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Abstract

Cyrtodactylus metropolis sp. nov. from Batu Caves massif, Selangor, Peninsular Malaysia is differentiated from all con-
geners by having a unique suite of morphological and color pattern characteristics. Remarkably, this species has been
overlooked despite a plethora of field studies at Batu Caves from 1898 to the present and no specimens had ever been
examined until now. As with all other limestone forest-adapted Cyrtodactylus in Peninsular Malaysia, C. metropolis sp.
nov. is not a cave-adapted species but is far more common on the exterior surfaces of the Batu Caves limestone massif
and its surrounding limestone vegetation. We suggest that researchers devote time exploring the exterior surfaces of lime-
stone massifs as well the interiors of their caves.
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Introduction

Batu Caves is a 329 meter high limestone massif only 11 km northeast of Kuala Lumpur, the capital and largest
metropolitan center in Peninsular Malaysia. This massive limestone formation is perforated by a series of caves and
serves as an important area for Hindu worship honoring Lord Murugan’s victory over the demon Soorapadam. It is
also the focus of the Hindu Community’s Thaipusam festival which contributes to making it one of the most highly
visited tourist areas in the country. Up until approximately 1970, much of the native limestone forest surrounding
Batu Caves was intact, but since then, the adjacent habitat has been replaced by housing, industrial estates, and
shops, essentially making Batu Caves an island in a sea of urbanization (Fig. 1). Despite the surrounding
development and tourism, Batu Caves still maintains an impressively diverse fauna although no endemic species of
vertebrates have been discovered in 116 years of biological surveys (Moseley ef al. 2012). Included in the Batu
Caves vertebrate fauna are 10 species of reptiles—six snakes and four lizards. One of the lizards, a gekkonid, was
initially reported by Boulenger (1903, 1912) as Gymnodactylus (=Cyrtodactylus) pulchellus Gray. Later, Moseley
et al. (2012) noted that photographs of a specimen of Cyrtodactylus from Dark Cave (one of the caves within the
Batu Caves system) constituted an unidentified species. We have examined photographs of two additional
specimens taken within Dark Cave and confirmed they are Cyrtodactylus but do not belong to the C. pulchellus
complex (sensu Grismer et al. 2012a), and agree with Moseley et al. (2012) that it is an undescribed species.
During July of 2013, we conducted a daytime survey of some of the areas of disturbed forest east of Temple
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Cyrtodactylus metropolis sp. nov. is the latest in a series of descriptions of new species of reptiles from limestone
forests (op. cit.) and continues to underscore the high biotic diversity of these ecosystems and their obvious
conservation value.

Acknowledgments

This research was supported in part by grants to L. Lee Grismer from the College of Arts and Sciences, La Sierra
University, Riverside, California, by Universiti Sains Malaysia grant 811191 to Shahrul Anuar, and grants to Chan
K. Onn by the Department of Ecology and Evolutionary Biology fellowship fund, Biodiversity Institute Panorama
fund, Graduate Student Organization Research and Travel Award, and the Rafe Brown lab at the University of
Kansas, Lawrence, Kansas.

Referneces

Boulenger, G.A. (1903) Report on the Batrachians and Reptiles. /n: Annandale, N. & Robinson, H.C. (Eds.), Fasciculi
Malayensis, anthropological and zoological results of an expedition to Perak and the Siamese Malay States, 1901-1902,
undertaken by Nelson Annandale and Herbert C Robinson. Zoology, Part I. Williams and Norgate, London, pp. 131-176

Boulenger, G.A. (1912) 4 vertebrate fauna of the Malay Peninsula from the Isthmus of Kra to Singapore including the adjacent
islands. Reptilia and Batrachia. Taylor & Francis, London, 294 pp.

Drummond, A. & Rambaut, A. (2007) Beast: Bayesian Evolutionary Analysis by Sampling Trees. BMC Evolutionary Biology,
7,214.
http://dx.doi.org/10.1186/1471-2148-7-214

Grismer, L.L., Belabut, D.M., Quah, S.H., Chan, K.O., Wood, P.L. Jr. & Hashim, R. (2014) A new species of karst forest-
adapted Bent-toed Gecko (Genus Cyrtodactylus) belonging to the C. sworderi complex from a threatened karst forest in
Perak, Peninsular Malaysia. Zootaxa, 3755 (5), 434-446.
http://dx.doi.org/10.11646/zootaxa.3755.5.3

Grismer, L.L., Chan, K.O., Nurolhuda, N. & Sumontha, M. (2008b) A new species of karst dwelling gecko (genus Cnemaspis
Strauch 1887) from the border region of Thailand and Peninsular Malaysia. Zootaxa, 1875, 51-68.

Grismer, L.L., Grismer, J.L., Wood, P.L. Jr. & Chan, K.O. (2008c) The distribution, taxonomy, and redescription of the geckos
Cnemaspis affinis (Stoliczka 1887) and C. flavolineata (Nicholls 1949) with descriptions of a new montane species and
two new lowland, karst-dwelling species from Peninsular Malaysia. Zootaxa, 1931, 1-24.

Grismer, L.L., Norhayati, A., Chan, K.O., Belabut, D., Muin, M.A., Wood, P.L., Jr. & Grismer, J.L. (2009) Two new diminutive
species of Cnemaspis Strauch 1887 (Squamata: Gekkonidae) from Peninsular Malaysia. Zootaxa, 2019, 40-56.

