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ABSTRACT

This article describes or redescribes four hexactinellid sponges, namely Poliopogon
amadou, Euplectella sanctipauli sp. nov., Bolosoma perezi sp. nov. and Advhena
magnifica gen. et sp. nov. P. amadou, E. sanctipauli sp. nov. and B. perezi sp. nov.
represent new findings for the South Atlantic deep-sea fauna, including the first
record of Bolosoma for this ocean. Advhena magnifica gen. et sp. nov., on the other
hand, was collected by NOAA oceanographic expeditions in the North Pacific
(Pigafetta Guyot).
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INTRODUCTION

In deep-sea environments, corals and sponges form ecologically important structures that
provide habitats for other organisms (Fuller et al., 2008), and as a result are commonly

associated with biodiversity hotspots (Freiwald et al., 2004). Hexactinellids or glass
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Despite their ecological importance as ecosystem engineers providing framework
habitat for many taxa (Barthel, 1992; Krautter et al., 2001; Beazley et al., 2013; Hajdu et al.,
2017), hexactinellids most likely have their diversity severely underestimated (Dohrmann,
Collins & Worheide, 2009; Van Soest et al., 2012). The entire South Atlantic has had
only 33 species reported to date, the majority (28) from the Southwestern Atlantic
(Schulze, 1887, 1904; Burton, 1932, 1940; Uriz, 1988; Lopes, Hajdu ¢ Reiswig, 2005, 2007,
2011; Menshenina et al., 2007; Tabachinick et al., 2009; Hajdu, 2010; Carvalho et al., 2016),
and most occurring on the continental slope. To increase knowledge on hexactinellid
biodiversity, we describe here new species and new records based on dredging, ROV
operations, and manned submersibles conducted in two sectors of international seabeds,
the Southwest Atlantic and Northwest Pacific.

MATERIALS AND METHODS
Data presented here came from the PROERG (CPRM; many vessels, dredging), Iata
Piina/QUELLE 2013 (JAMSTEC; S/V “Yokosuka”, “Shinkai” manned submersible) and
Deepwater Exploration of the Marianas (NOAA Ship Okeanos Explorer and “Deep
Discoverer” ROV) oceanographic expeditions. The first two to the Rio Grande Rise
(aprox. 30°48'0”S/35°36’0”W) and Sao Paulo Ridge (aprox. 28°11'60”S/41°0'0"W,
South Atlantic), in 2011 and 2013; and the last one to the Marianas’ Trench (Pacific
Ocean), in 2016 (Fig. 1). Specimens are deposited partly in the Porifera collection of
Museu Nacional/UFR], and partly in the Smithsonian National Museum of Natural
History collection. The material was studied and described following standard
procedures outlined by Reiswig ¢ Stone (2013), with the difference that isolated
spicules were not captured in nitrocellulose filters, but were pipetted directly onto glass
slides or metal stubs. Micrometric data on spicules was obtained from 30 measures for
each category, unless indicated otherwise. Abbreviations used: MNRJ—Porifera
Collection at Museu Nacional/UFR]J (Rio de Janeiro, Brazil), USNM—Smithsonian
National Museum of Natural History (Porifera collection), Programa da Elevagao do
Rio Grande (PROERG), Companhia de Pesquisa de Recursos Minerais (CPRM),
Japan Agency for Marine-Earth Science and Technology (JAMSTEC), Quest for the
Limit of Life (QUELLE).

The electronic version of this article in Portable Document Format (PDF) will represent
a published work according to the International Commission on Zoological Nomenclature
(ICZN), and hence the new names contained in the electronic version are effectively
published under that Code from the electronic edition alone. This published work and the
nomenclatural acts it contains have been registered in ZooBank, the online registration
system for the ICZN. The ZooBank Life Science Identifiers (LSIDs) can be resolved and the
associated information viewed through any standard web browser by appending the LSID
to the prefix http://zoobank.org/. The LSID for this publication is: urn:lsid:zoobank.org:
pub:19DC8DB7-AE38-4CBD-8DBE-F90799979352. The online version of this work is
archived and available from the following digital repositories: Peer], PubMed Central and
CLOCKSS.
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Figure 1 Map indicating the collecting locality of hexactinellid specimens. Details of the (A) Pacific and (B) Atlantic regions. Number (1)
Poliopogon amadou. Number (2) Euplectella sanctipauli sp. nov. Number (3) B. perezi sp. nov. Number (4) Advhena magnifica sp. nov. (Map data
©2019 Google). Full-size ka] DO 10.7717/peerj.9431/fig-1

RESULTS

Phylum Porifera Grant (1836)

Class Hexactinellida Schmidt (1870)
Subclass Amphidiscophora Schulze (1886)
Order Amphidiscosida Schrammen (1924)
Family Pheronematidae Gray (1870)
Genus Poliopogon Thomson (1877)

Diagnosis

Body is fan-like, where the concave side represents the atrial cavity. Basalia are in relatively
broad tufts and include some monaxons with clavate distal ends and two-toothed anchors.
Choanosomal, hypodermal and hypoatrial spicules are pentactines, rarely stauractines
and tauactines. Uncinates usually consist of only one type. Dermalia and atrialia are
pinular pentactines and rare hexactines. Microscleres are amphidiscs (from one to three
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Figure 2 Poliopogon amadou specimen (MNR] 17629). (A-C) Specimen in situ, (B and C) holotype;
(D) Detail of skeleton meshes (200 pm). Full-size 4] DOL: 10.7717/peerj.9431/fig-2

kinds) and combinations of microhexactines and pentactines (in some species also
stauractines, diactines, monactines and spheres) (Tabachnick ¢» Menshenina, 2002).

Poliopogon amadou Thomson (1877)
(Figs. 2 and 3)

Examined Material

MNR]J 17629, Sao Paulo Ridge, Southwest Atlantic (‘Shinkai’ submersible Dive 1335—
sample 6(3), Iata Pitina Expedition, 28°29'53.88”S/41°39'11.88"W), 3,060 m depth, coll. A.
Augustin, 26.IV.2013.

DESCRIPTION. Lophophytous sponge, semi-funnel to fan-shaped body, following
Schulze (1887) “leaf rolled up in a semi-funnel, with a concave gastral, and a convex
external surface”. Specimen 173 mm long (including 12 mm long basalia), and 67 mm in
diameter (adjacent to basalia), compressible and rough (fig. 2). Basalia composed of broad
tufts of anchoring spicules. Brown color in situ and after preservation in ethanol.

