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Abstract

Species of the limpet genus Siphonaria (Gastropoda: Euthyneura) are commonly found in the rocky intertidal, worldwide, 

except in the Arctic. In total, 205 species-group names are available and not permanently invalid. However, estimating the 

actual species diversity of Siphonaria has remained challenging, mainly because past authors have interpreted differently 

the variation of shell characters, resulting in different taxonomic accounts. Species diversity of Siphonaria is evaluated 

for the first time here based on DNA sequence data (three mitochondrial gene fragments: COI, 12S, and 16S) and a large 

sampling focusing on the tropical and subtropical Indo-West Pacific (from eastern Africa to Hawaii): new sequences are 

provided for 153 individuals, 123 of which were collected from 93 locations throughout the Indo-West Pacific. In total, 

41 species (molecular units) are recognized worldwide (31 from the Indo-West Pacific), all of which are strongly support-

ed. Potential names are discussed for those 41 species, based on traditional taxonomy. The shells of 66 of the individuals 

from which DNA was extracted are illustrated: intra- and inter-specific variation is documented in detail and discussed in 

the light of new molecular results. It is shown that many species could hardly be identified based on the shell only, because 

the variation of shell characters is too high and overlaps between species. Geographically, no species is found across the 

entire Indo-West Pacific, where quite a few species seem to be endemic to restricted areas. The biogeography of Sipho-

naria in the Indo-West Pacific is compared to other groups.
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Introduction

Species of the limpet genus Siphonaria are commonly found in the rocky intertidal. They are also called “false” 
limpets because they are phylogenetically unrelated to the Patellogastropoda, or “true” limpets: patellogastropods 
are one of the early branches of the gastropod tree while Siphonaria belongs to the Euthyneura, at the tip of the 
gastropod tree (Dayrat et al. 2011; White et al. 2011). The exact phylogenetic position of Siphonaria is unclear, and 
its sister-taxon is not known. Another false limpet genus, Trimusculus, for a long time thought to be closely related 
to Siphonaria, is actually quite distant phylogenetically (Dayrat et al. 2011; White et al. 2011).

Siphonaria is distributed worldwide, except in the Arctic. Our knowledge of species diversity and distribution 
is still largely based on Hubendick’s (1946) monograph. Out of 204 species-group names, Hubendick (1946) 
accepted 70 valid species, 24 of which are from the tropical and subtropical Indo-West Pacific (from eastern Africa 
to Hawaii, within ~35ºN and ~35ºS). Hubendick (1946) delineated species based exclusively on shell characters. 
He also used a few anatomical characters related to the shape of the epiphallus (in the reproductive system) to 
classify Siphonaria in two subgenera (Siphonaria and Liriola) and five sections within each subgenus. However, 
anatomy has been largely overlooked in Siphonaria. A few additional studies focused on the local diversity of 
Siphonaria, espacially in South Africa (Chambers et al. 1996, 1998; Teske et al. 2007) and Australia (Jenkins 
1981, 1983, 1984). The mode of larval development was documented in some species (both direct developers and 
planctonic larvae are found in Siphonaria) but remains unknown for most species (Chambers & McQuaid 1994a, 
1994b).

The use of non-morphological data in Siphonaria taxonomy is still in its infancy. Electrophoresis and 
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compare units found here with units that could be obtained with nuclear markers. Thus, new non-mitochondrial 
sequences would provide invaluable information. New sequences would help improve species distribution in the 
Indo-West Pacific, especially from regions that have been poorly sampled so far, such as the Indian Ocean. 
Although the Indo-West Pacific was the main focus of the present contribution, new sequences should also be 
added from other biogeographic regions, especially those bordering the Indo-West Pacific (e.g., temperate 
Southwestern Pacific, the Tropical Eastern Pacific, and South Africa, to possibly better understand the worldwide 
history of diversification, invasion and extinction in Siphonaria.

Although the three markers targeted here helped answer our two primary questions, a few additional markers 
may help get stronger support for the deeper nodes, which in turn would help revise Siphonaria supra-specific 
systematics. However, it was shown that the two subgenera (Siphonaria and Liriola) proposed by Hubendick 
(1946) are not natural and thus need to be redefined.

Obviously, detailed taxonomic work is needed to find names for the species delineated here with sequence 
data, especially those that belong to the ‘laciniosa’ and ‘atra’ groups, for which many species names are available. 
All types will have to be examined, as well as historical museum collections. Internal anatomy should also be 
explored as well. Hubendick (1946) did describe a few anatomical characters at both specific and supra-specific 
levels. It is shown here that the few anatomical characters used by Hubendick to delineate subgenera are 
problematic, but it is possible that species delineated here differ anatomically although they do not seem to differ 
conchologically.

