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Fourier Analysis Applied to Mimomys (Arvicolidae,
Rodentia, Mammalia) First Lower
Molars — Biochronological Implications!

Federica Marcolini?3

Fourier analysis was used in this study to help a specific determination of some Mimomys (Arvicoli-
dae, Rodentia, Mammalia) species. Several Pliocene and Pleistocene Central and Western European
Mimomys species first lower molar contours have been decomposed by Complex Discrete Fourier
Transform. Inter- and intra-specific comparisons have been performed on the harmonics obtained
from the decomposition and some problematic specimens have been classified.
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INTRODUCTION

The genus Mimomys (Arvicolidae, Rodentia, Mammalia; Fig. 1B) is widely used
for continental biochronological reconstructions throughout the Northern Hemi-
sphere, it being widespread during Pliocene to Early-Middle Pleistocene with
well recognizable phyletic lineages. Sometimes the standard approach to recog-
nise species by comparison of overall morphological variation in fossil samples
is unfortunately not sufficient. It often happens when dealing with taxa, such as
Mimomys, lacking extant representatives, especially when the remains are scarce.
There is a general agreement on the necessity to find methods that are able to
determine subtle differences in rapidly evolving genera, such as Mimomys, in or-
der to improve Pliocene and Pleistocene continental biochronology. Despite the
very good results obtained, “classic” morphometry based on measurements and
indices on the occlusal surface of the first lower molars (m1; Brunet-Lecomte
and Chaline, 1990) or on the linea sinuosa (the lateral enamel-dentine junction;
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Figure 1. A: The water vole, Arvicola terrestris, considered very
close in aspect to the extinct Mimomys; B: Mimomys right den-
tal series, lower and upper masticatory surface of ml-m3 molars
respectively.
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Neraudeau and others, 1995) do not represent the tooth as a whole, dealing with
a discrete number of measurements. Therefore the development of a method that
allows the decomposition of the whole molar contour in a Fourier series, that
reduces the morphological variation to a set of harmonics allowing both charac-
terisation (at the species or genus level) and inter- and intra-specific comparisons
is of considerable complimentary value. Decomposition of rodent molar contours
in a Fourier series has been successfully applied by Renaud and others (1996),
Cucchi and others (2002) and Renaud and Van Dam (2002) to murid molars or
by Contoli, Benincasa-Stagni and Maresca (1989) and more recently by Leroy,
Montuire and Marchand (2004) to insectivores. Only lately some approaches have
been made on non-holomorph shapes, such as arvicolid molars contours using
Elliptic Fourier methods (Hurth and others, 2004) or Complex Discrete methods
(Marcolini, 2004; Marcolini and others, 2006; Navarro, Zatarain and Montuire,
2004).

The specific attribution of the small-sized species of Mimomys from Casa
Sgherri (Lower Valdarno, Tuscany, Italy) could be quite important for the correct
biochronological correlation of the assemblage. Indeed, large mammals present in
the site give only a general framework for this assemblage (Marcolini and others,
2000; Marcolini, 2004), while the contemporary presence of different species
of Mimomys might better constrain the age of the assemblage. In particular, the
specific attribution of four specimens of a small-sized form of Mimomys which is
intermediate in features between M. pusillus and M. coelodus.

The assemblage from Montagnola Senese (Fondi, 1972) comes from a
karstic fissure in Central Tuscany and is composed of both large and small
mammals. The arvicolids were first attributed to Mimomys savini (Fondi, 1972),
but recently Maul and others (1998) suggested the presence of M. pitymyoides.
However, the bigger Mimomys specimens of the assemblage have never been
identified.

MATERIAL

The material used in this study comes from different collections of Central
and Western Europe: the Mimomys ml specimens from Casa Sgherri (Lower
Valdarno, Central Italy; Fig. 2a—c) are stored at the University of Pisa; M. coelodus
and M. pusillus from Deutsch-Altenburg 2 (Fig. 2h—j and k—m, respectively)
(Rabeder, 1981) are stored at the Wien Universitidt (Wien, Austria); M. pusillus
from Piispokfiirdo (Fig. 2n—p), M. coelodus from Kislang (Holotype; Fig. 2g),
M. savini from Villany 6 (Fig. 2y-z) (Mehely, 1914; Kretzoi, 1959) come from
the Hungarian Museum of Natural History (Budapest, Hungary); M. pitymyoides
and Mimomys sp. from Montagnola Senese (Fig. 2d—f and t, respectively) (Fondi,
1972) from the Institute of Geology and Paleontology of Siena (Siena, Italy);
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Figure 2. Mimomys specimens used in this study: a-c Mimomys Casa Sgherri; d—f Mimomys
pitymyoides Montagnola Senese; g M. coelodus, Kislang holotype; h—j M. coleodus Deutsch-
Altenburg; k—-m M. pusillus Deutsch-Altenburg; n—p M. pusillus Piispokfiirdo; q—s M. pitymyoides
Montousse 5; t Montagnola Senese IGPS 64; u—v M. medasensis Islas Medas; w—x M. ostramosen-
sis Montoussé 5; y—z M. savini Villany 6. Scale bar represent 1 mm.

M. ostramosensis and M. pitymyoides from Montoussé 5 (Fig. 2w—x and g-s,
respectively) (Clot and others, 1976) from the Université de Dijon (Dijon, France);
M. medasensis from Islas Medas (Fig. 2u—v) (Michaux, 1971) come from the
Université de Sciences et Technique de Languedoc (Montpellier, France).

METHODS

The occlusal pattern of the m1 has been drawn using a camera lucida and
scanned with a resolution of 300 dpi. An analysis of the uncompressed tiff black
and white image of the contour has been carried out. The standard approach, suc-
cessful with murine rodents (Renaud and others, 1996; Renaud and van Dam,
2002), could not be used with arvicoline molars due to their peculiar, non-
holomorph shape. A Fourier decomposition by means of a matrix of complex
numbers (cfr. Gonzalez and Woods, 1992) has been used here. This method con-
siders simultaneously the coordinates x and y of each point and composes the
polar coordinates of the points of the tooth outline in a Fourier series, where the
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higher the rank of the harmonics of the Fourier series, the more detailed is the
description of the contour (see also Leroy, Montuire and Marchand, 2004). The
outline is described by n equally spaced points, whose coordinates x (or x(#)) and
y (or y(n)) were extracted.

We can define a periodic complex series s(n) using the complex pairs of N
points equally spaced on the outline: s(n) = x(n) + iy(n) with n going from 0 to
N—1.

Since outlines are described from a finite number of their sampled points
and not by a continuous function, a Discrete Fourier Transform (DFT) has been
applied to decompose the complex discrete series. Each harmonic is defined from
the N complex pairs and S(k), the coefficient of the k-th harmonic of this Fourier
decomposition is:

N

1 A
Sty = Z%s(n) el ~ramkm/N

This method allows the description of any outline with a finite number of har-
monics. Generally, a simple shape is adequately described by few harmonics
(Crampton, 1995; Dommergues and others, 2003), but in the case of a com-
plex outline, an accurate description is ensured by the first harmonics and by
their conjugates where the harmonic N — k is, for kK > 1, the conjugate of the
harmonic k.

In order to consider shape alone, independent of form size contribution, all
harmonic amplitudes were standardized in size, by dividing them by the square root
of the area. For Mimomys species harmonics 1-10 and their conjugates (harmonics
30-39) together accounted for more than 98% of the total power. Because the
set of intermediate harmonics had a relatively low contribution to the amount
of shape information, amplitudes of these harmonics (harmonics 11-29) were
excluded from the statistical analyses. Coordinate extractions and calculations
were performed using the program CDFT developed by C.H. Dommergues at
the Université de Belfort-Montbeliard (Dommergues, 2000). CDFT also allows
a reconstruction of the original outline corresponding to any pairs of harmonics
using the discrete inverse Fourier transform. Multivariate statistics have been
carried out using the software package SPSS 11® (SPSS, 2001).

RESULTS

Canonical Discriminant Analysis (CDA) has been applied to the 10 harmonic
pairs obtained by decomposing the m1 contour of three different species of small
size Mimomys: M. pitymyoides from Montoussé 5, M. pusillus from the type
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Figure 3. Canonical discriminant analysis: M. coelodus, M. pitymyoides, M. pusillus.

population of Piispokfiirdo and from Deutsch-Altenburg 2, the holotype of M.
coelodus and M. coelodus from Deutsch-Altenburg 2 (Fig. 3). 97.6% of the original
specimens have been correctly classified by the analysis (Table 1). Four unknown
small-sized Mimomys specimens from Casa Sgherri and a fifth specimen originally
classified as M. pitymyoides have been added to these populations as unknown
specimens, and a second CDA was performed (Fig. 4). The specimen originally
classified as M. pitymyoides has been attributed to the M. pitymyoides group
(Table 2), while the other four were assigned to M. coelodus.

The same kind of analysis has been performed on the four small-sized Mi-
momys from Montagnola Senese (Fig. 5) attributed by Fondi (1972) to M. savini,
and referred lately to M. pitymyoides (Maul and others, 1998). Table 3 shows all
four specimens have been classified by CDA as M. pitymyoides.

Table 1. Canonical Discriminant Analysis M. coelodus, M. pitymyoides, M. pusillus

Predicted group membership

SITE M. coelodus M. pusillus M. pitymyoides  Total
Original Count M. coelodus 13 1 0 14
M. pusillus 1 53 0 54
M. pitymyoides 0 0 16 16
% M. coelodus 92.9 7.1 .0 100.0
M. pusillus 1.9 98.1 .0 100.0
M. pitymyoides .0 .0 100.0 100.0
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Figure 4. Canonical discriminant analysis: M. coelodus, M. pitymyoides, M. pusillus and

Casa Sgherri.
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In the Montagnola Senese assemblage a large-sized form is present, IGPS64,
and it was initially referred to as M. savini too (Fondi, 1972), while Maul and
others (1998) left it unclassified as Mimomys sp. A CDA has been performed
on larger sized Mimomys from different species: M. savini from Villany 6, M.
ostramosensis from Montoussé 5 and M. medasensis from Islas Medas (Fig. 6).
Though classification of these large-sized species is more affected by error, 89.7%
have been considered correctly classified and specimen IGPS64 has been classified

by the analysis

as M. medasensis (Table 4).

Table 2. Canonical Discriminant Analysis M. coelodus, M. pitymyoides, M. pusillus and

Casa Sgherri

Predicted group membership

SITE M. coelodus M. pusillus M. pitymyoides  Total
Original Count  M.coelodus 13 1 0 14
M. pusillus 1 37 0 38
M. pitymyoides 0 0 16 16
Casa Sgherri 4 0 1 5
% M. coelodus 92.9 7.1 .0 100.0
M. pusillus 2.6 97.4 .0 100.0
M. pitymoides .0 .0 100.0 100.0
Casa Sgherri 80.0 .0 20.0 100.0
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Figure 5. Canonical discriminant analysis: M. coelodus, M. pitymyoides, M. pusillus and
Montagnola Senese small size Mimomys.

DISCUSSION AND CONCLUSIONS

M. pusillus and M. coelodus are morphologically close species, whose size
ranges overlap and they are usually distinguished on the basis of the linea sinuosa
morphology (Rabeder, 1981). They have a partially-overlapping biochronological
distribution, at least in Eastern Europe, and M. coelodus has not yet been recovered
in Italy. Casa Sgherri specimens had an intermediate linea sinuosa between the
two species and their size falls in the overlapping range between the two. A
specific attribution was therefore quite difficult. On the contrary, specimen CS3
was already tentatively attributed to M. pitymyoides on the basis of its overall
morphology (Marcolini, 2004; Marcolini and Montuire, 2004). The discriminant

Table 3. Canonical Discriminant Analysis M. coelodus, M. pitymyoides, M. pusillus and
Montagnola Senese small size Mimomys

Predicted group membership

SITE M. coelodus M. pusillus M. pitymyoides Total
Original Count M. coelodus 13 1 0 14
M. pusillus 0 17 0 17
M. pitymyoides 0 0 16 16
M. Senese 0 0 4 4
% M. coelodus 92.9 7.1 .0 100.0
M. pusillus .0 100.0 .0 100.0
M. pitymyoides .0 .0 100.0 100.0
M. Senese .0 .0 100.0 100.0
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Figure 6. Canonical discriminant analysis: M. medasensis, M. ostramosensis, M. savini and
Montagnola Senese specimen IGPS64.

analysis (Fig. 4, Table 2) not only has confirmed such an attribution, but it has
also classified the other four unknown specimens as M. coelodus. M. coelodus
is reported from some Late Villanyian and Earliest Biharian sites of central and
Eastern Europe (Akkulaevo, Pevzner, Vangengeim and Tesakov, 2001; Deutsch-
Altenburg 2c and 4b, Rabeder, 1981; Draganesti-Olt and Izvoru, Radulescu and
Samson, 1983, 2001).

Casa Sgherri Local Fauna, on the basis of the contemporary presence of
Mimomys ostramosensis, M. pitymyoides and M. coelodus associated f.i. with
Acinonyx pardinensis can be correlated with Costa San Giacomo or Olivola Faunal
Unit (Late Villanyian, Late Pliocene).

Table 4. Canonical Discriminant Analysis M. ostramosensis, M. medasensis, M. savini and
Montagnola Senese specimen IGPS64

Predicted Group Membership

SITE M. ostramosensis M. medasensis M. savini ~ Total
Original Count M. ostramosensis 26 0 1 27
M. medasensis 4 15 0 19
M. savini 1 0 10 11
IGPS64 0 1 0 1
% M. ostramosensis  96.3 .0 3.7 100.0
M. medasensis 21.1 78.9 .0 100.0
M. savini 9.1 0 90.9 100.0

IGPS64 .0 100.0 .0 100.0
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Montagnola Senese has always been attributed to the Early Pleistocene be-
cause of the presence of Mimomys savini. Indeed, Maul and others (1998) and
Kotsakis and others (2003) suggested a correlation with Late Villanyian or earliest
Early Biharian due to the presence of M. pitymyoides. Such a presence has been
confirmed here by morphometric analyses (Fig. 5, Table 3). Moreover it has been
possible to ascribe sample IGPS64 (which certainly did not belong to M. pitymy-
oides, nor to M. savini), to M. medasensis (Fig. 6, Table 4), a species only found
to date in Italy in Torre di Picchio, Late Villanyian (Late Pliocene) and it has been
widespread since the Late Pliocene in the Iberoccitane province (Casablanca I and
Islas Medas, Spain and Trassanel, Languedoc, France; Michaux, 1971; Agusti,
1990; Bachelet, 1990).

In conclusion, the use of a Discrete Fourier Transform represents a quantita-
tive description of a complex morphology, such as that of Mimomys m1 occlusal
outline, and allows a statistical treatment of the data, more accurate interspecific
correlations and, therefore, biochronologic correlations, representing an interest-
ing instrument for further micromammalian studies.

ACKNOWLEDGMENTS

I am grateful to all the European institutions I visited during my Ph.D. to
study the material, and to Prof. F. Masini, University of Palermo, that made me
available the Montagnola Senese material; C.H. Dommergues for the use of the
program CDFT; Dr. M. Vigotti, CNR Pisa for the discussion on the statistics;
Prof. Dr. Jiirgen Kullmann, Tiibingen University for his support in reviewing the
manuscript.

REFERENCES

Agusti, J., 1990, The Plio-Pleistocene arvicolid succession in southern and eastern Spain: in Fejfar, O,
and Heinrich, W. D., eds., International Symposium on Evolution Phylogeny and Biostratigraphy
of Arvicolids, Geological Survey of Czechoslovkia, Prague, p. 21-32.

Bachelet, B., 1990, Muridae et Arvicolidae (Rodentia, Mammalia) du Pliocene du sud de la France: sys-
tematique, evolution, biochronologie: Thése, Acad. Montpellier, Univ. de Sciences et Techniques
du Languedoc, 249 p.

Brunet-Lecomte, P., and Chaline, J., 1990, Relations phylogénétiques et évolution des campagnols
souterrains d’Europe (Terricola, Arvicolidae, Rodentia): Comptes Rendus de 1’ Académie des
Sciences Paris, v. 311, série II, p. 737-744.

Clot, A., Chaline, J., Heintz, E., Jammot, D., Mourer-Chauvire, C., and Rage, J. C., 1976, Montoussé
5 (Hautes Pyrénées), un nouveau remplissage de fissure a faune de vertébrés du Pléistocéne
inférieur: Geobios, v. 9, p. 511-514.

Contoli, L., Benincasa-Stagni, B., and Maresca, A. R., 1989, Morfometria e morfologia di Crocidura
WAGLER 1832 (Mammalia, Soricidae) in Italia, Sardegna e Sicilia, con il metodo dei descrittori
di Fourier: Primi dati: Hystrix, n. s., v. 1, p. 113-129.



Fourier Analysis on Mimomys Molars 677

Crampton, J. S., 1995, Elliptic Fourier shape analysis of fossil bivalves: some practical considerations:
Lethaia, v. 28, p. 179-186.

Cucchi, T., Vigne, J.-D., Auffray, J.-C., Croft, P., and Peltenburg, E., 2002, Introduction involontaire
de la souris domestique (Mus musculus domesticus) a Chypre des le Néolithique précéramique
ancien (fin IXe et VIIIe millénaires av. J.-C.): Comptes Rendus Palevol, v. 1, p. 235-241.

Dommergues, C. H., 2000, Développement d’une application Matlab d’analyse de contour par trans-
formées de Fourier: TX 5x Travaux de laboratoire Biogéosciences — Dijon, Université de Bour-
gogne, 13 p.

Dommergues, E., Dommergues, J.-L., Magniez, F., Neige, P., and Verrecchia, E. P., 2003, Geometric
measurement analysis versus Fourier series analysis for shape characterization using the gastropod
shell (Trivia) as an example: Math. Geol., v. 35, no. 7, p. 887-894.

Fondi, R., 1972, Fauna Cromeriana della Montagnola Senese: Palacontographia Italica, v. 48,
p. 1-27.

Gonzalez, R. C., and Woods, R. E., 1992, Digital image processing: Addison Wesley Longman, New
York, 716 p.

Hurth, E., Montuire, S., Schmittbuhl, M., Schaaf, A., Viriot, L., and Chaline, J., 2004, Examination
of the morphological fields of three Mimomys lineages (Arvicolidae, Rodentia) by elliptical
Fourier methods: in Lopez-Martinez, N., Peldez-Campomanes, P. and Hendndez Fernandez,
M., eds., Surrounding fossil mammals: dating, evolution and paleoenvironment: Coloquios de
Paleontologia, v. ext. 3 (2003), p. 325-334.

Kotsakis, T., Abbazzi, L., Angelone, C., Argenti, P., Barisone, G., Fanfani, F., Marcolini, F., and
Masini, F., 2003, Plio-Pleistocene biogeography of Italian mainland micromammals: in Reumer,
J. W. F. and Wessels, W., eds., Distribution and Migration of Tertiary Mammals in Eurasia. A
Volume in Honour of Hans de Bruijn: DeinseA, v. 10, p. 313-342.

Kretzoi, M., 1959, Insectivoren, Nagetiere und Lagomorphen der jiingpleistozénen Fauna von Csarnéta
im Villanyer Gebirge (Siidungarn): Vertebrata Hungarica, v. 1, p. 237-246.

Leroy, A., Montuire, S., and Marchand, D., 2004, Analysis of teeth outlines: a morphometric tool
for distinguishing three species of Crocidurinae (Soricidae, Insectivora, Mammalia) in France: J.
Nat. Hist., v. 38, no. 2, p. 259-267.

Marcolini, F., 2004, Continental Lower Valdarno rodent biochronology and two new methods for the
systematics of Mimomys (Arvicolidae, Rodentia): Atti della Societa’ Toscana di Scienze Naturali,
ser. A, v. 108 (2002-2003), p. 129-136.

Marcolini, F., Bonadonna, F. P., Kotsakis, T., Mazza, P., and Zanchetta, G., 2000, Preliminary data
on the micro and macromammal remains from Casa Sgherri, Lower Valdarno (Tuscany, Italy):
Bollettino Societa Pacontologica Italiana, v. 39, no. 2, p. 243-252.

Marcolini, F., Martin, R. A., Siefker, A., and Najdeck, C., 2006, Morphometric variability in the first
lower molars of North American Ogmodontomys (Arvicolidae, Rodentia, Mammalia) determined
by Fourier analysis: Courier Forschungsinstitut Senckenberg, v. 256, in press.

Marcolini, F., and Montuire, S., 2004, Morphological variability analysis of Mimomys (Arvicolinae,
Rodentia) from the Late Pliocene and Early Pleistocene of Central and South Europe: Neues
Jahrbuch Geologie Paldontologie Abhandlungen, v. 231, p. 277-295.

Maul, L., Masini, F., Abbazzi, L., and Turner, A., 1998, The use of different morphometric data for ab-
solute age calibration of some South and Middle European arvicolid population: Palaecontographia
Ttalica, p. 111-151.

Mehely, L., 1914, Fibrinae Hungariae: Der tertidiren and quartdren Wurzel-zdnnigen wuhlméuse Un-
garns: Annales Museum National Hungariae, v. 12, p. 155-243.

Michaux, J., 1971, Arvicolinae (Rodentia) du Pliocéne terminal et du Quaternaire ancien de France et
d’Espagne: Palacovertebrata, v. 4, p. 137-214.

Navarro, N., Zatarain, X., and Montuire, S., 2004, Effects of morphometric descriptor changes on
statistical classification and morphospaces: Biol. J. Linnean Soc., v. 83, p. 243-260.



678 Marcolini

Neraudeau, D., Viriot, L., Chaline, J., Laurin, B., and Van Kolfschoten, T., 1995, Discontinuity in the
Plio-Pleistocene Eurasian water vole lineage: Palacontology, v. 38, no. 1, p. 77-85.

Pevzner, M., Vangengeim, E., and Tesakov, A., 2001, Quaternary zonal subdivisions of Eastern Europe
based on vole evolution: Bollettino Societa Pacontologica Italiana, v. 40, p. 269-274.

Rabeder, G., 1981, Die Arvicoliden (Rodentia, Mammalia) aus dem Pliozén und dem ilteren Pleistozén
von Niederdsterreich: Beitr. Paliont. Osterr., v. 8, p. 1-373.

Radulesco, C., and Samson, P., 1983, La lignée Mimomys minor-coelodus (Rodentia, Mammalia) dans
le Bassin dacique: Trav. Inst. Spéol. “Emile Racovitza”, v. 22, p. 57-64.

Radulesco, C., and Samson, P., 2001, Biochronology and evolution of the Early Pliocene to the Early
Pleistocene mammalian faunas of Romania: Bollettino Societa Paeontologic Italiana, v. 40, p.
285-291.

Renaud, S., Michaux, J., Jaeger, J.-J., and Auffray, J.-C., 1996, Fourier analysis applied to Stephanomys
(Rodentia, Muridae) molars: nonprogressive evolutionary pattern in a gradual lineage: Paleobiol-
ogy, v. 22, p. 255-265.

Renaud, S., and van Dam, J., 2002, Influence of biotic and abiotic environment on dental size and shape
evolution in Late Miocene lineage of murine rodents (Teruel Basin, Spain): Palacogeography,
Palaeoclimatology, Palacoecology, v. 184, p. 163-175.

SPSS, 2001, SPSS for Windows, Rel. 11.0.0. 2001: SPSS Inc., Chicago.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


