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Abstract 13 

 14 

Cold-water corals (CWC) are known to be deep-sea biodiversity hotspots, yet there is 15 

still a huge knowledge gap regarding their associated fauna. As so, CWC ecosystems 16 

pose as a perfect environment for the discovery of new species. In this context two 17 

new species of Hamigera (Demospongiae) have been recorded associated with CWC 18 

in antipodal parts of the world: Hamigera bibiloniae sp. nov. from the Blanes Canyon 19 

(north-western Mediterranean Sea) and Hamigera kellyae sp. nov. from the 20 

Clementsville Seamount (Macquire Ridge, New Zeeland). Both species represent first 21 

deep-sea records of the previously shallow-water restricted Hamigera, and mostly 22 

differ from of the previously considered shallow water genus in their huge spicule 23 

size, mostly doubling that of shallow-water congeneric species. 24 

Furthermore, the current geographical distribution of Hamigera, being only present in 25 

the Mediterranean and Pacific areas, might suggest a Tethyan affinity of H. bibiloniae 26 

sp. nov. proposing a potential role of deep-sea habitats as climatic refugees. 27 

 28 
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Canyon, Mediterranean Sea. 31 

 32 

 33 

1. Introduction 34 

 35 

While the current concept of Cold-Water Corals (CWC) encompasses several 36 

unrelated taxa within the classes Hexacorallia and Octocorallia (sensu Freiwald & 37 

Roberts, 2006), only scleractinians are considered as framework-forming CWC 38 

(Roberts et al., 2009). Framework-forming CWC are slow growing species with a 39 



cosmopolitan distribution across the globe (Etnoyer & Morgan, 2005; Schroeder et 40 

al., 2005; Tracey et al., 2011), being able to build reefs of up to hundreds of meters 41 

(Jensen & Frederiksen, 1992; Ríos et al., 2017) or even entire coral mounds (Corbera 42 

et al., 2019). While the current concept of CWC encompasses several unrelated taxa 43 

within the classes Hexacorallia and Octocorallia (sensu Freiwald & Roberts, 2006), 44 

only scleractinians are considered as framework-forming CWC (Roberts et al., 2009), 45 

with six species being considered to be the main reef builders of the deep: Lophelia 46 

pertusa (Linnaeus, 1758), Madrepora oculata (Linnaeus, 1758) Goniocorella dumosa 47 

(Alcock, 1902), Solenosmilia variabilis Duncan, 1873, Oculina varicosa (Alcock, 48 

1902) and Enallopsammia profunda (Pourtalès, 1867). While other deep-sea 49 

sclerictians are also considered reef-forming species (Roberts et al., 2009; Henry & 50 

Roberts, 2017), the above-mentioned are considered the most widespread CWC 51 

within the earth’s oceans, hence their consideration as the most significant reef-52 

building species (Roberts et al., 2009). Nevertheless, while widespread, these species 53 

show clear regional differences in abundance (Henry & Roberts, 2017), with L. 54 

pertusa being mostly reported from North Atlantic waters, and O. varicosa and G. 55 

dumosa being restricted to the Caribbean and East Atlantic and the Indic and Pacific 56 

Oceans respectively (Roberts et al., 2009).  57 

As it happens with tropical reef-building corals, CWC are considered hotspots of 58 

benthic diversity (Henry & Robets, 2017), as they harbor a unique and diverse 59 

associated fauna (Jensen & Frederiksen, 1992, van Soest et al., 2007; Rueda et al., 60 

2019). This, paired with their long lifespan and susceptibility to anthropogenic 61 

impacts, has prompted their listing as Vulnerable Marine Ecosystems (VMEs) by the 62 

Food and Agriculture Organization (FAO, 2009). Moreover, all CWC ecosystems 63 

(EUNIS codes A5.631 and A6.611) are listed as “Threatened and/or Declining 64 

Habitats” by the OSPAR commission (OSPAR commission 2008; 2010). Yet, despite 65 

their listing as VMEs, and the acknowledgement of CWC being reservoir of 66 

biodiversity (OSPAR commission 2010), our current knowledge regarding its 67 

associated fauna is still fragmentary. 68 

 69 

Furthermore, our knowledge of CWC associated fauna greatly varies greatly across 70 

the globe, with most studies on CWC associated fauna concentrating on North 71 

Atlantic and Caribbean waters (Henry & Roberts, 2017), with studies outside this area 72 

being fare more scarce (Etnoyer & Morgan, 2005; Baco, 2007; Miyamoto et al., 73 



2017). Specifically, L. pertusa reefs along the Atlantic and Mediterranean waters have 74 

been intensively explored during the past years (e. g. Jensen & Frederiksen, 1992; 75 

Longo et al., 2005; Schroeder et al., 2005; van Soest et al., 2007; Buhl‐Mortensen et 76 

al., 2010; Taviani et al., 2017; Bertolino et al., 2019b; Corbera et al., 2019), revealing 77 

over 1.300 associated species within CWC reefs (Roberts et al., 2006). From all these 78 

taxa, Porifera stand out as one of the major components of CWC reefs associated 79 

fauna (van Soest et al., 2007; van Soest & De Voogd, 2015; Bertolino et al., 2019b; 80 

Rueda et al., 2019). Moreover, sponges are known to play a major role in CWC reefs 81 

through the “sponge loop” by recycling dissolved organic matter (DOM) expelled by 82 

the corals (Rix et al., 2016). In addition, excavating sponges are one of the main 83 

bioeroding components within CWC (Beuck et al., 2007; van Soest & Beglinger, 84 

2009), being considered as one of the main drivers for coral rubble generation 85 

(Freiwald & Wilson, 1998). Regarding their biodiversity, studies within the Irish 86 

bathyal CWC reefs reported over 150 different species, being in range with values for 87 

shallow-water corals reefs (van Soest et al., 2007). Nevertheless, actual values for 88 

CWC sponge biodiversity are considered to be underestimated (van Soest et al., 2007; 89 

Reveillaud et al., 2011), as dozens of new species are recorded every year from CWC 90 

reef communities (van Soest & Beglinger, 2009; Goodwin et al., 2011; Reveillaud et 91 

al., 2010; 2011; Bertolino et al., 2019b). This remains particularly true for less 92 

explored CWC ecosystems around the globe, as the discovery and exploration of new 93 

seamounts and CWC reefs in these areas is expected to greatly increase the total 94 

number of Porifera species in said regions (Lopes et al. 2005; Lopes & Hadju, 2014). 95 

In this regard, the poriferan fauna around New Zealand had been historically poorly 96 

studied in comparison to other areas of the world (Kelly, et al., 2009). While this isn’t 97 

true anymore for shallow and costal environments, the sponge fauna associated with 98 

deep-sea communities in the region is still underexplored (Kelly, et al., 2009), thus 99 

being a suitable area for the discovery of new species (Kelly & Cárdenas, 2016; Kelly 100 

& Rowden, 2019).  101 

 102 

The sponge genus Hamigera Gray, 1867 is currently represented by 6 species from 103 

shallow tropical and subtropical regions (van Soest, 2002b), with a single species 104 

(Hamigera strongylata) being known to occur in tropical coral reefs (Burton, 1934). 105 

However, the recent discovery of Hamigera cleistochela from cold-water 106 



environments of the Chilean Fjords (Bertolino et al., 2019a) and of a new Hamigera 107 

sp. associated with deep-sea CWC from the North Atlantic deep-sea (Ríos et al., 108 

2017), alongside the occurrence of Hamigera representatives in both the North 109 

Atlantic and the Pacific (van Soest, 2002b), hinted the possible existence of antipodal 110 

cold-water Hamigera species unbeknownst to science.   111 

 112 

In this context, this paper describes two new species of Hamigera associated with 113 

CWC from opposing sides of the world: (1) Hamigera bibiloniae sp. nov. from the 114 

Blanes Canyon (north-western Mediterranean Sea) and (2) Hamigera kellyae sp. nov. 115 

from the Clementsville Seamount (Macquire Ridge, New Zealand), and (3) discusses 116 

the paleogeographical implications of the discovery of deep-sea records for this 117 

previously considered shallow-water exclusive genus. 118 

 119 

2. Material and Methods 120 

2.1 Blanes Canyon:  121 

Individuals of Hamigera bibiloniae sp. nov. were collected during the “ABIDES” 122 

cruise, from 9 to 19 of September 2017, on board of the R/V Sarmiento de Gamboa, 123 

using the articulated arm of the ROV (Remotely Operated Vehicle) Liropus 2000. The 124 

main goal of this cruise was to evaluate the impacts of bottom trawling activities on 125 

submarine canyon flanks of the Catalan continental margin (north-western 126 

Mediterranean Sea). During the exploration of the Blanes submarine canyon (Fig. 1) a 127 

vertical wall expanding from 860 to 670 m depth was recorded. The wall was densely 128 

covered by colonies of the reef building scleractinians Lophelia pertusa, Madrepora 129 

oculata, the solitary coral Desmophyllum dianthus (Esper, 1794), found along with 130 

scattered colonies of the antipatharians Parantipathes larix (Esper, 1788) and the 131 

gorgonian Acanthogorgia hirsuta Gray, 1857. 132 

 133 

2.2 Clementsville Seamount: 134 

Samples for Hamigera kellyae sp. nov. are part of the NIWA collection, and were 135 

obtained from the Clementsville Seamount (Fig. 2), located at the Macquarie Ridge, 136 

south of New Zealand, at 1070–1121 m depth. The Macquarie Ridge spans for 1600 137 

kilometres from the southern part of New Zealand to the Australia-Pacific-Antarctic 138 

triple junction halfway to Antarctica, being one the southernmost seamount ridges on 139 



the Earth (Ahyong et al., 2015), with some of its seamounts having been object of 140 

deep-sea exploration during this past decade (Rowden, 2008). Regarding the main 141 

dominant habitat-forming scleractinians in the New Zealand area, those are 142 

Madrepora oculata, Goniocorella dumosa (Alcock, 1902), the endemic Oculina 143 

virgosa Squires, 1958, Solenosmilia variabilis Duncan, 1873 and Enallopsammia 144 

rostrata (Pourtalès, 1878) (Tracey et al., 2011). From the above-mentioned species, S. 145 

variabilis and E. rostrata are considered the most abundant reef-forming species in 146 

the Macquarie Ridge area (O’Hara et al., 2008; Miller et al., 2010; Zeng et al., 2017). 147 

Interestingly, L. pertusa in New Zealand was exclusively reported for the Macquarie 148 

Ridge area, but such records are nowadays considered invalid (Tracey et al., 2011).   149 

 150 

2.3 Museum Material: 151 

Material corresponding to Hamigera bibiloniae sp. nov, including the holotype, have 152 

been levelled and deposited in the Museu de Ciències Naturals de Barcelona (MZB), 153 

whereas samples for Hamigera kellyae sp. nov., including the holotype are located in 154 

the National Institute of Water and Atmospheric Research, New Zealand (NIWA) 155 

following the reference number specified in the species’ examined material. Lastly, 156 

additional Hamigera material from the Mediterranean Sea and New Zealand, 157 

including material from the Natural History Museum, United Kingdom (NHMUK, 158 

before BMNH), the Queensland Museum (QM), Australia; the National Institute of 159 

Water and Atmospheric Research, New Zealand (NIWA); Prof. Jean Vacelet personal 160 

collections (J.V. pers. coll.) and Hamigera hamigera individuals sampled in Cap de 161 

Creus coast (north-western Mediterranean Sea, Spain) has been examined for 162 

comparison. 163 

 164 

2.4. Spicule preparation: 165 

To obtain spicule preparations for both optical and scanning electron microscopy 166 

