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Abstract

Cold-water corals (CWC) are known to be deep-sediversity hotspots, yet there is
still a huge knowledge gap regarding their assediduna. As so, CWC ecosystems
pose as a perfect environment for the discovergesd species. In this context two
new species adflamigera(Demospongiae) have been recorded associated WG C
in antipodal parts of the worléHamigera bibiloniaesp. nov. from the Blanes Canyon
(north-western Mediterranean Sea) ahthmigera kellyaesp. nov. from the
Clementsville Seamount (Macquire Ridge, New ZeélaBdth species represent first
deep-sea records of the previously shallow-watstrioked Hamigera and mostly
differ from of the previously considered shallowtaragenus in their huge spicule
size, mostly doubling that of shallow-water congenspecies.

Furthermore, the current geographical distribubbflamigera,being only present in
the Mediterranean and Pacific areas, might suggésthyan affinity oH. bibiloniae

Sp. hov. proposing a potential role of deep-sedtditatas climatic refugees.

Keywords: New species; Porifera; Spongedamigerg Deep-Sea; Cold-Water
Corals; ROV; Clementsville Seamount, Macquire Rjdiew Zealand; Blanes

Canyon, Mediterranean Sea.

1. Introduction

While the current concept of Cold-Water Corals (CWé&hcompasses several
unrelated taxa within the classes Hexacorallia @otbcorallia §ensuFreiwald &
Roberts, 2006), only scleractinians are considemedframework-forming CWC

(Roberts et al., 2009). Framework-forming CWC dmvsgrowing species with a
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cosmopolitan distribution across the globe (Etno§eforgan, 2005; Schroeder et
al., 2005; Tracey et al., 2011), being able todudefs of up to hundreds of meters
(Jensen & Frederiksen, 1992; Rios et al., 2018ven entire coral mounds (Corbera
et al., 2019). While the current concept of CWCanpasses several unrelated taxa
within the classes Hexacorallia and OctocorallienguFreiwald & Roberts, 2006),
only scleractinians are considered as framewonkiiog CWC (Roberts et al., 2009),
with six species being considered to be the maeh bailders of the deepophelia
pertusa(Linnaeus, 1758Madrepora oculatgLinnaeus, 1758 oniocorella dumosa
(Alcock, 1902), Solenosmilia variabilisDuncan, 1873 0Oculina varicosa(Alcock,
1902) and Enallopsammia profunda(Pourtales, 1867). While other deep-sea
sclerictians are also considered reef-forming gge@Roberts et al., 2009; Henry &
Roberts, 2017), the above-mentioned are considdredmost widespread CWC
within the earth’s oceans, hence their considaraiie the most significant reef-
building species (Roberts et al., 2009). Nevers®levhile widespread, these species
show clear regional differences in abundance (HelarfRoberts, 2017), withL.
pertusabeing mostly reported from North Atlantic wateasd O. varicosaand G.
dumosabeing restricted to the Caribbean and East Attaamtid the Indic and Pacific
Oceans respectively (Roberts et al., 2009).

As it happens with tropical reef-building coralsSWC are considered hotspots of
benthic diversity (Henry & Robets, 2017), as theyrbor a unique and diverse
associated fauna (Jensen & Frederiksen, 1992, vast ®t al., 2007; Rueda et al.,
2019). This, paired with their long lifespan andsaptibility to anthropogenic
impacts, has prompted their listing as VulnerabkriNe Ecosystems (VMES) by the
Food and Agriculture Organization (FAO, 2009). Mwrer, all CWC ecosystems
(EUNIS codes A5.631 and A6.611) are listed as “@temed and/or Declining
Habitats” by the OSPAR commission (OSPAR commis&008; 2010). Yet, despite
their listing as VMEs, and the acknowledgement ANV@ being reservoir of
biodiversity (OSPAR commission 2010), our curreniokledge regarding its

associated fauna is still fragmentary.

Furthermore, our knowledge of CWC associated fagneatly varies greatly across
the globe, with most studies on CWC associated daconcentrating on North
Atlantic and Caribbean waters (Henry & Roberts, Z0With studies outside this area

being fare more scarce (Etnoyer & Morgan, 2005;dB&007; Miyamoto et al.,
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2017). SpecificallyL. pertusareefs along the Atlantic and Mediterranean waterse

been intensively explored during the past yeargy(elensen & Frederiksen, 1992;

Longo et al., 2005; Schroeder et al., 2005; varsSekal., 2007; BuhAMortensen et

al., 2010; Taviani et al., 2017; Bertolino et aD19b; Corbera et al., 2019), revealing
over 1.300 associated species within CWC reefs éRslet al., 2006). From all these
taxa, Porifera stand out as one of the major commsnof CWC reefs associated
fauna (van Soest et al., 2007; van Soest & De Vpa@d5; Bertolino et al., 2019b;
Rueda et al., 2019). Moreover, sponges are knovphatpa major role in CWC reefs
through the “sponge loop” by recycling dissolvedanic matter (DOM) expelled by
the corals (Rix et al., 2016). In addition, excawgtsponges are one of the main
bioeroding components within CWC (Beuck et al., 200an Soest & Beglinger,
2009), being considered as one of the main driverscoral rubble generation
(Freiwald & Wilson, 1998). Regarding their biodisgy, studies within the Irish
bathyal CWC reefs reported over 150 different sgmedbeing in range with values for
shallow-water corals reefs (van Soest et al., 20Néyvertheless, actual values for
CWC sponge biodiversity are considered to be urstierated (van Soest et al., 2007;
Reveillaud et al., 2011), as dozens of new spexriesecorded every year from CWC
reef communities (van Soest & Beglinger, 2009; Guaacet al., 2011; Reveillaud et
al., 2010; 2011; Bertolino et al., 2019b). This e@ms particularly true for less
explored CWC ecosystems around the globe, as stewkry and exploration of new
seamounts and CWC reefs in these areas is exptxtgreatly increase the total
number of Porifera species in said regions (Lopes.2005; Lopes & Hadju, 2014).
In this regard, the poriferan fauna around New &mélhad been historically poorly
studied in comparison to other areas of the wdfklly, et al., 2009). While this isn’t
true anymore for shallow and costal environmeitts,dponge fauna associated with
deep-sea communities in the region is still undeleed (Kelly, et al., 2009), thus
being a suitable area for the discovery of new igggielly & Cardenas, 2016; Kelly
& Rowden, 2019).

