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Abstract

As part of the All Taxa Biodiversity Inventory (http://www.dlia.org), an extensive survey of tardigrades has been conduct-

ed in the Great Smoky Mountains National Park (GSMNP) in Tennessee and North Carolina, U.S.A., by Bartels and Nel-

son. Freshwater tardigrades include three species in the aquatic genus Thulinius (Eutardigrada, Isohypsibiidae). A new 

species, Thulinius romanoi, described from stream sediment, is distinguished from all other congeners by having a sculp-

tured cuticle. In addition, the presence of Thulinius augusti (Murray, 1907) was verified by combined morphological and 

molecular analysis, and nine specimens of a third species, Thulinius cf. saltursus, were also found. Thulinius augusti is a 

new record for the United States. Thulinius saltursus (Schuster, Toftner & Grigarick, 1978) was previously recorded in 

California and Ohio, but our specimens vary slightly in morphology. The list of tardigrades from streams in the GSMNP 

was updated to a total of 44 species, 22 of which were predominantly or exclusively aquatic.

Key words: biodiversity, biological inventory, Eutardigrada, freshwater meiofauna, Southern Appalachians, Thulinius ro-

manoi sp. nov.

Introduction

A large scale, multihabitat inventory of tardigrades (Phylum Tardigrada) in the Great Smoky Mountains National 

Park (GSMNP), U.S.A. was initiated in 2001 as part of the park’s All Taxa Biodiversity Inventory (see 

www.dlia.org) (Bartels & Nelson 2006; Nelson & Bartels 2007). Tardigrades were collected from aquatic and 

numerous terrestrial sites, and in 13 freshwater streams, 12 genera were reported, some of which were considered 

to be “accidentals” while others were predominantly or exclusively aquatic. New material has been collected since 

those earlier publications, and other specimens in the aquatic samples warranted further taxonomic analysis. Here 

we update the list of aquatic tardigrades and report on a careful analysis of the genus Thulinius in the GSMNP 

collection. In the genus Thulinius, three species were previously listed (Bartels & Nelson 2006; Nelson & Bartels 

2007): Thulinius augusti (Murray, 1907), Thulinius stephaniae (Pilato, 1974), and Thulinius ruffoi (Bertolani, 

1982). We no longer believe that T. stephaniae and T. ruffoi exist in our GSMNP collection. One of the currently 

recognized species, Thulinius romanoi sp. nov., is new to science and is described in this paper. Scottish type 

material of T. augusti, another species present in our samples, had previously been studied by Bertolani & Nelson 

(see: Bertolani et al. 1999). In this paper we compare our park samples of T. augusti with information on the type 

material of the species and discuss the species current distribution. Thulinius cf. saltursus is also compared with its 

type species description and reported distribution.
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small, compared to the more “terrestrial” habitats (e.g. mosses, lichens, leaf litter) (Nelson et al. 2010). Our data on 

GSMNP confirm this generalization, even though the data increase the number of taxa described for that area and 

for freshwater in general. The relatively low numbers of reported freshwater tardigrade taxa may be explained by 

the relatively low number of studies related to this environment, but more probably by the ability of terrestrial 

tardigrades to enter anhydrobiosis. Anhydrobiosis (the ability to cope with desiccation) is advantageous in 

terrestrial habitats subject to repeated drying because it greatly reduces the number of habitat competitors, 

predators, and parasites since most animals are unable to carry out this phenomenon. Anhydrobiosis also allows 

organisms to escape in time from habitat conditions hostile to active life (Guidetti et al. 2011). In freshwater 

habitats anhydrobiosis is not necessary (or possible) and therefore there is more competition to colonize this 

environment.

This study also shows that a multihabitat research approach can actually discover the rich biodiversity (81 

species, 44 of them aquatic species in an area of 2114 km2) of an often neglected group of organisms such as 

tardigrades. The molecular approach is just beginning for the GSMNP, but it represents a good premise for taxa 

identification and for further biogeographical studies, especially when combined with thorough morphological 

analyses. Together with ecological analysis, these multiple approaches will allow us to determine the species 

diversity of an area and the factors that contribute to biodiversity in general.

Acknowledgments

We wish to thank Discover Life in America for partial funding of this project. Collecting and some slide 

preparation were done by Warren Wilson College student Margaret Phillips in completion of her senior 

undergraduate research project. We also appreciate East Tennessee State University for partial support of this 

research.

References

Bartels, P.J. & Nelson, D.R. (2006) A large-scale, multihabitat inventory of the Phylum Tardigrada in the Great Smoky 
Mountains National Park, USA: a preliminary report. Hydrobiologia, 558, 111–118. 
http://dx.doi.org/10.1007/s10750-005-1405-9

Bartels, P.J., Nelson, D.R., Kaczmarek, L. & Michalczyk, L. (2008) Three new species and one new record of the genus 
Doryphoribius Pilato, 1969 (Tardigrada: Eutardigrada: Hypsibiidae) from the Great Smoky Mountains National Park 
(Tennessee, USA). Journal of Natural History, 42, 2595–2608. 
http://dx.doi.org/10.1080/00222930802357343

Bartels, P.J., Pilato, G., Lisi, O. & Nelson, D.R. (2009) Macrobiotus (Eutardigrada: Macrobiotidae) from the Great Smoky 
Mountains National Park, Tennessee/North Carolina, USA (North America): two new species and six new records. 
Zootaxa, 2022, 45–57.

Bertolani, R., Marley, N.J. & Nelson, D.R. (1999) Re-description of the genus Thulinia (Eutardigrada: Hypsibiidae) and of 
Thulinia augusti (Murray, 1907) comb. n. Zoologischer Anzeiger, 238, 139–145. 

Bertolani, R., Rebecchi, L., Giovannini, I. & Cesari, M. (2011) DNA barcoding and integrative taxonomy of Macrobiotus 

hufelandi C.A.S. Schultze 1834, the first tardigrade species to be described, and some related species. Zootaxa, 2997, 19–
36.

Binda, M.G. (1969) Nuovi dati su Tardigradi di Sicilia con descrizione di due nuove specie. Bollettino delle sedute 
dell’Accademia Gioenia di Scienze Naturali in Catania, Serie IV, 9, 623–633.

Binda, M.G. (1971) Su alcuni Tardigradi muscicoli del Nord-Africa. Bollettino delle sedute dell’Accademia Gioenia di Scienze 
Naturali in Catania, Serie IV, 10, 759–765.

Binda, M.G. & Pilato, G. (1969) Tardigradi muscicoli dell’isola di Ustica (Sicilia), con descrizione di due nuove specie. 
Bollettino delle sedute dell’Accademia Gioenia di Scienze Naturali in Catania, Serie IV, 10, 171–180. 

Binda, M.G. & Pilato, G. (1969) Ulteriore contributo alla conoscenza dei Tardigradi di Sicilia con descrizione di due nuove 
specie. Bollettino delle sedute dell’Accademia Gioenia di Scienze Naturali in Catania, Serie IV, 10, 205–214.

Cesari, M., Bertolani, R., Rebecchi, L. & Guidetti, R. (2009) DNA barcoding in Tardigrada: the first case study on Macrobiotus 

macrocalix Bertolani & Rebecchi 1993 (Eutardigrada, Macrobiotidae). Molecular Ecology Resources, 9, 699–706. 
http://dx.doi.org/10.1111/j.1755-0998.2009.02538.x

Cesari, M., Giovannini, I., Bertolani, R. & Rebecchi, L. (2011) An example of problems associated with DNA barcoding in 
tardigrades: a novel method for obtaining voucher specimens. Zootaxa, 3104, 42–51.
BERTOLANI ET AL. 534  ·  Zootaxa 3764 (5)  © 2014 Magnolia Press

http://dx.doi.org/10.1007/s10750-005-1405-9
http://dx.doi.org/10.1007/s10750-005-1405-9
http://dx.doi.org/10.
http://dx.doi.org/10.
http://dx.doi.org/10.1111/j.1755-0998.2009.02538.x
http://dx.doi.org/10.1111/j.1755-0998.2009.02538.x


Durante, M.V. & Maucci, W. (1973) Descrizione di Hypsibius (Isohypsibius) basalovoi sp. nov. e altre notizie su Tardigradi del 
Veronese. Memorie del Museo Civico di Storia Naturale di Verona, 20, 275–281.

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.

Greven, H. (1972) Tardigraden des nördlichen Sauerlandes. Zoologischer Anzeiger, 189, 368–389.
Guidetti, R. (1998) Two new species of Macrobiotidae (Tardigrada: Eutardigrada) from the United States of America, and some 

taxonomic considerations of the genus Murrayon. Proceedings of the Biological Society of Washington, 111, 663–673.
Guidetti, R., Altiero, T. & Rebecchi, L. (2011) On dormancy strategies in tardigrades. Journal of Insect Physiology, 57, 567–