SKELETON AND SPICULES. Quadrangular framework composed of regular and pinular
pentactins, where the latter have their pinular ray piercing the sponge inwards. Basalia
with two-toothed smooth anchorates, 371-543 pm wide anchors; smooth monaxons with

Castello-Branco et al. (2020), PeerdJ, DOI 10.7717/peerj.9431 4/28


http://dx.doi.org/10.7717/peerj.9431/fig-2
http://dx.doi.org/10.7717/peerj.9431
https://peerj.com/

Peer/

Figure 3 Spicules of Poliopogon amadou. (A) Anchorate basalium detail; (B) uncinate; (C and D)
uncinates ends; (E) clavate monaxons detail; (F) Choanosomal pentactin; (G) pinular pentactin;
(H) detail of pinular pentactin tangential rays; (I) microsclere pentactin; (J) microsclere hexactin;
(K) micramphidisc; (L) mesamphidisc; (M) macramphidisc. Scales: (A) 100 um; (B, C, D, F, I and L)
20 pm; (B) 2 pm; (G and J) 50 pm; (K) 10 pm; (M) 30 pm.  Full-size Kal DOI: 10.7717/peerj.9431/fig-3

clavate distal ends (100-229 pm diameter), and sceptres with three-toothed distal ends
(1,201-2,946 x 4-10 pm). Dermalia and atrialia consisting of smooth pentactins with
conical ends forming quadrangular meshes (sagittal rays, 552-2,619 x 19-29 um;
tangential rays, 368-621 x 19-29 um); pinular pentactins with pinular rays perpendicular
to the plane of the quadrangular meshes (dermal—pinular ray 310-533 x 7-10 um;
tangential rays 77-126 um; atrial - pinular ray 252-407 x 7-10 um, tangential rays
58-97 um). Uncinates in two size categories: macrouncinates (795-3,589 x 4-10 um), and
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mesouncinates (76-192 x 1-2 pm). Microscleres include amphidiscs in three size
categories: macramphidiscs with smooth shafts (116-261 um long, umbel 38-72 x
43-77 um height x width), mesamphidiscs (36-68 pm long, umbel 12-19 x 9-19 pm
height x width), and micramphidiscs (21-36 pm long, umbel 7-14 x 7-12 um length x
width). The latter two with spined shafts. Microhexactines (diameter 81-127 um, ray
width 3-5 pm), micropentactines (diameter 74-146 um, ray width 2-5 pm), rarely
microstauractines of similar dimensions, all with spined rays (fig. 3). Rare hexadiscs.

DISTRIBUTION AND ECOLOGY. Former records from the Azores (Thomson, 1873),
and the Canary Islands (Thomson, 1877, Schulze, 1887), 2,789-4,022 m deep (Tabachnick ¢
Menshenina, 2002). This is the first finding of the species in the South Atlantic, where it is
thus far only known from the Sao Paulo Ridge (SW Atlantic) (present paper), at 3,060 m
depth. The single specimen collected was growing on basaltic rock with other sponges likely
of the same species, albeit in very low densities. No epibiontic macro- or megafauna could be
seen from the images obtained (Fig. 2).

Remarks

The single specimen collected by the Iata Piuna expedition matches the original
description of Thomson (1877) and redescription by Tabachnick ¢ Menshenina (2002).
The latter authors mentioned that whereas macramphidiscs are clearly separable from the
smaller amphidiscs, separation of second and third categories as mesamphidiscs and
micramphidiscs is not always straightforward. It is not clear to us whether Tabachnick &
Menshenina (2002) were referring to every specimen as a rule, the holotype included.
Regardless, in our material the three categories were clearly separable, if not entirely on the
basis of dimensions, but surely when the micromorphology of these microscleres was
taken into account. The rare hexadiscs seen in our specimen had previously been reported
from a single specimen from the Great Meteor Bank (29°58'51.5604"N/28°29'12.6456"W,
2,480-2,550 m depth; Tabachnick ¢ Menshenina, 2002).

Subclass Hexasterophora Schulze (1886)
Order Lyssacinosida Zittel (1877)
Family Euplectellidae Gray (1867)
Subfamily Euplectellinae Gray (1867)
Genus Euplectella Owen (1841)

Diagnosis

The body is tubular with numerous lateral oscula and usually possesses a colander-like
sieve-plate. Lophophytous, attached to substratum with anchor-like basalia. Principal
choanosomal spicules (large) are chiefly stauractins usually with hexactins or pentactins.
The distal rays of these hexactins and pentactins are rough; the proximal rays in hexactins
are always rudimentary. Additional choanosomal spicules are diactins, tauactins and
rarely stauractins together with rare derivatives. The choanosomal spicules form
longitudinal and circular skeleton beams. The sieve-plate, when present, contains hexactin
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derivatives that vary in different species. Basalia are anchor-like spicules with four or more
teeth. Dermalia are hexactins. Atrialia are pentactins. Microscleres are floricomes and
graphiocomes, sometimes hexasters and small sigmatocomes, rarely discohexasters,
hemihexasters, hexactins and onychasters (modified from Tabachnick, 2002).

Remarks: We emended the diagnosis to include the present new species which lacks a
sieve-plate. The new species fits with all the remaining aspects of the previously accepted
diagnosis of Euplectella (cf. Tabachnick, 2002).

Considering the remaining genera of Euplectellinae, the new species described below
does not fit with Acoelocalyx Topsent (1910) because it has hexactins, pentactins and rarely
stauractins as choanosomal spicules, as well as discohexaster microscleres. It differs
from Chaunangium Schulze (1904) by the presence, in the latter, of several distinctly
separated tufts of basalia, diactins as choanosomal spicules, and discohexasters and
plumicomes as microscleres. Docosaccus Topsent (1910) differs by the presence of diactins
in the choanosoma and possession of a varied set of microscleres including hexactins,
hemihexasters, hexasters, floricomes and discohexasters. It does not fit with Holascus
Schulze (1886) because species of this genus have pinular hexactines as dermalia and
atrialia, and lack floricomes. Malacosaccus Schulze (1886) presents choanosomal spicules
which are chiefly hexactins, pinular hexactins as dermalia and atrialia, and hexaster
microscleres. To the latter, hemihexasters and hexactins, discohexasters, floricomes and
onychasters may sometimes be added. Finally, Placopegma Schulze (1896) differs by its
choanosomal diactins and discohexaster microscleres, occasionally combined with
plumicomes, hexasters, hexactins and discohexactins.

Euplectella sanctipauli sp. nov.
(Figs. 4 and 5)

Type Material

Holotype. MNR]J 17630, Sao Paulo Ridge, Southwest Atlantic (‘Shinkai’ submersible Dive
1337—sample 5(1), Tata Pitina Expedition, 28°24'11.88”S/40°58'53.76"W), 4,061 m depth,
coll. E.P. Frazdo, 29.1V.2013

LSID: urn:lsid:zoobank.org:act:8688B44F-7CAC-4A5B-8EBE-07400366CA9C

Diagnosis

Only known Euplectella without sieve-plate. Principal skeleton composed by long, smooth
stauractins, choanosomal hexactins and pentactins, dermalia/atrialia as hexactins with
reduced sword-shaped distal ray with low proclined scales, or reduced as a tubercle
(pentactins). Basalia as anchorate spicules with spined shaft and eight teeth on the head.
Microscleres: floricomes, graphiocomes and hemioxyhexasters.