The sponge genudamigeraGray, 1867 is currently represented by 6 specas f
shallow tropical and subtropical regions (van So2802b), with a single species
(Hamigera strongylatabeing known to occur in tropical coral reefs (&, 1934).

However, the recent discovery oHamigera cleistochelafrom cold-water
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environments of the Chilean Fjords (Bertolino ef 2019a) and of a nettamigera

sp. associated with deep-sea CWC from the Nortlaniitt deep-sea (Rios et al.,
2017), alongside the occurrence ldamigera representatives in both the North
Atlantic and the Pacific (van Soest, 2002b), hirttezl possible existence of antipodal

cold-waterHamigeraspecies unbeknownst to science.

In this context, this paper describes two new gseof Hamigeraassociated with
CWC from opposing sides of the world: #amigera bibiloniaesp. nov. from the
Blanes Canyon (north-western Mediterranean Sea)3rdamigera kellyaesp. nov.
from the Clementsville Seamount (Macquire RidgewN&ealand), and (3) discusses
the paleogeographical implications of the discovefydeep-sea records for this

previously considered shallow-water exclusive genus

2. Material and Methods

2.1 Blanes Canyon:

Individuals of Hamigera bibiloniaesp. nov. were collected during the “ABIDES”
cruise, from 9 to 19 of September 2017, on boarthefR/V Sarmiento de Gambopa
using the articulated arm of the ROV (Remotely @pet Vehicle)Liropus 2000 The
main goal of this cruise was to evaluate the impattbottom trawling activities on
submarine canyon flanks of the Catalan continentargin (north-western
Mediterranean Sea). During the exploration of thenBs submarine canyon (Fig. 1) a
vertical wall expanding from 860 to 670 m depth wasorded. The wall was densely
covered by colonies of the reef building scleraatis Lophelia pertusaMadrepora
oculata, the solitary coraDesmophyllum dianthuEsper, 1794)found along with
scattered colonies of the antipatharid®arantipathes larix(Esper, 1788) and the

gorgonianAcanthogorgia hirsut&ray, 1857.

2.2 Clementsville Seamount:

Samples forHamigera kellyaesp. nov. are part of the NIWA collection, and were
obtained from the Clementsville Seamount (Fig.|&ated at the Macquarie Ridge,
south of New Zealand, at 1070-1121 m depth. ThegMate Ridge spans for 1600
kilometres from the southern part of New Zealandhi® Australia-Pacific-Antarctic
triple junction halfway to Antarctica, being onestbouthernmost seamount ridges on
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the Earth (Ahyong et al., 2015), with some of immounts having been object of
deep-sea exploration during this past decade (Row2@08). Regarding the main
dominant habitat-forming scleractinians in the Nefealand area, those are
Madrepora oculata Goniocorella dumosaAlcock, 1902), the endemi©culina
virgosa Squires, 1958 Solenosmilia variabilisDuncan, 1873 andEnallopsammia
rostrata (Pourtales, 1878) (Tracey et al., 2011). Fromatbh@ve-mentioned species,
variabilis and E. rostrataare considered the most abundant reef-formingiepec
the Macquarie Ridge area (O’Hara et al., 2008;eévidt al., 2010; Zeng et al., 2017).
Interestingly,L. pertusain New Zealand was exclusively reported for theciylaarie

Ridge area, but such records are nowadays condideralid (Tracey et al., 2011).

2.3 Museum Material:

Material corresponding tblamigera bibiloniaesp. nov, including the holotype, have
been levelled and deposited in the Museu de Cigridaturals de Barcelona (MZB),
whereas samples fétamigera kellyaesp. nov., including the holotype are located in
the National Institute of Water and Atmospheric &esh, New Zealand (NIWA)
following the reference number specified in thecggp® examined material. Lastly,
additional Hamigera material from the Mediterranean Sea and New Zealan
including material from the Natural History Museubinited Kingdom (NHMUK,
before BMNH), the Queensland Museum (QM), Australiee National Institute of
Water and Atmospheric Research, New Zealand (NIVIPA)f. Jean Vacelet personal
collections (J.V.pers coll.) andHamigera hamigerandividuals sampled in Cap de
Creus coast (north-western Mediterranean Sea, ppg@s been examined for

comparison.

2.4. Spicule preparation:

To obtain spicule preparations for both optical aw@dnning electron microscopy
(SEM) fragments of the sponges were dissolved mittic acid (HNQ) following the
procedures described in Cristobo et al. (1993) @nd et al. (2017). The SEM
observation was conducted through a HITACHI TM30U@bleTop Scanning
Electron Microscope from the Center for Advancedid&s of Blanes (CEAB).
Spicule dimensions are given as maximum and minirfenmgth and width for each

spicule category with the average values beingmgindetween in italics followed by
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+ the Standard Deviation (i.e.. MIN. MEAN + SD — MAX.). Otherwise stated, all
spicule measurements were based on 40 spicules.