576. 
http://dx.doi.org/10.1016/j.jinsphys.2011.03.003

Guidetti, R., Altiero, T., Marchioro, T., Sarzi Amade, L.S., Avdonina, A.M., Bertolani, R. & Rebecchi, L. (2012) Form and 
function of the feeding apparatus in Eutardigrada (Tardigrada). Zoomorphology, 131, 127–148. 
http://dx.doi.org/10.1007/s00435-012-0149-0

Iharos, G. (1966) NeueTardigraden-Arten aus Ungarn. Acta Zoologica Academiae Scientarium Hungaricae, 12, 111–122.
Kaczmarek, L, Bertolani, R. & Nędzyńska-Stygar, M. (2010) Thulinius saltursus comb. nov.: a new systematic position for 

Isohypsibius saltursus Schuster, Toftner & Grigarick, 1978 (Eutardigrada: Hypsibiidae) and a key for the genus Thulinius. 
Zootaxa, 2483, 58–64.

Kendall-Fite, K. & Nelson, D.R. (1996) Two new species of tardigrades from Short Mountain, Tennessee, U.S.A. Zoological 
Society of the Linnean Society, 116, 205–214.  
http://dx.doi.org/10.1111/j.1096-3642.1996.tb02344.x

Kiehl, E., Dastych, H., D’Haese, J. & Greven, H. (2007) 18S rDNA sequences support polyphyly of the Hypsibiidae 
(Eutardigrada). Journal of Limnology, 66 (Suppl. 1), 21–25. 
http://dx.doi.org/10.4081/jlimnol.2007.s1.21

Kristensen, R. (1982) New aberrant eutardigrades from homothermic springs on Disko Island, West Greenland. In: Nelson, 
D.R. (Ed.), Proceedings of the Third International Symposium on the Tardigrada. East Tennessee State University Press, 
Johnson City, Tennessee, pp. 203–220.

Maucci, W. (1954) Tardigradi nuovi della fauna italiana. Atti della Società Italiana di Scienze naturali, 93, 576–585. 
Maucci, W. (1986) Tardigrada. Fauna d’Italia. Edizioni Calderini Bologna, 388 pp.
McFatter, M.M., Meyer, H.A. & Hinton, J.G. (2007) Nearctic freshwater tardigrades: a review. Journal of Limnology, 66 

(Suppl. 1), 84–89. 
http://dx.doi.org/10.4081/jlimnol.2007.s1.84

McInnes, S. 1994. Zoogeographic distribution of terrestrial/freshwater tardigrades from current literature. Journal of Natural 
History, 28, 257–352. 
http://dx.doi.org/10.1080/00222939400770131

Murray, J. (1905) The Tardigrada of the Forth Valley. Annals of Scottish Natural History, 55, 160–164.
Murray, J. (1907a) Scottish Tardigrada, collected by the Lake Survey. Transactions of the Royal Society of Edinburgh, 45, Part 

3, No. 24, 641–668 (plus 4 plates).
Murray, J. (1907b) Arctic Tardigrada, collected by Wm. S. Bruce. Transactions of the Royal Society of Edinburgh, 45, Part 3, 

No. 25, 669–681 (plus 2 plates).
Nelson, D.R. & Bartels, P.J. (2007) “Smoky Bears”—Tardigrades of Great Smoky Mountains National Park. Southeastern 

Naturalist, 6 (Special Issue 1), 229–238. 
http://dx.doi.org/10.1656/1528-7092(2007)6[229:sbogsm]2.0.co;2

Nelson, D.R., Guidetti, R. & Rebecchi, L. (2010) Tardigrada. 14. In: Thorp, J.H. & Covich, A.P. (Eds.), Ecology and 
Classification of North American Freshwater Invertebrates. Third Edition. Academic Press (Elsevier), San Diego, pp. 
455–484.

Nelson, D.R. & McGlothlin, K.L. (1993) A new species of Hypsibius (Phylum Tardigrada) from Roan Mountain, Tennessee, 
U.S.A. Transactions of the American Microscopical Society, 112, 140–144. 
http://dx.doi.org/10.2307/3226827

Pilato, G. (1971) Tardigradi delle acque dolci siciliane. Nota prima. Bollettino delle sedute dell’Accademia Gioenia di Scienze 
Naturali in Catania, Serie IV, 11, 126–134.

Pilato, G. (1972) Structure, intraspecific variability and systematic value of the buccal armature of Eutardigrades. Zeitschrift für 
zoologische Systematik und Evolutionsforschung, 1, 65–78.

Pilato, G. (1973) Tardigradi delle acque dolci siciliane. Nota seconda. Bollettino delle sedute dell’Accademia Gioenia di 
Scienze Naturali in Catania, Serie IV, 12, 177–186.

Plate, L.H. (1889) Beiträge zur Naturgeschichte der Tardigraden. Zooogische Jahrbücher, 3, 487–550.
Pleijel, F., Jondelius, U., Norlinder, E., Nygren, A., Oxelman, B., Schander, C., Sundberg, P. & Thollesson, M. (2008) 

Phylogenies without roots? A plea for the use of vouchers in molecular phylogenetic studies. Molecular Phylogenetics and 

Evolution, 48, 369–371. 
http://dx.doi.org/10.1016/j.ympev.2008.03.024

Ramazzotti, G. (1956) Tre nuove specie di Tardigradi ed altre specie poco comuni. Atti della Società Italiana di Scienze 
Naturali, 95, 284–291. 
 Zootaxa 3764 (5)  © 2014 Magnolia Press  ·  535NEW SPECIES OF THULINIUS

http://dx.doi.org/10.1656/1528-7092(2007)6[229:sbogsm]2.0.co;2
http://dx.doi.org/10.1016/j.jinsphys.2011.03.003
http://dx.doi.org/10.1016/j.jinsphys.2011.03.003
http://dx.doi.org/10.1016/j.jinsphys.2011.03.003
http://dx.doi.org/10.1007/s00435-012-0149-0
http://dx.doi.org/10.1007/s00435-012-0149-0
http://dx.doi.org/10.1111/j.1096-3642.1996.tb02344.x
http://dx.doi.org/10.1111/j.1096-3642.1996.tb02344.x
http://dx.doi.org/10.4081/jlimnol.2007.s1.21
http://dx.doi.org/10.4081/jlimnol.2007.s1.21
http://dx.doi.org/10.4081/jlimnol.2007.s1.84
http://dx.doi.org/10.4081/jlimnol.2007.s1.84
http://dx.doi.org/10.4081/jlimnol.2007.s1.84
http://dx.doi.org/10.1080/00222939400770131
http://dx.doi.org/10.1080/00222939400770131
http://dx.doi.org/10.1656/1528-7092%282007%296%5b229:sbogsm%5d2.0.co;2
http://dx.doi.org/10.1656/1528-7092%282007%296%5b229:sbogsm%5d2.0.co;2
http://dx.doi.org/10.2307/3226827
http://dx.doi.org/10.2307/3226827
http://dx.doi.org/10.1016/j.ympev.2008.03.024
http://dx.doi.org/10.1016/j.ympev.2008.03.024


Ramazzotti, G. (1959) Il gruppo dell’Echiniscus viridis con la nuova specie E. perviridis e Macrobiotus pustulatus, altra nuova 
specie (Tardigrada). Atti della Società Italiana di Scienze Naturali e del Museo Civico di Storia Naturale in Milano, 98, 
Fasc. IV, 303–309.

Richters, F, (1902) Beiträge zur Kenntnis der Fauna der Umgebung von Frankfurt a. M. Bericht der Senckenbergischen 
Naturforschende Gesellschaft in Frankfurt am Main, 3–21.

Schultze, C.A.S. (1834) Macrobiotus Hufelandii animal e crustaceorum classe novum, reviviscendi post diuturnam asphyxia et 
ariditatem potens, etc. 8 Seiten, 1 tab. C. Curths, Berlin, 6 pp, 1 Table.

Schuster, R.O., Toftner, E.C. & Grigarick, A.A. (1978) Tardigrada of Pope Beach, Lake Tahoe, California. The Wasmann 
Journal of Biology, 35, 115–136.

Tamura, K., Peterson, D., Peterson, N., Stechler, 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

Thulin, G. (1928) Über die Phylogenie und das System der Tardigraden. Hereditas, 11, 207–266. 
http://dx.doi.org/10.1111/j.1601-5223.1928.tb02488.x 

Urbanowicz, C. (1925) Sur la variabilité de “Macrobiotus oberhaeuseri”. Bulletin biologique de la France et de la Belgique
(Paris), 59, 124–142.
BERTOLANI ET AL. 536  ·  Zootaxa 3764 (5)  © 2014 Magnolia Press

http://dx.doi.org/10.1093/molbev/msr121
http://dx.doi.org/10.1093/molbev/msr121
http://dx.doi.org/10.1111/j.1601-5223.1928.tb02488.x
http://dx.doi.org/10.1111/j.1601-5223.1928.tb02488.x

	Abstract
	Introduction
	Material and methods
	Results and discussion
	Thulinius cf. saltursus
	Thulinius augusti (Murray, 1907)
	Thulinius romanoi sp. nov.
	Conclusions
	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




