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Abstract

Aphanius marassantensis, new species, is described from the Kizilirmak River drainage in northern Anatolia based on
colouration, meristic and morphometric characters, and the mtDNA COI barcode region. It is distinguished from other
Anatolian Aphanius by one or several of the following characters: a stout body shape (BD/SL 28.2-39.6%), complete scale
cover, and 25-28 scales along the lateral line. Males have 8—13 dark-brown lateral bars, of which the antepenultimate bar
anterior to the caudal-fin base is 0.9—1.8 times wider than the anterior white interspace, 2—3 vertical rows of spots on the
caudal fin, a black dorsal fin, sometimes with a narrow whitish-grey base, a white anal fin with 1-3 rows of black spots,
in some individuals with a black margin, and hyaline pelvic fins. Females do not have vertical rows of dark-brown spots
on caudal or anal fins, but numerous dark-brown spots on the flanks, arranged in 1-3 lateral rows behind a vertical from
the dorsal-fin base. Their dorsal fin is hyaline with tiny dark-brown spots on rays and membranes; pectoral fins, caudal
and anal fins are hyaline, and one prominent large dark-brown blotch is situated in mid-lateral position on the hypural
plate. The new species is also distinguished by 11 fixed, diagnostic nucleotide substitutions in the mtDNA COI barcode
region. The description of this new species, which brings the number of Anatolian Aphanius species to 12, underlines the
character of Anatolia as a region of extraordinarily high biodiversity.
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Introduction

Central Anatolia and the Iranian plateau are the areas with the highest species richness of cyprinodontid killifishes
in the Western Palaearctic (Esmaeili et al. 2014, Hrbek & Meyer 2003, Teimori et al. 2014). In Anatolia, these
fishes have been intensively studied for their biogeography (Kosswig 1967, Hrbek & Meyer 2003) and
evolutionary history (Villwock 1966), but the number of species in the area is still under debate. Aksiray (1948a,
1948b) recognized 11 species and 14 subspecies in Anatolia, while Wildekamp e al. (1999) accepted only five
species and three subspecies, while treating all other taxa described by Aksiray (1948a, 1948b) and earlier authors
as synonyms. Hrbek & Wildekamp (2003) described one additional species (4. villwocki), and Geiger et al. (2014)
proposed the revalidation of 4. fontinalis Aksiray, 1948, A. iconii Aksiray, 1948, A. maeandricus Aksiray, 1948, A.
meridionalis Aksiray, 1948 and A. saldae (Aksiray, 1955) from Central Anatolia, based on genetic distances
derived from the mitochondrial COI marker.

In Anatolia, Aphanius are not restricted to the Mediterranean basin and Central Anatolia: they also occur in the
Black Sea basin, where A. villwocki is known from the Sakarya drainage (Hrbek & Wildekamp 2003). Two
additional species (4. fasciatus and A. mento) occur in southern Turkey along the coast of the Mediterranean Sea.
Both of these, however, are clearly separated spatially from the Anatolian inland species, and are also clearly
distinct at the molecular level (Hrbek & Wildekamp 2003). Here, we focus on the inland Aphanius of Anatolia.

Aphanius from the Kizilirmak, the largest river in the Anatolian Black Sea basin, were identified as A.
danfordii (Boulenger, 1890) by Wildekamp er al. (1999), but this species was originally described from the
Elbistan district in central Turkey by Boulenger (1890), apparently from the Sultan Sazligi Marshes at Soysalli
(Wildekamp er al. 1999). Fishes from the Kizilirmak had earlier been identified as 4. chantrei by Sozer (1942),

Accepted by R. Pethivagoda: 31 Oct. 2014, published: 27 Nov. 2014 569



for this assistance. Our special thanks go to Heiko Kérst, Michael Schneider and the German Killifish Association
(DKG) working group AG Eurasier und Nordamerikaner for providing specimens, information, and photos, and in
particular for their dedicated work in Aphanius conservation. Support came from the project FREDIE (Freshwater
Diversity Identification for Europe, www.fredie.eu), funded by the Joint Initiative for Research and Innovation
(PAKT) program of the German Leibniz Association. We also thank three anonymous reviewers for valuable
comments that helped improve our manuscript.

Literature cited

Aksiray, F. (1948a) Tirkiye Cyprinodontidleri hakkinda I. Tiirkische Cyprinodontiden 1. Revue de la Faculté des Sciences de
I’Université d’Istanbul, §, 97-142.

Aksiray, F. (1948b) Tiirkiye Cyprinodontidleri hakkinda I1. Ttirkische Cyprinodontiden I1. Revue de la Faculté des Sciences de
I'Université d’Istanbul, 13, 280-310.