Species classification has followed the currenppsed classification for sponges in
the World Porifera Database (van Soest et al., 2020

3. Results

Systematic Description

Phylum PORIFERA Grant, 1836

Class DEMOSPONGIAE Sollas, 1885
SubClass Heteroscleromorpha Cardenas, Pérez & Hsmgult, 2012

Order POECILOSCLERIDA Topsent, 1928
Family HYMEDESMIIDAE Topsent, 1928
GenusHamigeraGray, 1867

Type species:

Hamigerahamigera(Schmidt, 1862) (a€ribrella).

Definition:

Encrusting to massive sponges; oscules slightlwatdéel, rounded, pores in
characteristic and conspicuous areolate porefidhdsidles of ectosomal diactinal
spicules form a ring around the areolae areas;dsmmal skeleton composed of
plumose tracts of smooth strongyles or strongylotaetes, exclusively, which may
be mixed with smooth styles or subtylostyles witthieating smooth styles or
subtylostyles; microscleres are arcuate isochaldenaore rarely, cleistochelae. Half
a dozen species. Mostly known from shallow watdrsemperate seas, yet a few
species also occur on deep-waters habitats (amefded van Soest, 2002b;
Bertolino et al., 2019a).

Hamigera bibiloniaeSantin, Grinyd, Uriz, & Gili sp. nov.
(Fig. 3)
Material examined:
Holotype: MZB 2019-1740 — Blanes Canyon, north-weastMediterranean Sea
(41°30'26"N 2°56'02"E), ‘ABIDES’ survey, 684 m dapR018;
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Paratype: MZB 2019-2019 - Blanes Canyon, north-evastMediterranean Sea
(41°30'26"N 2°56'02"E), ‘ABIDES’ survey, 684 m dbpt2018 (slide; whole

individual used for spicule preparation)

Comparative material examined:

Hamigera hamigeraSchmidt, 1862) J. Vpers coll., Sac2 — lle Grosse, Banyuls
(France), 10 m depth, ©2f October 1982; J. \pers coll. ST38 — Banyuls (France);
J. V. pers coll. Sm3 — Marseille (France); J. Yers coll. JV365(32) — Djerba
(Tunisia) 0.7 m depth, 39of September 1989. Several unregistered specifnems
Caials (42°17'06.3"N 3°17'48.6"E), Cadaqués (Spaimp depth, July 2018 and Mao
(39°52'31.2"N 4°18'11.3"E), Menorca (Spain) 0-5 eptth, May 2019.

Description:

Shape:

Small encrusting sponge (ca. nwith a translucid ectosome, firmly attachedHe t
choanosome. Color is grey after drying.

Skeleton (Fig. 5A):

Plumose choanosomal skeleton made of paucispictlates of strongyles, with

styles of two categories in an echinating positidbhe tracts occur perpendicular to
the base of the sponge. The ectosome is excludiostyed by the strongyles, which
are arranged in tracts tangentially to the surfaeuate isochelae occur at the

ectosomal and choanosomal areas without any agpangamization.

Spicule complement:

Strongyles, two categories of styles, and isochelae

Strongyles (Fig. 3C): Straight and slightly asymmeetwith one end slightly wider
than the other; both ends with a subtle swellingrarely, a well-formed tyle (Fig.
3F), giving them the appearance of tylostrongyletylotes.

Size range: 284.1315.7-337.4+17.8x 7.18.7-9.7 £ 0.8um



239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272

Style | (Fig. 3B): Slightly bent (one third), witn acerate end (Fig. 3D); the head is
unequally inflated, giving them the appearanceroé tstyles to subtylostyles (Fig.
3E). Always in an echinating position on the chaammal tracts.

Size range: 293 327.1+ 22.6 — 355.2 x 5.3 #25+ 1.2 - 8.9um

Style Il (Fig. 3A): Identical to the styles I, boigger in size, yet they appear in lower
proportion, also echinating the choanosomal tracts.
Size range: 532.8614.2+ 29.8 — 648.24 x 10.716+ 2.2 — 17.8um

Isochelae (Fig. 3G; &’): Stout arcuate isochelaigh whort and stout alae. Mostly
occurring on the ectosome.
Size range: 35.543+ 4.3 — 48.9um

Geographical and bathymetrical distribution:
So far, the species is only known from its typealdyg in the Blanes Canyon, at 684
m depth (Fig.1), occurring associated with CWC eddages.

Etymology:
The namebibiloniae is chosen in honor of Dr. Maria Antonia BibilonRiotger, in
recognition of her valuable contributions to thewhedge of Mediterranean sponges,

especially of the Catalan and the Balearic Islaudsts.

Remarks:

From all known Hymedesmiidae, onflamigera and HemimycaleBurton, 1934
genera are known to exclusively possess smooth suokegas, yet both genera are
easily told apart by the lack of microscleresHemimycalgvan Soest, 2002b; Uriz et
al.,, 2017). From all current knowHamigera species, onlyHamigera hamigera
(Schmidt, 1862), a shallow water Mediterranean endespecies, co-occurs with
Hamigera bibiloniaesp. nov., while the other representatives of teug only occur
in waters of the southern hemisphere (Shaw, 192%toB, 1934; Bergquist &
Fromont, 1988; Bertolino et al., 2019a).