(SEM) fragments of the sponges were dissolved with nitric acid (HNO3) following the 167 

procedures described in Cristobo et al. (1993) and Uriz et al. (2017). The SEM 168 

observation was conducted through a HITACHI TM3000 TableTop Scanning 169 

Electron Microscope from the Center for Advanced Studies of Blanes (CEAB). 170 

Spicule dimensions are given as maximum and minimum length and width for each 171 

spicule category with the average values being given in between in italics followed by 172 



± the Standard Deviation (i.e.. MIN. – MEAN ± SD – MAX.). Otherwise stated, all 173 

spicule measurements were based on 40 spicules.  174 

Species classification has followed the current proposed classification for sponges in 175 

the World Porifera Database (van Soest et al., 2020).  176 

 177 

3. Results 178 

Systematic Description 179 

 180 

Phylum PORIFERA Grant, 1836 181 

Class DEMOSPONGIAE Sollas, 1885 182 

SubClass Heteroscleromorpha Cárdenas, Pérez & Boury-Esnault, 2012 183 

Order POECILOSCLERIDA Topsent, 1928 184 

Family HYMEDESMIIDAE Topsent, 1928 185 

Genus Hamigera Gray, 1867 186 

 187 

Type species:  188 

Hamigera hamigera (Schmidt, 1862) (as Cribrella). 189 

 190 

Definition:  191 

Encrusting to massive sponges; oscules slightly elevated, rounded, pores in 192 

characteristic and conspicuous areolate porefields; bundles of ectosomal diactinal 193 

spicules form a ring around the areolae areas; choanosomal skeleton composed of 194 

plumose tracts of smooth strongyles or strongylote-tornotes, exclusively, which may 195 

be mixed with smooth styles or subtylostyles with echinating smooth styles or 196 

subtylostyles; microscleres are arcuate isochelae and more rarely, cleistochelae. Half 197 

a dozen species. Mostly known from shallow waters of temperate seas, yet a few 198 

species also occur on deep-waters habitats (amended from van Soest, 2002b; 199 

Bertolino et al., 2019a). 200 

 201 

Hamigera bibiloniae Santín, Grinyó, Uriz, & Gili sp. nov. 202 

(Fig. 3) 203 

Material examined:  204 

Holotype: MZB 2019-1740 – Blanes Canyon, north-western Mediterranean Sea 205 

(41°30'26"N 2°56'02"E), ‘ABIDES’ survey, 684 m depth, 2018;  206 



Paratype: MZB 2019-2019 – Blanes Canyon, north-western Mediterranean Sea 207 

(41°30'26"N 2°56'02"E), ‘ABIDES’ survey, 684 m depth, 2018 (slide; whole 208 

individual used for spicule preparation)   209 

 210 

Comparative material examined: 211 

Hamigera hamigera (Schmidt, 1862) J. V. pers. coll., Sac2 – Île Grosse, Banyuls 212 

(France), 10 m depth, 13th of October 1982; J. V. pers. coll. ST38 – Banyuls (France); 213 

J. V. pers. coll. Sm3 – Marseille (France); J. V. pers. coll. JV365(32) – Djerba 214 

(Tunisia) 0.7 m depth, 29th of September 1989. Several unregistered specimens from 215 

Caials (42°17'06.3"N 3°17'48.6"E), Cadaqués (Spain), 2 m depth, July 2018 and Maó 216 

(39°52'31.2"N 4°18'11.3"E), Menorca (Spain) 0–5 m depth, May 2019. 217 

 218 

Description: 219 

Shape: 220 

Small encrusting sponge (ca. 1cm2), with a translucid ectosome, firmly attached to the 221 

choanosome. Color is grey after drying. 222 

 223 

Skeleton (Fig. 5A): 224 

Plumose choanosomal skeleton made of paucispiculate tracts of strongyles, with 225 

styles of two categories in an echinating position. The tracts occur perpendicular to 226 

the base of the sponge. The ectosome is exclusively formed by the strongyles, which 227 

are arranged in tracts tangentially to the surface. Arcuate isochelae occur at the 228 

ectosomal and choanosomal areas without any apparent organization. 229 

 230 

Spicule complement: 231 

Strongyles, two categories of styles, and isochelae. 232 

 233 

Strongyles (Fig. 3C): Straight and slightly asymmetric, with one end slightly wider 234 

than the other; both ends with a subtle swelling or, rarely, a well-formed tyle (Fig. 235 

3F), giving them the appearance of tylostrongyles or tylotes.   236 

Size range: 284.1 – 315.7 – 337.4 ± 17.8 x 7.1 – 8.7 – 9.7 ± 0.8 µm 237 

 238 



Style I (Fig. 3B): Slightly bent (one third), with an acerate end (Fig. 3D); the head is 239 

unequally inflated, giving them the appearance of true styles to subtylostyles (Fig. 240 

3E). Always in an echinating position on the choanosomal tracts. 241 

Size range: 293 – 327.1 ± 22.6 – 355.2 x 5.3 – 7.25 ± 1.2 – 8.9  µm 242 

 243 

Style II (Fig. 3A): Identical to the styles I, but bigger in size, yet they appear in lower 244 

proportion, also echinating the choanosomal tracts. 245 

Size range: 532.8 – 614.2 ± 29.8 – 648.24 x 10.7 – 16 ± 2.2 – 17.8 µm 246 

 247 

Isochelae (Fig. 3G; a’): Stout arcuate isochelae, with short and stout alae. Mostly 248 

occurring on the ectosome. 249 

Size range: 35.5 – 43 ± 4.3 – 48.9 µm 250 

 251 

Geographical and bathymetrical distribution: 252 

So far, the species is only known from its type locality in the Blanes Canyon, at 684 253 

m depth (Fig.1), occurring associated with CWC assemblages. 254 

 255 

Etymology: 256 

The name bibiloniae is chosen in honor of Dr. Maria Antonia Bibiloni i Rotger, in 257 

recognition of her valuable contributions to the knowledge of Mediterranean sponges, 258 

especially of the Catalan and the Balearic Islands coasts. 259 

 260 

Remarks:  261 

From all known Hymedesmiidae, only Hamigera and Hemimycale Burton, 1934 262 

genera are known to exclusively possess smooth megascleres, yet both genera are 263 

easily told apart by the lack of microscleres in Hemimycale (van Soest, 2002b; Uriz et 264 

al., 2017). From all current known Hamigera species, only Hamigera hamigera 265 

(Schmidt, 1862), a shallow water Mediterranean endemic species, co-occurs with 266 

