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Carnivorous sponges belonging to family Cladorhizidae (Porifera, Demospongiae,
Poecilosclerida) are unique within phylum Porifera due to their ability to capture and
envelop small prey. While other sponges use an aquiferous system to filter water,
the aquiferous system of the cladorhizids is partially reduced or completely absent.
Carnivorous sponges can be found worldwide at all depths, but are more common
in the deep sea, where oligotrophic conditions containing less suspended particles
may favor a carnivorous feeding strategy. Here, we provide formal descriptions of
eight cladorhizid sponge species from 1229 to 5813 m depth collected as part of
the NOAA 2016 Deepwater Exploration of the Marianas with the NOAA ship Okeanos
Explorer (EX1605) during the investigation of the bathyal and abyssal seafloor off the
Northern Mariana Islands and Guam: the harp sponge Chondrocladia (Symmetrocladia)
lyra, Chondrocladia (Chondrocladia) coronata sp. nov., Lycopodina subtile sp. nov.,
Abyssocladia fryerae sp. nov., Abyssocladia kellyae sp. nov., Abyssocladia marianensis
sp. nov., Abyssocladia stegosaurensis sp. nov., and Abyssocladia villosa sp. nov. We
also provide a phylogenetic analysis showing the systematic position of the described
species. Our results show that the deep-sea seafloor off the Mariana Islands contains
a diverse and previously virtually unknown cladorhizid fauna. The examined species
display similarities with species from other parts of the Pacific, and add considerably
to the available information for the genus Abyssocladia. The high number of new
species is consistent with other recent publications from the Pacific and Indian Ocean,
and shows that despite recent sampling efforts, the cladorhizid fauna of these areas
remains very poorly investigated. Additional sampling effort will in all probability yield
both additional species and a better understanding of the biogeographical distribution
of already known cladorhizids.

Life Science Identifiers (LSIDs):
Abyssocladia fryerae urn:lsid:zoobank.org:act:BD7C52A3-146E-48CC-917F-57D70
81245BD.
Abyssocladia kellyae urn:lsid:zoobank.org:act:7174B51E-5145-4907-AA63-D218C
66DF5E7.
Abyssocladia marianensis urn:lsid:zoobank.org:act:9761A542-C7F7-4449-BADD-E1F
988454969.
Abyssocladia stegosaurensis urn:lsid:zoobank.org:act:02F01ACE-2AC1-406E-8C50-
65A5EC97F8C5.
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Abyssocladia villosa urn:lsid:zoobank.org:act:DAAA1ED2-5D36-40A3-9A78-55994
CDE9702.
Chondrocladia coronata urn:lsid:zoobank.org:act:ED85F7AD-84F8-47EC-88E6-87753
AD931C4.
Lycopodium subtile urn:lsid:zoobank.org:act:5F73AA9E-3182-49DD-8DD5-EDE501
C33E51.

Keywords: carnivorous sponges, Cladorhizidae, taxonomy, deep sea, Marianas, West Pacific,
abyssal, Abyssocladia

INTRODUCTION

Carnivorous sponges represent a novel innovation within
phylum Porifera. These sponges lack or have a reduced aquiferous
system, and instead feed by passively capturing prey items such as
larvae or small crustaceans (Vacelet, 2007). Carnivorous sponges
are typically erect, with stalked or branching bodies and a large
number of thin filaments. Prey items become entangled in the
filaments, and are subsequently gradually enveloped and digested
by sponge cells migrating to the area of contact (Vacelet and
Duport, 2004). Carnivory is typically assumed to be an adaptation
to oligotrophic conditions in the deep sea, where traditional filter
feeding is less effective (Vacelet, 2007). While these sponges are
reasonably common in shallow waters, they constitute a larger
and more conspicuous part of the total sponge fauna at greater
depths (Hestetun et al., 2017b).

All currently reported carnivorous sponges belong to
Cladorhizidae Dendy, 1922, a large poecilosclerid family with
nine genera containing more than 175 currently recognized
species (Van Soest et al., 2019). The majority of early species
descriptions are from the North Atlantic (e.g., Carter, 1874,
1876; Topsent, 1892; Lambe, 1900; Lundbeck, 1905; Topsent,
1909), though a smaller number of older species descriptions also
exist for the Pacific (e.g., Ridley and Dendy, 1886; Lévi, 1964;
Koltun, 1970).

Over the last 25 years, a number of studies have contributed to
significantly expanding the number of described species and the
known morphological variation within the family (e.g., Cristobo
et al., 2005; Vacelet, 2007; Vacelet and Kelly, 2008; Vacelet et al.,
2009; Kelly and Vacelet, 2011; Lopes et al., 2011; Dressler-Allame
et al., 2016; Goodwin et al., 2017; Hestetun et al., 2017b; Lundsten
et al., 2017). The high number of new species described in
these articles highlights that the number and distribution of
carnivorous sponges are still poorly known.

The Mariana Islands are a chain of islands, part of the Izu–
Bonin–Mariana arc system, a convergent plate boundary formed
by the subduction of the western Pacific plate. Parts of the system
include the Mariana Trench, the Mariana Arc, and the Mariana
Trough, a complex and geologically active area including seafloor
at various depths and substrates, vent systems, and the volcanic
islands of the Mariana Islands themselves (Stern et al., 2004).

Here, we describe carnivorous sponges collected during the
first and third legs of the 2016 Deepwater Exploration of
the Marianas (EX1605), a sampling effort in the area around
the U.S. territories of Guam and the Commonwealth of the
Northern Mariana Islands with the National Oceanic and

Atmospheric Administration (NOAA) ship Okeanos Explorer.
The present study provides descriptions of eight carnivorous
sponges, including seven previously undescribed species, and
expands the current knowledge of carnivorous sponges in
the West Pacific in general, and the genus Abyssocladia Lévi,
1964, in particular.

MATERIALS AND METHODS

Collection
While the sampling effort of the EX1605 cruise was conducted
throughout the deep-sea areas on both sides of the Mariana
Islands, most of the cladorhizid samples were recovered from
the Mariana Trench part of the system on the eastern side of
the islands during the third leg of the cruise (Figure 1). In
all, nine carnivorous sponge specimens were collected at seven
collection localities. Except for the western Mariana Trough
specimen (1229 m), all species were recovered from depths
below 3000 m (Table 1). Samples were collected with the ROV
Deep Discoverer. Dives were continuously recorded, meaning
HD video was available for in situ observation of specimen
morphology in all but one species. Expedition data, including
ROV video, are available from the NOAA Ocean Exploration
and Research (OER) Digital Atlas Portal (National Oceanic and
Atmospheric Administration [NOAA], 2019).

Most specimens were preserved in 96% ethanol only,
or as several subsamples with different fixation media.
Collected specimens were deposited in the U.S. Smithsonian
Institution Museum of Natural History (voucher IDs in
Table 1). Subsamples of some of the specimens were also
sent to the Ocean Genome Legacy Center for possible future
sequencing; however, molecular work here is based on the
Smithsonian samples.

Morphological Examination
Examination of specimens was done at the biodiversity
labs of the Department of Biosciences at the University of
Bergen, Norway. Specimens were photographed on arrival in
Bergen, and subsamples were taken for morphological and
molecular analysis.

Spicule slides and scanning electron microscopy (SEM)
preparations were made from sponge subsamples according to
the method described in Boury-Esnault and Rützler (1997),
either directly or by recovering the spicules during DNA
extraction. A minimum of 30 measurements were made of each
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FIGURE 1 | Bathymetric map of the sea floor around the Mariana Islands with collection localities for the species in this study.

TABLE 1 | Collection and voucher information for carnivorous sponge specimens examined in this study.