Acknowledgments

We thank associate editor Jeff Nekola, David Reid, and an anonymous reviewer for providing invaluable comments 
on the manuscript. Many thanks to museum curators and collection managers for letting us borrow and deposit 
specimens: Australian Museum, Sydney; Natural History Museum, London; California Academy of Sciences, San 
Francisco; Florida Museum of Natural History, Gainesville (UF); and Museo de La Plata, Argentina. Special 
thanks to Don Colgan, Seiji Hayashi, Takahiro Irie, and Diego Zelaya, for collecting additional specimens. This 
research was supported by a grant from the US National Science Foundation (DEB-0933276) awarded to Benoît 
Dayrat.

References

Abbott, R.T. (1974) American Seashells, 2nd edition. Van Nostrand Reinhold Company, New York, 663 pp.

Biggs, H.E.J. (1958) A new species of Siphonaria from the Persian Gulf. The Journal of Conchology, 24, 249.

Bosch, D., Dance, S.P., Moolenbeek, R.G. & Oliver, P.G. (1995) Seashells of Eastern Arabia. Motivate Publishing, Dubai, 296 

pp.

Briggs, J.C. (1999) Coincident biogeographic patterns: Indo-West Pacific Ocean. Evolution, 53, 326–335. 

http://dx.doi.org/10.2307/2640770

Cernohorsky, W.O. (1972) Marine shells of the Pacific. Volume II. Pacific Publications, Sydney, 411 pp.

Chambers, R.J. & McQuaid, C.D. (1994a) Notes on the taxonomy, spawn and larval development of South African species of 

the intertidal limpet Siphonaria (Gastropoda: Pulmonata). Journal of Molluscan Studies, 60, 263–275. 

http://dx.doi.org/10.1093/mollus/60.3.263

Chambers, R.J. & McQuaid, C.D. (1994b) A review of larval development in the intertidal limpet genus Siphonaria 
(Gastropoda: Pulmonata). Journal of Molluscan Studies, 60, 415–423.  

http://dx.doi.org/10.1093/mollus/60.4.415

Chambers, R.J., McQuaid, C.D. & Kirby, R. (1996) Determination of genetic diversity of South African intertidal limpets 

(Gastropoda: Siphonaria) with different reproductive modes using polyacrylamide gel electrophoresis of total cellular 

proteins. Journal of Experimental Marine Biology and Ecology, 201, 1–11. 

http://dx.doi.org/10.1016/0022-0981(95)00148-4

Chambers, R.J., McQuaid, C.D. & Kirby, R. (1998) The use of randomly amplified polymorphic DNA to analyze the genetic 

diversity, the systematic relationships and the evolution of intertidal limpets, Siphonaria spp. (Pulmonata: Gastropoda), 

with different reproductive modes. Journal of Experimental Marine Biology and Ecology, 227, 49–66.  

http://dx.doi.org/10.1016/s0022-0981(97)00261-x

Collins, R.A. & Cruickshank, R.H. (2013) The seven deadly sins of DNA barcoding. Molecular Ecology Resources, 13, 969–

975.
DAYRAT ET AL.274  ·  Zootaxa 3779 (2)  © 2014 Magnolia Press

http://dx.doi.org/10.2307/2640770
http://dx.doi.org/10.2307/2640770
http://dx.doi.org/10.1093/mollus/60.3.263
http://dx.doi.org/10.1093/mollus/60.3.263
http://dx.doi.org/10.1093/mollus/60.4.415
http://dx.doi.org/10.1093/mollus/60.4.415
http://dx.doi.org/10.1016/0022-0981%28
http://dx.doi.org/10.1016/0022-0981%28
http://dx.doi.org/10.1016/s0022-0981%2897%2900261-x
http://dx.doi.org/10.1016/s0022-0981%2897%2900261-x


Dayrat, B., Conrad, M., Balayan, S., White, T.R., Albrecht, C., Golding, R.E., Gomes, S.R., Harasewych, M.G. & Martins, 

A.M. de Frias (2011) Phylogenetic relationships and evolution of pulmonate gastropods (Mollusca): New insights from 

increased taxon sampling. Molecular Phylogenetics and Evolution, 59, 425–437.  

http://dx.doi.org/10.1016/j.ympev.2011.02.014

Dupuis, J.R., Roe, A.D. & Sperling, F.A.H. (2012) Multi-locus species delimitation in closely related animals and fungi: one 

marker is not enough. Molecular Ecology, 21, 4422–4436. 