EXTERNAL MORPHOLOGY. The sponge consists of a delicate, thin-walled tube (Fig. 4)
bearing a conspicuous surface reticulation, with dispersed oscula up to 4 mm in diameter,
and basalia in a single tuft. Holotype (only specimen available), 137 mm long (including
34 mm long basalia/prostalia), 32 mm in maximum diameter.
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Figure 4 Holotype of Euplectella sanctipauli sp. nov. (MNR]J 17630). (A) Specimen in situ;
(B-F) Megascleres: (B) Detail of anchorate basalium (um); (C) Stauractin (100 pm); (D) Choanosomal
pentactin; (E) Choanosomal hexactin; (F) Dermal/atrial pentactin with a tubercle distal ray. Scales: (B) 50 pm;
(C) 100 um; (D-F) 200 pm. Full-size a] DOL: 10.7717/peerj.9431/fig-4

SKELETON AND SPICULES (Figs. 4 and 5). Principalia mostly stauractins with rays
2.4-5.9 mm long, 12-17 um in diameter (n = 4), and elongated or rounded ends.
Choanosomal spicules long, smooth hexactins (1.1-5.1 mm long rays (n = 10), elongated
or rounded ends) and pentactins (3.8 — 7.6 mm long rays (n = 5), rounded ends). Dermalia
and atrialia hexactins with a reduced and sword-shaped distal ray with low proclined
scales (0.2-0.3 mm long), and tangential rays with elongated and rounded ends
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Figure 5 Euplectella sanctipauli sp. nov. spicules. (A) Dermal/atrial hexactin with sword-shaped distal
ray; (B) Detail of hexactin sword-shaped distal ray; (C) Graphiocome and secondary rays; (D) Gra-
phiocome without secondary rays; (E) Floricome; (F) Detail of apical portion of floricome secondary ray;
(G) Hemioxyhexaster. Scales: (A) 100 um; (B and C) 10 pm; (D and F) 5 um; (E and G) 10 pm.
Full-size Kal DOI: 10.7717/peerj.9431/fig-5

(0.3-0.4 mm long); pentactins with distal ray reduced as a tubercle, and smooth tangential
rays (1.9-2.1 mm long; n = 2). Basalia composed of anchorate spicules with spiny shafts,
and anchors with eight teeth. The largest spicule (broken) was 8.5 mm long.
Microscleres are floricomes, graphiocomes and hemioxyhexasters. Floricomes with
spined rays, and eight teeth on secondary rays, this last in number of 10-12 in each
primary ray; diameter 110-130 um, primary rosette 10-17 pm diameter. Graphiocomes
observed with secondary rays always broken (68-85 um long), primary rosette 10-14 pm
diameter. Hemioxyhexasters (95-118 pm in diameter, n = 4) with two or three unbranched
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rays (45-50 pm in diameter); branched rays divide 7-10 um from the origin and have
secondary rays of length 10-20 pm (n = 4). (Fig. 5F).

DISTRIBUTION AND ECOLOGY. Known only from its type locality, Sdo Paulo Ridge
(Southwest Atlantic; 4,061 m depth). The single specimen was collected from soft
sediment, apparently the sole megafauna in several meters of terrain, and seemingly devoid
of any macro-epibionts.

ETYMOLOGY. The specific epithet is used as a noun in apposition, derived from the
species having been found at the Sao Paulo Ridge (deep SW Atlantic).

Remarks

Euplectella comprises 18 species around the world (Reiswig ¢ Kelly, 2018), classified by
Tabachnick & Collins (2008) into four main groups recognizable on the basis of the
architecture of their principal skeleton: (1) mainly stauractins, (2) mainly hexactins with a
reduced proximal ray and some stauractins, (3) pentactins and some hexactins and

(4) stauractins, hexactins, hexactins with reduced proximal ray, hexactins with two
reduced rays, tauactins and diactins. Euplectella sanctipauli sp. nov. should be included
in the first group, in addition to E. aspergillum Owen (1841), E. curvistellata Ijima
(1901), E. gibbsa Tabachnick & Collins (2008), E. marshalli Ijima (1895), E. oweni
Herklots & Marshall (1868), E. paratetractina Tabachnick, Janussen & Menschenina
(2008) and E. simplex Schulze (1896). The present species appears most similar to

E. aspergillum, E. gibbsa and E. simplex, but differs from all of them by its possession
of anchorate basalia with eight teeth, choanosomal hexactins and pentactins, and
dermalia and atrialia including hexactins with a reduced and sword-shaped distal ray,
as well as additional pentactins with distal ray reduced as a tubercle. In addition,

E. aspergillum differs in having anchorate basalia with six teeth, and diactins; E. gibbsa
differs in having anchorate basalia with four teeth, choanosomal tauactins and diactins;
and E. simplex differs by its triactins and diactins. To date, this is the only Euplectella
species without a sieve-plate, which clearly establishes E. sanctipauli sp. nov. as a

new species.

Subfamily Bolosominae Tabachnick (2002)
Genus Bolosoma Tjima (1904)

Diagnosis

Body is fungiform, pedunculate, basiphytous with a more-or-less everted atrial cavity.
Choanosomal spicules predominantly diactins, rarely hexactins and pentactins too.
The spicules of the peduncle are diactins fused into a rigid skeleton by synapticular
junctions. Dermalia and atrialia are hexactins, rarely pentactins. Microscleres are
anchorate and toothed discohexasters, discasters, hemidiscohexasters, discohexactins,
and derivatives of the latter to amphidiscs (Tabachnick, 2002 modified by Reiswig &
Kelly (2011)).
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Figure 6 Bolosoma perezi sp. nov. holotype (MNR] 21955). (A) Specimen; (B, D and E) hexactins;
(C) Choanosomal diactin; (F) detail of hexactin’s distal end of ray; (G and H) discohexasters; (I and J)
codonhexasters; (K) anchorate end of a codonhexaster. Scales: (A) 10 mm; (B) 50 pm; (F, I, J and K)
10 um; (C-E) 100 pm; (G and H) 20 um. Full-size £a] DOL: 10.7717/peerj.9431/fig-6

Bolosoma perezi sp. nov.
(Figs. 6 and 7)

Type Material

Holotype. MNR] 21955, Rio Grande Rise, Southwest Atlantic (PROERG Expedition,
ERG 15—L2; 31°7'3.36"S/34°1'48.72"W), 1,022-1,013 m depth, 07.VIL.2011.

LSID: urn:lsid:zoobank.org:act: CAD5EDB9-DB39-4684-A160-95EA2FA21210
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Figure 7 Schematic illustration of Bolosoma perezi sp. nov. codonhexaster (Illustration by Nicholas
Bezio). Full-size K4l DOT: 10.7717/peerj.9431/fig-7

Diagnosis
Bolosoma perezi sp. nov. is the only Bolosoma with discohexasters and codonhexasters
microscleres.

EXTERNAL MORPHOLOGY. Sponge fragment, cushion-shaped and compressible,
162 mm in length x 78 mm in width x 16-27 mm in height; fragment apparently without a
peduncle, color light gray in ethanol (fig. 6).

