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Abstract

Cliona tumula sp. nov. is described from the Florida Keys, Florida, USA. The new species is compared to representative
Cliona spp. from the Caribbean and Indo-Pacific. Cliona tumula sp. nov. is a massive, mound-shaped zooxanthellate
clionaid with a central, apical cluster of numerous oscula, slender tylostyles with variable heads and abundant, delicate
spirasters with compound spines that can be concentrated at the ends, which in this species can appear as mushroom-like
caps, with a skeleton in typical clionaid arrangement. It is distinguished from congeners by its epibenthic growth form that
extends for 2040 cm above the substratum, centrally located concentration of oscula, and calcareous fragments obtained
from surrounding sediment that C. rumula sp. nov. incorporates in tracts that run through the choanosome perpendicular
to the ectosome. This species can be locally abundant in the Florida Keys in patch reefs near sand flats, but may be re-
stricted to the lower keys as it has not been observed on reefs to the east.
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Introduction

Cliona was erected by Grant (1826) to describe an endolithic sponge (C. celata) growing in oyster shells from a
Scottish estuary. He was intrigued by C. celata’s “most obvious and remarkable property of retracting and shutting
papillae when irritated” (p. 81), and chose the genus name to emphasize this aspect of the species’ phenotype.
Grant briefly hypothesized about the trait clionaids are probably best known for today, namely bioerosion of
calcareous structures.

The clionaids represent a well-known family with a rich history in sponge literature (Schonberg 2000a, 2008;
van Soest 2012). They play vital ecological roles on coral reefs as major bioeroders (e.g. Holmes 2000) and by
forming symbioses with zooxanthellae (e.g. Hill et al. 2011). Clionaids have always presented taxonomic
challenges at higher and lower levels of classification (Schénberg 2000a). The taxonomic assignment of species in
either the Spirastrellidae or Clionaidae has been debated (e.g., Anthosigmella varians (Riitzler 2002, Hajdu et al.
2011) and Cervicornia cuspidifera (Riitzler & Hooper 2000)). Several examples of taxonomic challenges at the
species level include the C. caribbaea (Carter, 1882), C. aprica Pang, 1973, and C. tenuis Zea & Weil, 2003
complex in the Caribbean (Zea and Weil 2003); C. parenzani Corriero & Scalera-Liaci, 1997 in the Mediterranean
(Vacelet et al. 2008); as well as the ‘Cliona viridis (Schmidt 1862) complex’ on the Great Barrier Reef (Schénberg
2000a,b; Escobar et al. 2012).

The Gulf of Mexico and western Atlantic have experienced extensive taxonomic attention from sponge
biologists, including surveys for clionaid sponges (e.g. Atlantic and Gulf Rapid Reef Assessment, Benthic
Ecological Assessment for Marginal Reefs, and Southeast Florida Coral Reef Evaluation and Monitoring Project;
de Laubenfels 1936, 1950, 1953; Riitzler 2002; Gilliam 2007; Gilliam et al. 2007; Lang et al. 2010;). During recent
work in the Florida Keys, we encountered a large bodied sponge that was conspicuous on shallow reefs near Looe
Key, FL, USA. This sponge is unlike any described in the literature, and we present a formal description of this
new species here.
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Cliona tumula sp. nov. may have a very restricted geographic distribution. We have not observed this sponge
in surveys of patch reefs in similar habitats in the upper and middle Florida Keys. Despite his thorough inventory
of sponges in the Dry Tortugas, which lie to the west of Looe Key, de Laubenfels (1936) did not document this
species. Additional effort is required to rule out the possibility that C. tumula sp. nov. does not occur elsewhere in
the Florida Keys or Caribbean.

FIGURE 5. Microscleres from Cliona orientalis, Cervicornia cuspidifera, and C. varians. A. C. orientalis spiraster; B.
Cervicornia cuspidifera spiraster; C. Cliona varians (encrusting) spiraster; D. Cliona varians (encrusting) anthosigma; E.
Cliona varians (encrusting) diplaster; F. Cliona varians (massive) spiraster; G. Cliona varians (massive) anthosigma; H. Cliona
varians (massive) diplaster. Scales: A, C-D, F, 5 um; B, G, 2 um; E, H, 10 pm.

Acknowledgements

Brittany West and Blake Ramsby helped with the first sampling of Cliona tumula sp. nov. Mote’s Tropical
Research Laboratory in Summerland Key, FL provided excellent logistical support, and we especially thank Erich
Bartels for suggesting sites for our work. This work was funded by grants from the National Science Foundation
(OCE-0647119 & DEB-0829763 to MSH). The University of Richmond also provided financial support to SF. All
collections in the Florida Keys were performed in accordance with policies established by the Florida Keys
National Marine Sanctuary (permit FKNMS-20070094-A1). Two anonymous reviewers provided helpful
comments. Special thanks to Eduardo Hajdu for constructive recommendations on the manuscript.

References

Barucca, M., Azzini, F., Bavestrello, G., Biscotti, M.A., Calcinai, B., Canapa, A., Cerrano, C. & Olmo, E. (2007) The
systematic position of some boring sponges (Demospongiae, Hadromerida) studied by molecular analysis. Marine
Biology, 151 (2), 529-535.
http://dx.doi.org/10.1007/s00227-006-0486-y

Diaz, M.C. & Riitzler, K. (2001) Sponges: an essential component of Caribbean coral reefs. Bulletin of Marine Science, 69,
535-546.

Escobar, D., Zea, S. & Sanchez, J.A. (2012) Phylogenetic relationships among the Caribbean members of the Cliona viridis
complex (Porifera, Demospongiae, Hadromerida) using nuclear and mitochondrial DNA sequences. Molecular
Phylogenetics and Evolution, 64 (2), 271-284.
http://dx.doi.org/10.1016/j.ympev.2012.03.021

SYMBIODINIUM-BEARING CLIONA TUMULA SP. NOV. FROM FLORIDA Zootaxa 3750 (4) © 2013 Magnolia Press - 381


http://dx.doi.org/10.1007/s00227-006-0486-y
http://dx.doi.org/10.1007/s00227-006-0486-y
http://dx.doi.org/10.1016/j.ympev.2012.03.021
http://dx.doi.org/10.1016/j.ympev.2012.03.021

Gilliam, D.S. (2007) Southeast Florida Coral Reef Evaluation and Monitoring Project (SECREMP) 2006 Year 4 Final Report.
Florida Fish and Wildlife Conservation Commission/Fish & Wildlife Research Institute, Florida Department of
Environmental Protection, 31 pp.

Gilliam, D.S., Dodge, R.E., Spieler, R.E., Jordan, L.K.B. & Walczak, J.C. (2007) Marine Biological Monitoring in Broward
County Environmental Protection Department. Biological Resources Division, 93 pp.

Grant, R.E. (1826) Notice of a New Zoophyte (Cliona celata Gr.) from the Firth of Forth. Edinburgh New Philosophical
Journal, 1, 78-81.

Hajdu, E., Peixinho, S. & Fernandez, J.C.C. (2011) Esponjas Marinhas da Bahia — Guia de Campo e Laboratdrio. Série Livros
45. Museu Nacional/UFRJ, Rio de Janeiro, 276 pp.

Hill, M., Allenby, A., Ramsby, B., Schonberg, C. & Hill, A. (2011) Symbiodinium diversity among host clionaid sponges from
Caribbean and Pacific reefs: Evidence of heteroplasmy and putative host-specific symbiont lineages. Molecular
Phylogenetics and Evolution, 59, 8§1-88.
http://dx.doi.org/10.1016/j.ympev.2011.01.006

Holmes, K.E. (2000) Effects of eutrophication on bioeroding sponge communities with the description of new West Indian
sponges, Cliona spp. (Porifera: Hadromerida: Clionidae). /nvertebrate Biology, 119, 125—138.
http://dx.doi.org/10.1111/j.1744-7410.2000.tb00001.x

Hooper, J.N.A. & van Soest, R.W.M. (2002) Systema Porifera: A guide to the classification of sponges. Aquatic Conservation:
Marine and Freshwater Ecosystems, 13 (5), 461-462.
http://dx.doi.org/10.1002/aqc.593

Kelly-Borges, M. & Pomponi, S.A. (1992) The simple fool’s guide to sponge taxonomy. Harbor Branch Oceanographic
Institution. Ft. Pierce, FL, 212 pp.

Lang, J., Marks, K.W., Kramer, P.A., Kramer, P.R., & Ginsburg, R.N. (2010) AGRRA Protocols Version 5.4 Available from:
http://www.agrra.org/method/methodhome.html/ (accessed 10 December 2012)

Laubenfels, M.W. de (1936) A discussion of the sponge fauna of Dry Tortugas in particular, and the West Indies in general,
with material for a revision of the families and orders of the Porifera. Carnegie Institute Washington Publication, 467, 1—
225.

Laubenfels, M.W. de (1950) The Porifera of the Bermuda Archipelago. Transactions of the Zoological Society of London, 27,
1-201.
http://dx.doi.org/10.1111/j.1096-3642.1950.tb00227.x

Laubenfels, M.W. de (1953) Sponges of the Gulf of Mexico. Bulletin of Marine Science of the Gulf and Caribbean, 2, 511-557.