While bothHamigera bibiloniaesp. nov. andHamigera hamigerahare their spicule

types and skeletal organizatidd, hamigerastyles could not be clearly split in two
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clear categories as M. bibiloniaesp. nov., with this second style category found in
H. bibiloniae sp. nov. doubling in size the styles frokh hamigera (Table 1).
Additionally, H. hamigerashows abundant areolate porefields across its cyrfa
which are lacking fronH. bibiloniaesp. nov., yet most likely this is due to the small
size and encrusting morphology of the specimensnagad. Thus, the possibility of
said species possessing areolate porefields céenniled out. Finally, both species
occur in contrasting habitats, witH. hamigerabeing a shallow species, barely
recorded below 20 m, wherelds bibiloniaesp. nov. was found below 650 m depth in
association with the CW®ladrepora oculataConsequently, the spicule typestof
bibiloniae sp. nov. match those of the genus, yet the pdssest a second, bigger
style category foH. bibiloniae sp. nov. which is lacking ik. hamigera(Table 1),
alongside their contrasting habitats, confirmed thabibiloniae sp. nov. is a new

species clearly apart from other species.

Hamigera kellyae&santin, Grinyo, Uriz, & Gili sp. nov.
(Fig. 4)

Material examined:
Holotype: NIWA 39837, Clementsville Seamount, Maaae Ridge, southern Pacific
Ocean, Station TAN0803/38 (50°05'49"S 163°28'271BY,0 — 1123 m depth, 2008.

Comparative material examined:

Hamigera macrostrongyla Bergquist & Fromont, 1988 QM G310712 -
Motuwharariki Island, near Rimariki Island, Mimiwbgata Bay, New Zealand
(35°25'30"S 174°26'60"E) 20 m, “2December 1988, Coll. C.N. Battershill,
Australian Institute of Marine Science NCI Contra&ollection; NIWA 51458 —
North of Cape Reinga, New Zealan8tation Z9700 (34°22'48"S 179°32'49"E) 54 m,
1999; NIWA 100938 — Archway on the SE headland a$rman Bay, Great Island,
Three Kings Islands, New Zealand, Station Z1558243'48"S 179°39'36"E) 10 m,
2002; NIWA 101002 — North Cape, New Zealand, Smat#15758 (34°23'60"S
173°01'48"E) 3 — 21 m, 1999.

Hamigera strongylataBurton, 1934 NHMUK 1930.8.13.80.a — Great Barferefs,
Australia (2 slides, holotype).
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Hamigera dendyiShaw, 1927 NHMUK 1925.11.1.731 - Tasmania, Australia
(holotype, aHamigera stillopord; NHMUK 1925.11.1.731 —Tasmania, Australia (5
slides, holotype, adamigera stillopora.

Lissodendoryxspp. NIWA 62179, Kahuwhera Bay, Bay of IslandswiNgealand,
Station KWB_Feb (35°15'45"S 174°10'54"E), 5.5 m tde010; NIWA 51226,
Kahuwhera Bay, Bay of Islands, New Zealand, Statis#681 (34°18'54"S
172°49'05"E), 63 m depth, 1999; NIWA 101904, KahevéhBay, Bay of Islands,
New Zealand, Station Z9681 (34°18'54"S 172°49'055) m depth, 1999.

Crella incrustans (Carter, 1885) NIWA 101066, Evans Bay, Wellingtadew
Zealand, Station 29681 (41°18'36"S 174°48'06"E),1® m depth.

Description:

Shape:

Thick encrusting clathrate sponge, with ca. 1 mnhigh in the mesh’s connecting
tissue and covering an area of ca. 1chme ectosome is not easily torn apart from the
choanosome but firmly attached to it. Color creamglcohol.

Skeleton (Fig. 5B):

Loose plumose choanosomal skeleton, made of stiemgand styloids in
paucispiculate tracts. These tracts go in paral to another, sometimes splitting
here and there without a clear discernible patt€he. ectosomal skeleton consists of
tangential tracts of strongyles. The connectinguésbetween the clathrate mass is
devoid of spicules. Arcuate isochelae occur in tpgbportion, mostly concentrating
along the tracts, yet they can also be found geattthrough the choanosome and

ectosome.

Spicule complement:
Strongyles, styloids, and isochelae.

Strongyles (Fig. 4B): Straight, greatly vary inesiig. 4B). Nevertheless, no clear
categories can be distinguished, nor a clear positi the skeleton allows to discern
them, as they occur altogether in the paucispieutatts.

Size range: 461.8593.3+ 67.1 — 666 x 8.9 21+ 1.3— 13.3um
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Styloids (Fig. 4A): Smooth, slightly bent, with asgnetrical blunt ends (Fig. 4A; 4C,;
4D), resulting in-between a style and a strongylshiape; the head might sometimes
present poly- or tyloid processes (Fig. 4D).

Size range: 435.1562.3+83.6 — 900 x 7.2 8.88+ 1.7 — 11um

Isochelae (Fig. 4E; 4a’): Arcuate isochelae, curbed elongate shaft and slightly
acerate alae. The fimbriae are greatly reduced ¢ffly being observable through
SEM microscopy. Malformed or development stages wetluced alae might also be
observed (Fig. 4E). Highly abundant.

Size range: 57.8 5+ 8 — 89um

Geographical and bathymetrical distribution:

The species is only known from its type localitythe Clementsville Seamount (Fig.
2), located at the Macquarie Ridge, south of Newlat®d, at a 1070-1121 m depth,
occurring associated with Cold Water Corals.

Etymology:
The specieskellyae is devoted to Dr. Kelly, in recognition of her auable

contribution to the knowledge of New Zealand spofagma.