SKELETON AND SPICULES. A few long cemented diactins (40-80 pm diameter and
over 900 um long), which we assume are fragments of a peduncle. Choanosomal
diactins with rough ends and rudiments of tangential rays (1,275-3,125 x 5-8 um).
Dermal and atrial hexactins and rare atrial pentactins with rough ends and
sometimes random spines along the ray (270-830 x 5-8 pm). Microscleres are ball-like
discohexasters (70-80 um diameter), its derivates (stauractins, 42-50 um diameter),
and codonhexasters (155-175 um diameter, primary rosettes 27-43 um diameter).
The last one with six primary rays and secondary rays in number of four; discs with nine
teeth (fig. 7).

DISTRIBUTION AND ECOLOGY. Known only from its type locality in the Rio Grande
Rise (Southwest Atlantic), 1,022-1,013 m depth. This is the first record of Bolosoma for the
entire Atlantic Ocean.
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ETYMOLOGY. The specific epithet honors Prof. Dr. Angel Perez (UNIVALI, Brazil) for
granting us access to Rio Grande Rise materials, and for our long-standing collaboration in
the study of South Atlantic deep-sea ecosystems.

Remarks

Bolosoma comprises eight species (see comparative Table 1), up to now recorded only from the
Pacific Ocean. The new species presents a unique set of spicules, indicating its distinctiveness
from the remaining species in the genus. None of its congeners present the combination

of delicate codonhexasters and “ball-like” discohexasters, which confers B. perezi sp. nov.
obvious status as a new species. This is the first record of Bolosoma for the Atlantic Ocean.

Genus Advhena gen. nov.
LSID: urn:lsid:zoobank.org:act: C9A45855-9A A8-4088-8665-9830A8CC59AB

Type species: Advhena magnifica gen. et sp. nov. (described below)

Diagnosis

Bolosominae with a globular body slightly flattened, with big lateral opening and long stalk
(at least four times the body size). Choanosomal spicules are diactins. Dermalia and atrialia
are hexactins and pentactins. Microscleres are discohexasters, codonhexasters,
calycodiscohexasters and graphiocomes.

Etymology

Feminine gender. Modified from the latin, ‘Advena’, meaning stranger, foreigner, alien,
newcomer, guest, in reference to the sponge shape, which calls to mind aliens from various
movies. An ‘h’ was added in ‘Advena’ (Advhena) to distinguish the name from that of the
helicarionid gastropod Advena Gude, 1913, in order to make sure there will be no
overlapping with valid names.

Remarks

The new specimen cannot be accommodated in any of the currently accepted genera in the
subfamily (Table 2). It is clearly a long stalked Bolosominae individuum, with diactins as
the main spicules, plus hexactins and pentactins. It is distinguished from other
Bolosominae by the set of microscleres present, namely discasters, discohexasters,
codonhexasters and derivatives, calycocomes, and graphiocomes, which render it unique
among bolosomines, and justifies the proposal of a new genus.

Advhena magnifica sp. nov.
(Figs. 8-10)

Type Material

Holotype. USNM 1424107. Pigafetta Guyot, E of the Marianas’ Trench, Pacific Ocean
(Deepwater Exploration of the Marianas, ‘Deep Discovery’ ROV; Cruise EX1605L1; 15°56
31.3836"N/148°36'53.3556"E), coll. R/V ‘Okeanos Explorer ’, 2,028 m depth, 04.V.2016.
EZID: http://n2t.net/ark:/65665/31f4b11ee-5685-4b5b-befb-58etb94b3c6¢

LSID: urn:lsid:zoobank.org:act:52622D46-619E-432B-9D80-77795C5FD8A7
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Figure 8 Advhena magnifica gen. et sp. nov. holotype (USNM 1424107). (A-D) specimen in situ;
(E and F) details of specimen in ethanol (1 cm). Full-size K&l DOT: 10.7717/peerj.9431/fig-8

Diagnosis

Advhena magnifica sp. nov. is the only representative of Bolosominae with microscleres
as discasters (480-570 um diam.), discohexasters (55-60 pm diam.), codonstaurasters
(103-160 um diam.), discohexasters with calycocomes (138-255 um diam.) and
graphiocomes (150 um (N = 1); 20-33 pm primary rays’ diam.).

EXTERNAL MORPHOLOGY. Pedunculate sponge characterized by mushroom-like
shape (136 mm in diameter and 75 mm thick) with lateral openings concentrated on one
side of the body, each one with 50 and 18 mm in diameter, and peduncle longer than
154 mm in length (broken) and 16 mm in diameter (at least four times the body size).
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Figure 9 Advhena magnifica sp. nov. (A) diactin; (B) detail of hexactin extremity; (C and D) pentac-
tines; (E) discasters (discohexaster); (F and G) discohexaster; (H and I) codonhexasters (J) calydisco-
hexasters (partially broken); (K) graphiocome (primary rays with one of the secondary rays). Scales:
(A) 250 pm; (B, H, I and J) 20 pm; (C-E) 100 pm; (F, G, J and K) 10 um.

Full-size K&l DOT: 10.7717/peerj.9431/fig-9

SKELETON AND SPICULES. Peduncle with cemented diactins (1,310-2,825 x 20-60 pum)
and a few short hexactins and pentactins with distal ray reduced (195-250 x 2-5 um).
Choanosomal diactins with rough ends and sometimes rudiments of actins in the middle
region; 1,075-2,575 x 15-18 um. Dermal and atrial hexactins smooth with rough ends
and shorter distal ray; 300-789 x 10-18 pum, and distal ray 80-110 x 12-25 pm; rare
pentactins as dermalia/atrialia (450-680 x 15-18 um). Microscleres discasters (480-570 um
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Figure 10 Illustration of Advhena magnifica gen. et sp. nov. microscleres. (A) Codonstauraster;
(B) graphiocome (Illustrations by Nicholas Bezio). Full-size K&l DOT: 10.7717/peerj.9431/fig-10

diameter); discohexasters (50-75 pum diameter); codonstaurasters (103-160 pm diameter)
usually with four to six central axis and five to seven secondary rays (sometimes bent over),
discs with eleven teeth; calycocomes (138-255 um diameter), and graphiocomes (150 pm
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(N =1); 20-33 pm primary rays” diameter) with six central rays and straight and short
secondary rays (maximum found 65 pm length).

DISTRIBUTION AND ECOLOGY. Known from its type locality in the Pigafetta Guyot,
east of the Mariana Trench (Pacific Ocean), 2028 m depth. Some video footage of likely
Advhena specimens was obtained by NOAA ‘Okeanos’ expedition a year later (25 July
2017) at a locality rich in sponge diversity, dubbed the “Forest of the Weird”, as part of the
Laulima O Ka Moana: Exploring Deep Monument Waters Around Johnston Atoll
expedition (EX1706; on https://oceanexplorer.noaa.gov/okeanos/explorations/ex1706/
dailyupdates/media/video/divell-forest/forest.html).

ETYMOLOGY. The specific epithet is used as a noun in apposition, and refers to the
species’ magnificent, beautiful appearance.