http://dx.doi.org/10.1111/j.1365-294x.2012.05642.x

Frey, M.A. (2010) The relative importance of geography and ecology in species diversification: evidence from a tropical 

marine intertidal snail (Nerita). Journal of Biogeography, 37, 1515–1528. 

http://dx.doi.org/10.1111/j.1365-2699.2010.02283.x

Frey, M.A. & Vermeij, G.J. (2008) Molecular phylogenies and historical biogeography of a circumtropical group of gastropods 

(Genus: Nerita): Implications for regional diversity patterns in the marine tropics. Molecular Phylogenetics and Evolution, 

48, 1067–1086. 

http://dx.doi.org/10.1016/j.ympev.2008.05.009

Folmer, O., Black, M., Hoeh, W., Lutz, R. & Vrijenhoek, R. (1994) DNA primers for amplification of mitochondrial 

cytochrome c oxidase subunit I from diverse metazoan invertebrates. Molecular Marine Biology and Biotechnology, 3, 

294–299.

Forcelli, D.O. (2000) Moluscos Magallánicos. Guía de los Moluscos de la Patagonia y del Sur de Chile. Vázquez Mazzini 

Editores, Buenos Aires, 200 pp. 

Fujita, M.K., Leaché, A.D., Burbrink, F.T., McGuire, J.A. & Moritz, C. (2012) Coalescent-based species delimitation in an 

integrative taxonomy. Trends in Ecology and Evolution, 27, 480–488. 

http://dx.doi.org/10.1016/j.tree.2012.04.012

Glynn, P.W., Wellington, G.M., Riegl, B. & Olson, D.B. (2007) Diversity and biogeography of the Scleractinian Coral fauna of 

Easter Island. Pacific Science, 61, 67–90. 

http://dx.doi.org/10.1353/psc.2007.0005

Gosliner, T.M. & Draheim, R. (1996) Indo-Pacific opisthobranch gastropod biogeography: how do we know what we don’t 

know? American Malacological Bulletin, 12, 37–43.

Guindon, S. & Gascuel, O. (2003) A simple, fast, and accurate algorithm to estimate large phylogenies by maximum 

likelihood. Systematic Biology, 52, 696–704.

Hanley, S. (1858) On Siphonaria. Proceedings of the Zoological Society of London, 26, 151–153.

Hubendick, B. (1946) Systematic monograph of the Patelliformia. Kungliga Svenska Vetenskapsakademiens Handlingar, Tredje 
Serien, 23 (5), 1–93, pls. I–VI.

Hubendick, B. (1947) On a new Siphonaria from New Guinea, on Siphonaria normalis Gould and on the structure of the 

epiphallus gland in Siphonariidae. Bulletin du Musée royal d’Histoire naturelle de Belgique, 23 (19), 1–8.

Huelsenbeck, J.P. & Ronquist, F. (2001) MRBAYES: Bayesian inference of phylogeny. Bioinformatics, 17, 754–755. 

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

Hylleberg, J. & Kilburn, R.N. (2003) Marine mollusks of Vietnam. Annotations, voucher material, and species in need of 

verification. Phuket Marine Biological Center Special Publication, 28, 5–300.

Iredale, T. (1940) Marine molluscs from Lord Howe Island, Norfolk Island, Australia and New Caledonia. The Australian 
Zoologist, 9, 429–443. 

Issel, A. (1869) Malacologia del Mar Rosso. Editori della Biblioteca Malacologica, Pisa, xi + 387 pp.

Jenkins, B.W. (1981) Siphonaria funiculata Reeve (Siphonariidae, Pulmonata): A redescription making S. virgulata Hedley a 

geographical variant of S. funiculata. Journal of the Malacological Society of Australia, 5, 1–15.

Jenkins, B.W. (1983) Redescriptions and relationship of Siphonaria zelandica Quoy and Gaimard to S. australis Quoy and 

Gaimard with a description of S. propria sp. nov. (Mollusca: Pulmonata: Siphonariidae). Journal of the Malacological 
Society of Australia, 6, 1–35.

Jenkins, B.W. (1984) A new siphonariid (Mollusca: Pulmonata) from southwestern Australia. Journal of the Malacological 
Society of Australia, 6, 113–123.

Kabat, A.R. (1996) Biogeography of the genera of Naticidae (Gastropoda) in the Indo-Pacific. American Malacological
Bulletin, 12, 29–35.

Kira, T. (1962) Shells of the Western Pacific in color. Hoikusha, Osaka, 224 pp.

Levings, S.C. & Garrity, S.D. (1986) Notes on reproduction of Siphonaria gigas. Veliger, 129, 86–90.

Meyer, C.P. (2003) Molecular systematics of cowries (Gastropoda: Cypraeidae) and diversification patterns in the tropics. 