Remarks:

From allHamigeraspecies known to date, four of them occur withimstkalian and
New Zealand waters, them beingamigera dendyiShaw, 1927 (Tasmania),
Hamigera strongylataBurton, 1934 (Great Barrier Reef, Australia) addmigera
macrostrongylaBergquist & Fromont, 1988 artdamigera tarangaensiBergquist &
Fromont, 1988 (New Zealand). However, all the nmred species occur at shallow
depths (Roberts & Davis 1996; Bergquist & Fromd®@38), and onlyH. strongylata
occurs frequently associated with coral reefs. @osely,Hamigera kellyaesp. nov.
occurs below 1000 m depth, in association with CWEfor its spicule complement,
Hamigera kellyaesp. nov. has styloids or style-like spicules, as thher Pacific
species, and shows considerably bigger spiculesystlduplicating in size those of
all other representatives of the genus, (TableApart from the clear differences in
spicule size, the species differs frdmh tarangaensisin the lack of polytylotoid

strongyles and the possession of chelae with wethéd alae, whereas iH.
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tarangaensischelae have its aldgeavily reduced. The new species differs frAm
dendyi in the lack of true, acerate styles and frdm strongylata and H.
macrostrongylain the strongyle width and the possession of camally larger
styloid spicules. Outside from the Australian-Neweland area, there is another
southern hemisphere species from ChHlamigera cleistocheldertolino, Costa &
Pansini, 2019, yet this species possesses unicuafied chelae, and its megascleres
are also considerably smaller in size than thosemied inHamigera kellyaesp.
nov.

The unique external morphology détamigera kellyaesp. nov., with a smooth
megascleres, clathrate body and the lack of aeeqatefields, makes its genus
assignment somewhat challenging. Said combinatibnsmooth choanosomal
megascleres and arcuate isochelae are shared tehstac with the genus
Lissodendoryx (family Coelosphaeridae), a genus with a rathempleated
taxonomical history (Bergquist & Fromont, 1988; v@oest, 2002a; Tompkins et al.,
2017; Ott et al., 2019). Currently, Coelosphaerigaelefined as never presenting
areolate porefields (van Soest, 2002a), which wqullite our species closer to
Lissodendoryxhan toHamigerag as such porefields are lackingHin kellyaesp. nov.
but present in modlamigera(Bergquist & Fromont, 1988). In this sense, potdfie
had been used as a reliable character to distimgdisnedesmiidae and Crellidae
from other Poecilosclerida (van Soest, 2002b), twhiaould exclude the present
material from Hymedesmiidae. Nevertheless, whilerent phylogenetic analyses
support the monophyly of pore-boring species inirgle clade, they also cluster
together with several non- pore-bearing species(®wet al., 2013; Redmond et al.,
2013; Rios et al., 2020). As so, while the absariqmorefields would not support the
inclusion of the presence speciedHamigera this character alone cannot be used for
its exclusion.

Looking into the spicular complement, only the semgs Lissodendoryx
(Lissodendorykallocates species with smooth choanosomal megascler addition
to ectosomal tylotornotes and arcuate isochelaesigmaias, which may be absent (van
Soest, 2002a). From all the currently 69 acceptiedodendoryxL.) species (van
Soest et al.,, 2020), only 7 species are said tk fagmas and possess smooth
choanosomal styles (Ott et al., 2019). After rewgatheir original descriptiond,.
(L.) kymade Laubenfels, 193Q,. (L.) papillosaKoltun 1958 and.. (L.) tubicola
Burton, 1959 all are said to possess slightly duss# styles and/or tylotornotes (de
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Laubenfels, 1932; Koltun, 1959; Burton 1959), leaMi. (L.) simplexTopsent, 1904,
L. (L.) stipitata (Arnsen, 1903),L. (L.) ciocalyptoidesBurton, 1959 and.. (L.)
flabellata Burton 1929 as the only trugssodendoryxvith smooth styles. From this
last four,L. (L.) simplexand L. (L.) ciocalyptoidesare ill-described species, based
upon fragmentary material (Topsent, 1904; Burtd®59), wheread.. (L.) stipitata
andL. (L.) flabellatacorrespond to stipitate-flabellate sponges, alspssing smooth
choanosomal styles, ectosomal tornotes and archatee (Burton, 1929; Tompkins
et al., 2017), the later modified into chleistoa®einL. (L.) flabellata(Burton, 1929).
While these 3 species could be arguably close tmétesmiidaeH. kellyaesp. nov.
differs in the possession of strongyles as ectobameygascleres, as opposed to
tornotes. While tornotes and tylotes might be commmosome other Hymedesmiidae
as ectosomal megascleres (van Soest, 2002biaatligera species known to date
possess exclusively smooth ectosomal strongylesy@Biest & Fromont, 1988; Uriz
et al., 2017). In contradtjssodendoryxs characterized by the possession of tylote or
tornote ectosomal spicules (Fernandez et al., 2Qt6gt al., 2019)Additionally,
Lissodendoryxexhibits a clear distinction between ectosomal a@hdanosomal
spicules, (van Soest, 2002a), whereas severali®Blc@migerapossess strongyles as
ectosomal en choanosomal megascleres, as it happenkellyaesp. nov. (Burton,
1934; Bergquist & Fromont, 1988). Finallizissodendoryxis usually defined as
possessing a reticulate choanosomal skeleton (was$tS2002a), wittHamigera
possessing a plumose one (van Soest, 2002b).drs¢hise, it is noteworthy noticing
that upon reexamination of samples from mbBsimigera species, Mediterranean
representatives possess plumose tracts of strangyth echinating styles, whereas
all Pacific representatives of the genus lack eating spicules, incorporating the
styles as part of the tracts, as it is the case kellyaesp. nov.

In conclusion, the new species differs frorlamigera in terms of external
appearance, as no areolate porefields could bdifiddnon the holotype, yet its
spicular complement and skeletal arrangement fe@l within the genus, especially
when compared with other Pacific species. Neveziglthe species remains close to
Lissodendoryx especially regarding its external morphology. &léweless,
Lissodendoryxis a poorly resolved polyphyletic genus (Morrow &t, 2013;
Redmond et al., 2013; Fernandez et al., 2016; Rica., 2020), and it would be

unwise to add another atypical species to it, & also possible that once further
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material for the species becomes availabiamigera kellyaesp. nov. would

ultimately be relocated to another genus.

4. Discussion

4.1 Poecilosclerida on antipodal CWC reefs

Representatives of the family Hymedesmiidae (Demogiae: Poecilosclerida) have
been reported to be one of the main componenthefsponge fauna living in
association with CWC (Goodwin et al., 2011), yet asingleHamigeraspecies had
been reported so far associated with CWC. In #gmrd, both the Catalan and New
Zeeland CWC communities represented suitable doedbke discovery of new deep-
seaHamigeraspecies, as CWC sponge fauna in both zones hadgdoeely studied
(Kelly et al., 2009; Rueda et al., 2019) and presémallow-water representatives of
the genus.

Hymedesmiids, as with many other sponge taxa, géwepresent an encrusting
morphology, which paired with the intrinsic scayaf material associated with deep-
sea sampling (Reveillaud et al., 2011), might ma&ssification at a genus level even
tentative in some cases (Vacelet, 1969). In additio highly diverse genera, such as
Hymedesmiar Phorbas species are mostly told apart from their congerames by
small differences in spicule’s shape or size, whichs likely resulted in
misidentifications and the adscription of samplestheir closest available name
(Goodwin & Picton, 2009; Goodwin et al., 2011). §hmight be the case for the
occasional deep-sea records of common littoralispgdable 2), such a3horbas
fictitius or Hymedesmia peach{Uriz & Rosell, 1990), yet it seems it is not
uncommon for deep-sea species to also be foundhallosier environments
(Bertolino et al., 2019). Comparing the Poecilosdke fauna known form both the
Mediterranean and New Zealand CWC, the later isidenably less known, with just
five species (Table 2). In this sense, the New afehlsponge fauna has been
historically underexplored compared to other aahe world (Kelly et al., 2009),
whereas the Mediterranean posses as one of theexysted areas (van Soest et al.,
2012). As so, one possible explanation for suchadisy between regions could be a
difference exploration effort between areas. Ndwadess, both CWC in the
Mediterranean and New Zealand have been intentgdyesl during these past years
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(see Orejas & Jiménez, 2019 for the MediterraneahTaacey et al., 2011 for New
Zealand), which would weaken such idea.

On the other hand, in the Mediterranean regionraégticles have been published
dealing exclusively with CWC sponge fauna (Longalet2005; Calcinai et al., 2013;
Bertolino et al., 2019), whereas in in New Zealavaiters most taxonomic articles
have dealt with just a few specific species ead@let et al., 2009; Kelly & Vacelet,
2011; Sim-Smith & Kelly, 2011; Kelly et al.,, 201%his work), implying said
differences might arise from the different reseaagproach between both areas.
Furthermore, contemporary New Zealand authors hawstly focused on other
Porifera groups such as horny sponges (Bergqu$1;11980; 1996; Cook &
Bergquist, 1996; 1998; 1999; 2000; 2001 Bergquisile 1998; 1999) or lithistids
(Kelly-Borges & Pomponi, 1994; Kelly-Borges et dl994; Kelly, 2003; 2007; Kelly
et al., 2007), with most information regarding Hiwsclerida coming from just two
publications in an almost 100 year time span (Deb894; Bergquist & Fromont,
1988). Moreover, even within Poecilosclerida thsesech effort has been unequal
between groups, with carnivorous sponge (Vaceledl.et2009; Vacelet & Kelly,
2008; Kelly & Vacelet, 2011; Hestetun et al., 20H8)d ‘latrunculids’sensu lato
(Miller et al., 2001; Alvarez et al., 2002; Sim-Sm& Kelly, 2011; Kelly et al., 2016)
having received almost all attention when compaoesther Poecilosclerida in recent
years. As so, New Zealand waters, and more spaityfics CWC reefs should be
expected to harbor a way more diverse poecilosclatina, making it a proper area
for the discovery of new poecilosclerid speciesliiKet al., 2009).

Finally, while the Mediterranean poecilosclerid sge fauna is considerably better
known than its New Zealand counterpart, it stiflils behind that of the Atlantic
CWC reefs (van Soest et al., 2007; van Soest & Degd, 2015), which considering
the strong relationship between the sponge faur@ih areas (Maldonado & Uriz,
1995; Xavier & van Soest, 2012), it could also kpeeted that several of this North
Atlantic species are to be found in Mediterrane8vCCreefs.