Remarks

Considering all genera of Bolosominae (see table 2), Advhena gen. nov. appears most
similar to Neocaledoniella Tabachnick & Lévi (2004), the only other bolosomine with
calycocomes and graphiocomes. However, the new species has discaster, discohexaster
and codonstauraster microscleres. In addition, Neocaledoniella presents heavily spined
pinular hexactins, missing here. Thus, we propose a new monospecific genus within
Bolosominae to include Advhena magnifica gen. et sp. nov.

Identification key to genera of Bolosominae (modified from Tabachnick, 2002):

(1) GraphiOCOMES PIESENL ....c.cueueeeeeuriurearereeseesesseastasess s esessesstsebsessessssessessessessessessesseaseasenssssens 2
GraphioCOMES ADSENL ....uceueuuceuiueiciniireeseieiseeisete et ssses et ssse st ssse bbbt s 6
(2) Microscleres with discoidal outer ends PreSent ..........oreneeeereereerereesseesesseeeseesensnees 3
Microscleres with discoidal outer ends absent ..........ccooveeeevencecinencrncrcnnnee Trachycaulus
(3) Microscleres with discoidal outer ends are calycocomes ............... Neocaledoniella

Microscleres with discoidal outer ends not exclusively calycocomes .........ccooveeeeurcerceecnnce 4
(4) AMPOIAISCS PIESENT ...ceuvrivrieeieeeeriuriaeireieiseisetsessesetse ettt et sae et bbb bsebsessessessasesesne 5
AMPhIdISCS ADSENT ....cuiuiieieieieiretrt ettt ettt et ees Advhena
(5) Microscleres with discoidal outer ends are exclusively amphidiscs .............. Vitiaziella
Other type of microscleres with discoidal outer ends besides amphidiscs .......... Trychella
(6) PIUMICOMES PIESENT ..couvuvrevrcereeeeiuriaeiaeicisetseesesstae ettt bbb essesesse s sessessessesseaseassaesaeses 7
PlUmMiIicOmMES @DSENT ....c.ucvueeriicieiireiciiciicicticie et s sase s sa s saesse s s s s sanes 8

(7) Only microscleres with discoidal secondary rays present besides plumicomes .............

.............................................................................................................................................. Caulocalyx
Other microscleres besides plumicomes and that with discoidal outer ends present: with
sigmoidal and floricoidal secondary rays .......c.cccnevcneenenceeenernereennenennn. Saccocalyx
(8) Stellate diSCONEXASELS PIrESENL ....ceucvueeuieueeiereraiieeerseesseesessesssessesseessessessesssessessessesssessessees 9
Stellate discOheXasters abSENt .........oceveeneereureeeeireiniireireeeeisee e ssessesseesees Bolosoma
(9) Only stellate discohexasters as MIiCroscleres ..........ceeeeeenerrereerseesernennes Rhizophyta
MICTOSCIETES VATIOUS ...eucerevrracrencennenriernenseuseaeusessensessesssssessessstasessessessessnessessessnessnes Amphoreus
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GENERAL DISCUSSION

With our observations, South Atlantic hexactinellid diversity still only amounts to 34
species. Most of these observations are from the continental slope in the SW (20 spp) and
SE Atlantic (three spp), areas much more easily accessible due to the relatively small
navigational distances involved. The present study constitutes a ~27% increase in the
knowledge of South Atlantic deep-sea hexactinellids not associated with continental
margins (three new records, raising the total to 14 species). The area comprised by
abyssal plains, the mid-Atlantic ridge, Rio Grande Rise, Sdo Paulo Plateau, and many
additional important geomorphologic features not associated to continental margins, is an
enormous part of the South Atlantic (~26.46 km® x 10% Watling et al., 2013), but
limited observations hinder understanding of hexactinellid and other biodiversity. This is
obviously a major frontier for deep-sea exploration. The opportunity brought up by
Brazil’s research obligations, in exchange for the permission granted by the International
Seabed Authority (International Seabed Authority, 2015) for the exploration of mineral
crusts at the Rio Grande Rise, is a considerable opportunity to pursue an exponential
increase in the knowledge of deep-sea benthic biodiversity in this large area of the

SW Atlantic.

The present study brought together materials obtained through dredging and
manned-submersible (“Shinkai 6500”) collections, between 3,060 and 4,061 m depth,
important tools for building a comprehensive understanding of deep-sea communities in
the Rio Grande Rise. At present, only the tip of the iceberg has been touched upon.

As dredging has been conducted with geological priorities in mind, biological samples are
few and mostly severely damaged. On the other hand, samples obtained by the “Shinkai
6500” are of good quality by nature. Although very few in number, those samples,
together with records of environmental parameters, can greatly improve understanding of
deep-sea biodiversity, habitats and ecosystems. New collections should be planned with
the use of ROVs, essential to establish the true dimensions of the recently described
Sarostegia Topsent (1904) sponge garden, for example (Hajdu et al., 2017), as well as to
determine whether other potentially vulnerable marine habitats occur in the Rio

Grande Rise.

Poliopogon amadou is reported here for the first time from the South Atlantic.
Xavier, Tojeira & Van Soest (2015) reported upon large aggregations of this species in the
NE Atlantic (Meteor Bank). It is not clear to us how abundant the species is in the Sdo
Paulo Plateau, something worth investigating further, as part of the expected commitment
to the study of deep-sea communities in the neighboring Rio Grande Rise over the next
decades.

A new species of Bolosoma is described here, raising to nine the number of known
species in this genus, and expanding the genus’ known distribution to the Atlantic Ocean.
A better assessment of deep-sea sponge biodiversity in the Atlantic and the Pacific will
only be possible with additional efforts, both in enabling new expeditions, but also in
granting support to the necessary work on proper identifications of collections already
available. A considerable number of deep-sea sponge specimens is deposited in scientific
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collections around the world, calling for taxonomists to work on them and furnish not only
inventory data, but also reveal surprising animals, whose integrative study can help us
build a sharper Porifera Tree of Life.

Finally, a new genus in the Pacific Ocean is proposed here within Bolosominae,
Advhena gen. nov. The last decade has seen a significant increase in recognition of higher
taxa within this subfamily, with four new genera proposed, as well as eleven new species.
Including Advhena gen. nov., all of the recently recognized bolosomine diversity has
been reported from the Pacific (Amphoreus Reiswig ¢ Kelly, 2018, Rhizophyta Shen et al.,
2019 and Trychella Reiswig ¢ Kelly, 2018), turther highlighting the richness of this
ocean basin, which is also apparent in the number of Bolosoma spp. described thus far
(cf. above). Although Bolosominae was found to be non-monophyletic (Dohrmann et al.,
2017), the new genus fits best within it taxonomically until a detailed integrative revision of
Euplectellidae and its subfamilies is completed.

ACKNOWLEDGEMENTS

The authors are thankful to Angel Perez (UNIVALI, Itajai, Brazil), Paulo Sumida (USP,
Sdo Paulo, Brazil) and H. Kitazato (JAMSTEC, Japan) for collecting part of the samples,
and granting us access to these materials. Many thanks to collections staff of the
Smithsonian NMNH Department of Invertebrate Zoology, and U.S. National Oceanic and
Atmospheric Administration (NOAA), especially to Dr. Abigail Reft, for all support
with samples and images. We also thank the captains and crews of the ‘Shinkai 6500’
manned submersible, the JAMSTEC’s S/V ‘Yokosuka’, and NOAA Ship Okeanos Explorer.
Thank you to Isabelle Domart-Coulon, for providing access to the MNHN collection,
and for hosting CCB so well; to Nicholas Bezio (NMNH; whose work was supported

by a Smithsonian Women’s Committee grant) for the terrific illustrations of various
microscleres; to Joana Xavier, for helping us confirm the ID of Poliopogon in the very
beginning. Thanks to Camila Messias and Beatriz Cordeiro, at Museu Nacional/UFR], and
Scott Whittaker, at the Smithsonian NMNH, for facilitating and helping us with the
SEM sessions.

ADDITIONAL INFORMATION AND DECLARATIONS

Funding

This work was supported by the Brazilian agencies: CAPES—Coordenagio de
Aperfeicoamento de Pessoal de Nivel Superior (Coordination for the Improvement of
Higher Education Personnel)—CiMar (1986/2014-23038.001427/2014-15), CNPq—
Conselho Nacional de Desenvolvimento Cientifico e Tecnoldgico (National Council for
Scientific and Technological Development)—Universal 2012 and 2016 (respectively
476558/2012-3 and 425839/2016-8) and FAPER]—Fundagao Carlos Chagas Filho de
Amparo a Pesquisa do Estado do Rio de Janeiro (Carlos Chagas Filho Foundation for
Research Support of the State of Rio de Janeiro)—Scientist of Our State (E-26/102.292/
2013). The funders had no role in study design, data collection and analysis, decision to
publish, or preparation of the manuscript.

Castello-Branco et al. (2020), PeerJ, DOI 10.7717/peerj.9431 23/28


http://dx.doi.org/10.7717/peerj.9431
https://peerj.com/

Peer/

Grant Disclosures

The following grant information was disclosed by the authors:

CAPES - Coordination for the Improvement of Higher Education Personnel CiMar:
1986/2014-23038.001427/2014-15.

CNPq - National Council for Scientific and Technological Development - Universal 2012
and 2016: 476558/2012-3 and 425839/2016-8.

FAPER] - Fundation Carlos Chagas Filho de Amparo for the Research of the State of Rio
de Janeiro: E-26/102.292/2013.

Competing Interests
The authors declare that they have no competing interests.

Author Contributions

e Cristiana Castello-Branco conceived and designed the experiments, performed the
experiments, analyzed the data, prepared figures and/or tables, authored or reviewed
drafts of the paper, and approved the final draft.

e Allen G. Collins conceived and designed the experiments, performed the
experiments, analyzed the data, authored or reviewed drafts of the paper, and approved
the final draft.

e Eduardo Hajdu conceived and designed the experiments, performed the
experiments, analyzed the data, authored or reviewed drafts of the paper, and approved
the final draft.

Data Availability
The following information was supplied regarding data availability:

All generated data is available in the article (Results, Tables 1 and 2) and all the
specimens are deposited in the Porifera collection of the Museu Nacional/UFR] (MNR]
17629, 17630 and 21955) and the Smithsonian National Museum of Natural History
(USNM 1424107, accession number: 2078414).

New Species Registration
The following information was supplied regarding the registration of a newly described
species:

Publication LSID: urn:Isid:zoobank.org:pub:19DC8DB7-AE38-4CBD-8DBE-
F90799979352.

Euplectella sanctipauli sp. nov. LSID: urn:Isid:zoobank.org:act:8688B44F-7CAC-4A5B-
8EBE-07400366CA9C.

Bolosoma perezi sp. nov. LSID: urn:Isid:zoobank.org:act: CAD5EDB9-DB39-4684-
A160-95EA2FA21210.

Advhena LSID: urn:lsid:zoobank.org:act:C9A45855-9A A8-4088-8665-9830A8CC59AB.

Advhena magnifica sp. nov. LSID: urn:lsid:zoobank.org:act:52622D46-619E-432B-
9D80-77795C5FD8AY.

Castello-Branco et al. (2020), PeerJ, DOI 10.7717/peerj.9431 24/28


http://dx.doi.org/10.7717/peerj.9431
https://peerj.com/

Peer/

REFERENCES

Barthel D. 1992. Do hexactinellids structure Antarctic sponge associations? Ophelia 36(2):111-118
DOI 10.1080/00785326.1992.10430362.

Beazley LI, Kenchington EL, Murillo FJ, Del Mar Sacau MM. 2013. Deep-sea sponge grounds
enhance diversity and abundance of epibenthic megafauna in the Northwest Atlantic.
ICES Journal of Marine Science 70(7):1471-1490 DOI 10.1093/icesjms/fst124.

Burton M. 1932. Sponges. Discovery Reports 6:237-392 DOI 10.5962/bhl.part.24379.

Burton M. 1940. Las Esponjas marinas del Museo Argentino de Ciencias Naturales: (Parte 1).
Anales del Museo argentino de ciencias naturales ‘Bernardino Rivadavia’ 40(6):95-121.

Carvalho MS, Lopes DA, Cosme B, Hajdu E. 2016. Seven new species of sponges (Porifera) from
deep-sea coral mounds at Campos Basin (SW Atlantic). Helgoland Marine Research 70(1):10
DOI 10.1186/510152-016-0461-z.

Dohrmann M. 2019. Progress in glass sponge phylogenetics: a comment on Kersken et al. (2018).
Hydrobiologia 843(1):51-59 DOI 10.1007/s10750-018-3708-7.

Dohrmann M, Collins AG, Worheide G. 2009. New insights into the phylogeny of glass sponges
(Porifera, Hexactinellida), monophyly of Lyssacinosida and Euplectellinae, and the phylogenetic
position of Euretidae. Molecular Phylogenetics and Evolution 52(1):257-262
DOI 10.1016/j.ympev.2009.01.010.

Dohrmann M, Kelley C, Kelly M, Pisera A, Hooper JNA, Reiswig HM. 2017. An integrative
systematic framework helps to reconstruct skeletal evolution of glass sponges (Porifera,
Hexactinellida). Frontiers in Zoology 14(1):18 DOI 10.1186/s12983-017-0191-3.

Freiwald A, Fossa JH, Grehan A, Koslow T, Roberts JM. 2004. Coldwater coral reefs.
UNEP-WCMC: Cambridge, 86.

Fuller SD, Murillo Perez FJ, Wareham V, Kenchington E. 2008. Vulnerable marine ecosystems
dominated by deep-water corals and sponges in the NAFO convention area. NAFO SCR
Document 08/22, Serial No. N5524. p. 24.

Grant JE. 1836. Animal kingdom. In: Todd RB, ed. The Cyclopaedia of Anatomy and Physiology.
Vol. 1. London: Sherwood, Gilbert, and Piper, 107-118.

Gray JE. 1867. Notes on the Arrangement of Sponges, with the Descriptions of some New Genera.
Proceedings of the Zoological Society of London 1867(2):492-558.

Gray JE. 1870. XXVII.—Notes on anchoring sponges (in a letter to Mr. Moore). Annals and
Magazine of Natural History 4)6(34):309-312 DOI 10.1080/00222937008696253.

Hajdu E. 2010. Porifera. In: Lavrado HP, Brasil ACS, eds. Biodiversidade da Regido Ocednica
Profunda da Bacia de Campos, Megafauna e Ictiofauna Demersal. 1° Edi¢do. Rio de Janeiro:
CENPES/PETROBRAS, 31-79.

Hajdu E, Castello-Branco C, Lopes DA, Sumida PYG, Perez JAA. 2017. Deep-sea dives reveal an
unexpected hexactinellid sponge garden on the Rio Grande Rise (SW Atlantic): a mimicking
habitat? Deep-Sea Research Part II: Topical Studies in Oceanography 146:93-100
DOI 10.1016/j.dsr2.2017.11.009.

Herklots JA, Marshall W. 1868. Notice sur deux espéces nouvelles d’éponges de la famille des
Lophospongiae. Archives Néerlandaises des Sciences Exactes et Naturelles 3:435-438.

Ijima I. 1895. On two new hexactinellida from Sagami Bay. Zoological Magazine 7:93-96.

Ijima I. 1901. Studies on the Hexactinellida: Contribution I. (Euplectellidae). Journal of the College
of Sciences, Imperial University of Tokyo 15:1-299.

Castello-Branco et al. (2020), PeerJ, DOI 10.7717/peerj.9431 25/28


http://dx.doi.org/10.1080/00785326.1992.10430362
http://dx.doi.org/10.1093/icesjms/fst124
http://dx.doi.org/10.5962/bhl.part.24379
http://dx.doi.org/10.1186/s10152-016-0461-z
http://dx.doi.org/10.1007/s10750-018-3708-7
http://dx.doi.org/10.1016/j.ympev.2009.01.010
http://dx.doi.org/10.1186/s12983-017-0191-3
http://dx.doi.org/10.1080/00222937008696253
http://dx.doi.org/10.1016/j.dsr2.2017.11.009
http://dx.doi.org/10.7717/peerj.9431
https://peerj.com/

Peer/

Ijima I. 1903. Studies on the Hexactinellida. Contribution III. (Placosoma, a New Euplectellid,
Leucopsacidae and Caulophacidae). Journal of the College of Sciences, Imperial University of
Tokyo 18(1):1-124.

Ijima I. 1904. Studies on the Hexactinellida: Contribution IV. (Rossellidae). Journal of the College
of Sciences, Imperial University of Tokyo 18(7):1-307.

Ijima I. 1927. The hexactinellida of the siboga expedition. In: Weber M, ed. Siboga-Expeditie.
Uitkomsten op zoologisch, botanisch, oceanographisch en geologisch gebied verzameld in
Nederlandsch Oost-Indié 1899-1900 aan boord H.M. *Siboga’ onder commando van Luitenant ter
zee le kl. G.F. Tydemann. 106 (Monographie VI) (E.]. Brill, Leiden). i-viii 1-383, pls I-XXVI.

International Seabed Authority. 2015. Developing a Regulatory Framework for Mineral
Exploitation in the Area. In: Report to Memvers of the Authoruty and all stakeholders.
ISBA/Cons/2015/1.

Kersken D, Kocot K, Janussen D, Schell T, Pfenninger M, Martinez-Arbizu P. 2018. First
insights into the phylogeny of deep-sea glass sponges (Hexactinellida) from polymetallic nodule
fields in the Clarion-Clipperton Fracture Zone (CCFZ), northeastern Pacific. Hydrobiologia
811(1):283-293 DOI 10.1007/s10750-017-3498-3.

Krautter M, Conway KW, Barrie JV, Neuweiler M. 2001. Discovery of a “living Dinosaur”,
globally unique modern hexactinellid sponge reefs off British Columbia, Canada. Facies
44(1):265-282 DOI 10.1007/BF02668178.

Lopes DA, Hajdu E, Reiswig HM. 2005. Redescription of two Hexactinosida (Porifera,
Hexactinellida) from the southwestern Atlantic, collected by Programme REVIZEE. Zootaxa
1066(1):43-56 DOI 10.11646/zootaxa.1066.1.2.

Lopes DA, Hajdu E, Reiswig HM. 2007. Taxonomy of Euretidae (Porifera, Hexactinellida,
Hexactinosida) of Campos Basin, south-western Atlantic, with the description of a new species.
Marine Biology Research 3(4):243-255 DOI 10.1080/17451000701468777.

Lopes DA, Hajdu E, Reiswig HM. 2011. Taxonomy of Farrea (Porifera, Hexactinellida,
Hexactinosida) from the southwestern Atlantic, with description of a new species and a
discussion on the recognition of subspecies in Porifera. Canadian Journal of Zoology
89:169-189.

Menshenina LL, Tabachnick KR, Lopes DA, Hajdu E. 2007. Revision of Calycosoma Schulze,
1899 and finding of Lophocalyx Schulze, 1887 (six new species) in the Atlantic Ocean
(Hexactinellida, Rossellidae). In: Custédio MR, Lobo-Hajdu G, Hajdu E, Muricy G, eds. Porifera
research, biodiversity, innovation and sustainability. Vol. 28. Rio de Janeiro: Museu Nacional,
Série Livros, 449-465.

Owen R. 1841. Description of a new genus and species of sponge (Euplectella aspergillum).
Proceedings of the Zoological Society of London 9:3-5.

Reiswig HM. 2002. Class Hexactinellida Schmidt, 1870. In: In Hooper, Van Soest RWM, eds.
Systema Porifera, a Guide to the Classification of Sponges. Vol. 1. New York: Kluwer
Academic/Plenum Publishers, 1201-1202.

Reiswig H, Kelly M. 2018. The marine fauna of New Zealand: euplectellid glass sponges
(Hexactinellida, Lyssacinosida, Euplectellidae). NIWA Biodiversity Memoirs 130:1-170.

Reiswig H, Stone RP. 2013. New glass sponges (Porifera, Hexactinellida) from deep waters of the
central Aleutian Islands. Alaska Zootaxa 3628(1):1-64 DOI 10.11646/zootaxa.3628.1.1.

Schmidt O. 1870. Grundziige einer spongien-fauna des atlantischen gebietes. Leipzig: Wilhelm
Engelmann, 88.

Schrammen A. 1924. Die kieselspongien der oberen kreide von Nordwestdeutschland: III. und
letzter Teil. Monographien zur Geologie und Paldontologie (1) Heft 2:1-159.

Castello-Branco et al. (2020), PeerJ, DOI 10.7717/peerj.9431 26/28


http://dx.doi.org/10.1007/s10750-017-3498-3
http://dx.doi.org/10.1007/BF02668178
http://dx.doi.org/10.11646/zootaxa.1066.1.2
http://dx.doi.org/10.1080/17451000701468777
http://dx.doi.org/10.11646/zootaxa.3628.1.1
http://dx.doi.org/10.7717/peerj.9431
https://peerj.com/

Peer/

Schulze FE. 1896. Hexactinelliden des indischen Oceanes: II. Theil Die Hexasterophora. Vol. 3.
Berlin: Abhandlungen der Preussischen Akademie der Wissenschaften, 1-92.

Schulze FE. 1886. Uber den Bau und das System der Hexactinelliden. Berlin: Abhandlungen der
Koniglichen Akademie der Wissenschaften, 1-97.

Schulze FE. 1887. Report on the Hexactinellida collected by H.M.S. ‘Challenger’ during the years
1873-1876. Report on the scientific results of the voyage of H.M.S. ‘Challenger’, Zoology
21:1-514.

Schulze FE. 1904. Hexactinellida. Wissenschaftliche Ergebnisse der Deutschen Tiefsee-Expedition
auf der Dampfer ‘Valdivia’ 1898-1899(4):1-266.

Shen C, Dohrmann M, Zhang D, Lu B, Wang C. 2019. A new glass sponge genus (Hexactinellida:
Euplectellidae) from abyssal depth of the Yap Trench, northwestern Pacific Ocean. Zootaxa
4567(2):367-378 DOI 10.11646/zootaxa.4567.2.9.

Tabachinick KR, Menshenina LL, Lopes DA, Hajdu E. 2009. Two new Hyalonema species
(Hyalonematidae, Amphidiscosida) from eastern and south-eastern Brazil, and further
Hexactinellida (Porifera) collected from seamounts off south-eastern Brazil by the RV ‘Marion
Dufresne’ MD55 expedition. Journal of the Marine Biological Association of the United Kingdom
89(6):1243-1250 DOI 10.1017/50025315409000253.

Tabachnick KR. 2002. Family Euplectellidae Gray, 1867. In: Hooper JNA, Van Soest RWM, eds.
Systema Porifera: A guide to the classification of sponges. Vol. 2. New York: Kluwer Academic/
Plenum Publishers, 1388-1434.

Tabachnick KR, Collins AG. 2008. Glass sponges (Porifera, Hexactinellida) of the northern
Mid-Atlantic Ridge. Marine Biology Research 4(1-2):25-47 DOI 10.1080/17451000701847848.

Tabachnick KR, Janussen D, Menschenina LL. 2008. New Australian Hexactinellida
(Porifera) with a revision of Euplectella aspergillum. Zootaxa 1866(1):7-68
DOI 10.11646/zootaxa.1866.1.3.

Tabachnick KR, Lévi C. 1997. Amphidiscophoran Hexasterophora (Part 1 & Part 2). Berliner
geowissenschaftliche Abhandlungen Reihe E (Paldobiologie) 20:147-157.

Tabachnick KR, Lévi C. 2004. Lyssacinosida du Pacifique sud-ouest (Porifera, Hexactinellida).
In: Marshall BA, De Forges BR, eds. Tropical Deep-Sea Benthos 23: Mémoires du Muséum
national d’Histoire naturelle. Vol. 191. 11-71.

Tabachnick KR, Menshenina LL. 2002. Family Pheronematidae Gray, 1870. In: Hooper JNA,
Van Soest RWM, eds. Systema Porifera. A guide to the classification of sponges. Vol. 2. New York:
Kluwer Academic/Plenum Publishers, 1267-1280.

Thomson CW. 1873. The depths of the sea. London: Macmillan and Co., 527.

Thomson CW. 1877. The voyage of the “Challenger™ the Atlantic, a preliminary account of the
general results of the exploring voyage of H.M.S—“Challenger” during the year 1873 and the early
part of the year 1876. Vol. 1. London: Macmillan and Co., 424.

Topsent E. 1904. Spongiaires des Agores. Résultats des campagnes scientifiques accomplies par le
Prince Albert I. Monaco 25:1-280.

Topsent E. 1910. Les Hexasterophora recueillies par la ‘Scotia’ dans I’ Antarctique. Bulletin de
PInstitut Océanographique, Monaco 166:1-18.

Uriz MJ. 1988. Deep-water sponges from the continental shelf and slope off Namibia (South-west
Africa, classes Hexactinellida and Demospongia). Monografias de Zoologia Marina 3:9-157.
Van Soest RWM, Boury-Esnault N, Hooper JNA, Riitzler K, De Voogd NJ, Alvarez B, Hajdu E,
Pisera AB, Manconi R, Schonberg C, Klautau M, Picton B, Kelly M, Vacelet J, Dohrmann M,

Diaz M-C, Cardenas P, Carballo JL, Rios P, Downey R. 2019. World porifera database:

Castello-Branco et al. (2020), PeerJ, DOI 10.7717/peerj.9431 27/28


http://dx.doi.org/10.11646/zootaxa.4567.2.9
http://dx.doi.org/10.1017/S0025315409000253
http://dx.doi.org/10.1080/17451000701847848
http://dx.doi.org/10.11646/zootaxa.1866.1.3
http://dx.doi.org/10.7717/peerj.9431
https://peerj.com/

Peer/

hexasterophora. World Register of Marine Species. Available at http://www.marinespecies.org/
aphia.php?p=taxdetailseérid=131590.

Van Soest RWM, Boury-Esnault N, Vacelet J, Dohrmann M, Erpenbeck D, De Voogd NJ,
Santodomingo N, Vanhoorne B, Kelly M, Hooper JNA. 2012. Global diversity of sponges
(Porifera). PLOS ONE 7(4):e35105.

Watling L, Guinotte J, Clark MR, Smith CR. 2013. A proposed biogeography of the deep ocean
floor. Progress in Oceanography 111:91-112 DOI 10.1016/j.pocean.2012.11.003.

Xavier JR, Tojeira I, Van Soest RWM. 2015. On a hexactinellid sponge aggregation at the Great
Meteor seamount (North-east Atlantic). Journal of the Marine Biological Association of the
United Kingdom 95(7):1-6.

Zittel KA. 1877. Studien iiber fossile spongien. I, Hexactinellidae: abhandlungen der
mathematisch-physikalischen classe der koniglich-bayerischen akademie der wisseneschaften.
Miinchen 13(1):1-63.

Castello-Branco et al. (2020), PeerJ, DOI 10.7717/peerj.9431 28/28


http://www.marinespecies.org/aphia.php?p=taxdetails&id=131590
http://www.marinespecies.org/aphia.php?p=taxdetails&id=131590
http://dx.doi.org/10.1016/j.pocean.2012.11.003
http://dx.doi.org/10.7717/peerj.9431
https://peerj.com/

	A collection of hexactinellids (Porifera) from the deep South Atlantic and North Pacific: new genus, new species and new records ...
	Introduction
	Materials and Methods
	Results
	General discussion
	flink5
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