Species USNM Dive Specimen Date Location N E Depth (m)

Abyssocladia

A. fryerae n. sp. 1424186 L3 dive 18 SPEC03BIO 2016-07-05 Petite Spot Volcano 20.62 147.3 5565

A. kellyae n. sp. 1424180 L3 dive 16 SPEC03GEO_CO1 2016-07-03 Subducting Guyot 1 20.45 147.1 4770

A. marianensis n. sp. 1424192 L3 dive 21 SPEC03BIO 2016-07-08 trench Wall 16.56 147.6 5813

A. stegosaurensis n. sp. 1424164 L3 dive 10 SPEC03BIO_CO2 2016-06-27 Stegosaurus Ridge 22.12 145.4 3090

A. villosa n. sp. 1424162 L3 dive 10 SPEC03BIO 2016-06-27 Stegosaurus Ridge 22.12 145.4 3090

Chondrocladia

C. (C.) coronata n. sp. 1424095/1424096 L1 dive 8 SPEC03BIO 2016-04-29 NW Guam Seamount 14.92 144.6 1229

C. (S.) lyra 1424083 L1 dive 3 SPEC05BIO 2016-04-23 Sirena Canyon 12.54 144.6 4857

C. (S.) lyra 1424175 L3 dive 13 SPEC01BIO 2016-06-30 Twin Peaks 21.42 145.9 4834

Lycopodina

L. subtile n. sp. 1424167 L3 dive 10 SPEC03BIO_CO4 2016-06-27 Stegosaurus Ridge 22.12 145.4 3090
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spicule type. In the case of diactine megascleres, both length
and width (at widest point excluding tyles) were recorded.
Measurements in the article are given as minimum and
maximum, with average in parenthesis. Spicule terminology
follows Boury-Esnault and Rützler (1997), with some additional
conventions: fusiform styles are described as mycalostyles
sensu Hajdu et al. (1994); chelae are described as arcuate or
palmate sensu Hajdu et al. (1994); the term cleistochela is
used for arcuate isochelae with opposite frontal teeth touching
or almost touching, while the term abyssochela is used in a
more restrictive sense for laterally expanded cleistochelae sensu
Lopes et al. (2011).

Molecular Methods
Extraction and PCR protocols are identical to Hestetun
et al. (2016b): The E.Z.N.A. R© Mollusc DNA Kit (Omega
Bio-tek) was used, and spicules were removed after initial
lysis before adding ethanol. Three partitions were sequenced:
partial 28S rRNA, ALG11, and the Folmer and Erpenbeck
COI partitions. These partitions were chosen to enable
comparison with sequences currently available in GenBank
from previous studies, and have been shown to work well for
identifying phylogenetic relationships within the Cladorhizidae
(e.g., Hestetun et al., 2016b).

The analysis included 102 COI, 75 ALG11, and 91 28S
sequences. See Supplementary Table S1 for accession numbers
of all sequences included in the analysis. Accession numbers for
new sequences are also listed for each species below. Alignment
and concatenated phylogenetic analysis was performed using
the same pipeline as in Hestetun et al. (2016b), including
Bayesian inference with MrBayes 3.2.2 (GTR+G, 8 chains,
25∗106 generations, 5∗106 generations burn-in) and maximum
likelihood (ML) with RAxML 8.2.10 (GTRGAMMA, 2000
rapid bootstraps).

RESULTS

Taxonomic Index
Phylum Porifera Grant, 1836
Class Demospongiae Sollas, 1885
Subclass Heteroscleromorpha Cárdenas et al., 2012
Order Poecilosclerida Topsent, 1928
Family Cladorhizidae Dendy, 1922
Genus Abyssocladia Lévi, 1964
Abyssocladia fryerae n. sp.
Abyssocladia kellyae n. sp.
Abyssocladia marianensis n. sp.
Abyssocladia stegosaurensis n. sp.
Abyssocladia villosa n. sp.
Genus Chondrocladia Thomson, 1873
Subgenus Chondrocladia Thomson, 1873
Chondrocladia (Chondrocladia) coronata n. sp.
Subgenus Symmetrocladia Lee et al., 2012
Chondrocladia (Symmetrocladia) lyra Lee et al., 2012
Genus Lycopodina Lundbeck, 1905
Lycopodina subtile n. sp.

Species Description
Genus Abyssocladia Lévi, 1964
Type species
Abyssocladia bruuni Lévi, 1964 (type by monotypy).

Diagnosis
Cladorhizidae most often pedunculate, carrying a disciform or
flabelliform body with a radial architecture, in other cases pinnate
or branching. Microscleres are a combination of abyssochelae,
cleistochelae, arcuate chelae, and/or sigmancistras, but not
placochelae (from Hestetun et al., 2016b).

Remarks
The genus Abyssocladia contains 26 species in addition to the
new species described here (Van Soest et al., 2019). Most species
are recorded from the abyssal and deep bathyal Pacific, but some
species have also been recorded from shallower areas and from
the Indian and Atlantic Oceans.

Abyssocladia fryerae sp. nov.
Type material
R/V Okeanos Explorer EX1605L3, ROV Deep Discoverer.
Holotype: USNM 1424186, dive 18, SPEC03BIO, 2016-07-05,
Petite Spot Volcano, 20.62◦N, 147.3◦E, 5565 m.

Diagnosis
Pedunculate sponge composed of a short stem and a disc-shaped,
slightly droplet-formed body with filaments radiating outward in
a single plane from the disc margin. Megascleres are subtylostyles
550–1150 µm. Microscleres are arcuate isochelae 75–110 µm and
sigmancistras 17–23 µm.

Description
The holotype (Figures 2A,B) is a damaged disc-shaped body
with a radial skeletal organization, a pair of remaining damaged
filaments, and a short piece of the upper stem. ROV images
show that the live sponge is stalked and disc-shaped, with
filaments radiating from the disc margin at regular intervals, and
is connected to the substrate with a short stem. The holotype is
25 mm tall, but the top part of the disc is missing (Figure 2C). The
stem is 15 mm long and 0.7–0.9 mm wide, and the disc is 12 mm
wide. Based on ROV video, intact filaments are approximately
2 cm long. The color of the sponge is white to translucent gray
in both live specimen and in ethanol.

Skeleton
The main structural skeleton of the stem is made up of tightly
packed subtylostyles and enters the center of the disc-shaped
body. The subtylostyles also make up the skeleton of the filaments
and the structural skeleton of the soft tissue of the disc.

Spicules
1. Subtylostyles, straight and fusiform, with elongated tyles,

582–1130 (806) µm long and 3.8–23.5 (11.3) µm
wide (Figure 2D).

2. Arcuate isochelae, with strongly curved shaft and frontal
tooth and lateral alae of equal length, around 45% of total
length 77.9–110.3 (91.6) µm (Figure 2E).

3. Sigmancistras, thick, 17.9–22.9 (20.5) µm (Figure 2F).
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FIGURE 2 | Abyssocladia fryerae n. sp. (A,B) In situ images from ROV video, (C) complete recovered specimen, (D) subtylostyle with elongated tyle, (E) arcuate
isochela, and (F) sigmancistra.

GenBank accession numbers
COI, MK922984.

Distribution and habitat
This species is only known from its type locality off the Mariana
Islands at the Petite Spot Volcano locality (5565 m) from
hard/rocky substrate situated on a small rock.

Etymology
The species is named after Dr. Patricia Fryer, Hawai'i Institute of
Geophysics and Planetology, University of Hawai‘i at Mānoa, in
recognition of >30 years of exploration, discovery, and research
on the geology and tectonic evolution of the Mariana forearc. Dr.
Fryer was co-science lead on leg 3 of EX1605 and shared in the
excitement of discovery and collection of carnivorous sponges
from the Mariana Islands.

Remarks
A disc-shaped Abyssocladia species closely related to similar
Pacific species such as A. kellyae n. sp., A. dominalba Vacelet,
2006, and A. lakwollii Vacelet and Kelly, 2014 (see remarks for

A. kellyae n. sp., phylogenetic results and Table 2). The stem is
shorter and the disc larger relative to A. kellyae n. sp.

Abyssocladia kellyae sp. nov.
Type material
R/V Okeanos Explorer EX1605L3, ROV Deep Discoverer.
Holotype: USNM 1424180, dive 16, SPEC03GEO_CO1, 2016-07-
03, Subducting Guyot 1, 20.45◦N, 147.1◦E, 4770 m.