Hamigera bibiloniae sp. nov., while the other representatives of the genus only occur 267 

in waters of the southern hemisphere (Shaw, 1927; Burton, 1934; Bergquist & 268 

Fromont, 1988; Bertolino et al., 2019a).  269 

 270 

While both Hamigera bibiloniae sp. nov. and Hamigera hamigera share their spicule 271 

types and skeletal organization, H. hamigera styles could not be clearly split in two 272 



clear categories as in H. bibiloniae sp. nov., with this second style category found in 273 

H. bibiloniae sp. nov. doubling in size the styles from H. hamigera (Table 1). 274 

Additionally, H. hamigera shows abundant areolate porefields across its surface, 275 

which are lacking from H. bibiloniae sp. nov., yet most likely this is due to the small 276 

size and encrusting morphology of the specimens examined. Thus, the possibility of 277 

said species possessing areolate porefields cannot be ruled out. Finally, both species 278 

occur in contrasting habitats, with H. hamigera being a shallow species, barely 279 

recorded below 20 m, whereas H. bibiloniae sp. nov. was found below 650 m depth in 280 

association with the CWC Madrepora oculata. Consequently, the spicule types of H. 281 

bibiloniae sp. nov. match those of the genus, yet the possession of a second, bigger 282 

style category for H. bibiloniae sp. nov. which is lacking in H. hamigera (Table 1), 283 

alongside their contrasting habitats, confirmed that H. bibiloniae sp. nov. is a new 284 

species clearly apart from other species.  285 

 286 

 287 

Hamigera kellyae Santín, Grinyó, Uriz, & Gili sp. nov. 288 

(Fig. 4) 289 

 290 

Material examined:  291 

Holotype: NIWA 39837, Clementsville Seamount, Macquarie Ridge, southern Pacific 292 

Ocean, Station TAN0803/38 (50°05'49"S 163°28'27"E), 1070 – 1123 m depth, 2008.  293 

 294 

Comparative material examined:  295 

Hamigera macrostrongyla Bergquist & Fromont, 1988 QM G310712 – 296 

Motuwharariki Island, near Rimariki Island, Mimiwhabgata Bay, New Zealand 297 

(35°25'30"S 174°26'60"E) 20 m, 12th December 1988, Coll. C.N. Battershill, 298 

Australian Institute of Marine Science NCI Contract Collection; NIWA 51458 – 299 

North of Cape Reinga, New Zealand, Station Z9700 (34°22'48"S 179°32'49"E) 54 m, 300 

1999; NIWA 100938 – Archway on the SE headland of Tasman Bay, Great Island, 301 

Three Kings Islands, New Zealand, Station Z15582 (34°22'48"S 179°39'36"E) 10 m, 302 

2002; NIWA 101002 – North Cape, New Zealand, Station Z15758 (34°23'60"S 303 

173°01'48"E) 3 – 21 m, 1999. 304 

Hamigera strongylata Burton, 1934 NHMUK 1930.8.13.80.a – Great Barrier Reefs, 305 

Australia (2 slides, holotype). 306 



Hamigera dendyi Shaw, 1927 NHMUK 1925.11.1.731 – Tasmania, Australia 307 

(holotype, as Hamigera stillopora); NHMUK 1925.11.1.731 –Tasmania, Australia (5 308 

slides, holotype, as Hamigera stillopora). 309 

Lissodendoryx spp. NIWA 62179, Kahuwhera Bay, Bay of Islands, New Zealand, 310 

Station KWB_Feb (35°15'45"S 174°10'54"E), 5.5 m depth, 2010; NIWA 51226, 311 

Kahuwhera Bay, Bay of Islands, New Zealand, Station Z9681 (34°18'54"S 312 

172°49'05"E), 63 m depth, 1999; NIWA 101904, Kahuwhera Bay, Bay of Islands, 313 

New Zealand, Station Z9681 (34°18'54"S 172°49'05"E), 5.5 m depth, 1999. 314 

Crella incrustans (Carter, 1885) NIWA 101066, Evans Bay, Wellington, New 315 

Zealand, Station Z9681 (41°18'36"S 174°48'06"E), 5 – 10 m depth. 316 

 317 

Description: 318 

Shape: 319 

Thick encrusting clathrate sponge, with ca. 1 mm in high in the mesh’s connecting 320 

tissue and covering an area of ca. 1cm2. The ectosome is not easily torn apart from the 321 

choanosome but firmly attached to it. Color creamy, in alcohol. 322 

 323 

Skeleton (Fig. 5B): 324 

Loose plumose choanosomal skeleton, made of strongyles and styloids in 325 

paucispiculate tracts. These tracts go in parallel one to another, sometimes splitting 326 

here and there without a clear discernible pattern. The ectosomal skeleton consists of 327 

tangential tracts of strongyles. The connecting tissue between the clathrate mass is 328 

devoid of spicules. Arcuate isochelae occur in high proportion, mostly concentrating 329 

along the tracts, yet they can also be found scattered through the choanosome and 330 

ectosome. 331 

 332 

Spicule complement: 333 

Strongyles, styloids, and isochelae. 334 

 335 

Strongyles (Fig. 4B): Straight, greatly vary in size (Fig. 4B). Nevertheless, no clear 336 

categories can be distinguished, nor a clear position in the skeleton allows to discern 337 

them, as they occur altogether in the paucispiculate tracts.     338 

Size range: 461.8 – 593.3 ± 67.1 – 666 x 8.9 – 11 ± 1.3 – 13.3 µm 339 

 340 



Styloids (Fig. 4A): Smooth, slightly bent, with asymmetrical blunt ends (Fig. 4A; 4C; 341 