Grismer, L.L., Wood, P.L. Jr., Quah, E.S.H., Shahrul, A., Muin, M.A., Sumontha, M., Norhayati, A., Bauer, A.M.,
Wangkulangkul, S., Grismer, J.L. & Pauwels, O.S.G. (2012a) A phylogeny and taxonomy of the Thai-Malay Peninsula
Bent-toed Geckos of the Cyrtodactylus pulchellus complex (Squamata: Gekkonidae): combined morphological and
molecular analyses with descriptions of seven new species. Zootaxa, 3520, 1-55.

Grismer, L.L., Wood, P.L. Jr. & Lim, K.K.P. (2012b) Cyrtodactylus majulah, a new species of Bent-toed Gecko (Reptilia:
Squamata: Gekkonidae) from Singapore and the Riau Archipelago. Raffles Bulletin of Zoology, 60, 487-499.

Jennings, J.N. (1985) Karst Geomorphology, 2nd Edition. Backwell Publishing, Oxford. 344 pp.

Kiew, R. (1998) Limestone, Quartzite and Ultramafic Vegetation. /n: Soepadmo (Ed.), The Encyclopedia of Malaysia: Plants.
Editions Didier Miller, Singapore, pp. 26-27.

Macey, J. & Schulte, J. (1999) Molecular phylogenetics, tRNA evolution, and historical biogeography in anguid lizards and
related taxonomic families. Molecular Phylogenetics and Evolution, 12, 250-272.
http://dx.doi.org/10.1006/mpev.1999.0615

Moseley, M., Lim, T.W. & Lim, T.T. (2012) Fauna reported from Batu caves, Selangor, Malaysia: annotated checklist and
bibliography. Cave and Karst Science, 39, 77-92.

Posada, D. & Crandall, K.Z. (1998) Modeltest: Testing the Model of DNA Substitution. Bioinformatics, 14, 817—181.
http://dx.doi.org/10.1093/bioinformatics/14.9.817
Price, L. (2001) Caves and Karst of Peninsular Malaysia. Gua Publications, Kuala Lumpur, Malaysia, 98 pp.

Ronquist, F., Teslenko, M., van der Mark, P., Ayres, D.L., Darling, A., Hohna, S., Larget, B., Liu, L., Suchard, M.A. &
Huelsenbeck, J.P. (2012) MrBayes 3.2: Efficient Bayesian phylogenetic inference and model choice across a large model
space. Systematic Biology, 61, 539-542.

Siler, C.D., Oaks, J.R., Esselstyn, J.A., Diesmos, A.C. & Brown, R.M. (2010) Phylogeny and biogeography of Philippine bent—
toed geckos (Gekkonidae: Cyrtodactylus) contradict a prevailing model of Pleistocene diversification. Molecular
Phylogenetics and Evolution, 55 (2), 699-710.
http://dx.doi.org/10.1016/j.ympev.2010.01.027

ANEW CYRTODACTYLUS FROM MALAYSIA Zootaxa 3774 (4) © 2014 Magnolia Press - 393


ht
http://dx.doi.org/10.11646/zootaxa.3755.5.3
http://dx.doi.org/10.11646/zootaxa.3755.5.3
http://dx.doi.org/10.1006/mpev.1999.0615
http://dx.doi.org/10.1006/mpev.1999.0615
http://dx.doi.org/10.1093/bioinformatics/14.9.817
http://dx.doi.org/10.1093/bioinformatics/14.9.817
http://dx.doi.org/10.1016/j.ympev.2010.01.027

Stamatakis, A., Hoover, P. & Rougemont, J. (2008) A rapid bootstrap algorithm for the RAXML web servers. Systematic
Biology, 57, 758-771.

Tamura, K., Peterson, D., Peterson, N., Stecher, G., Nei, M. & Kumar, S. (2010) MEGAS: Molecular Evolutionary Genetics
Analysis using Maximum Likelihood, Evolutionary Distance, and Maximum Parsimony Methods. Molecular Biology and
Evolution, 28, 2731-2739.
http://dx.doi.org/10.1093/molbev/msr121

Taylor, E.H. (1963) The lizards of Thailand. University of Kansas Science Bulletin, 44, 687—1077.

Wood, P.L. Jr., Quah, E.S.H., Anuar, S. & Muin, M.A. (2013) A new species of lowland karst dwelling Cnemaspis Strauch
1887 (Squamata: Gekkonidae) from northwestern Peninsular Malaysia. Zootaxa, 3691 (5), 538-558.
http://dx.doi.org/10.11646/zootaxa.3691.5.2

394 - Zootaxa 3774 (4) © 2014 Magnolia Press GRISMER ET AL.


http://dx.doi.org/10.1093/molbev/msr121
http://dx.doi.org/10.1093/molbev/msr121
http://dx.doi.org/10.11646/zootaxa.3691.5.2
http://dx.doi.org/10.11646/zootaxa.3691.5.2

	Abstract
	Introduction
	Materials and methods
	Results
	Cyrtodactylus metropolis new species
	Discussion
	Acknowledgments
	Referneces


<<
  /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