Diagnosis
Stalked sponge with a disc-shaped body and filaments radiating
in a single plane from the disc margin. Megascleres are
mycalostyles 1250–2400 µm, subtylostyles 1000–2000 µm, and
tylostyles 270–600 µm. Microscleres are arcuate isochelae 75–
135 µm and sigmancistras 21–32 µm.

Description
The holotype (Figures 3A,B) is a single stalked sponge with a
vertical, flat, disc-shaped body and a solid, flexible stem. The
edge of the disc is set with evenly spaced filaments radiating
outward in a single plane. The lower stem is widened into a basal
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TABLE 2 | Overview of morphological characters and type location for currently known Abyssocladia species.

Species Type locality Morphology (Mycalo)styles Other megascleres Chelae Other
microscleres

Stalked disc-shaped

A.carcharias Kelly and
Vacelet, 2011

Monowai Seamount,
Kermadec Volcanic Arc
(25.804◦S, 177.175◦W,
1071 m)

Stem 7 mm; disc
3.5 mm

510–1070 × 8–19
140–240 × 3–5

CAR: 116–197
CAR: 60–86
CAR: 35–48

CIST: 15–16
CIST: 8–12

A.dominalba
Vacelet, 2006

North-Fijian back-arc basin,
White Lady (16◦59.50′S,
173◦55.47′W, 1997 m)

620–2500 × 7–35 ARC: 80–170
AB/CLEI: 40–45
AN: 10–11

CIST: 30–40
CIST: 10–13

A. fryerae sp. nov. Marianas (20.62◦N,
147.3◦E, 5565 m)

Total length 25 mm;
disc 12 mm

762–1130 × 12–23 SUB: 582–859 × 4–7 ARC: 78–110 CIST: 18–23

A.huitzilopochtli
Vacelet, 2006

Middle America Trench
(18◦17′N, 104◦31′W,
3325 m)

Stem 35 mm; disc
7 mm

1050–2500 × 15–30 STR: 560–750 × 21–30 ARC: 67–90
ARC: 40–55
AB: 60–80

CIST: 20–24
CIST: 11–12
ORT: 150–195

A. inflata
Vacelet, 2006

East Pacific Rise
(24◦14.85′S, 115◦39.70′W,
3142 m)

Stem 5 mm; disc
3.5 mm

1075–1800 × 21–23 AC.OX: 130–350 × 3–5 ARC: 140–150
AB/CLEI: 80–100

CIST: 15–18

A. kellyae sp. nov. Marianas (20.45◦N,
147.1◦E, 4770 m)

Total length 43 mm;
disc 7 mm

1262–2321 × 19–32 SUB: 1136–1994 × 20–35
TYL: 275–1200 × 6–15

ARC: 78–132 CIST: 22–32

A. lakwollii
Vacelet and Kelly, 2014

Far Eastern Solomon
Islands (12◦S, 167◦E,
1090 m)

Up to 57 mm 750–1800 × 15–31
380–980 × 18–30

STR: 250–1150 × 12–30 ARC: 110–150
ARC: 58–92
ARC/PALM: 27–36
AB/CLEI: 48–70

CIST: 15–21

A. natushimae
Ise and Vacelet, 2010

Izu Ogasawara Arc,
Southern Japan
(32◦4.54′N, 139◦51.10′E,
862 m)

Oval disc 1350–1940 × 19–27
395–1790 × 10–24

STR: 395–980 × 22–45
STR: 14–250 × 4–10

AB: 38–75 CIST: 20–23
CIST: 9–12

A. polycephalus
Hestetun et al., 2016a

Bermuda (33◦46′N,
62◦36′W, 2829 m)

Several discs on
branching stem

720–1040 × 14–22
430–960 × 5–13

STR: 380–780 × 16–22 ARC: 28–50 CIST: 17–31
CIST: 9–11

A. stegosaurensis sp.
nov.

Marianas (22.12◦N,
145.4◦E, 3090 m)

Total length 48 mm;
disc 3 mm

846–1741 × 15–53 SUB: 491–1134 × 7–12–17
TYL: 181–573 × 4–7–9

PALM: 20–40 CIST: 6–9

Stalked spherical

A. claviformis
Koltun, 1970

NW Pacific Basin (33◦18′N,
149◦46′E, 5005–6096 m)

Size 1 mm 600–1600 × 22–50 TYL: 175–850 × 5–11
TYL: 175–650 × 5

ARC: 38–44 CIST: 8–11

A.hemiradiata
Hestetun et al., 2017a

Southwest Indian Ridge
(37◦57.92′S, 050◦24.43′E,
1003 m)

Hispid stem 444–1290 × 16–23
508–1166 × 9–17
141–224 × 3–5

TYL: 2000–5000 × 6–12
TYL: 775–1327 × 6–11
TYL: 333–687 × 6–10
TYL: 108–303 × 4–8

ARC: 20–57 SIGM: 11–22
CIST: 5–10

A.oxeata
Koltun, 1970

NW Pacific Basin (26◦04′N,
153◦49′E, 6107–6127 m)

Body diameter 20 mm. 1300–3500 × 16–44 OX: 88–375 ARC/CLEI: 77–105 CIST: 33

(Continued)
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TABLE 2 | Continued

Species Type locality Morphology (Mycalo)styles Other megascleres Chelae Other
microscleres

A. villosa sp. nov. Marianas (22.12◦N, 145.4◦E,
3090 m)

Concave top with
filament crown

TYL: 718–1443 × 14–25
TYL: 549–1356 × 7–19
TYL: 154–488 × 4–15

CLEI: 31–90 CIST: 8–12

Stalked umbrella-shaped

A. bruuni
Lévi, 1964

Kermadec Trench (36◦07′S,
178◦32′W, 5230–5340 m)

Club-like umbrella
13 mm

1300–1650 × 25–28 AB: 70–75 CIST: 29–30

A. marianensis sp. nov. Marianas (16.56◦N, 147.6◦E,
5813 m)

Stem 130 mm, body,
14 mm, with crown of
long filaments

1824–2458 × 20–39 OX: 289–477 × 4–7 ARC: 68–92 SIGM: 53–59
CIST: 31–46

Branching

A. diegoramirezensis
Lopes et al., 2011

Diego Ramírez islands, South
Chile (57◦06.70′S,
67◦28.73′W, 1753–2056 m)

Opposite filament rows 257–975 × 7–25
287–687 × 3–8

STR: 287–1098 × 13–38 ARC: 50–83
AB: 15–35

CIST: 13–20
SIGM: 10–13

A. koltuni
Ereskovsky and
Willenz, 2007

Sea of Okhotsk
(50◦52.3′–50.2′N,
145◦07.1′–10.2′E,
500–645 m)

Branches terminate in
flattened filament
outgrowths

286–398 × 8–10
575–906 × 17–28
474–580 × 11–15

ARC/PALM: 58–83
ARC/PALM: 31–46

SIGM: 35–70
CIST: 11–18

A. leverhulmei
Goodwin et al., 2017

Drake Passage (60◦36.4′0S,
66◦00.29′W, 610–1510 m)

Opposite filament rows 594–846 × 10–28 STR: 78–573 × 11–35 ARC: 47–79
AB: 22–40

SIGM: 8–19

Stem with opposite filament rows

A. atlantica
Lopes and Hajdu, 2014

Campos Basin off Brazil
(22◦22′S, 39◦54′W,
1107–1135 m)

226–903 × 10–33
431–575 × 8–10
226–369 × 10–15

STR: 58–193 CLEI: 23–70

Abyssocladia
corniculiphora
Hestetun et al., 2017a

Southwest Indian Ridge
(37◦56.48′S, 50◦26.53′E,
1178–1306 m)

