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Abstract 
 

Sponges play an important role in many marine habitats and are crucial for maintaining the 

deep-sea marine ecosystems. However, there is a knowledge gap in the field of sponge 

biodiversity due to insufficient exploration of the deep-sea, and the probability of finding new 

species is fairly high. The deep waters of the Indian and Pacific Oceans are particularly poorly 

explored, and their sponge diversity is barely known. During the KANADEEP 2 expedition in 

the south of New Caledonia a large collection of Demospongiae and Hexactinellida was 

gathered to assess the sponge biodiversity. In this project 110 Demosponges were investigated 

morphologically and identified to the order level. Twenty-one of these were selected for 

further identification and description in terms of shape and geometry of spicules using light 

microscopy. The DNA was extracted from eight specimens for the confirmation of new 

species. Amplification of CO1 Folmer fragment was conducted using PCR. The resulting 

PCR-products were analyzed using gel electrophoresis and DNA-sequencing. The twenty-one 

specimens were assigned to the genera Tethya, Stupenda and Geodia belonging to the order 

Tetractinellida, which was found to be the dominant order in the deep waters in the New 

Caledonia region. There are potentially six new species amongst the studied specimens. 

However, it has to be confirmed with molecular analysis of specific markers. The 

morphological analysis of 21 specimens collected during the KANADEEP 2 expedition 

demonstrated that 17 specimens belonged to Geodia, two specimens to Tethya, and two 

specimens to Stupenda. 
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Terminology 
 

Terminology follows Boury-Esnault & 

Rützler (1997) and is needed for 

convenience. Some terms are slightly 

modified. 

 

Actine – A centered ray containing an axis 

or axial canal. See also CLAD 

Acantho- – prefix meaning spined 

projections outwards, as in acanthostyle or 

acanthomicrorhabd 

Anatriaene – A triaene in which the clads 

are sharply curved backward 

Asconoid – Aquiferous system in which 

the internal cavity of the sponge is entirely 

lined by choanocytes 

Blastula – Sphere of cells that is hollow 

Choanocyte – Cell having a flagellum that 

is surrounded by a collar of cytoplasmic 

microvilli linked by bridges of glycocalyx. 

Several are typically arranged in spherical, 

ovoid, or elongated chambers. 

Fundamental cell of sponges. 

Choanocyte chamber (flagellated 

chamber) – Any cavity lined by 

choanocytes and located between inhalant 

and exhalant pores 

Choanosome – The internal region of the 

sponge, including the choanocyte 

chambers 

Cortex – A superficial region of a sponge 

reinforces by a special organic or inorganic 

skeleton 

Cortical layer – Outer layer of sponge 

Clad – Any ray or axial branch containing 

an axis or axial canal confluent with that of 

the protoclad or protorhabd in type of 

spicule; term chiefy used in triaene 

spicules 

Calcareous spicule – A spicule composed 

largely of calcite having a radiate form, the 

number of rays being either two (diactin), 

three (triactine), or four (tetractine) 

Calthrop – Epianguilar tetraxon with 

equal rays 

Diaene – Reduced triaene with two clads 

Euaster – A collective term for astrose 

microscleres in which ate rays radiate from 

a central point 

Encrusting – Thin, sheet-like coating of 

the substrate 

Leuconoid – Aquiferous system in which 

the choanocytes are restricted to discrete 

choanocyte chambers, which are dispersed 

in the mesophyll 

Massive – Large, compact structure 

without definable shape 

Micro- – Prefix used for naming 

microscleres that are similar in shape to 

megascleres 

Microrhabd – A general term for a 

straight, monaxonic microscleres 

Microsclere – Small spicule, often ornate 

in shape 

Monaxon – Linear, nonradiate spicule, or 

a spicule type not having more than two 

rays along one axis 

Node – Junction of spicule tips centered by 

spongin 

Oxea – Monaxon (diactinal) spicule 

pointed at both ends. Different types are 

distinguished by shape and tip 

morphology. Shape may be e.g. curved, 

flexuous, fusiform. Tips may be e.g. blunt, 

symmetrical 

Oxy- Prefix indicating that rays are 

gradually tapering to a point 

Oxyaster – An euaster with acerate free 

rays and a small centrum less than one-

third the diameter of the whole spicule 

Oxyspheraster – Euaster with a discrete 

centrum that is more than one-third but 

less than the half total diameter of the 

whole spicule 

Pinacocyte – flat cells that is placed on the 

most outer layer of the sponge 

Protriaene – A triaene in which the clads 

are directed or sharply curved forward, 

away from the rhabd 

Ray – See ACTINE 

Rhabd – A collective term for a 

monaxonic megasclere, later applied to the 

one ray of a triaene that is distinct from the 

other three, mostly in length 

Sessile – Attached to a surface, not mobile 

permanently. 
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Sigmaspire – A contorted-sigmoid 

microspined microsclere 

Smooth – Surface without any projections 

Spongin – Skeletal substance in 

Demospongiae made up of collagen 

microfibrils of ~10 µm diameter 

Spiny – Surface with scattered, stiff, and 

sharp spicular or fiber 

Spheraster – An euaster with short rays 

and a thick centrum; the diameter of the 

centrum exceeds the length of the rays 

Spheroxyaster – Euaster with a discrete 

centrum that is more than one-third the 

total diameter 

Strogyloxea – A fusiform oxea with one 

end blunt 

Style – Monaxon spicule with one end 

pointed, the other blunt 

Sterraster – A spherical or ellipsoidal 

microsclere in which the numerous rays 

are fused and end in stellate terminations 

(e.g., genus Geodia) 

Syconoid – Aquiferous system with 

elongated choanocyte chamber containing 

free distal cones or extending from cortex 

to atrium 

Trabecula – Inside layer of sponge 

Triaene – General term for a tetractinal 

megasclere having one unequal ray that is 

commonly much longer than the other 

three 

Tuberculate – See VERRUCOSE 

Verrucose – Warty (genus Tethya)



Abbreviations 
 

MNHN Muséum National d’Histoire Naturelle, Paris, France 

ROV Remotely Operated Vehicle 

WPD World Porifera Database (http://www.marinespecies.org/porifera)  

  

http://www.marinespecies.org/porifera
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1 Introduction 
 

Very little is known about sponge diversity, ecology and biology, despite the fact that they 

play an important role in many marine habitats. Sponges are often the dominant animal in 

benthic habitats (Hooper, 2003). They are stable, long-lived metazoans inhabiting waters from 

tropical to polar regions at various depths (Van Soest et al., 2012). They can live on rocky as 

well as soft bottoms.  