4D), resulting in-between a style and a strongyle in shape; the head might sometimes 342 

present poly- or tyloid processes (Fig. 4D).  343 

Size range: 435.1 – 562.3 ± 83.6 – 900 x 7.2 – 8.88 ± 1.7 – 11 µm  344 

 345 

Isochelae (Fig. 4E; 4a’): Arcuate isochelae, curved but elongate shaft and slightly 346 

acerate alae. The fimbriae are greatly reduced (4f), only being observable through 347 

SEM microscopy. Malformed or development stages with reduced alae might also be 348 

observed (Fig. 4E). Highly abundant.  349 

Size range: 57.8 – 75 ± 8 – 89 µm 350 

 351 

Geographical and bathymetrical distribution: 352 

The species is only known from its type locality in the Clementsville Seamount (Fig. 353 

2), located at the Macquarie Ridge, south of New Zealand, at a 1070–1121 m depth, 354 

occurring associated with Cold Water Corals. 355 

 356 

Etymology: 357 

The species kellyae is devoted to Dr. Kelly, in recognition of her invaluable 358 

contribution to the knowledge of New Zealand sponge fauna. 359 

 360 

Remarks: 361 

From all Hamigera species known to date, four of them occur within Australian and 362 

New Zealand waters, them being Hamigera dendyi Shaw, 1927 (Tasmania), 363 

Hamigera strongylata Burton, 1934 (Great Barrier Reef, Australia) and Hamigera 364 

macrostrongyla Bergquist & Fromont, 1988 and Hamigera tarangaensis Bergquist & 365 

Fromont, 1988 (New Zealand). However, all the mentioned species occur at shallow 366 

depths (Roberts & Davis 1996; Bergquist & Fromont, 1988), and only H. strongylata 367 

occurs frequently associated with coral reefs. Conversely, Hamigera kellyae sp. nov. 368 

occurs below 1000 m depth, in association with CWC. As for its spicule complement, 369 

Hamigera kellyae sp. nov. has styloids or style-like spicules, as the other Pacific 370 

species, and shows considerably bigger spicules, almost duplicating in size those of 371 

all other representatives of the genus, (Table 1). Apart from the clear differences in 372 

spicule size, the species differs from H. tarangaensis in the lack of polytylotoid 373 

strongyles and the possession of chelae with well-formed alae, whereas in H. 374 



tarangaensis, chelae have its alae heavily reduced. The new species differs from H. 375 

dendyi in the lack of true, acerate styles and from H. strongylata and H. 376 

macrostrongyla in the strongyle width and the possession of considerably larger 377 

styloid spicules. Outside from the Australian-New Zeeland area, there is another 378 

southern hemisphere species from Chile, Hamigera cleistochela Bertolino, Costa & 379 

Pansini, 2019, yet this species possesses unique, modified chelae, and its megascleres 380 

are also considerably smaller in size than those observed in Hamigera kellyae. sp. 381 

nov. 382 

The unique external morphology of Hamigera kellyae sp. nov., with a smooth 383 

megascleres, clathrate body and the lack of areolate porefields, makes its genus 384 

assignment somewhat challenging. Said combination of smooth choanosomal 385 

megascleres and arcuate isochelae are shared characteristic with the genus 386 

Lissodendoryx (family Coelosphaeridae), a genus with a rather complicated 387 

taxonomical history (Bergquist & Fromont, 1988; van Soest, 2002a; Tompkins et al., 388 

2017; Ott et al., 2019). Currently, Coelosphaeridae is defined as never presenting 389 

areolate porefields (van Soest, 2002a), which would place our species closer to 390 

Lissodendoryx than to Hamigera, as such porefields are lacking in H. kellyae sp. nov. 391 

but present in most Hamigera (Bergquist & Fromont, 1988). In this sense, porefields 392 

had been used as a reliable character to distinguish Hymedesmiidae and Crellidae 393 

from other Poecilosclerida (van Soest, 2002b), which would exclude the present 394 

material from Hymedesmiidae. Nevertheless, while current phylogenetic analyses 395 

support the monophyly of pore-boring species in a single clade, they also cluster 396 

together with several non- pore-bearing species (Morrow et al., 2013; Redmond et al., 397 

2013; Ríos et al., 2020). As so, while the absence of porefields would not support the 398 

inclusion of the presence species in Hamigera, this character alone cannot be used for 399 

its exclusion.  400 

Looking into the spicular complement, only the subgenus Lissodendoryx 401 

(Lissodendoryx) allocates species with smooth choanosomal megascleres, in addition 402 

to ectosomal tylotornotes and arcuate isochelae and sigmas, which may be absent (van 403 

Soest, 2002a). From all the currently 69 accepted Lissodendoryx (L.) species (van 404 

Soest et al., 2020), only 7 species are said to lack sigmas and possess smooth 405 

choanosomal styles (Ott et al., 2019). After reviewing their original descriptions, L. 406 

(L.) kyma de Laubenfels, 1930, L. (L.) papillosa Koltun 1958 and L. (L.) tubicola 407 

Burton, 1959 all are said to possess slightly acanthose styles and/or tylotornotes (de 408 



Laubenfels, 1932; Koltun, 1959; Burton 1959), leaving L. (L.) simplex Topsent, 1904, 409 

L. (L.) stipitata (Arnsen, 1903), L. (L.) ciocalyptoides Burton, 1959 and L. (L.) 410 

flabellata Burton 1929 as the only true Lissodendoryx with smooth styles. From this 411 

last four, L. (L.) simplex and L. (L.) ciocalyptoides are ill-described species, based 412 

upon fragmentary material (Topsent, 1904; Burton, 1959), whereas L. (L.) stipitata 413 

and L. (L.) flabellata correspond to stipitate-flabellate sponges, all possessing smooth 414 

choanosomal styles, ectosomal tornotes and arcuate chelae (Burton, 1929; Tompkins 415 

et al., 2017), the later modified into chleistochelae in L. (L.) flabellata (Burton, 1929). 416 

While these 3 species could be arguably close to Hymedesmiidae, H. kellyae sp. nov. 417 

differs in the possession of strongyles as ectosomal megascleres, as opposed to 418 

tornotes. While tornotes and tylotes might be common in some other Hymedesmiidae 419 

as ectosomal megascleres (van Soest, 2002b), all Hamigera species known to date 420 

possess exclusively smooth ectosomal strongyles (Bergquist & Fromont, 1988; Uriz 421 

et al., 2017). In contrast, Lissodendoryx is characterized by the possession of tylote or 422 

tornote ectosomal spicules (Fernandez et al., 2016; Ott et al., 2019). Additionally, 423 

Lissodendoryx exhibits a clear distinction between ectosomal and choanosomal 424 

spicules, (van Soest, 2002a), whereas several Pacific Hamigera possess strongyles as 425 

ectosomal en choanosomal megascleres, as it happens in H. kellyae sp. nov. (Burton, 426 

1934; Bergquist & Fromont, 1988). Finally, Lissodendoryx is usually defined as 427 

possessing a reticulate choanosomal skeleton (van Soest, 2002a), with Hamigera 428 

possessing a plumose one (van Soest, 2002b). In this sense, it is noteworthy noticing 429 

that upon reexamination of samples from most Hamigera species, Mediterranean 430 

representatives possess plumose tracts of strongyles with echinating styles, whereas 431 

all Pacific representatives of the genus lack echinating spicules, incorporating the 432 

styles as part of the tracts, as it is the case in H. kellyae sp. nov.  433 

In conclusion, the new species differs from Hamigera in terms of external 434 

appearance, as no areolate porefields could be identified on the holotype, yet its 435 

spicular complement and skeletal arrangement fits well within the genus, especially 436 

when compared with other Pacific species. Nevertheless, the species remains close to 437 

Lissodendoryx, especially regarding its external morphology. Nevertheless, 438 

Lissodendoryx is a poorly resolved polyphyletic genus (Morrow et al., 2013; 439 

Redmond et al., 2013; Fernandez et al., 2016; Ríos et al., 2020), and it would be 440 

unwise to add another atypical species to it, yet it is also possible that once further 441 



material for the species becomes available, Hamigera kellyae sp. nov. would 442 

ultimately be relocated to another genus. 443 

 444 

4. Discussion 445 

4.1 Poecilosclerida on antipodal CWC reefs 446 

Representatives of the family Hymedesmiidae (Demospongiae: Poecilosclerida) have 447 

been reported to be one of the main components of the sponge fauna living in 448 

association with CWC (Goodwin et al., 2011), yet not a single Hamigera species had 449 

been reported so far associated with CWC. In this regard, both the Catalan and New 450 

Zeeland CWC communities represented suitable areas for the discovery of new deep-451 

sea Hamigera species, as CWC sponge fauna in both zones had been poorly studied 452 

(Kelly et al., 2009; Rueda et al., 2019) and present shallow-water representatives of 453 

the genus.  454 

Hymedesmiids, as with many other sponge taxa, generally present an encrusting 455 

morphology, which paired with the intrinsic scarcity of material associated with deep-456 

sea sampling (Reveillaud et al., 2011), might make classification at a genus level even 457 

tentative in some cases (Vacelet, 1969). In addition, in highly diverse genera, such as 458 

Hymedesmia or Phorbas, species are mostly told apart from their congeneric ones by 459 

small differences in spicule’s shape or size, which has likely resulted in 460 

misidentifications and the adscription of samples to their closest available name 461 

(Goodwin & Picton, 2009; Goodwin et al., 2011). This might be the case for the 462 

occasional deep-sea records of common littoral species (Table 2), such as Phorbas 463 

fictitius or Hymedesmia peachi (Uriz & Rosell, 1990), yet it seems it is not 464 

uncommon for deep-sea species to also be found in shallower environments 465 

(Bertolino et al., 2019). Comparing the Poecilosclerida fauna known form both the 466 

Mediterranean and New Zealand CWC, the later is considerably less known, with just 467 

five species (Table 2). In this sense, the New Zealand sponge fauna has been 468 

historically underexplored compared to other areas of the world (Kelly et al., 2009), 469 

whereas the Mediterranean posses as one of the most explored areas (van Soest et al., 470 

2012). As so, one possible explanation for such disparity between regions could be a 471 

difference exploration effort between areas. Nevertheless, both CWC in the 472 

Mediterranean and New Zealand have been intensely studied during these past years 473 



(see Orejas & Jiménez, 2019 for the Mediterranean and Tracey et al., 2011 for New 474 

Zealand), which would weaken such idea.  475 

On the other hand, in the Mediterranean region several articles have been published 476 

dealing exclusively with CWC sponge fauna (Longo et al., 2005; Calcinai et al., 2013; 477 

Bertolino et al., 2019), whereas in in New Zealand waters most taxonomic articles 478 

have dealt with just a few specific species each (Vacelet et al., 2009; Kelly & Vacelet, 479 

2011; Sim-Smith & Kelly, 2011; Kelly et al., 2015; this work), implying said 480 

differences might arise from the different research approach between both areas. 481 

Furthermore, contemporary New Zealand authors have mostly focused on other 482 

Porifera groups such as horny sponges (Bergquist, 1961; 1980; 1996; Cook & 483 

Bergquist, 1996; 1998; 1999; 2000; 2001 Bergquist et al., 1998; 1999) or lithistids 484 

(Kelly-Borges & Pomponi, 1994; Kelly-Borges et al., 1994; Kelly, 2003; 2007; Kelly 485 

et al., 2007), with most information regarding Poecilosclerida coming from just two 486 

publications in an almost 100 year time span (Dendy 1924; Bergquist & Fromont, 487 