Side branches with
terminal swellings

375–722 × 12–22
189–573 × 5–13

CLEI: 23–59 (36) CIST: 7–12

Abyssocladia faranauti
Hestetun et al., 2015

Mid-Atlantic Ridge (15◦32′N,
46◦33′W, 3578 m)

1020–1640 × 31–55
530–940 × 14–30
280–560 × 8–17
130–270 × 3–8

ARC/PALM: 49–68
PALM/CLEI:22–33

CIST: 6–8

Abyssocladia
myojinensis
Ise and Vacelet, 2010

Izu Ogasawara Arc, Southern
Japan (32◦4.54′N,
139◦51.06′E, 870 m)

Top portion without
filaments

278–1053 × 7–34
605–890 × 11–18

AB: 59–78
AB/CLEI: 28–44

CIST: 5–6

Abyssocladia naudur
Vacelet, 2006

E Pacific Rise (17◦23.11′S,
113◦11.60′W, 2581 m)

40 mm, side branch
with terminal swelling

700–1600 × 10–37
330–1000 × 5–15

STR: 30–825 × 8–30 AB/CLEI: 48–72 CIST: 7–10
CIST: 5–8

Abyssocladia tecta
Hestetun et al., 2015

Mid-Atlantic Ridge (15◦32′N,
46◦33′W, 3578 m)

1040–1490 × 20–35
370–860 × 6–17

STR: 45–430 × 8–31 ARC/CLEI: 42–55
AB: 11–14

CIST: 6–8

Abyssocladia
umbellata
Lopes et al., 2011

Diego Ramírez islands, South
Chile (57◦04.99′S,
67◦31.35′W, 1860–2070 m)

308–564 × 23–45
525–1275 × 5–18

STR: 133–1221 × 20–50 ARC: 75–133
AB: 23–63

CIST: 15–18

(Continued)
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plate connected to hard substrate. The holotype is 43 mm tall.
The disc is 7 mm in diameter excluding filaments. The stem is
35 mm long and 0.5–0.7 mm wide. The color of the sponge is
white to slightly gray in ethanol. No in situ video was available
for this specimen.

Skeleton
The main structural skeleton is composed of tightly arranged
longitudinal mycalostyles. The stem is solid and bare, with no
visible surface layer. The mycalostyles of the stem reach into
the middle of the sponge body. Radiating filaments are also
composed of mycalostyles, while subtylostyles and tylostyles are
found within the sponge body itself.

Spicules
4. Mycalostyles, straight, fusiform, in the stem, 1262–2321

(1668) µm long, and 18.7–32.5 (25.7) µm wide (Figure 3C).
5. Subtylostyles, straight, fusiform, 1018–1994 (1638) µm

long, and 20.0–35.2 (27.2) µm wide (Figure 3D).
6. Tylostyles, straight, 275–592 (485) µm long, and 6.3–15.1

(9.3) µm wide.
7. Arcuate isochelae, with frontal tooth and lateral alae of

equal length, around 45% of total length, and strongly
curved shaft 78.3–132.3 (118.3) µm (Figures 3E–G).

8. Sigmancistras, thick, 21.6–31.7 (27.7) µm (Figure 3H).

GenBank accession numbers
28S rRNA, MK935688; ALG11, MK922989.

Distribution and habitat
This species is only known from its type locality off the Mariana
Islands at the Subducting Guyot 1 locality (4770 m). The
specimen was attached by its basal plate to a geological sample.

Etymology
This species is named after Dr. Michelle Kelly at the New Zealand
National Institute of Water and Atmospheric Research (NIWA),
for her numerous contributions to sponge science, and her work
on deep-sea carnivorous and non-carnivorous sponges from the
SW Pacific in particular.

Remarks
This species shares similarities with other disc-shaped
Abyssocladia species. It is a close relative to A. fryerae n. sp.
and has roughly similar chela and sigmancistra sizes, but has
significantly longer subtylostyles and tylostyles are present
(lacking in A. fryerae n. sp.) (Table 2). The phylogenetic results
show a close relationship between this species, A. marianensis
n. sp. and A. fryerae n. sp., together with the other Pacific
disc-shaped species A. dominalba and A. lakwollii.

Abyssocladia marianensis sp. nov.
Type material
R/V Okeanos Explorer EX1605L3, ROV Deep Discoverer.
Holotype: USNM 1424192, dive 21, SPEC03BIO, 2016-07-08,
trench wall, 16.56◦N, 147.6◦E, 5813 m.
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FIGURE 3 | Abyssocladia kellyae n. sp. (A) whole specimen, (B) detail, (C) mycalostyle, (D) subtylostyle, (E–G) arcuate anisochela front, side and back view, and
(H) sigmancistra.

Diagnosis
Stalked sponge composed of a long stem connected to hard
substrate with a small basal plate and ending in an umbrella-
shaped body with a pointed apex containing numerous embryos
and a horizontally arranged crown of approximately 50
filaments emerging from the sponge margin initially turning
slightly downward, then bending slightly upward. Megascleres
are mycalostyles, 1800–2500 µm, and oxeas 250–500 µm.
Microscleres are arcuate isochelae 65–95 and 24–45 µm, and
sigmancistras 50–65 and 30–50 µm.

Description
The holotype (Figures 4A,C) consists of a long, rigid, but flexible
stem, and an apical, slightly pointed umbrella-shaped body
with a single, horizontal filament crown of around 50 filaments
emerging from the body margin. Proximal parts of filaments
turn slightly downward, and then gently upward at distal end.
The sponge is connected to hard substrate with a small basal
plate. Numerous embryos are clearly visible through the outer
layer of the apical point of the body (Figure 4D). Only the

proximal parts of the filaments were recovered in the holotype
specimen. The holotype is 13 cm tall, and the body 14 mm tall
and 20 mm wide excluding filaments. The color of the body is
white-to-light beige, while the stem is darker beige in both live
specimen and in ethanol.

Skeleton
The skeleton of the stem is composed of tightly packed
mycalostyles which are slightly twisted in a counter-clockwise
direction. The umbrella is made up of radiating bundles of
mycalostyles creating the skeleton of the filaments with soft
tissue in between. Oxeas are associated with the fleshy top part
containing embryos.

Spicules
9. Mycalostyles, straight, fusiform, very slightly tylote, 1824–

2458 (2178) µm long, and 19.7–39.0 (31.3) µm wide
(Figure 4G).

10. Oxeas, straight, fusiform 289–477 (413) µm long, and 4.1–
7.2 (5.7) µm wide (Figure 4H).
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FIGURE 4 | Abyssocladia marianensis n. sp. (A,B) In situ images from ROV feed, (C) whole specimen, (D) detail of body, (E) sigmancistra 1, (F) sigmancistra 2,
(G) mycalostyle with faint tyle, (H) oxea, (I) cleistochela front view, (J) cleistochela back view, (K) palmate chela front view, and (L) palmate chela back view.

11. Palmate chelae/cleistochelae, palmate forms more
common, with frontal tooth and lateral alae of equal
length, around 40% of total length, and strongly curved
shaft 67.9–91.7 (81.8) µm (Figures 4I,J).

12. Palmate chelae/cleistochelae, palmate forms more
common, with slightly curved shaft and alae size slightly
less than one-third of total chela size, 26.4–42.4 (36.1) µm
(Figures 4K,L).

13. Sigmancistras 1, 50.5–64.9 (57.3) µm (Figure 4E).
14. Sigmancistras 2, 30.7–45.5 (35.8) µm (Figure 4F).

GenBank accession numbers
COI, MK922985; 28S rRNA, MK935689; ALG11, MK922990.

Distribution and habitat
This species is only known from its type locality on a trench wall
off the Mariana Islands at the (5813 m) on mixed sandy and rocky
substrate situated on a small rock.

Etymology
This species is named after its collection locality on a vertical wall
of the Mariana Trench off the Mariana Islands.

Remarks
The long stem and umbrella-shaped morphology of this species
is unusual for the genus: The only other Abyssocladia species
described as umbrella-like is A. bruuni Lévi, 1964, but the
only illustration of this species is in Koltun (1970) which
shows a clavate species. Furthermore, Lévi (1964) gives the
size of A. bruuni as 10 mm, which is much smaller than the
present specimen.

Morphologically, it is more reminiscent of a group of deep-
sea Cladorhiza species such as C. mirabilis Ridley and Dendy,
1886 (S Pacific, 4115 m), C. longipinna Ridley and Dendy, 1886
(Hawai'i, 5486 m), C. similis Ridley and Dendy, 1886 (mid-
Pacific, 4362 m), C. kensmithi Lundsten et al., 2017, C. mexicana
Lundsten et al., 2017, and C. hubbsi Lundsten et al., 2017. No
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molecular data are available for Cladorhiza species with stalked
rather than branching morphology, which makes it difficult
to further investigate evolutionary relationships at this time.
Molecular data for the present species show a close relationship
with the group of Pacific disc-shaped Abyssocladia species also
including A. kellyae n. sp. and A. fryerae n. sp.

Abyssocladia stegosaurensis sp. nov.
Type material
R/V Okeanos Explorer EX1605L3, ROV Deep Discoverer.
Holotype: USNM 1424164, dive 10, SPEC03BIO_CO2, 2016-06-
27, Stegosaurus Ridge, 22.12◦N, 145.4◦E, 3090 m.

Diagnosis
Stalked sponge with a disc-shaped body and filaments radiating
in a single plane from the disc margin. Megascleres are
mycalostyles 840–1800 µm, subtylostyles 490–1140 µm, and
tylostyles 180–580 µm. Microscleres are palmate isochelae, 20–
40 µm, and sigmancistras, 5–10 µm.

Description
The holotype (Figures 5A,B) is a stalked sponge consisting
of a vertical, disc-shaped body on top of a rigid, but flexible
stem. Filaments emerge in a radial pattern from the disc edge
(Figure 5C). The holotype is 48 mm tall. The body excluding
filaments is 3 mm in diameter, with filaments up to 6 mm in
length. The stem is solid and compact, 45 mm long, and 0.8–
1 mm in diameter. The color of the sponge is translucent white
to slightly gray in both the live specimen and in ethanol.

Skeleton
The main structural skeleton consists of a core axis made up of
longitudinal, tightly arranged mycalostyles. The stem is bare, with
little to no soft tissue. Subtylostyles and tylostyles are found in the
fleshy parts of the radial sponge body.

Spicules
1. Mycalostyles, very slightly tylote, large, straight,

fusiform, 846–1741 (1478) µm long, and 14.8–52.9
(14.8–52.9(28.8)) µm wide (Figure 5D).

FIGURE 5 | Abyssocladia stegosaurensis n. sp. (A) In situ image from ROV feed, (B) whole specimen, (C) detail, (D) mycalostyle, (E) tylostyle, (F) sigmancistra,
(G) palmate chela front view, and (H) palmate chela back view.
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2. Subtylostyles, straight, fusiform, 491–1134 (736) µm long,
and 7.3–16.7 (11.7) µm wide (Figure 5E).

3. Tylostyles, straight, not fusiform, 181–573 (423) µm long,
and 4.5–9.4 (7.0) µm wide.

4. Palmate isochelae, with frontal tooth and lateral alae
of equal length, around 40% of total length, 20.4–39.7
(31.1) µm (Figures 5H,I).

5. Sigmancistras, thick, 5.8–9.3 (7.4) µm (Figure 5G).

GenBank accession numbers
28S rRNA, MK935690; ALG11, MK922991.

Distribution
While there were several possible observations of the species
on the video feed, this species was only collected from the
type locality off the Mariana Islands on the Stegosaurus Ridge
(3090 m) from hard/rocky substrate situated on a small rock.

Etymology
This sponge is named after the collection locality on the
Stegosaurus Ridge off the Northern Mariana Islands.

Remarks
This species shares similarities with other disc-shaped
Abyssocladia species from the Pacific. Morphologically it is
close to A. kellyae n. sp. and A. fryerae n. sp. in megasclere types
and sizes as well as lack of either abyssochelae or cleistochelae.
Chelae are small compared to other disc-shaped species in the
genus (Table 2). The phylogenetic results here imply a more
distant relationship, however, placing this species in a basal
position relative to other Abyssocladia species described in
this article.

Abyssocladia villosa sp. nov.
Type material
R/V Okeanos Explorer EX1605L3, ROV Deep Discoverer.
Holotype: USNM 1424162, dive 10, SPEC03BIO, 2016-06-27,
Stegosaurus Ridge, 22.12◦N, 145.4◦E, 3090 m.

Comparative material examined
Abyssocladia hemiradiata Hestetun et al. (2017a), holotype
(BMNH 2016.1.13.3).

Diagnosis
Stalked, hispid sponge with a cup-shaped body and horizontal,
radial, slightly apically oriented filament crown close to the top
margin. Upper stem widens in a conical fashion close to the body.
Megascleres are fusiform tylostyles with the broadest part close
to the tip, 865–1443 µm, two size categories of straight non-
fusiform tylostyles 549–1356 and 154–457 µm long. Microscleres
are cleistochelae, 38.2–87.5 µm, and sigmancistras, 7.6–10.0 µm.

Description
The holotype (Figures 6A,B) is a single specimen of a stalked
sponge consisting of a cup-shaped body with filament crown
close to the apical margin, radiating outward and slightly upward,
and a hispid stem connected to hard substrate with a small
basal plate. The holotype is 5 cm long from the base to the
top of the body. The body is 5.5 mm tall and 7.5 mm in
diameter. The stem is 45 mm long and 0.5–2 mm in diameter,

widening toward the top (Figures 6C,D). The color of the body
is white to white gray, while the stem is light brown in both live
specimen and in ethanol.

Skeleton
The skeleton is composed of a solid core of tightly packed,
large longitudinal subtylostyles. The core skeleton of the stem is
covered with a thin surface layer of soft tissue, which contains
numerous plumose brushes of smaller tylostyles that project
outward and give the specimen a hispid surface. The structural
skeleton widens toward the top body, which contains a radiating
skeleton of the larger tylostyles (Figures 6D,E).

Spicules
1. Subtylostyles, straight, fusiform, with the thickest part

closest to the tip, and gradually tapering toward the
base, 718–1443 (1080) µm long, and 13.8–24.5 (20.8) µm
wide (Figure 6F).

2. Tylostyles I, straight, not fusiform, 549–1356 (923) µm
long, and 7.1–18.7 (12.1) µm wide (Figure 6G).

3. Tylostyles II, straight, not fusiform, making up the plumose
brushes of the stem, 154–488 (282) µm long, and 4.3–14.8
(7.3) µm wide (Figure 6H).

4. Cleistochelae, arcuate isochelae with frontal tooth touching
or nearly touching, 30.5–90.3 (58.5) µm (Figures 6I,J). This
spicule has a large size range, but there is a continuous size
distribution, so it is presented as a single category here.

5. Sigmancistras, thick, 7.6–12.4 (9.4) µm (Figure 6K).

GenBank accession numbers
COI, MK922986; 28S rRNA, MK935691; ALG11, MK922992.

Distribution and habitat
This species is only known from its type locality off the Mariana
Islands on the Stegosaurus Ridge (3090 m) from hard/rocky
substrate situated on a large rock.

Etymology
From Latin “villosa” meaning shaggy or hairy. The sponge is
named after the hispid surface of the stem and apical body.

Remarks
Other Abyssocladia species with a spherical pedunculate body
include A. claviformis Koltun, 1970 and A. oxeata Koltun, 1970.
These were both collected from the NW Pacific basin, and are
possible close relatives to A. villosa n. sp.

This species has a hispid surface due to the presence of
plumose brushes of the shorter category of tylostyle projecting
through the outer layer of the stem. A similar arrangement
is found in a small number of other species in the genus,
including A. claviformis Koltun, 1970, A. desmophora (Hooper
and Lévi, 1989), and A. hemiradiata Hestetun et al., 2017a, and
the phylogenetic results confirm a close relationship between this
species and A. hemiradiata.

Genus Chondrocladia Thomson, 1873
Type species
Chondrocladia (Chondrocladia) virgata Thomson, 1873
(type by monotypy).
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FIGURE 6 | Abyssocladia villosa n. sp. (A,B) In situ images from ROV feed, (C) whole specimen, (D) detail of body, (E) detail of basal plate, (F) subtylostyle,
(G) tylostyle I, (H) tylostyle II, (I) cleistochela front view, (J) cleistochela back view, and (K) sigmancistra.

Diagnosis
Cladorhizidae with anchorate isochelae (from Lee et al., 2012).

Remarks
Genus Chondrocladia contains 37 species in three subgenera
(Van Soest et al., 2019). While species in the genus usually
have defined, regional distributions, the genus as a whole is
cosmopolitan. Certain species have a shallower distribution of
500–1000 m, while others have been reported from lower bathyal
and abyssal depths.

Subgenus Chondrocladia Thomson, 1873
Type species
Chondrocladia (Chondrocladia) virgata Thomson, 1873
(type by monotypy).

Diagnosis
Chondrocladia without a layer of special spicules
(subtrochirhabds or trochirhabds), lacking special rostriform
(snout-like) subtylostyles in filaments or terminal balls, and

without planar vanes formed of evenly spaced upright branches
(from Lee et al., 2012).

Remarks
Subgenus Chondrocladia contains 30 of the 37 species in
genus Chondrocladia (Van Soest et al., 2019). It is defined as
Chondrocladia species lacking any of the diagnostic criteria for
the other two subgenera, Meliiderma and Symmetrocladia.

Chondrocladia (Chondrocladia) coronata sp. nov.
Type material
R/V Okeanos Explorer EX1605L3, ROV Deep Discoverer.
Holotype: USNM 1424095-1424096, dive 8, SPEC03BIO, 2016-
04-29, Northwest Guam Seamount, 14.92◦N, 144.6◦E, 1229 m
(subsample: Ocean Genomic Legacy S24102).

Diagnosis
Erect sponge consisting of a single stem with filaments emerging
in a radial pattern along its whole length. Filaments become
longer toward the top of the sponge. The top of the main
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stem widens into a funnel shape with a ring-like margin and
a secondary crown of smaller filaments at a 45◦ angle pointing
apically. Megascleres are straight, fusiform mycalostyles, 1430–
2100 µm, and straight, fusiform subtylostyles 475–950 µm.
Microscleres are three categories of anchorate isochelae, 40–60,
20–32, and 15–20 µm, and sigmas, 30–50 µm.

Description
The holotype is composed of two fragments of an erect sponge
composed of a single stem with numerous side filaments; the
larger fragment (USNM 1424096) is a 38 mm piece from the

top of the sponge including part of the enlarged apical body
(Figure 7C), while the smaller fragment (USNM 1424095) is
an 8 mm segment of the stem (Figure 7D). Both fragments
are damaged, and it is only possible to get a complete idea
of the morphology of the sponge by examination of the
ROV video (Figures 7A,B). Based on the video data and
recovered fragments, the complete sponge is likely around 10–
15 cm tall. The image of the live sponge shows around 150
filaments, emerging in all directions from the stem across its
whole length, with filaments getting gradually longer closer
to the top of the sponge. The top of the sponge contains

FIGURE 7 | Chondrocladia coronata n. sp. (A,B) In situ images from ROV feed, (C) whole specimen, (D) stem detail, (E) style, (F) subtylostyle, (G) anchorate chela
1, (H) anchorate chela 2, (I) anchorate chela 3, and (J) sigma.
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a funnel-shaped enlargement ending in a fleshy, horizontal
ring with a shallow central depression. A secondary, smaller
set of around 30 filaments emerge from this ring at a 45◦
upward angle. Embryos are present in the main stem. The
sponge is attached to a rock with a small base, which was
not recovered. The color of the live sponge varies from
light beige in the main stem, to light gray and white in
filaments and top part.

Skeleton
The main structural skeleton of the stem and filaments is
made up of a core of longitudinal, tightly packed mycalostyles.
Subtylostyles are associated with the fleshy outer surface of the
stem and top part, where they are arranged to support the
associated tissue. All anchorate chelae size classes are found
throughout the sponge. Sigmas are found in the apical crown
part of the sponge.

Spicules
1. Mycalostyles, straight, fusiform, 1430–2104 (1734) µm

long, and 26.9–52.0 (39.4) µm wide (Figure 7E).
2. Subtylostyles, straight, fusiform, 488–948 (642) µm long,

and 10.2–27.6 (17.0) µm wide (Figure 7F).
3. Anchorate isochelae 1, 40.9–59.8 (52.5) µm, with three

teeth of equal length, each around 20% of total length and
curved shaft (Figure 7G).

4. Anchorate isochelae 2, 21.1–31.5 (26.2) µm, with three
teeth of equal length, each around 30% of total length and
curved shaft (Figure 7H).

5. Anchorate isochelae 3, 14.9–19.6 (17.4) µm, with three
teeth of equal length, each around 30% of total length and
curved shaft (Figure 7I).

6. Sigmas, 33.6–48.7 (39.6) µm (Figure 7J)

GenBank accession numbers
COI, MK922987; 28S rRNA, MK935692; ALG11, MK922993.

Distribution and habitat
This species is only known from its type locality off the Mariana
Islands at the Guam Seamount (1229 m) from mixed sandy and
rocky substrate situated on exposed rock.

Etymology
From Latin, “coronata,” meaning crowned. Named after the
filament crown of the apical body of the sponge.

Remarks
It is difficult to identify close relatives to this species given its
unique general morphology within the genus: Chondrocladia
species are usually either pedunculate with a top body containing
filaments, or elongated and club-shaped with fistules emerging
from the stem, while this species has a stem with numerous
smaller filaments as well as a well-developed top part.

The molecular data suggest a closer affinity to C. (S.) lyra and
stalked species such as C. vaceleti and C. fatimae rather than
large, club-shaped species such as C. grandis and C. concrescens.
The current subgenus classification of Chondrocladia is likely not
monophyletic (Hestetun et al., 2016b). As it is lacking diagnostic

characters for the subgenera Meliiderma and Symmetrocladia, we
have placed C. coronata n. sp. in subgenus Chondrocladia.

Subgenus Symmetrocladia Lee et al., 2012
Type species
Chondrocladia (Symmetrocladia) lyra Lee et al., 2012.

Diagnosis
Chondrocladia with biradial, triradial, tetraradial, or pentaradial
symmetry of right triangles (vanes) formed of vertically aligned
branches arising unilaterally from basal stolons. Without a stalk.
Spicules are styles, rostriform (snout-like) subtylostyles in the
filaments and on the terminal balls, and unguiferous anchorate
isochelae and sigmas. Trochirhabds and forceps are absent
(from Lee et al., 2012).

Chondrocladia (Symmetrocladia) lyra Lee et al., 2012
Examined material
R/V Okeanos Explorer, ROV Deep Discoverer. USNM 1424083,
EX1605L1, dive 3, SPEC05BIO, 2016-04-23, Sirena Canyon,
12.54◦N, 144.6◦E, 4857 m (subsample: Ocean Genomic Legacy
S24096). USNM 1424175, EX1605L3, dive 13, SPEC01BIO, 2016-
06-30, Twin Peaks, 21.42◦N, 145.89◦E, 4834 m.

Comparative material examined
Chondrocladia (Symmetrocladia) lyra (subsample from
holotype), CASIZ18877, South Escanaba Ridge, CA, 2005-08-30,
dive T-891-A2, 40.98◦N, 127.49◦W, 3318 m.

Diagnosis
Chondrocladia with biradial, triradial, tetraradial, or pentaradial
symmetry of right triangles (vanes) formed of vertically aligned
branches arising unilaterally from basal stolons. Without a stalk.
Spicules are styles, rostriform (snout-like) subtylostyles in the
filaments and on the terminal balls, and unguiferous anchorate
isochelae and sigmas. Trochirhabds and forceps are absent (from
Lee et al., 2012).

Description
Two specimens were recovered, one from Sirena Canyon
(4857 m) and one from Twin Peaks (4834 m). Specimen USNM
1424083 (Sirena Canyon) is composed of a short stem and two
opposite vanes with 10 and 11 vertical branches (Figures 8A,B).
The recovered specimen is around 13 cm from end to end,
but lacks a couple of branches on each side, meaning the
complete animal is larger in situ. Branches are around 4–5 cm
in length. Both stolon and branches feature a large number of
filaments 2–5 mm in length. Stolon or branch swellings are not
apparent. ROV footage shows ophiuroids clinging to stolon and
branches (Figure 8B).

Specimen USNM 1424175 (Twin Peaks) also has two opposite
vanes, but the recovered specimen is fragmented. Stolons carry 13
vertical branches each. Branches are longer than in the preceding
specimen, and end with terminal swellings (Figures 8C,D, 9C),
but no complete branches were recovered, so they could not be
measured. The stolons also feature a couple of solid enlargements.
Stolon and branches feature a large number of filaments in all
directions from the stem.
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FIGURE 8 | Chondrocladia (Symmetrocladia) lyra in situ images from ROV feed. (A,B) Specimen USNM 1424083 and (C,D) specimen USNM 1424173.

Both specimens were recovered on mixed sandy and rocky
bottom, and are anchored into the sandy sediment with rhizoids.

Skeleton
The mycalostyles make up the main structural skeleton of the
stolons and branches, while megascleres found in the filaments
and swellings are subtylostyles. Isochelae are found in all parts
of the sponge. Large sigmas are common in filaments, while
small sigmas are confined to the swellings and were not found
in specimen USNM 1424083.

Spicules
1. Mycalostyles, straight, fusiform, stolons and branch stems,

1425–1959 (1726) µm long, and 23.1–41.2 (35.4) µm
wide (Figure 9D).

2. Subtylostyles, straight, fusiform, filaments, 740–1156
(858) µm long, and 12.6–22.0 (17.2) µm wide (Figure 9E).

3. Anchorate isochelae, 41.5–53.1 (47.1) µm, with three teeth
of equal length, each around one-sixth of total length, and
curved shaft (Figure 9F).

4. Sigmas, 78.7–117.7 (98.4) µm (Figure 9G). Associated
mainly with filaments.

5. Sigmas, 45.9–64.2 (55.5) µm. Associated with
terminal swellings.

GenBank accession numbers
USNM 1424083: COI, MK922988; 28S rRNA, MK935693;
ALG11, MK922994. USNM 1424175: COI, MK922996.

Distribution and habitat
The type location for C. (S.) lyra is off California at the
South Escanaba Ridge with additional reported sightings

at the Monterey Canyon and a depth range of 3317–
3503 m (Lee et al., 2012). The original source mentions
that there are also unpublished records that states that
distribution range is probably much larger than specimens
specifically described in that article, and gives distribution
as NE Pacific (Lee et al., 2012). The distance between the
type locality and the Marianas confirms that the species
is present on both sides of the Pacific, and most likely
has a very wide distribution at bathyal to abyssal depths
(∼3000–5000 m).

Remarks
This species is well described in the original article by Lee et al.
(2012). Molecular data from the type material are included in the
phylogeny of Hestetun et al. (2016b), and the molecular data here
confirm that the present material belongs to the same species.
Some of the type specimens are larger, with more than two vanes,
but the present material is within the variation of the originally
published set of specimens.

Because of its unique morphology, Lee et al. (2012) erected
a new, monotypic subgenus, Symmetrocladia, for C. (S.)
lyra. Molecular results in Hestetun et al. (2016b) suggest a
basal position to smaller, pedunculate Chondrocladia species
sometimes informally referred to as “Crinorhiza” type in older
literature (e.g., Topsent, 1930; Lévi, 1993).

Genus Lycopodina Lundbeck, 1905
Type species
Lycopodina lycopodium (Levinsen, 1887) (type by
subsequent designation).
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FIGURE 9 | Chondrocladia (Symmetrocladia) lyra. (A) Branch detail from USNM 1424083, (B) stolon swelling from USNM 1424173, (C) terminal swelling from
USNM 1424173, (D) style, (E) subtylostyle, (F) anchorate chela, and (G) sigma.

Diagnosis
Pedunculate Cladorhizidae with body either in the form of an
erect stem or sphere with filaments in all directions, or cup-
shaped. Megascleres are mycalostyles and commonly shorter
(tylo)styles. Microscleres are one type of arcuate or palmate
anisochela where the smaller end is in the shape of a central
plate and two rudimentary, flat, lateral teeth, all with serrated
edges toward the middle. To this, forceps spicules are often
added, but may be rare or absent in particular species or
specimens of a single species. Never sigmas or sigmancistras
(from Hestetun et al., 2016b).

Remarks
The genus contains 29 species in addition to the species described
here (Van Soest et al., 2019). Originally erected as a subgenus by
Lundbeck (1905), it was re-erected as a genus based on results
from Hestetun et al. (2016b). The genus is cosmopolitan, with

species known from all major oceans, and from low tide down
to hadal depths.

Lycopodina subtile sp. nov.
Type material
R/V Okeanos Explorer EX1605L3, ROV Deep Discoverer.
Holotype: USNM 1424167, dive 10, SPEC03BIO_CO4, 2016-06-
27, Stegosaurus Ridge, 22.12◦N, 145.4◦E, 3090 m.

Comparative material examined
L. lycopodium (Levinsen, 1887) (ZMBN 103465).

Diagnosis
Sponge composed of a slender stem with a large number of
fine filaments emerging in all directions outward from the stem.
Spicules are mycalostyles around 400–1500 µm long and palmate
anisochelae around 7–11 µm long.
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Description
An erect sponge consisting of a thin, vertical stalk with a short
basal stem. A large number of filaments are arranged in a radial
fashion projecting outward in all directions from the central
stalk. The holotype is 34 mm long and 0.5 mm in diameter, with
filaments up to 3 mm long. The color of the sponge is translucent
white to slightly gray in both live specimen and in ethanol.

Skeleton
The main structural skeleton consists of a core axis made up
of longitudinal, tightly arranged mycalostyles. The filaments are
composed of mycalostyles perpendicularly inserted into the main
stem, radiating at their base. The stem core is covered by a thin
surface layer of soft tissue. Palmate anisochelae are found at the
surface of the stem and filaments.

Spicules
1. Mycalostyles, very slightly tylote, large, straight, fusiform,

393–1438 (804) µm long, and 6.3–32.1 (18.5) µm wide
(Figures 10D,E).

2. Palmate anisochelae, with frontal tooth and lateral alae of
equal length, around 40% of total length, 7.1–10.7 (9.1) µm
(Figures 10F,H).

GenBank accession numbers
28S rRNA, MK935694; ALG11, MK922995.

Distribution
This species is only known from its type locality off the
Mariana Islands at the Stegosaurus Ridge (3090 m) on a large
rock outcropping.

Etymology
From Latin, “subtile,” meaning fine, slender, or delicate. Named
after the small size and slender stem of the sponge.

Remarks
The anisochelae of L. subtile n. sp. are small compared to most
species of the genus, and are similar in size to the smaller category
of chela in Asbestopluma. However, the morphology of the spicule
and the phylogenetic results show that it is clearly Lycopodina.

Species identification within Lycopodina can be challenging
since spicules like smaller categories of megascleres and forceps
spicules seem to be associated with specific parts of the sponge
or reproductive structures such as embryos or spermatic cysts
(Riesgo et al., 2007). In many cases, larger megascleres and
anisochelae are the only spicules that can be reliably found, such
as for L. subtile n. sp. here.

A stalked morphology with a radial arrangement of filaments
is common within the genus, and given intraspecific spicule size
variation, exact species boundaries are uncertain for species such
as L. lycopodium, L. occidentalis, L. lebedi, and L. gracilis (e.g.,
Koltun, 1962, 1970; Van Soest, 2016; Hestetun et al., 2017b).

FIGURE 10 | Lycopodina subtile n. sp. (A) In situ image from ROV video, (B) holotype USNM 1424167, (C) stem detail, (D) large style, (E) small style, (F–H) palmate
anisochela front, side and back view.
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Only a few stalked Lycopodina species have been reported
from lower bathyal depths and below: Lycopodina wolffi Lévi,
1964 and Lycopodina hadalis Lévi, 1964 from the Kermadec and
Kuril–Kamchatka Trenches (∼4350–8840) (Lévi, 1964; Koltun,
1970). While Koltun (1970) argued that L. hadalis is a synonym of
L. occidentalis, this is not considered valid here. The phylogenetic
results recover L. subtile n. sp. with L. cupressiformis, though it is
likely that it is more closely related to other Lycopodina species
where molecular data are missing.

Phylogenetic Analysis
The ML best tree from the phylogenetic analysis of the
concatenated partial 28S rRNA, COI, and ALG11 dataset
is presented here with Bayesian posterior probabilities
and ML bootstrap values indicated for nodes recovered
in both analyses (Figure 11). The analysis includes
available cladorhizid sequences on GenBank (see the
section “Materials and Methods” for references containing
accession numbers) as well as new sequences from the
specimens examined in this article (see species descriptions
for accession numbers).

In general, genus and species relationships are similar to
previous cladorhizid phylogenies in e.g., Hestetun et al. (2016b):
Lycopodina forms a basal clade followed by Asbestopluma,
Euchelipluma/Abyssocladia, and finally Cladorhiza and
Chondrocladia. The species sequenced for this article are
recovered in positions consistent with morphological characters:
The new Chondrocladia (S.) lyra specimens are virtually identical
to the previously sequenced specimen from the type material.
C. coronata n. sp. is recovered in a basal position relative to C.
(S.) lyra and other Chondrocladia species with a Crinorhiza-type
morphology (cf. discussion of the genus in Hestetun et al.,
2016b) (Figure 11).

The new Abyssocladia species are found in three main
positions within the genus: A. stegosaurensis n. sp. was recovered
basal to other species described here. A. villosa n. sp. was
recovered as a sister taxon to A. hemiradiata Hestetun et al.,
2017a. The last three species, A. kellyae n. sp., A. fryerae n. sp., and
A. marianensis n. sp., were recovered together with the Pacific
disc-shaped species A. dominalba Vacelet, 2006 and A. lakwollii
Vacelet and Kelly, 2014 (Figure 11).

DISCUSSION

Abyssocladia Diversity and Distribution
In the 2001 publication of the Systema Porifera, the cladorhizid
genus Abyssocladia Lévi, 1964 was considered a synonym to
Phelloderma Ridley and Dendy, 1886 (Van Soest and Hajdu,
2002). Re-erected in 2006 based on a re-examination of chela
characters and newly discovered species, Abyssocladia at that time
contained seven abyssal Pacific species with a short diagnosis
that included a pedunculate, disc-shaped body, and abyssochela
spicules (Vacelet, 2006). Including the species in the present
article, it has over a period of 10 years grown into a genus
containing 31 species with considerable morphological and
spicule variation, and is now also known from the North and

South Atlantic as well as seamounts on the Southwest Indian
Ridge (see Table 2 for references).

Body shapes within the genus now include stalked forms with
disc-shaped, spherical- or umbrella-shaped bodies, pinnate forms
with opposite rows of filaments or filaments radiating in all
directions from the stem, as well as branching forms. Megascleres
commonly include mycalostyles, styles, (sub)tylostyles, oxeas,
(sub)strongyles, in a couple of cases acantho(tylo)styles or
acanthostrongyles, and in one case desmas. Microscleres include
arcuate or palmate isochelae, cleistochelae, and abyssochelae,
in some cases with specific morphology or modification,
and finally sigmas and sigmancistras. As many species only
feature arcuate isochelae rather than the previously diagnostic
abyssochelae, it is difficult to establish a clear synapomorphy for
the genus (Table 2).

While the genus can be roughly divided into different body
shapes, it is difficult to relate this to the variation in spicule
complement and morphology. Sequence data for the genus are
limited, and there is yet no clear pattern between morphological
characters and phylogenetic position (Figure 11). Phylogenetic
results indicate that Euchelipluma Topsent, 1909 is a sister
group to Abyssocladia, but the systematic relationship between
Abyssocladia and the cladorhizid genera Cercicladia Ríos et al.,
2011, Koltunicladia Hestetun et al., 2016b, and Lollipocladia
Vacelet, 2008 is unclear (Hestetun et al., 2016b).

Most described Abyssocladia species are based on only one
specimen or specimens from a single expedition. It is thus
likely that the increase in the number of known species
will continue, which will provide additional morphological
context and fill the gaps between current species of the
genus. Cladorhizid specimens are fragile and easily distort
or break as a result of preservation. ROV in situ video
footage, ideally together with high-quality photos during
collection prior to preservation, is thus critical to get a
complete understanding of the morphology and function of a
given cladorhizid species. Increasing the amount of sequence
data available for phylogenetic analysis of the carnivorous
sponges will allow further exploration of the evolutionary
relationships within Abyssocladia and its sister taxa. New
morphological and molecular data thus both serve to increase
the knowledge of the diversity and evolution of the genus and
cladorhizids in general.

Pacific Cladorhizid Diversity and the
Mariana Islands
Before the present study, no cladorhizid species have
been reported for the deep sea around the Mariana
Islands. Other records from the West Pacific show that
cladorhizids are reasonably common, however, with several
recently described species (e.g., Vacelet, 2006; Vacelet
et al., 2009; Ise and Vacelet, 2010; Kelly and Vacelet, 2011;
Vacelet and Kelly, 2014).

Results from this article demonstrate that the deep-sea
seafloor around the Mariana Islands contains a rich and
previously unknown cladorhizid fauna. Somewhat surprisingly,
only one of the present species, the harp sponge Chondrocladia
(Symmetrocladia) lyra, is previously described.
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FIGURE 11 | ML consensus tree of a concatenated phylogeny of the Cladorhizidae based on partial 28S rRNA, COI, and ALG11. The analysis includes available
cladorhizid sequences from GenBank as well as an outgroup taxon (Guitarra antarctica). Sequences for specimens described in this article are indicated in bold.
Bayesian posterior probabilities (0–1) and ML bootstrap values (1–100) are indicated for nodes that were recovered in both analyses. Genera including species
described in this article are color coded green for Chondrocladia, blue for Abyssocladia, and red for Lycopodina. The genera Cladorhiza and Asbestopluma and
species with sequences from several specimens have been collapsed to aid readability.

While the species here are almost all new to science, they are
clearly related to the general cladorhizid fauna of the Pacific,
with a high proportion of Abyssocladia and extending the known
distribution of C. (S.) lyra. The generally poor sampling coverage
makes it difficult to assess whether the fauna is unique to the area,
or is part of a larger, shared Pacific fauna.

While some cladorhizid species use rhizoid structures to attach
to soft bottom substrate, many species are found on hard or
mixed bottom types, where they are fastened to rock patches or
outcroppings. Their fragile morphology and small size makes it
easy to overlook cladorhizids in both video transects and using
traditional sampling gear. Still, as demonstrated by the material
described in the current study, field personnel with appropriate
expertise and a thorough sampling design facilitate preliminary
identification and collection of this group.

The results here are also congruent with past studies in
previously understudied areas in the Southwest Pacific and
elsewhere, in that recovered cladorhizid specimens have a high
chance of belonging to undescribed species. It is clear that

the deep Pacific is home to a diverse and still very poorly
known carnivorous sponge fauna with many unique characters
compared to the somewhat better known Atlantic cladorhizids,
and that additional sampling is needed to get a better picture of
the total diversity of carnivorous sponges in the area.
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