Sponges belong to the phylum Porifera and are aquatic, multicellular, sessile organisms 

that filter water for food and oxygen through incurrent pores (microscopic openings) and 

exhalent oscules (usually larger vents). Sponges play an important role in maintaining marine 

ecosystems due to their ability to provide water dissolved nutrients, e.g. nitrogen to benthic 

organisms. The size and shape of sponges vary considerably. They can be as small as several 

millimeters and as large as up to one meter. Interestingly, the shape varies not only among 

species but also between individuals of the same species depending on the environment.  

Sponges consist of cells that are not organized into tissue or organs. The outer layer, 

internal canals, and chambers of the sponge are made of pinacocytes. Flagella-bearing cells 

(choanocytes) are important for creating water current for filtering. The shape of sponges is 

maintained by a skeleton that can consist of various elements such as siliceous or calcium 

carbonate spicules and organic filaments (spongin) (Van Soest et al., 2012). In Demospongiae 

and Hexactinellids, the spicules are divided into megascleres and microscleres. Megascleres 

form the skeletal framework and microscleres are located between the tracts of megascleres. 

The arrangement and morphology of spicules vary substantially and thus, spicules are 

important for sponge identification and classification. The shape and geometry of spicules is 

an important part of sponge taxonomy and they can be very diverse in one single species. 

Furthermore, sponges are rich in biologically active compounds. The number of isolated 

and characterized compounds stand for 30 % of all marine natural products. The most 

common identified compounds in sponges belong to classes of alkaloids, peptides, steroids, 

polyketides, terpenoid and macrolides. They include a range of biological activities such as 

anticancer, anti-HIV, antibacterial, anti-inflammatory and antimalarial (Han, 2019). 

 

1.1 Geodia Lamarck, 1815 

 

The genus Geodia Lamarck, 1815, is part of the family Geodiidae Gray, 1867 (Hooper and 

van Soest, 2002). Recent findings indicate that Geodiidae appeared in the Middle Jurassic (P. 

Cárdenas, unpublished data). It consists of 220 extant (preserved) species (Van Soest, 2007) 
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and there are more than 260 described species (Van Soest et al., 2015). The most 

characteristic microsclere is ball-shaped spicules called ‘sterrasters’ that aggregate into a 

cortical layer, star-shaped spicules called ‘euasters’, and club- or needle-shaped spicules 

called ‘microrhabds’. The megascleres are presented by various forms of four-branch spicules 

called ‘triaenes’ and large needle-shaped spicules called ‘oxeas’ (Hooper and van Soest, 

2002). Sponges in the family Geodiidae are massive globular to thickly encrusted (Sim-Smith 

et al., 2015). The color of the sponges depends on the exposure to light and can vary between 

cream, pale yellow, mustard, or brown to black on the outside and cream, gray or white on the 

inside (Sim-Smith et al., 2015) (Hooper and van Soest, 2002).  

 

 

1.2 Tethya Lamarck, 1815 

 

The genus Tethya Lamarck, 1815, includes 93 accepted species being the most specious 

genus in the family Tethyidae Gray, 1848, belonging to order Tethyida Morrow & Cárdenas, 

2015, which contains 14 valid genera (Van Soest, 2019). Spicules of sponges in Tethyidae 

consist of stylote megascleres, mainly strongyloxeas, and asters of two types: megasters and 

micrasters (Hooper and van Soest, 2002). Their body shape can be globose, irregular or 

encrusting. They can also be supported by a stalk. Their body surface is commonly verrucose 

(warty surface) with tubercles (nodules). 

 

1.3 Stupenda Kelly & Cárdenas, 2016 

 

The genus Stupenda Kelly & Cárdenas, 2016, is the only genus in the family Stupendidae, 

with only one species, Stupenda singularis (Kelly and Cárdenas, 2016). The appearance of the 

sponge is typical of the family Tetillidae Sollas, 1886. The form is externally spherical, and 

the internal skeleton consists of oxeas and triaenes as megascleres and microspined 

sigmaspires as microscleres. The triaenes are reminiscent of the ones in the family 

Ancorinidae Schmidt, 1870, unlike the pro- and anatriaenes that are typical for tetillid species. 

However, they have much larger clubbed orthotriaenes, with a rhabdome that is attenuated, 

and the upper part of the orthotriaenes is acanthose (Kelly and Cárdenas, 2016). 

 

1.4 Objectives 

 

The number of species described to this day is 9323 (according to the World Porifera 

Database (WPD), 13-08-2020, http://www.marinespecies.org/porifera) but with an average of 

http://www.marinespecies.org/porifera
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50 new species described every year, researchers estimate that thousands of species remain to 

be discovered (Cardenas et al., 2012). In particular, there is a knowledge gap in the field of 

sponge biodiversity due to limited exploration of the deep-sea, which represents more than 

60% of the Earth’s surface. The deep waters of the Indian and Pacific Oceans are particularly 

poorly explored, and their sponge diversity is barely known.  

In September 2019, a large collection of deep-sea sponges was collected during the 

KANADEEP 2 expedition in the South of New Caledonia. New Caledonia is a French 

territory off the coast of Queensland, Australia (Pacific); this region had only 149  recorded 

sponge species, in the year 2007 (Motuhi, 2016). This degree project was done within the 

frame of KANADEEP projects led by the French Museum of Natural History (MNHN) with 

the aim to fill the knowledge gaps in the deep-sea biodiversity of New Caledonia, with a 

particular effort on the benthic organisms (e.g. sponges). The explored sites were Norfolk 

Ridge (Stylaster and Munida seamounts) and Loyalty Ridge (Mound J and Ellet Bank). 

The first aim of this study was to identify sponge species of the KANADEEP 2 collection 

up to the order rank, and if possible, to the family rank, in order to have an idea of the sponge 

biodiversity in this remote part of the world. The second aim was to discover potential new 

species and collect morphological data for future descriptions. The morphology of sponges, in 

terms of shape and geometry of their spicules, was investigated. DNA extraction was 

performed for further molecular identification of the specimens using molecular biology 

methods such as polymerase chain reaction (PCR) to amplify cytochrome oxidase subunit 1. 

2 Material and methods 
 

2.1 Area of study and field collection 

 

Paco Cárdenas (BMC, Uppsala University) has collected and subsampled sponges from 

New Caledonia. The two deep-sea expeditions in New Caledonia, KANADEEP (2017) and 

KANADEEP 2 (2019), were led by the Natural History Museum in Paris (MNHN), France 

(Samadi and Olu, 2019) on board of the research vessel L’Atalante. 