4.2 Palogeography ¢famigera

The discovery of these nedamigeraspecies in the Mediterranean and New Zealand
waters poses a very similar situation than theabserved with other sponge genera,
such adDiscorhabdella(Boury-Esnault et al., 1992) &etulina(Pisera et al., 2018).
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All the mentioned genera are present in both tHanéd-Mediterranean and the Indo-
Pacific areas, yet some of the Mediterranean spetiew higher affinity with Indo-
Pacific species rather than with Atlantic onesregsorted forDiscorhabdella hindei
Boury-Esnault, Pansini & Uriz, 199PBoury-Esnault et al., 1992). It has been
hypothesised that these biogeographic relationsi@pse from a common Tethyan
ancestry (Ekman, 1953) that underwent speciatitar #ie closure of the connection
with the Indo-Pacific Ocean during the Early Mioegmeriod, 20 million years ago
(Kennett et al 1985). The discovery of these gerieraleep-sea waters of the
Mediterranean reinforces the hypothesis that théhyB®m component of deep
Mediterranean fauna is more important than preWousported (Péres, 1985).
Indeed, it has been suggested that during the NKlassiSalinity crisis the
Mediterranean did not completely dry leaving vastaa of the basin flooded
preserving marine conditions (Hsl, 1973). In tlégard, several studies support the
hypothesis of the existence of “refuge areas” ie tMediterranean during the
Messinian salinity crisis, either as brackish opéngaline areas (Xavier & van Soest,
2012) or even with almost normal salinity valuesr(989), which could have led to
the confinement and survival of several marine ig3edn those areas. Further
strengthening this view, during the second hathef XXth century the study of fossil
record confirmed the presence of living ostracodedseractinians, bryozoans and
sponge species of Tethyan origin in the Mediterman@/acelet, 1967; Benson et al.,
1976). In this line, other researches have recotigegresence of several species with
a marked Tethyan affinity, such as copepods oauyin anchihaline caves (Jaume &
Boxshall 1996; KrSird, 2017) or hydromedusae dwelling in Mediterraneanyons
(Gili et al., 1998; 2000). But, perhaps, the masbkematic Tethyan relict species is
the seagrasBosidonia oceanicgAires et al., 2011), considered a survivor of the
Messinian salinity crisis even if no fossil evideritas been found yet (Aguirre et al.,
2006). Focusing on deep Mediterranean environment&ral sessile taxa have been
identified as Tethyan relicts, such as the softalc@hironephthya mediterranea
Lépez-Gonzalez, Grinyd & Gili, 2014 or several sperspecies (Vacelet et al., 1989;
Maldonado & Uriz, 1995; Lopez-Gonzalez et al 20Xé)nforcing the hypothesis of
the Tethyan component of deep Mediterranean fauna.

Finally, most Mediterranean Tethyan relicts haveerbeso far found in cave
environments $eeManconi et al., 2009), with just a handful beingnalled from

deep-sea environments (Boury-Esnault et al., 199®ez-Gonzalez et al 2014).
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Nonetheless, and due to their unique environmesatiing (Harmelin, 1997), caves
have been demonstrated to harbour once thoughe tdebp-sea exclusive species
(Vacelet et al., 1994), with and ever-increasinglence of an existing connection
between cave and deep-water fauna (Harmelin & \é4c&R97; Gerovasileiou &

Voultsiadou, 2012; Grenier et al., 2018; Santimlet2019). As so, considering the
substantial research increase that is currentiyngaglace in deep-sea Mediterranean
environments, it is likely that this will lead tbe discovery of additional Tethyan
relicts in Mediterranean waters, confirming thaé thercentage of Mediterranean

species with Tethyan ancestry is more importamnt te@urrently known today.
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Fig. 1 - Location of the collection site and type locality Hamigera bibiloniaesp.

nov. (Blanes Canyon, north-western Mediterraneaa). S&ojected view (UTM Zone
31N (WGS84)) with geographic (WGS84) coordinatesidated for reference.
Geographic and bathymetric data used was obtainedom f

http://www.naturalearthdata.com.

Fig. 2 - Location of the collection site and type localityr the NIWA material
regardingHamigera kellyaesp. nov. (Clementsville Seamount, Macquarie Ridge,
New Zealand). Projected view (UTM Zone 31N (WGS&4ith geographic (WGS84)
coordinates indicated for reference. Geographic bhathymetric data used was

obtained from http://www.naturalearthdata.com.

Fig. 3 — Spicular set foHamigera bibiloniaesp. nov. A) Style Il B) Style | C)
Strongyle D) Detail of the styles acerate end Ejaibef the styles’ head F) Detail of
of tyle modification in some strongyles G) Arcuasechelae a’) arcuate isochelae
relative size compared with that of the megascleBeale bars for A), B), C) and a’)
200um; D), E), F) 3Qum and G) 4Qum.

Fig. 4 —Spicular set foHamigera kellyaesp. nov. A) Styloid B) Strongyles C) Detall
of the styloid’s end D) Detail of the polytylotidadifications of some styloid’s head
E) Arcuate isochelae, including malformed or julerorms F) General view of the
SEM imaging. a’) arcuate isochelae relative sizengared with that of the
megascleres; f) fimbriae. Scale bars for A), B) afjdB00um; C) and D) 3Qum; E)
300um and F) 50Qum.

Fig. 5 —Schematic representation of the skeletal arrangeofédamigera bibiloniae
sp. nov. (A.) andHamigera kellyaesp. nov. (B.). All spicules are proportionally
represented. The acronyms megrectosomegh, choanosomest, styloid; St |, Style

I; St 1l, Style Il, Str, strongyle.



Table 1. Spicule categories and measurements of all Hamigera species. All measurements are in pm. Spicule
measurements for H. cleistochela come from Bertolino et al. (2019), whereas those for H. tarangaensis come from
Bergquist & Fromont (1988). All other measurements come from the reexamination of the type material except for, H.
macrostrongyla, which are based on specimens from the NIWA and QM collections and H. hamigera, which are based on

specimens from the northern area of Catalonia (north-western Mediterranean Sea).

Species

Type Locality

Strongyle

Style

Arcuate isochelae

Hamigera hamigera
(Schmidt, 1862)

Hamigera dendyi
Shaw, 1927

Hamigera strongylata
Burton, 1934

Hamigera macrostrongyla Bergquist
& Fromont, 1988

Hamigera tarangaensis
Bergquist & Fromont, 1988

Hamigera cleistochela Bertolino,
Costa & Pansini, 2019
Hamigera bibiloniae sp. nov.

