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Abstract

Leptohelia flexibilis gen. nov. et sp. nov., the first stylasterid with a combined calcified and non-calcified skeleton, is de-
scribed from seamounts and the slope off the islands of New Caledonia, in the southwestern Pacific. The new species is
distinguished from all other species of the family Stylasteridae by having a non-calcified organic axis, internal to the basal
portion of the calcified corallum. The internal axis is flexible and enclosed by a series of up to 10 calcified annuli, allowing
passive lateral bending of the colony. Molecular phylogenetic analyses confirm that Leptohelia flexibilis is a stylasterid
coral and reveal that the species is closely related to Leptohelia microstylus comb. nov., a southwestern Pacific stylasterid
that lacks an internal axis.
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Introduction

Corals are “animals in the cnidarian classes Anthozoa and Hydrozoa that produce either calcium carbonate
(aragonitic or calcitic) secretions resulting in a continuous skeleton or as numerous, usually microscopic,
individual sclerites, or that have a black, horn-like, proteinaceous axis” (Cairns 2007:312). Whereas the black,
horn-like proteinaceous axis of black corals (Anthozoa: Hexacorallia: Antipatharia) and the microscopic calcified
sclerites of octocorals (Anthozoa: Octocorallia) are important skeletal elements, it is the continuous calcified
skeletons of the so-called ‘hard’ or ‘stony’ corals that provide the major building blocks of reef and non-reefal
environments worldwide. This polyphyletic assemblage embraces a number of hydrozoans and anthozoans, most
notably the families Stylasteridae and Milleporidae (Class Hydrozoa) and the order Scleractinia (Class Anthozoa),
the most speciose group of stony corals, with about 1500 species (Cairns et al. 1999; Cairns 2007).

Yet, in contrast to the non-calcified or partially calcified colonies of black corals and octocorals that bend with
currents, the sturdiness of the continuous calcified colonies of scleractinian and stylasterid corals prevents mobility
of colony parts. In this study, we describe the first stylasterid coral with an internal, non-calcified axis. The axis is
flexible and enclosed by a series of up to 10 calcified annuli that allow lateral bending of the colony without
breakage of the corallum. Molecular phylogenetics and the presence of gastropores, dactylopores and gastrostyles
in the calcified portion of the colony confirm that the species is a stylasterid coral (Cnidaria: Hydrozoa:
Stylasteridae), the second most diverse group of stony corals with 290 extant species (Cairns ef al. 1999, Lindner et
al. 2008).

Material and methods

Colonies of Leptohelia flexibilis sp. nov. were collected at depths of 265 to 720 meters off the islands of New
Caledonia: off the south and north sides of Grande Terre, off Island of Pines, the Loyalty Islands, and on northern
seamounts and banks of the Norfolk Ridge (Table 1). The material has been collected during various cruises,
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colony (Figure 2B). This strongly indicates that the non-calcified axis is not a foreign structure, but part of the
species. The largest colony (USNM1078266) is a broken corallum 8.7cm long with 10 basal annuli and with a
maximum diameter of 2.4mm, i.e., the colony is 36 times taller than wide. Both the tip of the corallum and its basal
encrusting portion are broken, and the colony was thus certainly taller, possibly up to 10 cm (>40 times taller than
wide).

Although not closely related, the hydroid Hydractinia antonii Miglietta, 2006 is another hydrozoan species
with both flexible and calcified parts, as in L. flexibilis. The flexible axis of Leptohelia flexibilis is also similar to
the chitinous internal skeleton of the capitate hydrozoan Solanderia Duchassaing & Michelin, 1846 (Capitata:
Solanderiidae) in being smooth surfaced and in having anastomosing threads (Figure 3; Bouillon & Cornelius
1988, Bouillon ef al. 1992). The axis of L. flexibilis is even more similar to the skeleton of Pseudosolanderia
picardi Bouillon & Gravier-Bonnet, 1987, which is also smooth surfaced and mostly solid, but differs by having
ridges and spines on its surface (whereas axes of L. flexibilis are only slightly undulated and with short projections;
Figure 3C, H). Although further analyses remain to be performed, these morphological similarities indicate that the
axis of L. flexibilis may be of chitin, the polysaccharide inferred to be synthesized by species of Solanderia,
Pseudosolanderia, and numerous hydrozoans. Leptohelia flexibilis is one more remarkable species discovered in
deep-water seamounts and slopes off the islands of New Caledonia (Richer de Forges et al. 2000) and the flexible
axis is another example of a morphological novelty originating in the deep sea (Lindner ez al. 2008).

Acknowledgements

Funding for this work was provided by the National Science Foundation (NSF PEET grant, DEB-9978086, to
Clifford W. Cunningham and Stephen D. Cairns) and by a scholarship from Coordenagdo de Aperfeicoamento de
Pessoal de Nivel Superior (CAPES BEX0917-0). Alberto Lindner thanks Bertrand Richer de Forges and Institut de
Recherche pour le Développement (IRD) for the opportunity to join the Norfolk2 cruise off New Caledonia.

References

Bouillon, J. & Cornelius, P.F.S. (1988) Redescription and affinity of the large hydroid Chitina ericopsis Carter, 1873 (Cnidaria,
Hydrozoa, Solanderiidae). Journal of Natural History, 22, 1551-1563.
http://dx.doi.org/10.1080/00222938800770971

Bouillon, J. & Gravier-Bonnet, N. (1987) Pseudosolanderia picardi, nouveau genre et nouvelle espéce de Rosalindidae de la
Réunion (Anthomedusae, Hydrozoa, Cnidaria). Bulletin du Muséum National d'Histoire Naturelle, 4, 755-771. [Section
Al

Bouillon, J., Wouters, K. & Boero, F. (1992) Etude des Solanderiidae de la Baie de Hansa (Papouasie Nouvelle-Guinée) avec
une révision du genre Solanderia (Cnidaria, Hydrozoa). Bulletin de l'Institut Royal des Sciences Naturelles de Belgique,
Biologie, 62, 5-33.