Only the KANADEEP 2 collection was studied in this work. During the first part of the 

expedition (= leg 1, 4-17 Sept 2019) all the specimens were collected with the ROV Victor 

6000. Specimens from the second part of the expedition were collected with a dredge or a 

beam trawl (= leg 2, 22 Sept-1 Oct. 2019). Metadata of the expedition are available at 

https://expeditions.mnhn.fr/campaign/kanadeep2. Collections were made at two sites on the 

Norfolk ridge (site Munida and Stylaster) and two on the Loyalty Ridge (Mount J and Ellet 

https://expeditions.mnhn.fr/campaign/kanadeep2
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Bank) at a depth between 400 and 2000 m. The sites were selected based on geological and 

bathymetric information. 

 

                
Figure 1. Left panel: The map of New Caledonia. Red arrows showing explored sites of Norfolk ridge 

(Munida and Stylaster) and Loyalty Ridge (Mount J and Ellet Bank); Right panel: ROV Victor 6000 

used to collect all specimens during the first leg of KANADEEP. 

 

2.2 Preparation of spicule solution 

 

A small piece of sponge tissue (~5mm) preserved in 96% EtOH was put into a 1.5 ml 

Eppendorf tube. It was then filled with chlorine to dissolve the sponge tissue for 2 hours at 

room temperature. The tube was mixed carefully every 30 min. Thereafter the sample was 

centrifuged (3 rpm for 1 min). The chlorine was then removed carefully with a Pasteur pipette 

and replaced with water, mixed and left for 30 min at room temperature. 

The sample was centrifuged (3 revolutions per minute for 1 min), and the water was 

replaced with 50% EtOH, mixed and left for 30 min at room temperature. After centrifugation 

(3 rpm for 1 min) 50% EtOH was replaced with 96% EtOH. The spicule solution was stored 

at room temperature until use. 

 

2.3 Light microscope preparation 

 

A few drops of spicule solution were put on a glass slide using a Pasteur pipette and then 

dried on a hot plate at 50 °C. Megascleres were separated and distributed over the glass using 

entomologist tweezers. All work with the Eukitt® Quick hardening mounting medium was 

done in a fume hood on aluminum foil. A few drops of Eukitt® was added over the dried 

spicules and covered with a cover glass. The slide preparations for microscopy were left in the 

fume hood for a minimum of 24 hours for hardening. 

Every slide was examined under a light microscope with the magnifications of x4, x10 and 

x40 and the spicules were measured with a small ruler in the ocular. The morphology of the 

spicules were drawn, and the size was measured. The samples were assigned to different 
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orders, families and genera using the Systema Porifera (Hooper and van Soest, 2002), the 

WPD and scientific literature. Furthermore, a few specimens were chosen for further 

identification to species level. 

 

2.4 DNA extraction 

 

DNA extraction was made according to DNeasy® Blood and Tissue Kit (Qiagen, Hilden, 

Germany) following the manufacturer’s instructions. Specimens extracted are listed in Table 

1. The DNA extracts were stored in a freezer at -20 °C. 

 
Table 1. Specimens subjected to DNA extraction, PCR and sequencing, with primers LCO – HCO 
(see section 2.5) 

Extraction# Specimen (MNHN-IP-2018- number) Genus CO1 Folmer LCO – HCO (658 bp) 

512 351 Tethya  

513 136 Geodia  

514 144 Geodia  

515 119 Geodia  

519 153 Geodia  

520 133 Geodia  

523 138 Geodia  

524 141 Geodia  

 

2.5 Polymerase chain reaction 

 

PCR was conducted using PuReTaq Readu-To-Go (RTG) PCR-beads. A stock solution 

was prepared mixing 264 µl sterile water, 12 µl of 10 µM forward primer and 12 µl of 10 µM 

reverse primer, and thereafter dispensed into 12 PCR-tubes with a total reaction mix of 24 µl. 

Then 1 µl of template DNA was added into each tube. The negative control contained 1 µl of 

sterile water instead of template DNA. 

Mitochondrial cytochrome c oxidase subunit 1 (CO1) Folmer fragment (658 bp) was 

amplified using the following universal primers LCO1490 and HCO2198. 

 

Primer sequences: 

Forward: LCO1490: 5′- GGT CAA CAA ATC ATA AAG ATA TTG G -3′ 

Reverse: HCO2198: 5′- TAA ACT TCA GGG TGA CCA AAA AAT CA -3′ 

 

The PCR consisted of initial denaturation (94 °C, 5 min), denaturation (94 °C, 15 s), 

annealing (46 °C, 15 s), extension (72 °C, 15 s), final extension (72 °C, 7 min), cooling (4 °C, 

∞). The denaturation/annealing/extension cycle was repeated 35 times. 
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2.6 Gel electrophoresis 

 

The agarose gel was prepared 1.5 %. For the preparation of the gel, 6 g of agarose was 

mixed with 400 ml of 1X Tris Acetate-EDTA (TAE). The mixture was heated in the 

microwave until boiling and full dissolution of the agarose. A total of 50 ml of the mixture 

was poured into the gel frame and then left to harden within 15 minutes. 

For the marking of the samples 1 µl of Gelred (Hayward, CA) was mixed with 250 µl 

Loading buffer (PanReac AppliChem ITW Reagents) and 250 µl sterile water. The marking 

solution (1.5 µl) was mixed with 3 µl PCR-products and the resulting samples were loaded on 

to the gel. For the ladder 1.5 µl of marking solution was mixed with 2 µl of size marker (Gene 

ruler 1 kb Plus, ThermoFisher Scientific, Waltham, MA). 

 

2.6.1 Purification of PCR-product 

 

For the purification of the samples 10 µl of PCR-product was mixed with 3 µl illustra 

ExoProStar 1-step and then incubated in the PCR-machine at 37°C for 15 min and then 85°C 

for 15 min. The samples were subjected to sequenching. 

 

2.7 Comparative material 

 

This material was examined to compare the 21 specimens with known species. 

 

NEW ZEALAND. 1 slide, holotype, Geodia margarita Sim-Smith & Kelly, 2015; Bay of 

Plenty; depth 200 – 175 m; NIWA 71189 

NEW ZEALAND. 1 slide, Geodia vestigifera Dendy, 1924; depth unknown; ZMUC; 

(Bröndsted, 1924, p 144) 

NEW ZEALAND. 1 slide, Geodia vestigifera Dendy, 1924; 198 m; NCI180 (PC715) 

PHILIPPINES. 1 slide, Geodia sphaerastrosa Wilson, 1925; depth unknown; 

MUSORSTROM 2; MNHN-DCL-3213 (PC92) 

NEW ZEALAND. 1 slide, holotype, Geodia nodosa (Sim-Smith & Kelly, 2015); Chatham 

rise; depth 485 – 533 m; NIWA 53817 

NEW CALEDONIA. 1 slide, Geodia cf. nodosa; Stylaster Bank, 518 – 540 m; PC126 

NEW CALEDONIA. 1 slide, paratype, Geodia vaubani Lévi & Lévi, 1983; 400 – 405 m; 

MNHN-DCL-2794 



 13 

NEW ZEALAND. 1 slide, holotype, Stupenda singularis Kelly & Cárdenas. 2016; Colville 

Ridge; depth 387 – 422 m; NIWA 86177 (PC856) 

AUSTRALIA. 1 slide, paratype, Tethya irisae Sorokin, Ekins, Yang & Cárdenas, 2019; 

Great Australian Bight, South Australia; 1006 m depth; SAMA S3387 

 

3 Results 

 

In total 110 specimens of Demospongiae and 55 of Hexactinellida were studied. Neither 

Homoscleromorpha nor Calcareous sponges were found in the collection. 

 
Table 2. The distribution of 110 specimens amongst orders in the class Demospongiae. 

Order Number of specimens in each order 

Tetractinellida Marshall, 1876 42 

Poecilosclerida Topsent, 1928 36 

Haplosclerida Topsent, 1928 14 

Suberitida Chombard & Boury-Esnault, 1999 7 

Dictyoceratida Minching, 1900 3 

Polymastiida Morrow & Cárdenas, 2015 3 

Tethyida Morrow & Cárdenas, 2015 2 

Axinellida Lévi, 1953 2 

 

The specimens investigated more in depth were assigned to three genera: Geodia Lamarck, 

1815, Tethya Lamarck, 1815 and Stupenda Kelly & Cárdenas, 2016, wherein the specimens 

of Geodia were divided into four groups based on the morphology of spicules and similarities 

in appearance of the sponge bodies (Table 3). 
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Table 3. Twenty-one specimens out of 110 Demosponges were selected based on initial observations 

and similarities in spicule morphology for more detailed identification and description. The specimens 

of Geodia Lamarck, 1815, Tethya Lamarck, 1815 and Stupenda Kelly & Cárdenas, 2016, wherein the 

specimens of Geodia were divided into four groups based on the similarity of the appearance of the 

sponge body and morphology of spicules. 
Genus Group Specimen Site/Nr Depth (m) 

Geodia 1 MNHN-IP-2018-153 Mont Stylaster/PBT-Q-22 ~1100 

Geodia 1 MNHN-IP-2018-282 Ellet Bank/DN5064 1015 – 1031 

Geodia 1 MNHN-IP-2018-312 Mont J/DW5073 783 – 809 

Geodia 1 MNHN-IP-2018-315 Mont J/DW5073 783 – 809 

Geodia 2 MNHN-IP-2018-119 Mont D/BB-C-05 667 

Geodia 2 MNHN-IP-2018-133 Mont Stylaster/BB-E-04 - 

Geodia 2 MNHN-IP-2018-134 Mont Stylaster/PBT-Q-22 536 

Geodia 3 MNHN-IP-2018-141 Mont Stylaster/PBT-V-13 450 

Geodia 3 MNHN-IP-2018-191 Mont Stylaster/Panier-18 494 

Geodia 4 MNHN-IP-2018-130 Mont Stylaster/PBT-U-10 507 

Geodia 4 MNHN-IP-2018-135 Mont Stylaster/PBT-L-08 452 

Geodia 4 MNHN-IP-2018-136 Mont Stylaster/PBT-M-10 465 

Geodia 4 MNHN-IP-2018-138 Mont Stylaster/PBT-J-17 - 

Geodia 4 MNHN-IP-2018-139 Mont Stylaster/PBT-J-16 - 

Geodia 4 MNHN-IP-2018-140 Mont Stylaster/PBT-J-14 - 

Geodia 4 MNHN-IP-2018-144 Mont Stylaster/BB-G-4 641 

Geodia 4 MNHN-IP-2018-192 Mont Stylaster/PBT-V-13 - 

Tethya - MNHN-IP-2018-351 Kwênyii Bassin/CP5093 2010 – 2018 

Tethya - MNHN-IP-2018-352 Kwênyii Bassin/CP5093 2010 – 2018 

Stupenda - MNHN-IP-2018-337 Ride des Pins/DW5085  1586 – 1626  

Stupenda - MNHN-IP-2018-338 Ride des Pins/DW5086 1537 – 1542 
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3.1 Systematics 
 

Class Demospongiae Sollas, 1885 

Order Tetractinellida Marshall, 1876 

Family Geodiidae Gray, 1867 

Genus Geodia Lamarck, 1815 

 
Table 4. Morphological description of the specimens (Geodia) in terms of type and size of spicules 

and cortex. 
Specimen Cortex 

thickness 

(mm) 

Sterraster 

(diam) 

average 

Euaster 

(diam) 

average 

Oxyaster I 

(diam) 

average 

Oxyaster 

II (diam) 

average 

Oxea (length 

x width) 

average 

Spheraster 

(diam) 

average 

Oxyspheraster 

(diam) average 

MNHN-IP-

2018-153 

1 125-135-157.5 - - 20-30-52.5 

very few 

- 10-12.5-15 - 

MNHN-IP-

2018-282 

- 122.5-135-150 - - - 129-470-592 

x 7.5-8-12.5; 
thin l=102.5-

150-306 

- 10-12.5-15 

MNHN-IP-

2018-312 

- 137.5-150-170 - - 17.5-50-

87.5 

>1200 x 52.5 - - 

MNHN-IP-
2018-315 

2 132.5-155-175  - 27.5-60-
87.5 

>1800 x 62.5 5-15-27-5 - 

MNHN-IP-

2018-119 

- 70 (one 

immature) 

30-50-75 - - - - 7.5-10-15 

(oxyaster 
euaster) 

MNHN-IP-
2018-133 

- 150-170-185 32.5-50-
72.5 

- - >2560 x 22.5 - 7.5 (one) 
oxyaster euaster 

MNHN-IP-

2018-134 

2 – 2.5 - 27.5-40-

52.5 

- - >3000 x 22.5 32.5 (one) - 

MNHN-IP-

2018-141 

2 – 3 - - 85 - 117 

(or 
calthrop?) 

25-30-62.5 >1792 x 12.5 - 57.5-70-77.5 

MNHN-IP-
2018-191* 

2 – 3 125-130-140 
(immature) 

- 172.5-215-
240 (or 

calthrop?) 