Rosell, D. & Uriz, M.J. (1997) Phylogenetic Relationships within the Excavating Hadromerida (Porifera), with a Systematic
Revision. Cladistics, 13 (4), 349-366.
http://dx.doi.org/10.1111/j.1096-0031.1997.tb00324.x

Makowski, C. & Keyes, P. (2011) Using the Benthic Ecological Assessment for Marginal Reefs (BEAMR) Method to Quantify
Nearshore Reef Conditions in the Southeast Gulf of Mexico. Journal of Coastal Research, 279 (3), 428—440.
http://dx.doi.org/10.2112/jcoastres-d-10-00074.1

Riitzler, K. (2002) Family Clionaidae D'Orbigny, 1851. /n: Hooper, J.N.A. & van Soest, R.W.M. (Eds.), Systema Porifera. A
guide to the classification of sponges. Vol. 1. Kluwer Academic/ Plenum Publishers, New York, pp. 173—185.

Riitzler, K. & Hooper, J.N.A. (2000) Two new genera of hadromerid sponges (Porifera, Demospongiae). Zoosystema, 22, 337—
344.

Schonberg, C.H.L. (2000a) Bioeroding sponges common to the Central Australian Great Barrier Reef: descriptions of three
new species, two new records, and additions to two previously described species. Senckenbergiana Maritima, 30 (3-6),
161-221.
http://dx.doi.org/10.1007/bf03042965

Schonberg, C.H.L. (2000b) Sponges of the ‘Cliona viridis complex’— a key for species identification. /n: Moosa, M.K.,
Soemodihardjo, S., Soegiarto, A., Romimohtarto, K., Nontji, A., Soekarno & Suharsono (Eds.), Proceedings of the Ninth
International Coral Reef Symposium, Bali, Indonesia 23—27 October 2000. Vol. 1. pp. 295-299.

Schonberg, C.H.L. (2008) A history of sponge erosion: from past myths and hypotheses to recent approaches. /n: Wisshak, M.
& Tapanila, L. (Eds.),Current developments in bioerosion. Springer Verlag Berlin, pp. 165-202.

Vacelet, J., Bitar, G., Dailianis, T., Zibrowius, H. & Perez, T. (2008) A large encrusting clionaid sponge in the Eastern
Mediterranean Sea. Marine Ecology, 29, 237-246.
http://dx.doi.org/10.1111/j.1439-0485.2007.00218.x

van Soest, R.W.M., Boury-Esnault, N., Hooper, J.N.A., Riitzler, K, de Voogd, N.J., Alvarez de Glasby, B., Hajdu, E., Pisera,
A.B., Manconi, R., Schonberg, C., Janussen, D., Tabachnick, K.R., Klautau, M., Picton, B., Kelly, M., Vacelet, J. &
Dohrmann, M. (2012) World Porifera database. Available from: http://www.marinespecies.org/porifera (accessed 12
September 2012)

Vicente, V.P., Riitzler, K. & Carballeira, N.M. (1991) Comparative Morphology, Ecology, and Fatty Acid Composition of West
Indian Spheciospongia (Demospongea). Marine Ecology, 12 (3), 211-226.
http://dx.doi.org/10.1111/j.1439-0485.1991.tb00254.x

Zea, S. & Weil, E. (2003) Taxonomy of the Caribbean excavating sponge species complex Cliona caribbaea — C. aprica — C.
langae (Porifera, Hadromerida, Clionaidae). Caribbean Journal of Science, 39, 348-370.

382 - Zootaxa 3750 (4) © 2013 Magnolia Press FRIDAY ET AL.


http://dx.doi.org/10.1016/j.ympev.2011.01.006
http://dx.doi.org/10.1111/j.1744-7410.2000.tb00001.x
http://dx.doi.org/10.1111/j.1744-7410.2000.tb00001.x
http://dx.doi.org/10.1002/aqc.593
http://dx.doi.org/10.1002/aqc.593
http://dx.doi.org/10.1111/j.1096-0031.1997.tb00324.x
http://dx.doi.org/10.1111/j.1096-0031.1997.tb00324.x
http://dx.doi.org/10.2112/jcoastres-d-10-00074.1
http://dx.doi.org/10.1007/bf03042965
http://dx.doi.org/10.1111/j.1439-0485.2007.00218.x
http://dx.doi.org/10.1111/j.1439-0485.1991.tb00254.x

	Abstract
	Introduction
	Material and methods
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /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
  /CreateJDFFile false
  /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
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /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 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /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 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice




