A new species of Plesiogulo (Mustelidae: Carnivora)
from the Late Miocene of Africa
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Anew species of Plesiogulo (Plesiogulo botori sp. nov.) is described from 5.5-6.0 Ma deposits in East Africa. This new fossil material comes
from two localities: Lemudong’o in southern Kenya, and Adu Dora, in the Afar Depression of Ethiopia. The new mustelid species is
larger than all known Old World Plesiogulo species and extends the temporal and spatial range of the genus in Africa. Plesiogulo botori sp.
nov. documents the earliest occurrence of the genus in Africa in general and the first evidence of its occurrence in late Miocene deposits
of eastern Africa. Associated mammalian fauna at both localities where the species has been found indicate a closed/wooded habitat for
the genus. This and other occurrences of the genus across Europe, Asia, and the New World indicate that the genus Plesiogulo was

geographically widely dispersed during the upper Tertiary.
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INTRODUCTION

The large mustelid Plesiogulo (Zdansky, 1924) was first
described from the late Miocene or early Pliocene of China
(Schlosser 1903). Species of this genus have since been
identified from late Miocene and early Pliocene deposits
in Asia, Europe, North America and South Africa, and was
clearly geographically widespread. Five species are well
characterized (Harrison 1981). Though there are distinct
morphological differences between these taxa, in terms of
size alone three are small (P. crassa, P. praecocidens, and
P. marshalli) and two are large (P. lindsayi and P. monspes-
sulanus). The exact relationship between Plesiogulo and
the living wolverine Gulo is uncertain (Kurten 1970; Harri-
son 1981).

From the Chinese fossil record, Schlosser (1903) described
‘Lutra’ brachygnathus from an unknown locality. Zdansky
(1924) assigned a number of cranial and mandibular
specimens to Plesiogulo brachygnathus. This is a very small
form of Plesiogulo. The type specimen is a mandible with
p3-m1 (Schlosser 1903). The other specimens come from a
total of seven localities in Shansi, China.

Teilhard de Chardin (1945) reassigned most of
Zdansky’s (1924) P. brachygnathus to P. b. crassa. He used
Licent Collection 10.261 (snout and mandible with teeth)
from Yushe, Shansi, as the type specimen and referred
Lagrelius Coll. Nos. 1-4, and 6-12, AMNH-26376
(ex-Lagrelius No. 9), AMNH-26377 (ex-Lagelius No. 3),
and Yale YPM 13816 (mandible fragment with teeth,
Kurtén 1970) from the Dhok Pathan of India (per G.E.
Lewis 1934) to this subspecies. Teilhard de Chardin (1945)
also assigned a cranium and associated mandible (Licent
Coll. No. 553) from K'ingyang, Kansu, to P. b. minor.
Kurtén (1970) then elevated Teilhard de Chardin’s (1945)
subspecies to species rank, although he noted there were
no tangible morphological differences to distinguish
P. crassa from P. minor. He differentiated P. crassa and
P. minor by size, as he found specimens of P. minor to be
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considerably smaller than those of P. crassa. However,
Harrison (1981) has since reported that P crassa falls
within the range of variation observed in P. minor.
Plesiogulo crassa has also been identified from Cherevichnoe,
near Odessa on the Black Sea in the Ukraine. Korotkevich
& Semenov (1975) referred 45-3106 (snout with teeth),
45-3271 and 45-3272 (associated crania, mandible and
teeth), and 45-3107 (right and left mandible with
dentition) from the MN-12 of Cherevichnoe to P. cf. crassa.
These specimens are housed at the Ukrainian Academy of
Sciences, Kiev. P. crassa is also known from cranial and jaw
remains from Paveodar (Irtysh River, west Siberia). The re-
mains were originally attributed by Orlov (1941) to
P. brachygnathus, and subsequently assigned to P. crassa by
Kurtén (1970). They are housed in the collections of the
Paleontological Institute of the Russian Academy of
Sciences (Moscow).

Another small Chinese species, Plesiogulo praecocidens,
was named by Kurtén (1970) for specimens from Locality 49
of Baote, Shansi, previously assigned by Zdansky (1924) to
P.brachygnathus. The type specimen is a left mandible with
p3 and m1 (Loc. 49 No. 13; no UPI number) and the
hypodigm includes a maxillary fragment with P4-M1
from the same locality (Loc. 49 No. 5; UPI No. M 19).
Plesiogulo praecocidens has a more expanded M1 than other
species of Plesiogulo and it also lacks M1 mid-constriction
(Kurtén 1970).

In Europe, Plesiogulo monspessulanus was named by Viret
(1939) for aright mandible fragment with p3—m1. This was
the only specimen recovered from the Montpellier red
sands but the species has since been recognized from a
geographically wide range of sites. Teilhard de Chardin
(1945) referred a Yushé mandible from China (Licent
Collection 14.046) to a new taxon, P. b. major. Kurtén (1970)
elevated this subspecies to full species rank and argued
that P. major is differentiated from P. monspessulanus by its
retention of the m1 metaconid (although he did question
the taxonomic significance of this trait). Hendey (1978)
and Alcala et al. (1994) also noted the similarities between
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these two species and suggested that
P. major is synonymous with P. monspessu-
lanus. Hendey (1978) referred three den-
tal specimens from Langebaanweg,
South Africa, to P. monspessulanus, pre-
senting the first evidence for Plesiogulo in
Africa. Alcald et al. (1994) referred three
isolated teeth from the upper MN-13
locality of Las Casiones (Teruel Basin,
Spain) to P. monspessulanus. From another
site in Spain, the MIN-13 locality of Venta
del Moro, Morales (1984) identified an
isolated P4 fragment as being large and
like P. monspessulanus. This species has a
large geographic range covering China,
Europe, and South Africa.

From North America, P. marshalli (Hib-
bard 1934) is represented by a number of
craniodental and postcranial remains
from ten late Hemphillian sites (see Har-
rison 1981). Other specimens of Plesiogulo
from four late Hemphillian North Ameri-
can localities have been referred to a new
species, P. lindsayi, a species the size of
P. monspessulanus (Harrison 1981).

Plesiogulo was previously unknown in
eastern Africa. The new fossil material
presented here comes from two late Mio-
cene eastern African localities: Lemu-
dong’o in southern Kenya (Ambrose et al.
2003), and Adu Dora, in the Afar Depres-
sion of Ethiopia (WoldeGabriel et al. 2001). This is the earli-
estoccurrence of Plesioguloin Africa, and the first evidence
of this genus in eastern Africa, although Plesiogulo
praecocidens has been preliminarily reported to be present
in late Miocene deposits in the Tugen Hills of Kenya
(Morales et al. 2004, abstract). The two sites that have
yielded remains of the new Plesiogulo species are more
than 1000 km apart demonstrating a fairly wide
geographic range for this taxon. The faunal assemblages
associated with Plesiogulo botori sp. nov. suggest a
closed/woodland habitat at both sites (Ambrose et al. 2003;
WoldeGabriel ef al. 2001). This is unlike the habitats of the
Chinese species, which are believed to have lived in open
country (Kurtén 1970).

Institutional abbreviations: KNM-NK, Kenyan National
Museum, Narok specimens; ADD-VE Adu Dora vertebrate
paleontology specimen, National Museum of Ethiopia.

SYSTEMATICS

Carnivora Bowdich, 1821
Mustelidae Fischer, 1817
Mellivorinae Gill, 1872
Gulonini Webb, 1969
Plesiogulo Zdansky, 1924

Plesiogulo botori sp. nov., Fig. 1

Holotype. KNM-NK 41420, an associated partial
maxillary dentition including left P3-M1, right P4-M1,
partial right zygomatic process and fragment of right
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Figure 1. Specimens assigned to Plesiogulo botori sp. nov. Anterior is to the top. A, Occlusal
view of KNM-NK 41420 (the holotype); B, occlusal view of ADD-VP-1/10.

temporal bone preserving the glenoid cavity recovered
from the Narok locality, Lemudong’o, Kenya (Fig. 1a;
all measurements are given in Table 1) housed in the
National Museums of Kenya, Nairobi.

Paratype. ADD-VP-1/10, left M1 (Fig. 1b), from the Adu
Dora locality of the Middle Awash, Afar Depression,
Ethiopia.

Horizon. All the specimens referred to Plesiogulo botori
were collected from deposits radiometrically dated to
between 5.54 + 0.17 and 6 Ma.

Etymology. ‘botor” means ‘old” in the Masai language,
spoken by the people living near Lemudong’o, Kenya,
where the type specimen was found.

Diagnosis. A species possibly larger than all known
species of Plesiogulo and at the higher end of the range of
variation seen in P. lindsayi from North America. The P3
and P4 are longer and wider compared to P. monspessulanus
and the M1 is longer.

Plesiogulo botori differs from P. lindsayi in the lack of an
anterior cingulum on P4. The M1 internal lobe of P. botoriis
expanded relative to the external lobe, compared to the
condition in P. monspessulanus and P. lindsayi. The M1
protocone of P. botori is tall compared to that of P.
monspessulanus, and the lingual cingulum is not continuous
but rather interrupted mesially.

Comparative description
KNM-NK 41420 comprises associated left P3, right and
left P4, M1, partial right zygomatic process and fragment
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Table 1. Comparison of upper dental dimensions.

P.botori  P. monspessulanus ~ P. brachygnathus P, crassa P. praecocidens  P. marshalli P, lindsayi G. gulo
Sp. nov. (= major) (ex-Lutra (= minor)
brachygnatha)

P3
Length 14.6 13.9 No data 11 No data 11.6 13.0 10.4
Width 10.2 9 No data 6.9 No data 8 9.3 6.3
Length/width 1.43 1.54 No data 1.59 No data 1.45 1.39 1.65
P4
Length 24.5 23.2 17.1-20.5 18.3-20.8 17.2 20.1 23.5 19.75
Width 16.7 15.6 11.1-14.0 12.9 10.9 13.9 17.3 11.9
Length/width 147 1.49 1.51 No data 1.45 1.36 1.66
M1
Width 21.2 18.6 13.8-19.4 15.8-17.8 13.8 18.2 20.0-21.5 13.9
Lingual lobe length 15.9 15.4 12.0-16.3 13.2 12.4 15.1 13.3-15.5 83
Minimum length 10.1 No data 8.4-11.7 8.4 7.8 9.1 9.7 No data
Max length/min length 1.57 1.54e 1.57 1.59 1.67 151 1.34e
Width/lingual lobe length 1.33 1.21 1.28 1.11 1.21 141 1.68
P3/P4 length 0.59 0.59 No data 0.57 No data 0.58 0.55 0.53
P3/P4 width 0.61 0.58 No data 0.54 No data 0.57 0.53 0.53

'Data for P. monpessulanus, P. brachygnathus and P. crassa are from Hendy (1978) and Alcala et al. (1994), Zdansky (1924) and Kurtén (1970), respectively. Dimensions of
P. marshalli and P. lindsayi are from Harrison (1981). Measurements of Gulo gulo are from Kurtén & Rausch (1959); e = estimated from published images, all reported

measurements are in mm.

of right temporal bone. The occlusal morphology and
overall crown shape of the P3 is similar to all other species
of Plesiogulo. However, it is longer and broader than all
known P3s of Eurasian Plesiogulo and thus similar to the
North American P. lindsayi. The lingual bulge seen in the
P3 of P botori is shared with P. lindsayi, butis not present in
the Langebaanweg specimen, L40042 (Hendey 1978). The
P4 is relatively broad at the protocone level, being compa-
rable to P. crassa (= P. minor), P. marshalli, and P. monspessu-
lanus (= P. major?). Plesiogulo lindsayi has a relatively low
length/breadth ratio of the P4. Even though the presence
or absence of labial cingulum on the P4 has not been
recorded for most species of Plesiogulo, P. lindsayi is re-
ported to have labial cingulum (Harrison 1981), which P.
botorilacks. This cingulum is also present in L40042, which
has approximately the same length/width ratio (1.47 vs
1.49) as P. botori. The P4 protocone is a distinct cusp in al-
most all Plesiogulo species although there seems to be
intra- and interspecific variation in its placement relative
to the rest of the carnassial.

The protocone height of the M1 in both specimens of
P. botori is more elevated than is seen in the Langebaan-
weg specimen. Additionally, neither of the three M1s of
P. botori has the continual cingulum seen in the Las
Casiones specimen from Spain, the sole reported M1 of
P. monspessulanus from the site (Alcala et al. 1994). The
lingual and buccal lobes of the M1 are more equal in
mesiodistal length in the Las Casiones specimen than is
seen in either of the M1s of P. botori. M1 lingual lobe of
P. botori tends to be proportionately more expanded than
in Ml1s of both P. monspessulanus and P. lindsayi but less
expanded than P marshalli. The median constriction
between the two lobes of the M1 is pronounced in almost
all specimens of Plesiogulo, except that of P. praecocidens,
which tends to have a more triangular occlusal crown
shape. ADD-VP-1/10 is similar to the M1s of KNM-NK
41420 in almost all morphological and metric variables.
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The associated right zygomatic process and right glenoid
cavity of KNM NK 41420 preserve typical Mustelidae
morphology but are not taxonomically informative at the
species level.

DISCUSSION

Plesiogulo botori was compared to the five commonly
recognized species of Plesiogulo with upper dentition. The
three relatively smaller species (P. crassa, P. praecocidens,
and P. marshalli) are distinct from P, botori primarily in size
though numerous other characters also differentiate
them. These species have similar overall M1 crown mor-
phology, in that the buccal lobe is not expanded, giving
the M1 a more triangular occlusal appearance. The M1 of
P. botori is also more triangular in overall shape than the
other larger Plesiogulo species (P. monspessulanus and
P. lindsayi) in that the buccal lobe is relatively more
reduced in mesiodistal length relative to the expanded
lingual lobe. The lingual and buccal lobes of the M1 of
P. lindsayi, for example, are sub-equal, giving the molar a
more rectangular appearance to this tooth rather than a
more triangular appearance as in P. botori.

Plesiogulo crassa has a relatively narrower P3, even
though the P4 is of approximately the same relative
length/width ratio as P. botori. Plesiogulo marshalli has
approximately the same length/breadth ratio as P. botori
but lacks the lingual bulge on P3 and has a less distinct P4
protocone. The M1 internal lobe of P. marshalliis also more
expanded (internal lobe length/minimum length) than
that of the M1 of P. botori or any of the other species of
Plesiogulo. Plesiogulo praecocidens lacks a median constriction
completely, even though its buccal lobe, relative to the
lingual lobe, is considerably more narrow than in P. botori
or any of the other species of Plesiogulo.

Plesiogulo botoriis dated to between 5.54 = 0.17 myr (Adu
Dora, Ethiopia, WoldeGabriel et al. 2001) and 6.04 =
0.019 myr (Lemudong’o, Kenya, Ambrose et al. 2003). This
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species is associated with mammalian taxa with more
closed/wooded habitat preferences. The mammalian
fauna from the late Miocene of the Middle Awash,
Ethiopia, is largely dominated by tragelaphines, cerco-
pithecines, colobines, and reduncines (WoldeGabriel et al.
2001). The Lemudong’o faunal assemblage consists of
large birds of prey, colobines, and other indicators of a
possibly closed habitat (Ambrose et al. 2003). This indicates
a wider habitat preference for Plesiogulo contrary to what
has been documented from China, where the genus is
associated with open habitat.

A number of mustelid species have been reported from
the Lothagam Formation in Kenya. However, no specimens
of Plesiogulo have been documented from either the
Upper or Lower Nawata Members of the Formation
(Werdelin 2003). The paleoenvironment of the 6 million
year old Upper Nawata Member has been reconstructed
to have been a fairly dry and open environment (Leakey
& Harris 2003). The absence of Plesiogulo from these
deposits may indicate that the genus was limited to a
closed habitat at least in late Miocene East Africa.

Plesiogulo praecocidens has been reported for the 6.1-
5.7 myr Tugen Hills site of Lukeino in Kenya (Morales et al.
2004). These specimens have not yet been fully published,
but the preliminary report indicates that there may have
been two species of Plesiogulo in eastern Africa during the
late Miocene.

The Plesiogulo from South Africa and associated fauna
are biochronologically attributed to a wide temporal
range between 3.5-7 myr (Hendey 1978), but probably
closer to 5 myr (Haile-Selassie 2001). Most species of
Plesiogulo are known from China. However, the genus has
also been documented from some European Turolian
(and perhaps older) localities, as well as many North
American late Hemphillian ones, indicating a wide
geographic distribution for this genus. Its African record
was thus far limited to Langebaanweg, South Africa. The
discovery of P. botori from deposits as old as 6 Ma extends
the temporal and spatial range of the genus in Africa. This
and further (still unpublished) occurrences of the genus
indicate an even greater diversity within the upper
Tertiary.

We would like to express our appreciation to the Office of the President, Kenya, for
authorization to conduct field research in Kenya and to the Ethiopian Ministry of
Youth, Sports, and Culture for authorization to conduct field research in Ethiopia.
We also thank the Palaeontology Division of the National Museums of Kenya and
the National Museum of Ethiopia, for staff assistance and facilities; the Maasai
people of Kenya and Afar people of Ethiopia for permission, access and assistance.

Financial support was provided by the National Science Foundation grant
BCS-0327208 and National Science Foundation HOMINID grant BCS-0321893

88

(RHOI), the Leakey Foundation, the University of Illinois Center for African
Studies, and the University of Illinois Research Board.

REFERENCES

ALCALA, L, MONTOYA, P. & MORALES, J. 1994. New large mustelids
from the Late Miocene of the Teruel Basin (Spain). Comptes Rendus de
L'Academie des Sciences, Paris, Série 11, Sciences de la Terre et des Planetes
319, 1093-1100.

AMBROSE, SH.,HLUSKO, L.]., KYULE, D., DEINO, A. & WILLIAMS, M.
2003. Lemudong’o: a new 6 Myr paleontological site near Narok,
Kenya Rift Valley. Journal of Human Evolution 44, 737-742.

HAILE-SELASSIE, Y. 2001. Late Miocene Mammalian fauna from the Middle
Awash Valley, Ethiopia. Ph.D. thesis, University of California, Berkeley.

HARRISON, J.A. 1981. A review of the extinct wolverine, Plesiogulo
(Carnivora: Mustelidae), from North America. Smithsonian Contribu-
tions to Paleobiology No. 46, 1-27.

HENDEY, Q.B. 1978. Late Tertiary Mustelidae (Mammalia, Carnivora)
from Langebaanweg, South Africa. Annals of the South African Museum
76, 329-357.

HIBBARD, C.W. 1934. Two new genera of Felidae from the Middle
Pliocene of Kansas. Transactions of the Kansas Academy of Science 37,
239-255.

KOROTKEVICH, EL. & SEMENOV, YU. A. 1975. First discovery of
Neogene Plesiogulo crassa in the northern Black Sea area. Vestnik
Zoologii, Kiev 4, 33-38. (Russian, with English abstract).

KURTéN, B. 1970. The Neogene wolverine Plesiogulo and the origin of
Gulo (Carnivora, Mammalia). Acta Zoologica Fennica 131, 3-22.

KURTéN, B. & RAUSCH, R. 1959. Biometric comparisons between North
American and European mammals. Acta Arctica 11, 1-44.

LEAKEY, M.G. & HARRIS, ].M. 2003. Lothagam: Its significance and con-
tributions. In: Leakey, M.G. & Harris, ]. M. (eds), Lothagam: The Dawn of
Humanity in Eastern Africa, 625-655. New York, Columbia University
Press.

LEWIS, G.E. 1934. Notice of the discovery of Plesiogulo brachygnathus in
the Siwaliks measures of India. American Journal of Science 26, 80.

MORALES, ]. 1984. Venta del Moro: su macrofauna de mamiferos y
biostratigrafia continental del Nedgeno terminal mediterrdneo. Unpub-
lished Ph.D. thesis, Universidad Complutense de Madrid, 15/84.

MORALES, J., PICKFORD, M., SORIA, D. & SALESA, M. J. 2004.
Carnivores from the Late Miocene and basal Pliocene of the Tugen
Hills, Kenya. 32nd International Geological Congress, Florence 2004 —
Scientific Sessions: abstracts (part 1) p. 380.

ORLOV, J.A. 1941. Tertiary Mammalia and the localities of their remains.
Tertiary Carnivora of West Siberia. IIl. Mustelinae. Travaux de I'Institut
Paléontologique, Academie des Sciences USSR 8, 30-39.

SCHLOSSER, M. 1903. Die fossilen Saugethiere Chinas nebst einer
Odontographie der recenten Antilopen. Abhandlungen der Bayerischen
Akademie der Wissenschaften 22, 1-22.

TEILHARD DE CHARDIN, P. 1945. Les formes fossils. In: Teilhard de
Chardin, P & Leroy, P. (eds), Les Mustélids de Chine, 3-36. Peking
(Beijing), Publications de I'Institut de Géobiologie No. 12.

VIRET, ]J. 1939. Monographie paléontologique de la faune de vertébrés
des sables de Montpellier III Carnivora Fissipeda, Travaux du
Laboratoire de Géologie de la Faculté des Sciences de Lyon 37, 7-26.

WERDELIN, L. 2003. Mio-Pliocene Carnivora from Lothagam, Kenya.
In: Leakey, M.G. & Harris, .M. (eds), Lothagam: The Dawn of Humanity
in Eastern Africa, 261-328. New York, Columbia University Press.

WOLDEGABRIEL, G., HAILE-SELASSIE, Y., RENNE, PR., HART, WK,
AMBROSE, S.H., ASFAW, B., HEIKEN, G. & WHITE, TD. 2001.
Geology and palaeontology of the late Miocene Middle Awash Valley,
Afar rift, Ethiopia. Nature 412, 175-178.

ZDANSKY, O. 1924. Jungtertidare Carnivoren Chinas. Palaeontologica
Sinica C 2, 1-155.

ISSN 0078-8554 Palaeont. afr. (December 2004) 40: 85-88




<<
  /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 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /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 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00667
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.01000
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00667
  /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 /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