12.5-25-
47.5 

245-310-347 
x 7.5-12.5-15 

(curved) 

- 5 

MNHN-IP-
2018-130 

1.5 - - - 22.5-20-35 125-130-135 
x 5 

- - 

MNHN-IP-

2018-135 

- 147.5-160-175 - - 25-35-47.5 >2099 x 52.5 - - 

MNHN-IP-

2018-136 

- 132.5-150-165 - - 20-35-62.5 >3098 x 52.5 - 22.5-30-37.5 

MNHN-IP-
2018-139 

up to 4 132.5-150-170 - - 20-30-42.5 >3123 x 65 - - 

MNHN-IP-

2018-138* 

- 137.5-150-165 - 55-75-85 25-30-62.5 117.5-125-

137.5 x 5 

- - 

MNHN-IP-
2018-140 

up to 4 127.5-140-
157.5 

- - 20-30-47.5 - - - 

MNHN-IP-

2018-144 

- 140-150-200 - - - - - - 

MNHN-IP-

2018-192** 

- 132.5-150-170 

(immatue) 

- - 22.5-35-

67.5 

>9000 x 47.5; 

117.5-120-
137.5 x 5 

- - 

* V-shaped 2 -3 actin spicules present only in MNHN-IP-2018-138 and MNHN-IP-2018-191, could be contaminatiom 
** Microrhabd (37.5 µm) was found only in MNHN-IP-2018-192 
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3.1.1 Geodia, group 1 

 

  
Figure 2. Left panel: Sponge body of Geodia group 1; Right panel: Spicules of Geodia group 1; A. 

Spherasters. B-C. Surface of mature sterraster. D-E. Oxyasters. F. Oxea. Spicules A-E under the 

magnification of x40 and spicule F under x10. 

 

MNHN-IP-2018-153; Mont Stylaster; PBT-Q-22; coordinates unknown; ~1100 m depth; 

KANADEEP 2 project – New Caledonia; leg.; coll. Paco; 

 

Spicules. No megascleres. Microscleres are sterrasters with clear rosettes, range in size 125 – 

157.5 µm, oxyaster II, size 20 – 52.5 µm in diameter, with oxeote spined rayes and 

spherasters (10 – 15 µm diameter). 

 

MNHN-IP-2018-282; Ride Loyauté, Sud banc Ellet; DN5064; 23°11,4 S, 169°25,3 E; 1031 - 

1015 m depth; KANADEEP 2 project – New Caledonia; leg.; coll. Paco; Drague NIWA 

 

Spicules. No megascleres. Microscleres are sterrasters with clear rosettes, range in size 122.5 

– 150 µm, straight microxea 296 – 592 x 7.5 – 12.5 µm), very thin and straight microxea 

(only measurable in length) 102.5 – 306 µm, where the width was not measurable and 

oxyspherasters, all very similar in size 10 – 15 µm in diameter. 

 

MNHN-IP-2018-312; Mont J on Ride Loyauté; DW5073; 23°43,4 S, 169°51,8 E; 809 - 783 

m depth; KANADEEP 2 project – New Caledonia; leg.; coll. Paco; Drague Warén 

 

Spicules. Megascleres are big broken oxeas, the width seems to be largest in the middle, size 

larger than 1200 x 52.5 µm (length x width). Microscleres are sterrasters with clear rosettes 
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range in size 137.5 – 170 µm in diameter and oxyaster II, range in size 17.5 – 87.5 µm with 

oxeote spined rayes. 

Remarks. Cortical layer whiter than the inside, which is nearly beige, size; 9 cm. 

 

MNHN-IP-2018-315; Mont J; DW5073; 23°43,4 S, 169°51,8 E; depth 783 – 809 m; 

KANADEEP 2 project – New Caledonia; leg.; coll. Paco 

 

Spicules. Megascleres are bog broken oxeas bigger than 1800 x 62.5 µm. Microscleres are 

oxyaster II with oxeote spined rays ranging in size 27.5 – 87.5 µm in diameter, sterrasters 

with clear rosettes range in size 132.5 – 175 µm, and spherasters (5 – 27.5 µm). 

Remarks. Cortical layer whitish and trabecula brown in colour. 

 

3.1.2 Geodia, group 2 

 

  
Figure 3. Left panel: Sponge body of Geodia group 2; Right panel: Spicules of Geodia group 2; A-C. 

Euasters. D. Surface of mature sterraster. E. Young sterraster. F-G. Oxeas. Spicules A-E under the 

magnification of x40 and spicules F-G under the magnification x4. 

  

MNHN-IP-2018-119; Mont D; BB-C-05; 23°34,3 S, 169°36,9 E; 667 m depth; KANADEEP 

2 project – New Caledonia; leg.; coll. Paco; ROV-Bras; 

 

Spicules. Megascleres absent. Microscleres are euasters with spined rays range in size 30 – 75 

µm, one immature sterraster was found (70 µm diameter) and oxyaster euaster was found 

ranging in size 7.5 – 15 µm. 

Remarks. Body size 70 mm. Cortical layer almost white and trabecula darker in beige. 
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MNHN-IP-2018-133; Mont Stylaster; BB-E-04; coordinates unknown; depth unknown; 

KANADEEP 2 project – New Caledonia; leg.; coll. Paco 

 

Spicules. Megascleres are oxeas, larger than 2560 x 35 µm (length x width). Majority of 

microscleres are euasters range in size 37.5 – 72.5 µm in diameter and sterrasters with clear 

rosettes (150 – 185 µm). 

Remarks. Cortical layer white and beige trabecula. 

 

MNHN-IP-2018-134; Mont Stylaster; PBT-Q-22; coordinates unknown; 536 m depth; 

KANADEEP 2 project – New Caledonia; leg.; coll. Paco 

 

Spicules. Megascleres are oxeas, larger than 3000 x 22.5 µm. Majority of microscleres are 

euasters (27.5 – 52.5 µm) with a node centering the rays and spikes on the rays and one 

spheraster found (32.5 µm) 

Remarks. Has a spherical shape, cortical layer is white with verrucose a surface. 

 

3.1.3 Geodia, group 3 

 

 
Figure 4. Left panel: Sponge body of Geodia group 3; Right panel: Spicules of Geodia group 3; A-B 

Oxyasters. C. V-shaped, 2-3 actin spicule. D. Oxyspheraster. All spicules under the magnification of 

x40. 

 

MNHN-IP-2018-141; Mont Stylaster; PBT-V-13; 23°38 S, 167°38,7 E; 450 m depth; 

KANADEEP 2 project – New Caledonia; leg.; coll. Paco; ROV-Bras 
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Spicules. Megascleres are oxeas bigger than 1792 x 12.5 (length x width). Microscleres are 

oxyaster II (25 – 62.5 µm), found few oxyspherasters (57.5 – 77.5 µm) and oxyaster I (95 

µm). 