Biological Journal of the Linnean Society, 79, 401–459. 

http://dx.doi.org/10.1046/j.1095-8312.2003.00197.x

Meyer, C., Geller, J. & Paulay, G. (2005) Fine scale endemism on coral reefs: archipelagic differentiation in turbinid 

gastropods. Evolution, 59, 113–125. 

http://dx.doi.org/10.1554/04-194

Milne, I., Wright, F., Rowe, G., Marshal, D.F., Husmeier, D. & McGuire, G. (2004) TOPALi: Software for Automatic 

Identification of Recombinant Sequences within DNA Multiple Alignments. Bioinformatics, 20, 1806–1807. 

http://dx.doi.org/10.1093/bioinformatics/bth155
 Zootaxa 3779 (2)  © 2014 Magnolia Press  ·  275INDO-WEST PACIFIC SIPHONARIA

http://dx.doi.org/10.1016/j.ympev.
http://dx.doi.org/10.1016/j.ympev.
http://dx.doi.org/10.1111/j.1365-2699.2010.02283.x
http://dx.doi.org/10.1111/j.1365-2699.2010.02283.x
http://dx.doi.org/10.1016/j.ympev.2008.05.009
http://dx.doi.org/10.1016/j.ympev.2008.05.009
http://dx.doi.org/10.1016/j.ympev.2008.05.009
http://dx.doi.org/10.1016/j.tree.2012.04.012
http://dx.doi.org/10.1016/j.tree.2012.04.012
http://dx.doi.org/10.1353/psc.2007.0005
http://dx.doi.org/10.1353/psc.2007.0005
http://dx.doi.org/10.1093/bioinformatics/17.8.754
http://dx.doi.org/10.1093/bioinformatics/17.8.754
http://dx.doi.org/10.1046/j.1095-8312.2003.00197.x
http://dx.doi.org/10.1046/j.1095-8312.2003.00197.x
http://dx.doi.org/10.1554/04-194
http://dx.doi.org/10.1554/04-194
http://dx.doi.org/10.1093/bioinformatics/bth155
http://dx.doi.org/10.1093/bioinformatics/bth155


Morrison, J.P.E. (1972) Mediterranean Siphonaria: West and east—old and new. Argamon [Journal of the Israel Malacological 
Society], 3, 51–62.

Ozawa, T., Köhler, F., Reid, D.G. & Glaubrecht, M. (2009) Tethyan relicts on continental coastlines of the northwestern Pacific 

Ocean and Australasia: molecular phylogeny and fossil record of batillariid gastropods (Caenogastropoda: Cerithioidea).

Zoologica Scripta, 38, 503–525. 

http://dx.doi.org/10.1111/j.1463-6409.2009.00390.x

Palumbi, S., Martin, A., Romano, S., McMillan, W.O., Stice, L. & Grabowski, G. (1991) The Simple Fool’s Guide to PCR, 
Version 2.0. University of Hawaii, Department of Zoology and Kewalo Marine Laboratory, Hawaii, 45 pp.

Paetel, F. (1873) Catalog der Conchylien-Sammlung von Fr. Paetel. Gebrüder Paetel, Berlin, 172 pp. 

http://dx.doi.org/10.5962/bhl.title.10590

Pilsbry, H.A. (1920) Marine Mollusks of Hawaii: XIV, XV. Proceedings of the Academy of Natural Sciences of Philadelphia, 

72, 360–382.

Pilsbry, H.A. (1921) Siphonaria japonica Donovan, an earlier name for S. cocleariformis. The Nautilus, 34, 141.

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

Prévot, V., Jordaens, K., Sonet, G., Backeljau, T., (2013) Exploring species level taxonomy and species delimitation methods in 

the facultatively self-fertilizing land snail genus Rumina (gastropoda: pulmonata). PLoS One, 8 (4), e60736. 

http://dx.doi.org/10.1371/journal.pone.0060736

Ronquist, F. & Huelsenbeck, J.P. (2003) MrBayes 3: Bayesian phylogenetic inference under mixed models. Bioinformatics, 19, 

1572–1574. 

http://dx.doi.org/10.1093/bioinformatics/btg180

Reeve, L.A. (1856) Monograph of the genus Siphonaria. In: Reeve, L.A. (Ed.), Conchologia Iconica. Vol. 9. L. Reeve, London, 

[unpaginated], pls. 1–7.

