlap: (1) from the
beginning of our sequence (region D3-D5), ap-
proximately 650 nucleotides; (2) with a small gap
from the first overlap, a region spanning about 670
nucleotides (region D6—D8).

We extracted the sequences covering region
D3-D5 of the 28S rRNA gene, removed the short
ones (the ends of the sequences whose major part
were in another region), aligned them using the
MAFFT-E-INS-I algorithm, and trimmed the
protruding ends. As a result, we obtained an
alignment of 520 sequences of 656 bp in length
(including gaps). We then built a ML tree using
the IQTREE Web Server (Electronic supplemen-
tary material 3; see Addenda). As it shows, our
specimen is on the same branch with the repre-
sentatives of the order Suberitida.

We did the same with the second overlap re-
gion (D6-D8 of the 28S rRNA gene). After all
the manipulations, we obtained an alignment of
673 bp including 233 sequences and built a ML
tree using the IQTREE Web Server (Electronic
supplementary material 4; see Addenda). In it,
our specimen also appears on a branch where the
representatives of the order Suberitida are mainly
clustered.

At last, we selected the sequences that most
fully overlapped our 28S rRNA sequence. As a
result, the alignment contained 82 sequences and
amounted to 1282 bp (with gaps). We built BA
and ML (PhyML) trees in the Geneious program.
The results are presented in Electronic supplemen-
tary material 5 (28S rRNA_D3-D8-region). As
can be seen, our specimen falls in the cluster Su-
beritida.

Etymology. The specific epithet is an adjective
referring to the region of finding, the Bering Sea.

Distribution and habitat. The new species is
known only from the type locality at a depth of

308

981 m in the Bering Sea, at the southern slope
of Piip Volcano (55.3688°N 167.2662°E). The
substrate is skeletons of hexactinellid sponges. It
should also be noted that the depth at which the
type specimens of P. beringiensis sp. nov. were
collected (981 m) was much greater than the
depths of findings of P. phakelloides and P. stron-
gylifera (122 and 238 m, respectively).

Discussion

Dendy (1924) originally placed Parahigginsia
in the subfamily Axinellinae Lendenfeld, 1889,
section Heteroxyeae Dendy, 1922. Laubenfels
(1936) transferred Parahigginsia to the fami-
ly Jaspidae Laubenfels, 1936, in the subfamily
Rhaphidistinae Laubenfels, 1936 that he erected.
Bergquist (1970) considered this transfer erro-
neous and placed Parahigginsia in Desmoxyidae
Hallmann, 1917, which was then supported by
Lévi & Lévi (1983), Hooper (2002), and Kelly et
al. (2009). Van Soest & Hooper (2005) used the
name Heteroxyidae Dendy, 1905 for a group of
genera formerly assigned to Desmoxyidae. Mor-
row et al. (2012) placed Parahigginsia in Stel-
ligeridae Lendenfeld, 1898, but Van Soest et al.
(2014) found the evidence insufficient for this and
left Parahigginsia in the Heteroxyidae, to which
the genus still belongs (De Voogd et al., 2024).

As can be seen in the ML trees that we con-
structed based on 18S and 28S rRNA sequences,
our specimen clusters with the representatives of
the order Suberitida. Based solely on the data ob-
tained by DNA analysis, it is not yet possible to
assign the genus Parahigginsia to any family of
the order Suberitida. However, with the data of
morphological analysis (spicule composition and
skeletal structure) taken into account, we propose
placing the genus Parahigginsia in the family Hal-
ichondriidae. For complete certainty, other spe-
cies of this genus should be also sequenced. In ad-
dition, sequencing of mitochondrial genes (COI)
is required.

Morrow et al. (2012) noted that the data
obtained using the 28S rRNA and COI genes
mainly reflect the current morphological classi-
fication, but may sometimes contradict it. It is
worth noting that the specimen of Ulosa digitata
(Schmidt, 1866), belonging to a different order,
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Poecilosclerida, was present and clustered on the
branch of interest (Suberitida) in almost all trees:
18S rRNA — KC901912; 28S rRNA (Part1_D3-
D5) — HQ379295; 28S rRNA (Part2_D6-D8) —
HQ379363. All these sequences belonged to
the same specimen under the voucher number
BELUM:Mc4523. It is unclear whether this re-
sulted from misidentification, contamination dur-
ing the analysis, or what Morrow et al. (2012)
warned about.

The same applies to the 28S rRNA sequence of
the specimen from the sponge Haplosclerida sp.
(MN153806). In all trees based on 28S rRNA, it
appeared along with our specimen in the cluster,
while other representatives of this order were all
absent from the tree (Electronic supplementary
materials 3, 4 and 5; see Addenda) because they
had homologies less than 85% with our sequence
(no higher than 75%).

Acknowledgements

We thank the captain and the crew of R/V “Akade-
mik M.A. Lavrentyev” for their support during the
cruise and V.A. Denisov, A.L. Kuznetzov, and the team
of the ROV “Comanche 18” for their highly profes-
sional work. We are also grateful to D.V. Fomin and
K. Sheffer for their technical assistance with the mi-
croscopic studies at the Far Eastern Center of Electron
Microscopy (NSCMB FEB RAS). Special thanks are
due to S.D. Grebelnyi from the Zoological Institute,
Russian Academy of Sciences (ZIN RAS), St Peters-
burg, for valuable advice and comments on the manu-
script and to the tomography engineer V.S. Nikiforova
(ZIN RAS) for examination of sponge specimens. We
deeply appreciate valuable comments and advice from
two anonymous reviewers that helped us to improve
the manuscript.

Addenda

Electronic supplementary material 1

The list of the primers used and their anneal-
ing temperature in the amplification reaction. File
format: PDF.

Electronic supplementary material 2

Phylogenetic trees of the subclass Heteroscler-
omorpha based on the sequences of the 18S rRNA
gene using the NJ (Geneious) and ML (IQTREE
Web Server) methods. File formats: NEWICK,
SVG, as 7Z archive.

Zoosystematica Rossica, Vol. 34, No. 2, pp. 298-311

Electronic supplementary material 3

Phylogenetic tree of the subclass Heterosclero-
morpha based on the sequences of the 28S rRNA
gene (D3-D5 region) using the ML method
(IQTREE Web Server). File formats: NEWICK,
SVG, JPEG, as 7Z archive.

Electronic supplementary material 4

Phylogenetic tree of the subclass Heterosclero-
morpha based on the sequences of the 28S rRNA
gene (D6-D8 region) using the ML method
(IQTREE Web Server). File formats: NEWICK,
SVG, JPEG, as 7Z archive.

Electronic supplementary material 5

Phylogenetic tree of the subclass Heterosclero-
morpha based on the sequences of the 28S rRNA
gene (D3-D8 region) using the ML (IQTREE
Web Server) and BA (Geneious) methods. Num-
bers at nodes are bootstrap supports for ML/BA
trees. File format: JPEG, as 7Z archive.

All these materials are available from: https://
doi.org /10.31610/2s1/2025.34.2.298

References

Bergquist P.R. 1970. The marine fauna of New Zea-
land: Porifera, Demospongiae, Part 2 (Axinellida
and Halichondrida). New Zealand Oceanographic
Institute Memoir, 51: 9—85.

Borchiellini C., Chombard C., Manuel M., Alivon
E., Vacelet J. & Boury-Esnault N. 2004. Molec-
ular phylogeny of Demospongiae: implications for
classification and scenarios of character evolution.
Molecular Phylogenetics and Evolution, 32(3): 823—
837. https://doi.org /10.1016/jympev.2004.02.021

Boury-Esnault N. & Riitzler K. (Eds). 1997. The-
saurus of sponge morphology. Smithsonian Con-
tributions to Zoology, 596: 1-55. https://doi.
org/10.5479/si.00810282.596

de VoogdN.]., Alvarez B., Boury-Esnault N., Carde-
nas P., Diaz M.-C., Dohrmann M., Downey R.,
Goodwin C., Hajdu E., Hooper J.N.A., Kelly
M., Klautau M., Lim S.C., Manconi R., Mor-
row C., Pinheiro U., Pisera A.B., Rios P., Riit-
zler K., Schénberg C., Turner T., Vacelet J., Van
Soest R.W.M. & Xavier J. 2024. World Porifera
database [online]. Vlaams Instituut voor de Zee.
https://www.marinespecies.org/porifera [updated
20 Dec. 2024; viewed 23 Dec. 2024] https://doi.
org/10.14284,/359

Dendy A. 1905. Report on the sponges collected by
Professor Herdman at Ceylon, in 1902. In: Herd-
man W.A. (Ed.). Report to the Government of

309


https://doi.org/10.31610/zsr/2025.34.2.298
https://doi.org/10.31610/zsr/2025.34.2.298
https://doi.org/10.1016/j.ympev.2004.02.021
https://doi.org/10.5479/si.00810282.596
https://doi.org/10.5479/si.00810282.596
https://www.marinespecies.org/porifera
https://doi.org/10.14284/359
https://doi.org/10.14284/359

V.A. Shilov et al. On the taxonomic position of the genus Parahigginsia

Ceylon on the Pearl Oyster Fisheries of the Gulf of
Manaar, 3 (Supplement 18): 57-246, pls I-X V1.
London: Royal Society.

Dendy A. 1922. Report on the Sigmatotetraxonida col-
lected by H.M.S. ‘Sealark’ in the Indian Ocean. In:
Reports of the Percy Sladen Trust Expedition to the
Indian Ocean in 1905, 7. Transactions of the Linnean
Society of London (2),18(1): 1-164, pls 1-18. https://
doi.org/10.1111/j.1096-3642.1922.tb00547.x

Dendy A. 1924. Porifera. Part I. Non-Antarctic
sponges. Natural history report. British Antarc-
tic (Terra Nova) Expedition, 1910 (Zoology), 6(3):
269-392, pls I-XV.

Erpenbeck D. & Van Soest R.W.M. 2002. Family
Halichondriidae Gray, 1867. In: Hooper J.N.A.
& Van Soest R.W.M. (Eds). Systema Porifera.
A guide to the classification of sponges: 787—816.
New York: Kluwer Academic/Plenum Publishers.
https://doi.org/10.1007/978-1-4615-0747-5 84

Gray ]J.E. 1867. Notes on the arrangement of sponges,
with the descriptions of some new genera. Proceed-
ings of the Zoological Society of London, 1867(2):
492-558, pls XXVII-XXVIII.

Hallmann E.F. 1917. A revision of the genera with mi-
croscleres included, or provisionally included, in the
family Axinellidae; with descriptions of some Aus-
tralian species. Part I11. Proceedings of the Linnean
Society of New South Wales, 41(164): 634—675, pls
XXIX, figs 3, 5, 6; XXXIII, fig. 6; XXXVIII, figs
5-9. https://doi.org/10.5962/bhl.part.15326

Hooper J.N.A. 2002. Family Desmoxyidae Hallmann,
1916. In: Hooper J.N.A. & Van Soest R.W.M.
(Eds). Systema Porifera. A guide to the classification
of sponges: 755—772. New York: Kluwer Academic/
Plenum Publishers. https://doi.org/10.1007/978-1-
4615-0747-5_82

Hooper J.N.A. 2003. Sponguide: Guide to sponge col-
lection and identification (Version 2003). Memoirs
of the Queensland Museum: 1-26.

Katoh K. & Standley D. M. 2013. MAFFT multiple
sequence alignment software version 7: improve-
ments in performance and usability. Molecular Bi-
ology and Evolution, 30(4): 772-780. https://doi.
org/10.1093/molbev/mst010

Kelly M., Edwards A.R., Wilkinson M.R., Alva-
rez B., Cook S.d.C., Bergquist P.R., Buckeridge
J.S., Campbell H., Reiswig H.M.,Valentine C.
& Vacelet J. 2009. Phylum Porifera — sponges. In:
Gordon D.P. (Ed.). The New Zealand inventory of
biodiversity, Volume 1. Kingdom Animalia: Radia-
ta, Lophotrochozoa, and Deuterostomia: 23—46.
Christchurch: Canterbury University Press.

Kumar S., Stecher G. & Tamura K. 2016. MEGAT:
molecular evolutionary genetics analysis ver-
sion 7.0 for bigger datasets. Molecular Biology

310

and Evolution, 33(7): 1870—1874. https://doi.
org/10.1093/molbev/msw054

Laubenfels M.W., de. 1936. A discussion of the sponge
fauna of the Dry Tortugas in particular and the
West Indies in general, with material for a revision
of the families and orders of the Porifera. Carnegie
Institution of Washington Publication, 467. Papers
from Tortugas Laboratory, 30: 1-225.

Lehnert H., Hocevar J. & Stone R.P. 2008. A new
species of Aaptos (Porifera, Hadromerida, Sube-
ritidae) from Pribilof Canyon, Bering Sea, Alaska.
Zootaxa, 1939: 65—68. https://doi.org/10.11646/
zootaxa.1939.1.8

Lehnert H. & Stone R.P. 2017. Two new species of Su-
beritida (Porifera, Heteroscleromorpha) from the
Bering Sea. Zootaxa, 4338(3): 546—556. https://
doi.org/10.11646/zootaxa.4338.3.9

Lehnert H. & Stone R.P. 2020a. Three new spe-
cies of Poecilosclerida (Porifera, Demospongiae,
Heteroscleromorpha) from the Aleutian Islands,
Alaska. Zootaxa, 4851(1): 137-150. https://doi.
org/10.11646/zootaxa.4851.1.5

Lehnert H. & Stone R.P. 2020b. Acantorna—a new
genus of Hymedesmiidae (Porifera, Demospongi-
ae, Poecilosclerida) from the western Aleutian Is-
lands of Alaska with description of Acantorna ta-
homa n. sp. Zootaxa, 4755(1): 155—-162. https://doi.
org/10.11646/zootaxa.4755.1.7

Lehnert H., Stone R. & Heimler W. 2006. New spe-
cies of deep-sea demosponges (Porifera) from the
Aleutian Islands (Alaska, USA). Zootaxa, 1250:
1-35. https://doi.org/10.11646/zootaxa.1250.1.1

Lehnert H., Watling L. & Stone R. 2005. Cladorhiza
corona sp. nov. (Porifera: Demospongiae:
Cladorhizidae) from the Aleutian Islands (Alas-
ka). Journal of the Marine Biological Association
of the United Kingdom, 85: 1359—1366. https://doi.
org/10.1017/50025315405012531

Lendenfeld R., von. 1889. A monograph of the horny
sponges. London: Triibner and Co. iv + 936 p. + 50
pls.

Lendenfeld R., von. 1898. Die Clavulina der Adria.
Nova Acta Academiae Caesareae Leopoldino Ca-
rolinae germanicae naturaecuriosorum, 69: 1-251,
pls I-X1I.

Lévi C. & Lévi P. 1983. Démosponges bathyales récol-
tées par le N/O ‘Vauban’ au sud de la Nouvelle-Ca-
lédonie. Bulletin du Muséum national d’Histoire
naturelle, 4e série, section A, 3(4): 931-997. https://
doi.org/10.5962/p.285949

Menshenina L.L. & Tabachnick K.R. 2022. New
species of Docosaccus (Euplectellidae: Euplectelli-
nae) from the Bering Sea. Invertebrate Zoology,
19(2): 151-158. https://doi.org/10.15298 /invertz-
001.19.2.04

Zoosystematica Rossica, Vol. 34, No. 2, pp. 298—311


https://doi.org/10.1111/j.1096-3642.1922.tb00547.x
https://doi.org/10.1111/j.1096-3642.1922.tb00547.x
https://doi.org/10.1007/978-1-4615-0747-5_84
https://doi.org/10.5962/bhl.part.15326
https://doi.org/10.1007/978-1-4615-0747-5_82
https://doi.org/10.1007/978-1-4615-0747-5_82
https://doi.org/10.1093/molbev/mst010
https://doi.org/10.1093/molbev/mst010
https://doi.org/10.1093/molbev/msw054
https://doi.org/10.1093/molbev/msw054
https://doi.org/10.11646/zootaxa.1939.1.8
https://doi.org/10.11646/zootaxa.1939.1.8
https://doi.org/10.11646/zootaxa.4338.3.9
https://doi.org/10.11646/zootaxa.4338.3.9
https://doi.org/10.11646/zootaxa.4851.1.5
https://doi.org/10.11646/zootaxa.4851.1.5
https://doi.org/10.11646/zootaxa.4755.1.7
https://doi.org/10.11646/zootaxa.4755.1.7
https://doi.org/10.11646/zootaxa.1250.1.1
https://doi.org/10.1017/S0025315405012531
https://doi.org/10.1017/S0025315405012531
https://doi.org/10.5962/p.285949
https://doi.org/10.5962/p.285949
https://doi.org/10.15298/invertzool.19.2.04
https://doi.org/10.15298/invertzool.19.2.04

V.A. Shilov et al. On the taxonomic position of the genus Parahigginsia

Morrow C.C., Picton B.E., Erpenbeck D., Boury-
Esnault N., Maggs C.A. & Allcock A.L. 2012.
Congruence between nuclear and mitochondri-
al genes in Demospongiae: a new hypothesis for
relationships within the G4 clade (Porifera: De-
mospongiae). Molecular Phylogenetics and Evo-
lution, 62(1): 174—190. https://doi.org/10.1016/j.
ympev.2011.09.016

Nichols S.A. 2005. An evaluation of support for or-
der-level monophyly and interrelationships within
the class Demospongiae using partial data from
the large subunit rDNA and cytochrome oxi-
dase subunit I. Molecular Phylogenetics and Evo-
lution, 34(1): 81-96. https://doi.org/10.1016/].
ympev.2004.08.019

Perovic-Ottstadt S., Cetkovic H., Gamulin V.,
Schroder H.C., Kropf K., Moss C., Korzhev M.,
Diehl-Seifert B., Muller I.M. & Muller W.E.
2004. Molecular markers for germ cell differen-
tiation in the demosponge Suberites domuncula.
The International Journal of Developmental Bi-
ology, 48(4): 293-305. https://doi.org/10.1387/
ijdb.041813sp

Redmond N.E., Morrow C.C., Thacker R.W., Diaz
M.C., Boury-Esnault N., Cardenas P., Hajdu
E., Lobo-Hajdu G., Picton B.E., Pomponi S.A.,
Kayal E. & Collins A.G. 2013. Phylogeny and sys-
tematics of Demospongiae in light of new small-sub-
unit ribosomal DNA (18S) sequences. Integrative
and Comparative Biology, 53(3): 388—415. https://
doi.org/10.1093/icb/ict078

Reiswig H.M. & Stone R.P. 2013. New glass sponges
(Porifera: Hexactinellida) from deep waters of the
central Aleutian Islands, Alaska. Zootaxa, 3628:
1-64. https://doi.org/10.11646/zootaxa.3628.1.1

Shilov V.A., Kamenev Y.0., Semenchenko A.A.,
Kiyashko S.I. & Mordukhovich V.V. 2023. New
sponge species of the family Vulcanellidae (De-
mospongiae: Tetractinellida) from the Piip sub-
marine volcano and adjacent areas (Bering Sea,
NW Pacific). Deep Sea Research Part II: Topical
Studies in Oceanography, 208: 105229. https://doi.
org/10.1016//j.dsr2.2022.105229

Stone R.P., Lehnert H. & Hoff G.R. 2019. Inventory
of the eastern Bering Sea sponge fauna, geographic
range extensions and description of Antho ridgwayi

Zoosystematica Rossica, Vol. 34, No. 2, pp. 298-311

sp. nov. Zootaxa, 4567(2): 236-250. https://doi.
org/10.11646/zootaxa.4567.2.2

Tabachnick K.R. 2002. Family Euplectellidae Gray,
1867. In: Hooper J.N.A. & Van Soest R.W.M.
(Eds). Systema Porifera. A guide to the classifi-
cation of sponges: 1388-1434. New York: Klu-
wer Academic/Plenum Publishers. https://doi.
org/10.1007/978-1-4615-0747-5_146

Tabachnick K.R., Menshenina L.L. & Ehrlich H.
2022. New findings of Ijimaiella (Porifera: Hex-
actinellida: Euplectellidae) from the Bering Sea.
Invertebrate Zoology, 19(2): 185-190. https://doi.
org/10.15298 /invertzool.19.2.06

Tabachnick K.R., Menshenina L.L. & Ehrlich H.
2023. Rossellidae (Porifera: Hexactinellida) from
the Bering Sea and off Bering Island. Invertebrate
Zoology, 20(1): 57—89. https://doi.org/10.15298/
invertzool.20.1.03

Thacker R.W., Hill A.L., Hill M.S., Redmond N.E.,
Collins A.G., Morrow C.C., Spicer L., Carmack
C.A., Zappe M.E., Pohlmann D., Hall C., Diaz
M.C. & Bangalore P.V. 2013. Nearly complete 28S
rRNA gene sequences confirm new hypotheses of
sponge evolution. Integrative and comparative Bi-
ology, 53(3): 373-387. https://doi.org/10.1093/
icb/ict071

Turner T.L., Rouse G.W., Weigel B.L., Janusson C.,
Lemay M.A. & Thacker R.W. 2024. Taxonomy
and phylogeny of the family Suberitidae (Porifera:
Demospongiae) in California. Zootaxa, 5447(1):
1-28. https://doi.org/10.11646/zootaxa.5447.1.1

Van Soest R.W.M. 2017. Sponges of the Guy-
ana Shelf. Zootaxa, 4217. 1-225. https://doi.
org/10.11646/zootaxa.4217.1.1

Van Soest R.W.M. & Hooper J.N.A. 2005. Resur-
rection of Desmoxya (Porifera: Halichondrida),
with the description of a new species from Rockall
Bank bathyal coral reefs, North Atlantic. Journal
of the Marine Biological Association of the United
Kingdom, 85: 1367—1371. https://doi.org/10.1017/
S0025315405012543

Van Soest R.W.M., Meesters E.H. & Becking L.E.
2014. Deep-water sponges (Porifera) from Bonaire
and Klein Curagao, Southern Caribbean. Zootaxa,
3878(5): 401-443. https://doi.org/10.11646/z0-
otaxa.3878.5.1

Editorial responsibility: A.A. Przhiboro &
N.I. Abramson

311


https://doi.org/10.1016/j.ympev.2011.09.016
https://doi.org/10.1016/j.ympev.2011.09.016
https://doi.org/10.1016/j.ympev.2004.08.019
https://doi.org/10.1016/j.ympev.2004.08.019
https://doi.org/10.1387/ijdb.041813sp
https://doi.org/10.1387/ijdb.041813sp
https://doi.org/10.1093/icb/ict078
https://doi.org/10.1093/icb/ict078
https://doi.org/10.11646/zootaxa.3628.1.1
https://doi.org/10.1016/j.dsr2.2022.105229
https://doi.org/10.1016/j.dsr2.2022.105229
https://doi.org/10.11646/zootaxa.4567.2.2
https://doi.org/10.11646/zootaxa.4567.2.2
https://doi.org/10.1007/978-1-4615-0747-5_146
https://doi.org/10.1007/978-1-4615-0747-5_146
https://doi.org/10.15298/invertzool.19.2.06
https://doi.org/10.15298/invertzool.19.2.06
https://doi.org/10.15298/invertzool.20.1.03
https://doi.org/10.15298/invertzool.20.1.03
https://doi.org/10.1093/icb/ict071
https://doi.org/10.1093/icb/ict071
https://doi.org/10.11646/zootaxa.5447.1.1
https://doi.org/10.11646/zootaxa.4217.1.1
https://doi.org/10.11646/zootaxa.4217.1.1
https://doi.org/10.1017/S0025315405012543
https://doi.org/10.1017/S0025315405012543
https://doi.org/10.11646/zootaxa.3878.5.1
https://doi.org/10.11646/zootaxa.3878.5.1