1988). Moreover, even within Poecilosclerida the research effort has been unequal 488 

between groups, with carnivorous sponge (Vacelet et al., 2009; Vacelet & Kelly, 489 

2008; Kelly & Vacelet, 2011; Hestetun et al., 2016) and ‘latrunculids’ sensu lato 490 

(Miller et al., 2001; Alvarez et al., 2002; Sim-Smith & Kelly, 2011; Kelly et al., 2016) 491 

having received almost all attention when compared to other Poecilosclerida in recent 492 

years. As so, New Zealand waters, and more specifically its CWC reefs should be 493 

expected to harbor a way more diverse poecilosclerid fauna, making it a proper area 494 

for the discovery of new poecilosclerid species (Kelly et al., 2009).  495 

Finally, while the Mediterranean poecilosclerid sponge fauna is considerably better 496 

known than its New Zealand counterpart, it still trails behind that of the Atlantic 497 

CWC reefs (van Soest et al., 2007; van Soest & De Voogd, 2015), which considering 498 

the strong relationship between the sponge fauna in both areas (Maldonado & Uriz, 499 

1995; Xavier & van Soest, 2012), it could also be expected that several of this North 500 

Atlantic species are to be found in Mediterranean CWC reefs. 501 

 502 

4.2 Palogeography of Hamigera  503 

The discovery of these new Hamigera species in the Mediterranean and New Zealand 504 

waters poses a very similar situation than the one observed with other sponge genera, 505 

such as Discorhabdella (Boury-Esnault et al., 1992) or Vetulina (Pisera et al., 2018). 506 



All the mentioned genera are present in both the Atlanto-Mediterranean and the Indo-507 

Pacific areas, yet some of the Mediterranean species show higher affinity with Indo-508 

Pacific species rather than with Atlantic ones, as reported for Discorhabdella hindei 509 

Boury-Esnault, Pansini & Uriz, 1992 (Boury-Esnault et al., 1992). It has been 510 

hypothesised that these biogeographic relationships derive from a common Tethyan 511 

ancestry (Ekman, 1953) that underwent speciation after the closure of the connection 512 

with the Indo-Pacific Ocean during the Early Miocene period, 20 million years ago 513 

(Kennett et al 1985). The discovery of these genera in deep-sea waters of the 514 

Mediterranean reinforces the hypothesis that the Tethyan component of deep 515 

Mediterranean fauna is more important than previously reported (Pérès, 1985). 516 

Indeed, it has been suggested that during the Messinian Salinity crisis the 517 

Mediterranean did not completely dry leaving vast areas of the basin flooded 518 

preserving marine conditions (Hsü, 1973). In this regard, several studies support the 519 

hypothesis of the existence of “refuge areas” in the Mediterranean during the 520 

Messinian salinity crisis, either as brackish or hypersaline areas (Xavier & van Soest, 521 

2012) or even with almost normal salinity values (Por, 1989), which could have led to 522 

the confinement and survival of several marine species in those areas. Further 523 

strengthening this view, during the second half of the XXth century the study of fossil 524 

record confirmed the presence of living ostracodes, scleractinians, bryozoans and 525 

sponge species of Tethyan origin in the Mediterranean (Vacelet, 1967; Benson et al., 526 

1976). In this line, other researches have recorded the presence of several species with 527 

a marked Tethyan affinity, such as copepods occurring in anchihaline caves (Jaume & 528 

Boxshall 1996; Kršinić, 2017) or hydromedusae dwelling in Mediterranean canyons 529 

(Gili et al., 1998; 2000). But, perhaps, the most emblematic Tethyan relict species is 530 

the seagrass Posidonia oceanica (Aires et al., 2011), considered a survivor of the 531 

Messinian salinity crisis even if no fossil evidence has been found yet (Aguirre et al., 532 

2006). Focusing on deep Mediterranean environments, several sessile taxa have been 533 

identified as Tethyan relicts, such as the soft coral Chironephthya mediterranea 534 

López-González, Grinyó & Gili, 2014 or several sponge species (Vacelet et al., 1989; 535 

Maldonado & Uriz, 1995; López-González et al 2014), reinforcing the hypothesis of 536 

the Tethyan component of deep Mediterranean fauna.  537 

Finally, most Mediterranean Tethyan relicts have been so far found in cave 538 

environments (See Manconi et al., 2009), with just a handful being signalled from 539 

deep-sea environments (Boury-Esnault et al., 1992; López-González et al 2014). 540 



Nonetheless, and due to their unique environmental setting (Harmelin, 1997), caves 541 

have been demonstrated to harbour once thought to be deep-sea exclusive species 542 

(Vacelet et al., 1994), with and ever-increasing evidence of an existing connection 543 

between cave and deep-water fauna (Harmelin & Vacelet, 1997; Gerovasileiou & 544 

Voultsiadou, 2012; Grenier et al., 2018; Santín et al., 2019). As so, considering the 545 

substantial research increase that is currently taking place in deep-sea Mediterranean 546 

environments, it is likely that this will lead to the discovery of additional Tethyan 547 

relicts in Mediterranean waters, confirming that the percentage of Mediterranean 548 

species with Tethyan ancestry is more important than is currently known today.  549 
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Figure Caption: 969 



Fig. 1 - Location of the collection site and type locality for Hamigera bibiloniae sp. 970 

nov. (Blanes Canyon, north-western Mediterranean Sea). Projected view (UTM Zone 971 

31N (WGS84)) with geographic (WGS84) coordinates indicated for reference. 972 

Geographic and bathymetric data used was obtained from 973 

http://www.naturalearthdata.com. 974 

Fig. 2 - Location of the collection site and type locality for the NIWA material 975 

regarding Hamigera kellyae sp. nov. (Clementsville Seamount, Macquarie Ridge, 976 

New Zealand). Projected view (UTM Zone 31N (WGS84)) with geographic (WGS84) 977 

coordinates indicated for reference. Geographic and bathymetric data used was 978 

obtained from http://www.naturalearthdata.com. 979 

Fig. 3 – Spicular set for Hamigera bibiloniae sp. nov. A) Style II B) Style I C) 980 

Strongyle D) Detail of the styles acerate end E) Detail of the styles’ head F) Detail of 981 

of tyle modification in some strongyles G) Arcuate isochelae a’) arcuate isochelae 982 

relative size compared with that of the megascleres. Scale bars for A), B), C) and a’) 983 

200 µm; D), E), F) 30 µm and G) 40 µm. 984 

Fig. 4 – Spicular set for Hamigera kellyae sp. nov. A) Styloid B) Strongyles C) Detail 985 

of the styloid’s end D) Detail of the polytylotid modifications of some styloid’s head 986 

E) Arcuate isochelae, including malformed or juvenile forms F) General view of the 987 

SEM imaging. a’) arcuate isochelae relative size compared with that of the 988 

megascleres; f) fimbriae. Scale bars for A), B) and a’) 300 µm; C) and D) 30 µm; E) 989 

300 µm and F) 500 µm. 990 

Fig. 5 – Schematic representation of the skeletal arrangement of Hamigera bibiloniae 991 

sp. nov. (A.) and Hamigera kellyae sp. nov. (B.). All spicules are proportionally 992 

represented. The acronyms mean: e, ectosome; ch, choanosome; St, styloid; St I, Style 993 

I; St II, Style II, Str, strongyle. 994 



Table 1. Spicule categories and measurements of all Hamigera species. All measurements are in μm. 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) 
Zara Canal, Croatia 230 – 300 x 3 – 7 270 – 320 x 6 – 9 15 – 22 

 

Hamigera dendyi 

Shaw, 1927 

Maria Island, 

Australia 
260 – 400 x 3 – 5 

260 – 400 x 3 – 5 

(rare) 
26 – 35 

 

Hamigera strongylata 

Burton, 1934 

 

Great Barrier Reef, 

Australia 
235 – 297 x 1 – 4 - 17 – 22 

Hamigera macrostrongyla Bergquist 

& Fromont, 1988 

 

Slipper Island, 

New Zealand 
390 – 500 x 5 – 7 370 – 470 x 7 – 8 44 – 62 

Hamigera tarangaensis 

Bergquist & Fromont, 1988 

 

Hen and Chickens 

Islands, New 

Zealand 

210 – 440 x 3 – 7 - 23 – 60 

Hamigera cleistochela Bertolino, 

Costa & Pansini, 2019 Puyuhuapi Fjord, 

Chile 
- 

I: 105 – 250 x 2.5 

II: 440 – 580 x 5 – 10 

  

Chelae: 25 – 35  

Cleistochelae: 25 – 35 

 

Hamigera bibiloniae sp. nov. Blanes Canyon, 

Spain 
280 – 340 x 7 – 9 

I: 290 – 355 x 5 – 9 

II: 530 – 650 x 10 – 18 
35 – 48 

Hamigera kellyae sp. nov. Clementsville 

Seamount, New 

Zealand 

460 – 670 x 9 – 14 
435 – 900 x 7 – 11 

(styloid) 
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 – 235 m 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 – 1123 m  X 

Hymedesmia (Hymedesmia) gracilisigma Topsent, 1928 15 – 2015 m  X  

Hymedesmia (Hymedesmia) jeanvaceleti van Soest & 

Hooper, 2020 
180 m X  

Hymedesmia (Hymedesmia) lundbecki Dendy, 1924 180 m  X 

Hymedesmia (Hymedesmia) mutabilis (Topsent, 1904) 200 – 1300 m X  

Hymedesmia (Hymedesmia) peachii Bowerbank, 1882 0–1750 m X  



Hymedesmia (Hymedesmia) plicata Topsent, 1928 370 – 2460 m X  

Hymedesmia (Hymedesmia) pugio Lundbeck, 1910 540 – 819 m X  

Hymedesmia (Hymedesmia) quadridentata Cardone et al., 

2019 
256 – 264 m X  

Hymedesmia (Hymedesmia) serrulata Vacelet, 1969 235 m X  

Phorbas fictitius (Bowerbank, 1866) 0 – 2165 m X  

Plocamionida ambigua (Bowerbank, 1866) 20 – 2460 m X  

Plocamionida tylotata Brøndsted, 1932 180 – 480 m X  

    

Family Latrunculiidae    

Latrunculia (Biannulata) citharistae Vacelet, 1969 103 – 477 m X  

Latrunculia rugosa (Vacelet, 1969) 500 m X  

Sceptrella insignis (Topsent, 1890) 200 – 2460 m X  

    

    

Family Microcionidae    

Antho (Acarnia) signata (Topsent, 1904) 668 – 1360 m X  

Antho (Antho) involvens (Schmidt, 1864) 0 – 280 m X  

Clathria (Microciona) armata (Bowerbank, 1862) 0 – 900 m X  

Clathria (Microciona) cf. atrasanguinea (Bowerbank, 1862) 4 – 264 m X  

Clathria (Microciona) gradalis Topsent, 1925 0 – 350 m X  

Clathria (Paresperia) anchorata (Carter, 1874) 170 – 600 m X  

    

Family Mixillidae    

Melonanchora emphysema (Schmidt, 1875) 80 – 1438 m X  

    

Family Podospongiidae    

Diplopodospongia macquariensis Sim-Smith & Kelly, 2011 500 – 1000 m  X 

Neopodospongia exilis Sim-Smith & Kelly, 2011 562 – 600 m  X 

Podospongia lovenii Barboza du Bocage, 1869 110 – 682 m X  

Total  30 5 

 

 

 













- 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 Corals in New Zealand waters are currently 
poorly studied, thus being a likely area for 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 
Mediterranean species with Tethyan ancestry might be more important than is 
currently known today. 



Declaration of interests 

 

☐ The authors declare that they have no known competing financial interests or personal relationships 

that could have appeared to influence the work reported in this paper. 

 
 
 

 


