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Abstract

This paper describes a new Frontonia ciliate, F. paramagna spec. nov., sampled from freshwater in Harbin, northeast Chi-
na, based on its morphology, infraciliature, ultrastructure and small subunit ribosomal RNA gene information. The new
species is defined by the following features: large sized freshwater form, 400-610 x 110—160 um in vivo, about 179-201
somatic kineties, three peniculi, each with four kineties, three vestibular and six or seven postoral kineties, one elongated-
elliptical macronucleus, centrally-located, a single contractile vacuole, without canals, located right-dorsally in the poste-
rior half of the body. Sequence alignment and phylogenetic analyses based on the small subunit ribosomal RNA (SSU
rRNA) gene indicated that the new species has characters distinct from its known congeners. The ultrastructure of the
trichocyst and other extrusomes, and the subpellicular fibre system, were observed by both scanning electron microscopy
(SEM) and transmission electron microscopy (TEM). Much of the ultrastructure is here given for the first time by SEM,
and these features provide complementary data for taxonomic purposes.
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Introduction

Frontonia ciliates are frequently found in marine, brackish and freshwater habitats (Al-Rasheid 1999; Carey 1992;
Fan et al. 2011a, 2012; Long et al. 2008) and many species have been described using live observation and silver
impregnation methods (Borror 1963; Burkovsky 1970; Bullington 1939; Foissner 1987; Foissner 1994; Gil &
Perez-Silva 1964a, b, c; Kahl 1931; Pan et al. 2013; Petz et al. 1995; Roque 1961a, b, c; Roque & de Puytorac
1972; Song & Wilbert 1989). These species have typically been distinguished from each other by the combination
of the following characteristics: their body shape and size, the number and location of their contractile vacuoles,
the morphology of their oral apparatus, and their general somatic ciliary pattern (Corliss 1979; Dragesco 1960;
Dragesco & Dragesco-Kernéis 1986; Foissner 1994; Roque & de Puytorac 1972). Only some species have been
well-described based upon both live observations and silver impregnation, however, while the description of
ultrastructure has been especially rare. Many Oligohymenophorea species are inadequately investigated in respect
to current taxonomic criteria; that is, they are poorly defined and described and, often, lack a statement of the type
material (Burkovsky 1970; Fan et al. 2011b, 2011c; Long et al. 2005; Pan et al. 2011, 2013a, 2013b, 2013c; Petz et
al. 1995; Roque & Puytorac 1972).

These organisms should ideally be identified morphologically by a combination of features coming from both
live and silver impregnation, like the buccal and somatic ciliature, position and character of the contractile
vacuoles, size and shape of the body and some ultrastructure features coming from SEM and TEM observations, as
well as their habitat (Foissner 1987; Foissner et al. 1994). Moreover, with the application of molecular techniques
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First, F. leucas is more slender in size, at 120-360 x 110—120 pum in vivo, while F pallida (150-160 x 60—66
um) and F terricola (70-110 x 60-73 pm) are much smaller than F paramagna spec. nov.
(400-610 x 110-160 pm).

Second, the last two species have different kinety rows in peniculi 1-3. F pallida’s peniculi 1-3 contain four,
three and two kinety rows respectively, F terricola’s peniculi 1 and 2 have four kinety rows, while peniculus 3 has
three kinety rows (comparedto four rows in peniculi 1-3 in F paramagna spec. nov.).

Third, £ paramagna difters from the other species in the number of vestibular and postoral kineties. The
number of postoral kineties in F leucas is four or five, in F pallida, five, and F. terricola, six (compared to six or
seven in F. paramagna spec. nov.). Meanwhile, the number of vestibular kineties in F pallida is four (compared to
three in F paramagna spec. nov. and the other species). Hence, F. paramagna spec. nov. can be clearly
distinguished from F leucas, F. pallida and F. terricola.

In addition, SSU rRNA analysis results revealed that F paramagna spec. nov. is close to F vernalis
Bullington, 1939, however, there are clear differences between them in morphology. F. vernalis is smaller (197 x
108 wm compared to 400-610 x 110-160 pm) and has two to three contractile vacuoles (compared to only one in F
paramagna spec. nov.). Besides, F vernalis is a marine species while F. paramagna spec. nov. is a freshwater
species.

Sequences comparison and phylogenetic analyses. Trees constructed using different algorithms showed
similar topologies in this investigation. The unstable topologies for the order Peniculida were mainly caused by the
position instability of the species Urocentrum turbo. All of the species of genus Frontonia were positioned in the
order Peniculida, although they did not form a monophyletic clade due to the split from F didieri (Fig. 4). The
clade formed by Frontonia paramagna spec. nov. /Frontonia sp./ F. vernalis cluster with F leucas with full
support, although even these four species have very different morphological characters (Table 2) and SSU rRNA
sequences (Fig. 4, Table 3). Furthermore, we also carried out an Approximately Unbiased (AU) test on the SSU-
rDNA dataset to assess the monophyly of Frontonia species. The test could not significantly reject the constrained
topology where all the Frontonia species were forced to be monophyletic (AU=0.889, AU>0.05). And more
molecular information may be needed in future work for a better understanding of this genus.

Acknowledgements

This work was supported by the National Science Foundation of China (N0.31101613 and 30970311), HNU Youth
Elite Fund (10KXQ-01), and research Group Project (No. RGP- 083), King Saud University Deanship of Scientific
Research. Many thanks are due to Prof. Weibo Song, and graduate students of the Laboratory of Protozoology,
Ocean University of China for their technical and institutional help.

Literature cited

Al-Rasheid, K.A.S. (1999) Records of marine interstitial hymenostomatid ciliates from the Jubailmarine wildlife sanctuary,
Saudi Arabia. Qatar University Science Journal, 18, 123—130.

Borror, A.C. (1963) Morphology and ecology of the benthic ciliated protozoa of Alligator Harbor, Florida. Archiv fiir
Protistenkunde, 106, 465-534.

Bullington, W.E. (1939) A study of spiraling in the ciliate Frontonia with a review of the genus and description of two new
species. Archiv fiir Protistenkunde, 92, 10—66.

Burkovsky, 1.V. (1970) The ciliates of the mesopsammon of the Kandalaksha Gulf (White Sea) 1. Acta Protozoologica, 7,
475-489.

Carey, P.G. (1992) Marine interstitial ciliates. Chapman and Hall, London, 351 pp.

Corliss, J.0. (1979) The ciliated protozoa: characterization, classification and guide to the literature. 2" Edition. Oxford, New
York, Toronto, Sydney, Paris, Frankfurt, 455 pp.

Czapik, A. (1979) Frontonia pallida sp. n. Un nouveau cilié psammophile (Hymenostomata, Peniculina). Acta Protozoologica,
18, 527-530.

Dragesco, J. (1960) Ciliés mésopsammiques littoraux, systématique, morphologie, écologie. Travaux dela Station Biologique
de Roscoff, 12, 1-356.

Dragesco, J. & Dragesco-Kernéis, A. (1986) Ciliés libres de 1 Afrique intertropicale. Faune Tropicale, 26, 1-559.

Ehrenberg, C.G. (1838) Die Infusionsthierchen als volkommene Organismen. Ein Blick in das tiefere organische Leben der

ANEW CILIATE FRONTONIA PARAMAGNA Zootaxa 3827 (3) © 2014 Magnolia Press - 383



Natur. Voss, Leipzig, 612 pp.

Elwood, H., Olsen, G. & Sogin, M. (1985) The small-subunit ribosomal RNA gene sequences from the hypotrichous ciliates
Oxytricha nova and Stylonychia pustulata. Molecular Biology and Evolution, 2, 399—410.

Fan, X., Chen, X., Song, W., Al-Rasheid, K.A.S. & Warren, A. (2010) Two new marine scuticociliates, Sathrophilus n. sp. and
Pseudoplatynematum dengi n. sp., with improved definition of Pseudoplatynematum (Ciliophora, Oligohymenophora).
European Journal of Protistology, 46, 212-220.

Fan, X., Chen, X., Song, W., Al-Rasheid, K.A.S. & Warren, A. (2011a) Two novel marine Frontonia species, Frontonia mengi
n. sp. and Frontonia magna n. sp. (Protozoa; Ciliophora), with notes on their phylogeny based on small-subunit rRNA
gene sequence data. [nternational Journal of Systematic and Evolutionary Microbiology, 61, 1476—1486.

Fan, X., Hu, X., Al-Farraj, S.A., Clamp, J.C. & Song, W. (2011b) Morphological description of three marine ciliates
(Ciliophora, Scuticociliatia), with establishment of a new genus and two new species. European Journal of Protistology,
47, 186-196.
http://dx.doi.org/10.1016/j.ejop.2011.04.001

Fan, X., Lin, X., Al-Rasheid, K.A.S., Warren, A. & Song, W. (2011c¢) The diversity of scuticociliates (Protozoa, Ciliophora): a
report on eight marine forms found in coastal waters of China, with a description of one new species. Acta Protozoology,
50, 219-234.

Fan, X., Lin, X., Liu, W., Xu, Y., Al-Farray, S.A., Al-Rasheid, K.A.S. & Warren, A. (2013) Morphology and phylogeny of three
new marine Frontonia species (Ciliophora; Peniculia) from coastal waters of China. European Journal of Protistology, 49,
312-323.

Foissner, W. (1987) Miscellanea nomenclatorica ciliatea (Protozoa: Ciliophora). Archiv fiir Protistenkunde, 133, 219-235.
http://dx.doi.org/10.1016/s0003-9365(87)80054-4

Foissner, W. (1994) Die urtiere (Protozoa) des Bodens. Kataloge Des Oberdsterreich Landesmuseums Neu Folg, 71, 169-218.

Foissner, W., Jung, J., Filker, S., Rudolph, J. & Stoeck, T. (2013) Morphology, ontogenesis and molecular phylogeny of
Platynematum salinarum nov. spec., a new scuticociliate (Ciliophora, Scuticociliatia) from a solar saltern. European
Journal of Protistology, 50 (2), 174—184.
http://dx.doi.org/10.1016/j.ejop.2013.10.001

Gao, F., Gao, S., Wang, P., Katz, L. & Song, W. (2014) Phylogenetic analyses of cyclidiids (Protista, Ciliophora,
Scuticociliatia) based on multiple genes suggest their close relationship with thigmotrichids. Molecular Phylogenetics and
Evolution, 75, 219-226.
http://dx.doi.org/10.1016/j.ympev.2014.01.032

Gao, F. & Katz, L.A. (2014) Phylogenomic analyses support the bifurcation of ciliates into two major clades that differ in
properties of nuclear division. Molecular Phylogenetics and Evolution, 70, 240-243.
http://dx.doi.org/10.1016/j.ympev.2013.10.001

Gao, F., Katz, L.A. & Song, W. (2012a) Insights into the phylogenetic and taxonomy of philasterid ciliates (Protozoa,
Ciliophora, Scuticociliatia) based on analyses of multiple molecular markers. Molecular Phylogenetics and Evolution, 64,
308-317.

Gao, F., Katz, L.A. & Song, W. (2013) Multigene-based analyses on evolutionary phylogeny of two controversial ciliate orders:
Pleuronematida and Loxocephalida (Protista, Ciliophora, Oligohymenophorea). Molecular Phylogenetics and Evolution,
68, 55-63.
http://dx.doi.org/10.1016/j.ympev.2013.03.018

Gao, F., Striider-kypke, M., Yi, Z., Miao, M., Al-Farraj, S.A. & Song, W. (2012b) Phylogenetic analysis and taxonomic
distinction of six genera of pathogenic scuticociliates (Protozoa, Ciliophora) inferred from small-subunit rRNA gene
sequences. [nternational Journal of Systematic and Evolutionary Microbiology, 62, 246-256.
http://dx.doi.org/10.1099/ijs.0.028464-0

Gil, R. & Perez-Silva, J. (1964a) The infraciliature of Frontonia depressa Stokes. Archiv fiir Protistenkunde, 107, 363-372.

Gil, R. & Perez-Silva, J. (1964b) La infraciliacion de Frontonia leucas Ehrenberg. Microbiologia espaiiola, 17, 239-254.

Gil, R. & Perez-Silva, J. (1964c) La infraciliacion de Frontonia acuminata Ehrenberg. Microbiologia espaiiola, 17, 69-77.

Guindon, S. & Gascuel, O. (2003) A simple, fast and accurate algorithm to estimate large phylogenies by maximum likelihood.
Systematic Biology, 52, 696-704.

http://dx.doi.org/10.1080/10635150390235520

Guindon, S., Lefort, J.F., Anisimova, M., Hordijk, W. & Gascuel, O. (2010) New algorithms and methods to estimate
maximume-likelihood. Systematic Biology, 59, 307-321.
http://dx.doi.org/10.1093/sysbio/syq010

Hall, T.A. (1999) BioEdit: a user-friendly biological sequence alignment editor and analysis program for Windows 95/98/NT.
Nucleic Acids Symposium Series, No. 41, 95-98 pp.

Hausmann, K., Hiilsmann, N. & Radek, R. (2003) Protistology (3" completely revised edition). E.Schweizerbart’sche
Verlagsbuchhandlung, Berlin, Stuttgart, 200 pp.

Huelsenbeck, J.P. & Ronquist, F. (2001) MRBAYES: Bayesian phylogenetic inference under mixed models. Bioinformatics,
17, 754-755.
http://dx.doi.org/10.1093/bioinformatics/17.8.754

Kahl, A. (1931) Urtiere order Protozoa I: Wimpertiere order Ciliata (Infusoria) 2. Holotricha ausser den im 1. Teil behandelten

384 - Zootaxa 3827 (3) © 2014 Magnolia Press CHEN ET AL.


http://dx.doi.org/10.1016/s0003-9365(87)80054-4

Prostomata. Die Tierwelt Deutschlands, 21, 181-398.

Kaul, N., Sapra, GR. & Dass, C.M. (1982) Intracellular digestive channel system in the ciliate Stylonychia mytilus Ehrenberg.
Archiv fiir Protistenkunde, 126, 455-474.
http://dx.doi.org/10.1016/s0003-9365(82)80061-4

Li, J.Q., Lin, X., Yi, Z., Clamp, J.C., Liu, W. & Al-Rasheid, K.A.S. (2010) Molecules or morphogenesis: how to determine the
phylogenetic assignment of Paratetrahymena (Protista, Ciliophora, Oligohymenophorea)? Zoologica Scripta, 39,
499-510.
http://dx.doi.org/10.1111/j.1463-6409.2010.00432.x

Long, H., Song, W., Gong, J., Hu, X., Ma, H., Zhu, M. & Wang, M. (2005) Frontonia lynni n. sp., a new marine ciliate
(Protozoa, Ciliophora, Hymenostomatida) from Qingdao, China. Zootaxa, 1003, 57—-64.

Long, H., Song, W., Al-Rasheid, K.A.S., Wang, Y., Yi, Z., Al-Quraishy, S.A., Lin, X. & Al-Farraj, S.A. (2008) Taxonomic
studies on three marine species of Frontonia from northern China: F. didieri n. sp., F. multinucleata n. sp. and F
tchibisovae Burkovsky, 1970 (Ciliophora: Peniculida). Zootaxa, 1687, 35-50.

Lynn, D.H. (2008) The ciliated protozoa: characterization, classification, and guide to the literature. 3 Edition. Springer,
Dordrecht, 638 pp.

Ma, H., Choi, J.K. & Song, W. (2003) An improved silver carbonate impregnation for marine ciliated protozoa. Acta
Protozoologica, 42, 161-164.

Medlin, L., Elwood, H.J., Stickel, S. & Sogin, M.L. (1988) The characterization of enzymatically amplified eukaryotic 16S-like
rRNA-coding regions. Gene, 71, 491-499.
http://dx.doi.org/10.1016/0378-1119(88)90066-2

Nylander, J. (2004) MrModeltest v2. Program distributed by the author. Evolutionary Biology Centre, Uppsala University,
Uppsala.

Pan, H., Huang, J., Hu, X., Fan, X., Al-Rasheid, K.A.S. & Song, W. (2010) Morphology and SSU rRNA gene sequences of
three marine ciliates from Yellow Sea, China, including one new species, Uronema heteromarinum nov. spec. (Ciliophora,
Scuticociliatida). Acta Protozoologica, 49, 45-59.

Pan, X., Gao, F., Liu, W., Fan, X., Warren, A. & Song, W. (2013a) Morphology and SSU rRNA gene sequences of three
Frontonia species, including a description of F. subtropica spec. nov. (Ciliophora, Peniculida). European Journal of
Protistology, 49, 67-77.
http://dx.doi.org/10.1016/j.ejop.2012.05.002

Pan, X., Liu, W., Yi, Z., Fan, X., Al-Rasheid, K.A.S. & Lin, X. (2013b) Studies on three diverse Frontonia species (Ciliophora,
Peniculida), with brief notes on 14 marine or brackish congeners. Acta Protozoologica 52, 35-49.

Pan, X., Shao, C., Ma, H., Fan, X., Al-Rasheid, K.A.S., Al-Farraj, S.A. & Hu, X. (2011) Redescriptions of two marine
scuticociliates from China, with notes on stomatogenesis in Parauronema longum (Ciliophora, Scuticociliatida). Acta
Protozoologica, 50, 301-310.

Pan, X., Zhu, M., Ma, H., Al-Rasheid, K.A.S. & Hu, X. (2013c) Morphology and small-subunit rRNA gene sequences of two
new marine ciliates, Metanophrys orientalis spec. nov. and Uronemella sinensis spec. nov. (Protista, Ciliophora,
Scuticociliatia), with an improved diagnosis of the genus Uronemella. International Journal of Systematic and
Evolutionary Microbiology, 63, 3513-3523.
http://dx.doi.org/10.1099/ijs.0.053173-0

Petz, W., Song, W. & Wilbert, N. (1995) Taxonomy and ecology of the ciliate fauna (Protozoa, Ciliophora) in the endopagial
and pelagial of the Weddell Sea, Antarctica. Stapfia, 40, 1-223.

Posada, D. & Crandal, K.A. (1998) Modeltest: testing the model of DNA substitution. Bioinformatics, 14, 817-818.
http://dx.doi.org/10.1093/bioinformatics/14.9.817

Posada, D. & Buckley, T. (2004) Model Selection and Model Averaging in Phylogenetics: Advantages of Akaike Information
Criterion and Bayesian Approaches Over Likelihood Ratio Tests. Systematics and Biodiversity, 53, 793-808.
http://dx.doi.org/10.1080/10635150490522304

Roque, M. (1961a) Recherches sur les infusoires ciliés: les hyménostomes péniculiens. Bulletin Biologique de la France et de
la Belgique, 95, 431-519.

Roque, M. (1961b) Frontonia microstoma, Kahl. Journal of Protistology, 8, 334-341.

Roque, M. (1961c¢) Frontonia marina n. sp. Bulletin de l'Institut Océanographique (Monaco), 1222, 1-11.

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

Roque, M. & de Puytorac, P. (1972) Frontonia canadensis sp. nov. (Cilié Hyménostome Péniculien). Naturaliste Canadien, 99,
411-416.

Shimodaira, H. & Hasegawa, M. (2001) Consel: for assessing the confidence of phylogenetic tree selection. Bioinformatics, 17,
1246-1247.
http://dx.doi.org/10.1093/bioinformatics/17.12.1246

Seo, J., Jeon, E., Jung, S., Park, M., Kim, J., Kim, K., Woo, S. & Lee, E. (2013) Molecular cloning and expression analysis of
peptidase genes in the fish-pathogenic scuticociliate Miamiensis avidus. BMC Veterinary Research, 9, 10.
http://dx.doi.org/10.1186/1746-6148-9-10

A NEW CILIATE FRONTONIA PARAMAGNA Zootaxa 3827 (3) © 2014 Magnolia Press - 385


http://dx.doi.org/10.1016/s0003-9365(82)80061-4

Song, W. & Wilbert, N. (1989) Taxonomische Untersuchungen an Aufwuchsciliaten (Protozoa, Ciliophora) im Poppelsdorfer
Weiher, Bonn. Lauterbornia, 3, 2-221.

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

Wilbert, N. & Song, W. (2008) A further study on littoral ciliates (Protozoa, Ciliophora) near King George Island, Antarctica,
with description of a new genus and seven new species. Journal of Natrual History, 42, 979—1012.

Zhang, Q., Miao, M., Strider-Kypke, M.C., Al-Rasheid, K.A.S., Al-Farraj, S.A. & Song, W. (2011) Molecular evolution of
Cinetochilum and Sathrophilus (Protozoa, Ciliophora, Oligohymenophorea), two genera of ciliates with morphological
affinities to scuticociliates. Zoologica Scripta, 40, 317-325.
http://dx.doi.org/10.1111/j.1463-6409.2011.00473.x

Zhang, Q., Yi, Z., Fan, X., Warren, A., Gong, J. & Song, W. (2014) Further insights into the phylogeny of two ciliate classes
Nassophorea and Prostomatea (Protista, Ciliophora). Molecular Phylogenetics and Evolution, 70, 162—170.
http://dx.doi.org/10.1016/j.ympev.2013.09.015

386 - Zootaxa 3827 (3) © 2014 Magnolia Press CHEN ET AL.



	Abstract
	Introduction
	Material and methods
	Discussion
	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