Remarks. Oxyaster I could be calthrops (85 – 117 µm, top spike, to 80 – 100 µm, bottom 

spikes). 

 

MNHN-IP-2018-191; Mont Stylaster; Panier-18; coordinates unknown; 494 m depth; 

KANADEEP 2 project – New Caledonia; leg.; coll. Paco 

 

Spicules. No megascleres. Microscleres are oxyaster II (12.5 – 47.5 µm), found few 

oxyspherasters (5 µm), oxyaster I (172.5 - 240 µm), curved oxea (245 – 347 x 7.5 – 15 µm) 

and few immature sterrasters (125 – 140 µm). 

Remarks. Size 20 x 18 cm, cortex 2 – 3 mm. Cortical layer, white colour, several oscula. Here 

the V-shaped spicule is present again. 

 

3.1.4 Geodia, group 4 

 

 
Figure 5. Left panel: Sponge body of Geodia group 4; Right panel: Spicules of Geodia group 4; A-B. 

Oxeas. C. Oxyaster I & II. D. Surface of mature sterrasters. Spicules A, C and D under the 

magnification of x40 and spicule B under x10. 

 

MNHN-IP-2018-130; Mont Stylaster; PBT-U-10; 23°37 S, 167°40 E; 507 m depth; 

KANADEEP 2 project – New Caledonia; leg.; coll. Paco; ROV-Bras; 

 

Spicules. Microxea (very few) range in size 125 – 135 x 5 µm (length x width). The majority 

of the microscleres are oxyaster II (22.5 – 35 µm diameter) with oxeote spined rays. Found no 

strerrasters. 
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Remarks. Size of the sponge is 11 cm from above and 13 cm in height. The cortex is 1 – 1.5 

cm and the sponge have uniporal pores (1 mm diameter) at the bottom and it has uniporal 

oscules on the top. The color is light brown or yellowish and is slightly compressible. 

 

Found no picture of sponge 

MNHN-IP-2018-135; Mont Stylaster; PBT-L-08; coordinates unknown; 452 m depth; 

KANADEEP 2 project – New Caledonia; leg.; coll. Paco 

 

Spicules. Megasceleres are oxeas, big but broken and bigger than 2099 x 52.5 µm. The 

majority of the microscleres are oxyaster II (25 – 47.5 µm diameter) with oxeote spined rays 

and sterrasters with clear rosettes (147.5 – 175 µm). Had many immature sterrasters also.  

 

Found no picture of sponge 

MNHN-IP-2018-136; Mont Stylaster; PBT-M-10; coordinates unknown; 465 m depth; 

KANADEEP 2 project – New Caledonia; leg.; coll. Paco 

 

Spicules. Megasceleres are oxeas, big but broken and bigger than 3098 x 52.5 µm. The 

majority of the microscleres are oxyaster II (20 – 62.5 µm diameter) with oxeote spined rays 

and sterrasters (132.5 – 165 µm). Had many immature sterrasters. Few oxyspherasters (22.5 – 

37.5 µm) 

 

MNHN-IP-2018-139; Mont Stylaster; PBT-J-16; coordinates unknown; depth unknown; 

KANADEEP 2 project – New Caledonia; leg.; coll. Paco 

 

Spicules. Megasceleres are oxeas, big but broken and bigger than 3123 x 65 µm. The majority 

of the microscleres are oxyaster II (20 – 42.5 µm diameter) with oxeote spined rays and 

sterrasters (132.5 – 170 µm). 

Remarks. Size 7 cm long, cortex up to 4 mm thick. Smooth surface. 

 

MNHN-IP-2018-138; Mont Stylaster; PBT-J-17; coordinates unknown; depth unknown; 

KANADEEP 2 project – New Caledonia; leg.; coll. Paco 
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Spicules. Megasceleres are triaenes. Microscleres are oxyaster II (25 – 62.5 µm) oxyaster I 

(55 – 85 µm) and sterrasters with clear rosettes, range in size 137.5 – 165 µm. Few microoxea 

present range in size 117.5 – 137.5 x 5 µm (length x width).  

Remarks. Cortical layer white, trabecula beige. Something interesting is V-shaped 2 – 3 actin 

spicules which may be contamination from other sponge e.g. Calcarea.  

 

MNHN-IP-2018-140; Mont Stylaster; PBT-J-14; coordinates unknown; depth unknown; 

KANADEEP 2 project – New Caledonia; leg.; coll. Paco 

 

Spicules. No megascelers found. The majority of the microscleres are oxyaster II (20 – 47.5 

µm diameter) with oxeote spined rays and only few sterrasters (127.5 – 157.5 µm). 

Remarks. Size: cortex up to 4 mm thick, turns yellowish in the air, trabecula beige; 

 

MNHN-IP-2018-144; Mont Stylaster; BB-G-4; 23°38 S, 167°38,7 E; 641 m depth; 

KANADEEP 2 project – New Caledonia; leg.; coll. Paco; ROV-Bras 

 

Spicules. Only microscleres sterrasters, spherical to oval with both clear rosettes and 

immature, range in size 140 – 200 µm. 

Remarks. Sponges cortical layer is whitish yellow/brown and 25 mm in size. 

 

MNHN-IP-2018-192; Mont Stylaster; PBT-V-13; coordinates unknown; depth unknown; 

KANADEEP 2 project – New Caledonia; leg.; coll. Paco 

 

Spicules. Megasceleres are oxeas, big but broken and bigger than 9000 x 47.5 µm. The 

majority of the microscleres are oxyaster II (22.5 – 67.5 µm diameter) with oxeote spined 

rays, few immature sterrasters (132.5 – 170 µm), microoxea (117 – 137.5 x 5 µm) with spikes 

on the ends and one microrhabd was found (37.5 µm). 

 

3.1.5 Tethya  

 

Class Demospongiae Sollas, 1885 

Order Tethyida Morrow & Cárdenas, 2015 

Family Tethyidae Gray,1848 

Genus Tethya Lamarck, 1815 
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Figure 6. Left panel: Sponge body of Tethya; Right panel: Spicules of the genus Tethya; A. Micrasters. 

B. Strongyloxea. C-E. Long rayed oxyasters. Spicules A, C-E under the magnification of x40 and spicule 

B under x10. 

 
Table 5. Morphological description of the specimens (Tethya) in terms of type and size of spicules 

and cortex. 
Specimen Head/stalk (mm) Strongyloxeas I (length 

x width) (µm) average 

Strongyloxeas II 

(length x width) (µm) 

average 

Long rayed 

oxyaster 

(dian) (µm) 

average 

Micraster 

(diam) (µm) 

average 

MNHN-IP-2018-
351 

12/23 1126-1855-2354 x 15-
28-37.5 

316-619-908 x 7.5-8-
12.5 

65-117-182.5 7.5-11-12.5 

MNHN-IP-2018-

352 

12/23 1126-1855-2354 x 15-

28-37.5 

316-619-908 x 7.5-8-

12.5 

65-117-182.5 7.5-11-12.5 

 

MNHN-IP-2018-351 & 352; Kwênyii Bassin; CP5093; 23°31,3 S, 168°27,4 E; 2010 – 2018 

m depth; KANADEEP 2 project – New Caledonia; leg.; coll. Paco; Beam Trawl; preserved in 

80% ethanol. 

 

Spicules. Megascleres are strongyloxeas I (range in size 1126-2354,4 x 15-37,5 µm) and 

strongyloxeas II (range in size 316-908 x 7,5-12,5 µm), the proximal end is somewhat 

rounded and smooth and the distal is spiky. Long rayed oxyasters (range in size 65-182,5 µm) 

with ~12 oxeote tips and micraster microscleres (7,5-12,5 µm) with spined tips.  

 

Remarks. Small, oval sponge with a longer stalk. The head is 1.2 cm with the stalk longer (2.3 

cm) than the head of the sponge. Body is darker brown in color while the stalk is beige in life. 

Has an apical osculum and no sign of budding. Surface polygonal plate like tubercules. 

Affinites irisae. Missing short rayed oxyasters. 

 

3.1.6 Stupenda 

 

Class Demospongiae Sollas, 1885 

Subclass Heteroscleromorpha Cárdenas, Perez & Boury-Esnault, 2012 
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Order Tetractinellida Marshall, 1876 

Family Stupendidae Kelly & Cárdenas, 2016 

Genus Stupenda Kelly & Cárdenas, 2016 

 

 
Figure 7. Left panel: Sponge body of Stupenda; Right panel: Spicules of the genus Stupenda; A-B 

Acanthose styles. C-D. Triaenes. E. Combination of triaenes, oxeas and acanthostyles. F. Oxea. 

Spicules B and under the magnification of x40, spicules A, C and under x10 and spicule F under x4. 

 
Table 6. Morphological description of the specimens (Stupenda) in terms of type and size of spicules 

and cortex. 
Specimen Cortex (mm) Acanthostyles (length 

x width) (µm) 

Oxea (µm) Triaenes (µm) Chelae (µm) 

MNHN-IP-2018-

337 

1 640-1220-1484 x 25-

33-37.5 

>2600 x 12.5 >2560 x 32.5 - 

MNHN-IP-2018-

338 

1 640-1220-1484 x 25-

33-37.5 

>2600 x 12.5 >2560 x 32.5 57.5 

 

MNHN-IP-2018-337; Ride des Pins; DW5085; 24°21,3 S, 168°22,6 E; 1626 – 1586 m depth; 

KANADEEP 2 project – New Caledonia; leg.; coll. Paco; Drague Warén. 

 

MNHM-IP-2018-338; Ride des Pins; DW5086; 24°21,3 S, 168°22,6 E; 1537 – 1542 m 

depth; KANADEEP 2 project – New Caledonia; leg.; coll. Paco; Drague Warén. 

 

Spicules. Megascleres are styles that are acanthose (640-1484 x 25-37.5 µm) with more dense 

spikes at the blunt end (not as those in Poecilosclerids) and there are spicules where the width 

is the same all the way which could show that these are big and thin oxeas, size larger than 

2600 x 12.5 µm. Only one chelae was found (~57.5 µm diameter). Triaenes with a very long 

rhabdome was also found (>2560 x 32.5 µm). 

Remarks. Cortex 1 mm, very small, spherical, brown sponge. 
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3.2 Gel electrophoresis 
 

 
Figure 8. Agarose gel electrophoresis of selected specimens performed using 1.5 % agarose. All 

specimens run against LCO-HCO primers only. Wells 2-4 loaded with specimens MNHN-IP-2018-

(136-144-119). Wells 7-10 loaded with specimens MNHN-IP-2018-(153-133-138-141) and wells 5-6 

were loaded with DNA from another Geodia for comparison and well number 12 was a negative 

control. 

 

The bands 2, 4 and 7-10 corresponded to 658 bp originating from primers. 

 

Table 7. Summary of results describing color, shape, spicule types and the depth at which the 

specimens were found. 

Genus Group Color Shape Spicules Depth (m) 

Geodia 1 Yellow/Dark 

brown 

Spherical and 

somewhat irregular 

Sterraster, spheraster, oxyaster, 

oxea 

641 - 1031 

Geodia 2 White/Beige Spherical with 

warts 

Euaster, sterraster, oxyaster 

euaster, oxea 

536 – 667  

Geodia 3 White/Beige Spherical with 

warts 

Oxyaster, oxyspheraster, V-

shaped 2-3 actin 

450 – 494 

Geodia 4 Yellowish/Beige Spherical with 

smooth surface 

Oxea, oxyaster, microrhabd 452 – 507 

Tethya - Dark brown Head and stalk Strongyloxea, long rayed 

oxyaster, micraster 

2010 – 2018 

Stupenda - Dark brown Spherical and very 

small 

Protriaenes, anatriaenes, 

acanthostyle, oxea 

1537 – 1626  

 

4 Discussion 
 

1  2   3   4   5   6   7    8   9  10      12 
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The biodiversity of sponges has not been explored fully in the deep-sea of New Caledonia 

and thus the probability of finding new species is fairly high (Cardenas et al., 2012). The 

presence of sponges is crucial for maintaining the deep-sea marine ecosystems and thus it is 

very important to gain the knowledge about the various species and their specific roles in their 

environment. This work was devoted to gain a general idea of the sponge biodiversity and to 

find potential new species in the collection of sponges from KANADEEP 2 expeditions to 

Norfolk Ridge (Stylaster and Munida seamounts) and Loyalty Ridge (Mound J and Ellet 

Bank). A total of 21 specimens were further studied and first identified to the genus level, 

based on morphological features. Thereafter the measurements and observation of the 

spicules, as well as molecular analysis of some specific markers would allow discovery of 

new species. 

The initial hypothesis was that the specimens would belong to three genera Geodia, Tethya 

and Stupenda. Seventeen specimens could be assigned to Geodia and they were divided into 

four groups based on the similarity of the appearance and morphology of the spicules. Tethya 

and Stupenda were presented by two specimens each. 