Reid, D.G., Dyal, P., Lozouet, P., Glaubrecht, M. & Williams, S.T. (2008) Mudwhelks and mangroves: The evolutionary history 

of an ecological association (Gastropoda: Potamididae). Molecular Phylogenetics and Evolution, 47, 680–699. 

http://dx.doi.org/10.1016/j.ympev.2008.01.003

Reid, D.G., Dyal, P. & Williams, S.T. (2010) Global diversification of mangrove fauna: a molecular phylogeny of Littoraria
(Gastropoda: Littorinidae). Molecular Phylogenetics and Evolution, 55, 185–201. 

http://dx.doi.org/10.1016/j.ympev.2009.09.036

Savigny, J.-C. (1817) Description de l’Égypte, ou Recueil des observation et des recherches qui ont été faites en Égypte 
pendant l’Expédition de l’Armée française publié par ordre du Gouvernement. Histoire Naturelle, planches, Tome 
Deuxième. Imprimerie Royale, Paris, 105 pls.

Shaffer, H.B. & Thomson, R.C. (2007) Delimiting species in recent radiations. Systematic Biology, 56, 896–906.

Stoddart, D.R. (1992) Biogeography of the tropical Pacific. Pacific Science, 46, 276–293.

Tamura, K., Peterson, D., Peterson, N., Stecher, G., Nei, M. & Kumar, S. (2011) MEGA5: 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, J.D. & Smythe, K.R. (1985) A new species of Trochita (Gastropoda: Calyptraeidae) from Oman: A relict distribution 

and association with upwellimg areas. Journal of Conchology, 32, 39–48.

Teske, P.R., Barker, N.P. & McQuaid, C.D. (2007) Lack of genetic differentiation among four sympatric southeast African 

intertidal limpets (Siphonariidae): Phenotypic plasticity in a single species? Journal of Molluscan Studies, 73, 223–228. 

http://dx.doi.org/10.1093/mollus/eym012

White, T.R., Conrad, M., Tseng, R., Golding, R.E., Martins, A.M. de Frias, Medina, M. & Dayrat, B. (2011) Ten new complete 

mitochondrial genomes of pulmonate gastropods (Mollusca): systematic and macro-evolutionary implications. BMC 
Evolutionary Biology, 11, 295.

White, T.R. & Dayrat, B. (2012) Diversity of the false limpets Siphonaria (Mollusca: Gastropoda: Pulmonata): Checklists of 

genus- and species-group names. Zootaxa, 3538, 54–78.

Williams, S.T. (2007) Origins and diversification of Indo-West Pacific marine fauna: evolutionary history and biogeography of 

turban shells (Gastropoda, Turbinidae). Biological Journal of the Linnean Society, 92, 573–592. 

http://dx.doi.org/10.1111/j.1095-8312.2007.00854.x

Williams, S.T. & Reid, D.G. (2004) Speciation and diversity on tropical rocky shores: a global phylogeny of snails of the genus 

Echinolittorina. Evolution, 58, 2227–2251. 

http://dx.doi.org/10.1554/03-565
DAYRAT ET AL.276  ·  Zootaxa 3779 (2)  © 2014 Magnolia Press

http://en.wikipedia.org/wiki/Zoologica_Scripta
http://dx.doi.org/10.5962/bhl.title.10590
http://www.ncbi.nlm.nih.gov/pubmed/9918953
h
h
http://www.ncbi.nlm.nih.gov/pubmed?term=Pr%C3%A9vot V%5BAuthor%5D&cauthor=true&cauthor_uid=23577154
h
http://www.ncbi.nlm.nih.gov/pubmed?term=Sonet G%5BAuthor%5D&cauthor=true&cauthor_uid=23577154
http:
http://www.ncbi.nlm.nih.gov/pubmed/23577154
http://dx.doi.org/10.1371/journal.pone.0060736
http://dx.doi.org/10.1093/bioinformatics/btg180
http://dx.doi.org/10.1093/bioinformatics/btg180
http://dx.doi.org/10.1093/bioinformatics/btg180
http://dx.doi.org/10.1016/j.ympev.2008.01.003
http://dx.doi.org/10.1016/j.ympev.2008.01.003
http://dx.doi.org/10.1016/j.ympev.2009.09.036
http://dx.doi.org/10.1016/j.ympev.2009.09.036
http://dx.doi.org/10.1093/molbev/msr121
http://dx.doi.org/10.1093/mollus/eym012
http://dx.doi.org/10.1093/mollus/eym012
http://dx.doi.org/10.1111/j.1095-8312.2007.00854.x
http://dx.doi.org/10.1111/j.1095-8312.2007.00854.x
http://dx.doi.org/10.1554/03-565
http://dx.doi.org/10.1554/03-565

	Abstract
	Introduction
	Material and methods
	Molecular units
	Discussion
	Conclusion
	Acknowledgments
	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