Hamigera kellyae sp. nov.

Zara Canal, Croatia

Maria Island,
Australia

Great Barrier Reef,
Australia

Slipper Island,
New Zealand

Hen and Chickens
Islands, New
Zealand

Puyuhuapi Fjord,
Chile

Blanes Canyon,
Spain
Clementsville
Seamount, New
Zealand

230-300x3-7

260-400x3-5

235-297x1-4

390-500x5-7

210-440x3-7

280-340x7-9

460-670x9-14

270-320x6-9

260-400x3-5
(rare)

370-470x7-8

I: 105 -250x 2.5

II: 440 - 580x5-10

1:290-355x5-9

II: 530 -650x 10 - 18

435-900x7-11
(styloid)

15-22

26 -35

17 - 22

44 - 62

23-60

Chelae: 25 - 35
Cleistochelae: 25 - 35

35-48

57 -89




Table 2. Poecilosclerida associated with CWC communities in the Mediterranean Sea and the New Zealand Waters. Species list for the
Mediterranean was mainly taken from the review of the CWC associated sponge fauna in Bertolino et al. (2019) and Rueda et al.
(2019), as well as some additional information from Uriz & Rosell (1990). For New Zealand species, a comprehensive review of
sponge published data was undertaken (see Kelly et al, 2009 for a comprehensive list of publications up to 2009), with Dendy
(1924), Sim-Smith & Kelly (2011) and Vacelet et al. (2009) being the only publications were CWC were mentioned as substrate for
sponge species. All species names are listed as according to the World Porifera Database (http://www.marinespecies.org/porifera/).
Depth range was taken from the aforementioned references, and references within.

Species Depth range Mediterranean Sea New Zealand
Family Acarnidae
Damiria curvata (Vacelet, 1969) 180 m X
Family Cladorhizidae
Chondrocladia (Meliiderma) turbiformis Vacelet et al, 2009 990 - 1130 m X
Lycopodina hypogea (Vacelet & Boury-Esnault, 1996) 5-707 m X
Family Coelosphaeridae
Forcepia (Leptolabis) megachela (Maldonado, 1992) 70 -408 m X
Family Crellidae
Anisocrella hymedesmina Topsent, 1927 500 - 2460 m X
Crella (Pytheas) alba (Vacelet, 1969) 180 -235m X
Crellastrina alecto (Topsent, 1898) 600 - 809 m X
Family Esperiopsidae
Esperiopsis strongylophora Vacelet, 1969 500 m X
Family Hymedesmiidae
Hamigera bibiloniae sp. nov. 684 m X
Hamigera kellyae sp. nov. 1070-1123m X
Hymedesmia (Hymedesmia) gracilisigma Topsent, 1928 15-2015m
Hymedesmia (Hymedesmia) jeanvaceleti van Soest &
180 m X
Hooper, 2020
Hymedesmia (Hymedesmia) lundbecki Dendy, 1924 180 m X
Hymedesmia (Hymedesmia) mutabilis (Topsent, 1904) 200-1300m X
Hymedesmia (Hymedesmia) peachii Bowerbank, 1882 0-1750 m X




Hymedesmia (Hymedesmia) plicata Topsent, 1928
Hymedesmia (Hymedesmia) pugio Lundbeck, 1910
Hymedesmia (Hymedesmia) quadridentata Cardone et al.,
2019

Hymedesmia (Hymedesmia) serrulata Vacelet, 1969
Phorbas fictitius (Bowerbank, 1866)

Plocamionida ambigua (Bowerbank, 1866)

Plocamionida tylotata Brgndsted, 1932

Family Latrunculiidae
Latrunculia (Biannulata) citharistae Vacelet, 1969
Latrunculia rugosa (Vacelet, 1969)
Sceptrella insignis (Topsent, 1890)

Family Microcionidae
Antho (Acarnia) signata (Topsent, 1904)
Antho (Antho) involvens (Schmidt, 1864)
Clathria (Microciona) armata (Bowerbank, 1862)
Clathria (Microciona) cf. atrasanguinea (Bowerbank, 1862)
Clathria (Microciona) gradalis Topsent, 1925
Clathria (Paresperia) anchorata (Carter, 1874)

Family Mixillidae
Melonanchora emphysema (Schmidt, 1875)

Family Podospongiidae
Diplopodospongia macquariensis Sim-Smith & Kelly, 2011
Neopodospongia exilis Sim-Smith & Kelly, 2011
Podospongia lovenii Barboza du Bocage, 1869
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0-2165m
20-2460 m
180 - 480 m

103 -477 m
500 m
200 - 2460 m

668 - 1360 m
0-280m
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Hamigera bibiloniae sp. nov.




Hamigera kellyae sp. nov.







- Two new species of Hamigera (Porifera: Poecilosclerida) are here described from
antipodal (Mediterranean vs. Pacific) parts of the world.

- The similitudes between Hamigera (family Hymedesmiidae) and Lissodendoryx
(Lissodendoryx) (family Coelosphaeridae) are discussed.

- They are the first deep-sea representatives for this previously shallow-exclusive
genus, both occurring in association with Cold Water Corals.

- Deep-sea ecosystems represent a unique environment for the discovery of new
Species.

- Sponges associated with Cold Water Coralsin New Zealand waters are currently
poorly studied, thus being alikely areafor the discovery of new species.

- Hamigera bibiloniae sp. nov. (Mediterranean Sea) shows Tethyan affinities, which
points towards a pre-Messinian origin, highlighting that the percentage of

M editerranean species with Tethyan ancestry might be more important than is
currently known today.
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