 

4.1 Geodia Lamarck, 1815 
 

Characteristic spicules for Geodia are sterrasters. 

 

Five specimens (Table 3, group 1) had the following similarities: 

Sponge’s cortical layer was whitish yellow, and trabecula was brown in color (Figure 2 A-C). 

They all had sterrasters (Table 3). They also had oxyaster II except for #144 and #282, and 

this could be because there was not enough of the cortex from the sample in the spicule 

preparations. All had big oxeas except for #144 and #153. Only #153, #282 and #315 had 

some type of spheraster. We are still unsure if this group contains several new species or if it 

is only one. These specimens need to be further investigated and remain to be identified. 

Three specimens (Table 3, group 2) had the following similarities: 

The cortical layer was almost white and trabecula darker in beige with a verrucose surface 

(Figure 3 A-C). All specimens had euasters, similar in size (Table 3). All specimens except 

for #134 had sterrasters. Both #133 and #134 had big oxeas which did not show in #119 but 

should be present. All of the specimens had some kind of spheraster. The comparative 

material demonstrated that these specimens were close to the description of Geodia 

sphaerastrosa, however they might present a new species. 

Two specimens (Table 3, group 3) had the following similarities: 



 26 

The cortical layer was white in color and trabecula beige (Figure 4 A-B). The sponges had 

several oscula. Only one of the specimens (#191) had sterrasters (Table 3). All had oxyaster I 

but in #141 and #191 that looked like calthrops. All specimens had oxyaster II and oxeas. In 

#191 there were V-shaped 2 – 3 actin spicules, it could be flexious oxeas but very bent, 

possibly contamination from a Calcareous sponge. In specimens #141 and #191 there was 

some kind of spheraster found but in different sizes. These specimens match the description 

of Geodia vaubani, originally described from this region, however they might present a new 

species. 

Seven specimens (Table 3, group 4) had the following similarities: 

The sponges had uniporal pores at the bottom and uniporal oscules on the top. The color was 

light brown or yellowish and was slightly compressible and had a somewhat smooth surface 

(Figure 5 A-E). All specimens had sterraster except for #130 and that could be because there 

was no spicule preparation of the cortex for #130 (Table 3). All specimens had oxyaster I very 

similar in average size. Oxeas was present in all except for #140. Only #136 had 

oxyspherasters and #192 had one microrhabd. In #138 there were V-shaped 2 – 3 actin 

spicules, possibly contamination from a Calcareous sponge. Oxyaster II was also present in 

#138. These specimens are close to the description of Geodia nodosa, described from nearby 

New Zealand, but further genetic work is needed to confirm this identification. 

 

4.2 Tethya Lamarck, 1815 
 

Characteristic spicules for Tethya are short and long rayed oxyasters, and the absence of 

triaenes. The specimens #351 and #352 looked very similar and indicating that it could be the 

same sponge species. It is a small, oval sponge with a longer stalk. The body is darker brown 

in color while the stalk is beige in life (Figure 6 A-B). It has an apical osculum and no sign of 

budding. The surface has polygonal plate like tubercules. All the spicules had the same 

morphology and same size range (Table 5). The only difference, compared to the species 

Tethya irisae Sorokin, Ekins, Yang & Cárdenas, 2019, is the absence of short rayed oxyasters. 

A molecular marker is needed to compare with T. irisae. 

 

4.3 Stupenda Kelly & Cárdenas, 2016 
 

Characteristic spicules for Stupenda are acanthostyles and triaenes. The specimens #337 

and #338 also looked very similar because they were both spherical, brown and small sponges 
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with a cortex of 1 mm (Figure 7 A-B). Both specimens had acanthoses styles, triaenes and 

oxeas in similar ranging size but only #338 had one chelae (Table 6). 

The amplification of the 28S rRNA domain was not amplified due to time constraints and 

amplifying this domain is difficult. The comparative species Stupenda sigularis has an intron 

and that means that if we use the universal primers for the 28S rRNA domain we might get a 

result of > 2000 bp on the gel. In this case there is a possibility that there is an intron and 

specific primers needs to be designed. 

 

4.4 Confirmation of new species 
 

The morphological analysis of the specimens allowed their assignment to the corresponding 

genera. However, for the confirmation of the new species status, molecular biology methods 

such as PCR and sequencing of DNA material are required. The DNA extraction was 

performed for eight specimens (Table 1) and the samples were subjected to PCR with 

subsequent analysis using gel electrophoresis and the purified PCR-product was sent for 

sequencing. The results of gel electrophoresis showed expected bands corresponding to the 

length of DNA (658 bp, Figure 8). These samples should be subjected to sequencing and 

subsequent sequence alignment for building a phylogenetic tree with known Geodia species 

in order to confirm new species. 

5 Conclusions 
 

Deep-sea sponges presenting rich biodiversity in New Caledonia region is severely under 

explored. The morphological analysis of 21 specimens collected during KANADEEP 2 

expedition demonstrated that 17 specimens belonged to Geodia, two specimens to Tethya and 

two specimens to Stupenda. Tetractinellida Marshall, 1876, sponge order dominates the deep 

waters in New Caledonia region. Six potential new species of the genera Tethya, Stupenda 

and Geodia were identified. However, further investigation including sequencing and building 

phylogenetic tree is required in order to confirm that the species are new. 
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7 Supplementary material 
 

 
Figure 2S. Photographs of the specimens of Geodia group 1: A) MNHN-IP-2018-153; B) MNHN-IP-

2018-282; C) MNHN-IP-2018-312; D) MNHN-IP-2018-315 

 

 
Figure 3S. Photographs of the specimens Geodia group 2: A) MNHN-IP-2018-119; B) MNHN-IP-

2018-133; C) MNHN-IP-2018-134 
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Figure 4S. Photographs of the specimens Geodia group 3: A) MNHN-IP-2018-141; B) MNHN-IP-

2018-191 

 

 
Figure 5S. Photographs of the specimens Geodia group 4: A) MNHN-IP-2018-130; B) MNHN-IP-

2018-138; C) MNHN-IP-2018-139 D) MNHN-IP-2018-140; E) MNHN-IP-2018-144; F) MNHN-IP-
2018-192 
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Figure 6S. Photographs of the specimens of the genus Tethya: A) MNHN-IP-2018-351; B) MNHN-IP-

2018-352 

 

 
Figure 7S. Photographs of the specimens of the genus Stupenda: A) MNHN-IP-2018-337; B) MNHN-

IP-2018-338 
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