Aksiray, F. (1955) Uber eine neue Anatolichthys Form. Publications of the Hydrobiological Research Institute, Series B, 3,
57-62. [Istanbul]

Biomatters (2013) Geneious Pro. Available from: http://www.geneious.com (accessed 11 November 2014)

Boulenger, G.A. (1890) Description of two new Cyprinodontoid fish. Annals and Magazine of Natural History, 6, 169—170.
http://dx.doi.org/10.1080/00222939008694017

Conservation International (2005) Map of Biodiversity Hotspots. Available from: http://www.cnrs.fr/inee/recherche/fichiers/
Biodiversite_hotspots.pdf (accessed 14 October 2014)

Edgar, R.C. (2004) MUSCLE: Multiple sequence alignment with high accuracy and high throughput. Nucleic Acids Research,
32,1792—-1797.
http://dx.doi.org/10.1093/nar/gkh340

Ermin, R. (1946) Cyprinodontid’lerde pul reduksiyonu. Schuppenreduktion bei Zahnkarpfen (Cyprinodontidae). Revue de la
Faculté des Sciences de I'Université d’Istanbul, Serié B, 10, 244-250.

Erol, O. (1999) A geomorphological study of the Sultansazligi lake, central Anatolia. Quaternary Science Reviews, 18,
647-657.
http://dx.doi.org/10.1016/s0277-3791(98)00102-4

Esmaeili, H.R., Teimori, A., Gholami, Z. & Reichenbacher, B. (2014) Two new species of the tooth-carp Aphanius (Teleostei:
Cyprinodontidae) and the evolutionary history of the Iranian inland and inland-related Aphanius species. Zootaxa, 3786
(3), 246-268.
http://dx.doi.org/10.11646/zootaxa.3786.3.2

Freyhof, J. (2014a) Aphanius danfordii. TUCN 2014. TUCN Red List of Threatened Species. Version 2014.1. Available from:
http://www.iucnredlist.org (accessed 18 June 2014)

Freyhof, J. (2014b) Aphanius anatoliae. TUCN 2014. ITUCN Red List of Threatened Species. Version 2014.1. Available from:
http://www.iucnredlist.org (accessed 25 June 2014)

Freyhof, J. (2014c) Killifishes on the edge. Saving Freshwater Fishes and Habitats, 4, 26.

Geiger, M.F., Herder, F., Monaghan, M.T., Almada, V., Barbieri, R., Bariche, M., Berrebi, P., Bohlen, J., Casal-Lopez, M.,
Delmastro, G.B., Denys, G. P.J., Dettai, A., Doadrio, 1., Kalogianni, E., Kirst, H., Kottelat, M., Kovac¢i¢, M., Laporte, M.,
Lorenzoni, M., Mar¢ié, Z., Ozulug, M., Perdices, A., Perea, S., Persat, H., Porcellotti, S., Puzzi, C., Robalo, J., Sanda, R.,
Schneider, M., Slechtova, V., Stoumboudi, M., Walter, S. & Freyhof, J. (2014) Spatial heterogeneity in the Mediterranean
Biodiversity Hotspot affects barcoding accuracy of its freshwater fishes. Molecular Ecology Resources, 14 (6), pp.
1210-1221.
http://dx.doi.org/10.1111/1755-0998.12257

Hrbek, T., Kiigiik, F., Frickey, T., Stolting, K.N., Wildekamp, R.H. & Meyer, A. (2002) Molecular phylogeny and historical
biogeography of the Aphanius (Pisces, Cyprinodontiformes) species complex of central Anatolia, Turkey. Molecular
Phylogenetics and Evolution, 25, 125-137.
http://dx.doi.org/10.1016/s1055-7903(02)00203-8

Hrbek, T. & Meyer, A. (2003) Closing of the Tethys Sea and the phylogeny of Eurasian killifishes (Cyprinodontiformes:
Cyprinodontidae). Journal of Evolutionary Biology, 16, 17-36.
http://dx.doi.org/10.1046/j.1420-9101.2003.00475 x

Hrbek, T. & Wildekamp, R.H. (2003) Aphanius villwocki, a new species from the Sakarya River basin of central Anatolian
plain, Turkey (Teleostei: Cyprinodontiformes). Ichthyological Exploration of Freshwaters, 14, 137-144.

TUCN (2014) IUCN Red List of Threatened Species. Version 2014.2. Available from: http://www.iucnredlist.org (accessed 15
October 2014)

Kosswig, C. (1967) Tethys and its relation to the peri-Mediterranean faunas of freshwater fishes. /n: Adams, C.G. & Ager, D.V.
(Eds.), Aspects of Tethyan Biogeography, Systematics Association Publication, London, pp. 313-324.

Kottelat, M. & Freyhof, J. (2007) Handbook of European freshwater fishes. Kottelat, Cornol and Freyhof, Berlin, xiv + 646 pp.

Leidenfrost, G. (1912) Kis-azsiai halak (Fishes from Asia Minor). Allatani Kozlemények, 11, 130—131. [Budapest]

APHANIUS MARASSANTENSIS Zootaxa 3887 (5) © 2014 Magnolia Press - 581


http://dx.doi.org/10.11646/zootaxa.3786.3.2
http://dx.doi.org/10.11646/zootaxa.3786.3.2
�http://dx.doi.org/10.11646/zootaxa.3786.3.2
http://dx.doi.org/10.1080/00222939008694017
http://dx.doi.org/10.1080/00222939008694017
http://dx.doi.org/10.1093/nar/gkh340
http://dx.doi.org/10.1093/nar/gkh340
http://dx.doi.org/10.1093/nar/gkh340
http://dx.doi.org/10.1016/s0277-3791(98)00102-4
http://dx.doi.org/10.1016/s0277-3791(98)00102-4
http://dx.doi.org/10.1016/s0277-3791(98)00102-4
http://dx.doi.org/10.11646/zootaxa.3786.3.2
http://dx.doi.org/10.1111/1755-0998.12257
http://dx.doi.org/10.1111/1755-0998.12257
http://dx.doi.org/10.1111/1755-0998.12257
http://dx.doi.org/10.1016/s1055-7903(02)00203-8
http://dx.doi.org/10.1016/s1055-7903(02)00203-8
http://dx.doi.org/10.1046/j.1420-9101
http://dx.doi.org/10.1046/j.1420-9101
http://www.cnrs.fr/inee/recherche/fichiers/Biodiversite_hotspots.pdf

Meier, R., Shiyang, K., Vaidya, G. & Ng, PX.L. (2006) DNA barcoding and taxonomy in Diptera: a tale of high intraspecific
variability and low identification success. Systematic Biology, 55, 715-728.
http://dx.doi.org/10.1080/10635150600969864

Neu, W. (1937) Burdur géliinden ¢ikan Cyprinodon sureyanus n. sp., aus dem Burdur Go6l. Revue de la Faculté des Sciences de
1I’Université d’Istanbul, 2 (2), 1-5.

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

Saitou, N. & Nei, M. (1987) The Neighbor-Joining Method—a new method for reconstructing phylogenetic trees. Molecular
Biology and Evolution, 4, 406—425.

Sozer, F. (1942) Tiirkiye Cyprinodontid’leri hakkinda. Contributions a la connaissance des Cyprinodontidés de la Turquie.
Revue de la Faculté des Sciences de 1'Université d’Istanbul, Series B, 7, 308-310.

Swofford, D.L. (2002) PAUP*. Phylogenetic Analysis Using Parsimony (*and Other Methods). Version 4. Sinauer Associates,
Sunderland, MA.

Tamura, K., Peterson, D., Peterson, N., Stecher, G., Nei, M. & Kumar, S. (2011) MEGAS5: 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

Teimori, A., Esmaeili, H.R., Erpenbeck, D. & Reichenbacher, B. (2014) A new and unique species of the genus Aphanius
Nardo, 1827 (Teleostei: Cyprinodontidae) from Southern Iran: A case of regressive evolution. Zoologischer Anzeiger - A
Journal of Comparative Zoology, 253, 327-337.
http://dx.doi.org/10.1016/j.jcz.2013.12.001

Villwock, W. (1964) Genetische Untersuchungen an altweltlichen Zahnkarpfen der Tribus Aphaniini (Pisces: Cyprinodontidae)
nach Gesichtpunkten der neuen Systematik. Journal of Zoological Systematics and Evolutionary Research, 2, 267-382.
http://dx.doi.org/10.1111/j.1439-0469.1964.tb00722.x

Villwock, W. (1966) Isolationsmechanismen und Artenbildung bei Fischen, unter besonderer Beriicksichtigung geographischer
Isolationsfaktoren. Zoologischer Anzeiger, 177, 84—104.

Wildekamp, R.H., Kiiciik, F., Unliisayin, M. & Van Neer, W. (1999) Species and subspecies of the genus Aphanius Nardo 1897
(Pisces: Cyprinodontidae) in Turkey. Turkish Journal of Zoology, 23, 23—44.

Wildekamp, R.H. & Valkenburg, K. (1994) Notizen iiber Zahnkarpfen—Lebensrdume in Anatolien. Die Aquarien und Terrarien
Zeitschrift, 47, 447-453.

582 - Zootaxa 3887 (5) © 2014 Magnolia Press PFLEIDERER ET AL.


http://dx.doi.org/10.1080/10635150600969864
http://dx.doi.org/10.1080/10635150600969864
http://dx.doi.org/10.1093/bioinformatics/14.9.817
http://dx.doi.org/10.1093/bioinformatics/14.9.817
http://dx.doi.org/10.1093/molbev/msr121
http://dx.doi.org/10.1016/j.jcz.2013.12.001
http://dx.doi.org/10.1016/j.jcz.2013.12.001
http://dx.doi.org/10.1111/j.1439-0469.1964.tb00722.x
http://dx.doi.org/10.1111/j.1439-0469.1964.tb00722.x

	Abstract
	Introduction
	Material and methods
	Aphanius marassantensis, sp. nov.
	Acknowledgements
	Literature cited


<<
  /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