Bouchet, P., Héros, V., Lozouet, P. & Maestrati, P. (2008) A quarter-century of deep-sea malacological exploration in the South
and West Pacific: Where do we stand? How far to go? /n: Héros, V., Cowie, R.H. & Bouchet, P. (Eds.), Tropical Deep-Sea
Benthos 25. Mémoires du Muséum national d’Histoire naturelle, 196, 9—40.

Cairns, S.D. (1983a) A generic revision of the Stylasterina (Coelenterata: Hydrozoa). Bulletin of Marine Science, 33, 427-508.

Cairns, S.D. (1983b) Pseudocrypthelia, a new genus of stylasterine coral (Coelenterata: Hydrozoa) from the Indonesian
Region. Beaufortia, 33 (3), 29-35.

Cairns, S.D. (1991) The marine fauna of New Zealand: Stylasteridae (Cnidaria: Hydroida). New Zealand Oceanographic
Institute Memoir, 98, 1-180.

Cairns, S.D. (2007) Deep-water corals: an overview with special reference to diversity and distribution of deep-water
scleractinian corals. Bulletin of Marine Science, 81, 311-322.

Cairns, S.D., Hoeksema, B.W. & Van der Land, J. (1999) Appendix: list of extant stony corals. Atoll Research Bulletin, 459,
13-46.

Duchassaing, P. & Michelin, H. (1846) Note sur deux polypiers de la famille des coraux, appartenant aux genres Solanderia et
Pterogorgia. Revue zoologique de la Société Cuvierienne, 1846, 218-220.

Gray, J.E. (1847) An outline of an arrangement of stony corals. Annals and Magazine of Natural History, 19, 120-128.
http://dx.doi.org/10.1080/037454809496460

Hickson, S.J. & England, H.M. (1905) The Stylasterina of the Siboga expedition. Siboga-Expeditie, 8, 1-26.

Huelsenbeck, J.P. & Ronquist, F. (2001) MrBAYES: Bayesian inference of phylogenetic trees. Bioinformatics, 17, 754-755.

590 - Zootaxa 3900 (4) © 2014 Magnolia Press LINDNER ET AL.


http://dx.doi.org/10.1080/00222938800770971
http://dx.doi.org/10.1080/00222938800770971
http://dx.doi.org/10.1093/bioinformatics/17.8.754

http://dx.doi.org/10.1093/bioinformatics/17.8.754

Humann, P. & DeLoach, N. (2002) Reef Coral Identification. New World Publications, Jacksonville, Florida, 278 pp.

Lindner, A., Cairns, S.D. & Cunningham, C.W. (2008) From Offshore to Onshore: Multiple Origins of Shallow-Water Corals
from Deep-Sea Ancestors. PLoS ONE, 3 (6), €2429.
http://dx.doi.org/10.1371/journal.pone.0002429

Miglietta, M.P. (2006) Hydractinia antonii sp. nov.: a new, partially calcified hydractiniid (Cnidaria, Hydrozoa, Hydractiniidae)
from Alaska. Journal of the Marine Biological Association of the United Kingdom, 86, 993—996.
http://dx.doi.org/10.1017/S0025315406013968

Posada, D. & Crandall, K.A. (1998) Modeltest: testing the model of DNA substitution. Bioinformatics, 14, 817-818.
http://dx.doi.org/10.1093/bioinformatics/14.9.817

Richer de Forges, B., Koslow, J.A. & Poore, G.C.B. (2000) Diversity and endemism of the benthic seamount fauna in the
southwest Pacific. Nature, 405, 944-947.
http://dx.doi.org/10.1038/35016066

Swainson, W. (1840) A treatise on malacology or shells and shell-fish. Longman, London, 419 pp.
http://dx.doi.org/10.5962/bhl.title.8027

Swofford, D.L. (1999) PAUP* Phylogenetic analysis using parsimony, version 4.0. Sinauer Associates, Sunderland,
Massachusetts.

Thompson, J.D., Gibson, T.J., Plewniak, F., Jeanmougin, F. & Higgins, D.G. (1997) The ClustalX windows interface: flexible
strategies for multiple sequence alignment aided by quality analysis tools. Nucleic Acids Research, 24, 4876—4882.
http://dx.doi.org/10.1093/nar/25.24.4876

Zibrowius, H. & Cairns, S.D. (1992) Revision of the northeast Atlantic and Mediterranean Stylasteridae (Cnidaria: Hydrozoa).
Mémoires du Muséum National d' Histoire Naturelle, 153, 1-136.

A NEW DEEP-SEA STYLASTERID CORAL Zootaxa 3900 (4) © 2014 Magnolia Press - 591


http://dx.doi.org/10.1093/bioinformatics/17.8.754
http://dx.d
http://dx.doi.org/10.1017/S0025315406013968
http://dx.doi.org/10.1017/S0025315406013968
http://dx.doi.org/10.1093/bioinformatics/14.9.817
http://dx.doi.org/10.1093/bioinformatics/14.9.817
http://dx.doi.org/10.1038/35016066
http://dx.doi.org/10.1038/35016066
http://dx.doi.org/10.5962/bhl.title.8027
http://dx.doi.org/
http://dx.doi.org/

	Abstract
	Introduction
	Material and methods
	Results
	Family Stylasteridae Gray, 1847
	Leptohelia, new genus
	Leptohelia flexibilis, sp. nov.
	Discussion
	Acknowledgements
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice




