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The oldest Asian Sivaonyx (Lutrinae, Mustelidae): a contribution
to the evolutionary history of bunodont otters

Camille Grohé, Louis de Bonis, Yaowalak Chaimanee, Cécile Blondel,
and Jean-Jacques Jaeger

ABSTRACT

We describe here specimens of the otter Sivaonyx cf. gandakasensis from the
late Middle Miocene hominoid-bearing basin of Chiang Muan, northern Thailand. Asian
Sivaonyx species were previously recorded in the Late Miocene of the Siwalik Hills and
Southern China. The new Thai remains could constitute the oldest occurrence of the
genus in Asia (12.4-12.2 m.y.) and, more generally, in the Old World. S. gandakasen-
sis, also occurring in the early Late Miocene and possibly Middle Miocene deposits of
the Siwalik Hills, is the most primitive species of the genus. Based on the m1 morphol-
ogy, we suggest a close relationship of this species with S. hessicus from the Late Mio-
cene of Europe. In this study, we discuss the primitive morphological characters of
Eurasian Sivaonyx compared to African ones, using notably the previously unknown
M1 of S. cf. gandakasensis (e.g., developed M1 parastyle, high protoconid and narrow
talonid basin on m1). Moreover, S. bathygnathus, the third and most derived Eurasian
species known from the Late Miocene of the Siwaliks and Southern China, seems to
be the most probable ancestor of Mio-Pleistocene African Sivaonyx. We therefore pro-
pose a dispersal of Sivaonyx from Asia to Africa during the Late Miocene, probably
between ca. 10 and 7 m.y.
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INTRODUCTION

The Lutrinae belongs to the Mustelidae, the
most species-rich family of Carnivora. They are
currently represented by 7 genera and 13 species
occurring both in freshwater and coastal marine
habitats throughout much of the continents (except
Australia and Antarctica). Although otters exhibit a
taxonomically diversified and worldwide fossil
record since the Miocene (Willemsen, 1992; Pick-
ford, 2007; Werdelin and Peigné, 2010), their phy-
logenetical relationships remain up to now
controversial when based on morphological data
(e.g., de Muizon, 1982; van Zyll de Jong 1987,
1991; Willemsen, 1992), and in conflict with the
results suggested by molecular analyses (Koepfli
and Wayne, 1998; Koepfli et al., 2008). For exam-
ple, in these last analyses, the basal position of the
giant otter Pteronura within the subfamily and the
diphyly between the river otters Lutra and Lontra
notably contribute to split the tribes used by mor-
phologists. Morphological classifications of otters
into different tribes are mainly based on dental
characters, because of a fragmentary fossil record
suffering from the lack of cranial and postcranial
specimens. These classifications are therefore
closely related to diet preferences. Bunodont otters
(tribe Enhydrini after Willemsen, 1992 and tribes
Enhydrini+Enhydriodontini after Pickford, 2007)
constitute a diverse group of fossil and extant
forms for which dentition seems to be adapted to
hard item consumption (e.g., extant sea otter
Enhydra). Some important generic controversy
exists for this group and is covered later in this
paper (see discussion). Fossil bunodont otters suc-
cessfully occupied continental ecosystems of Eur-
asia, Africa and North America from the Miocene to
the Pleistocene. One of the most charismatic and
abundant genus of this group is Sivaonyx, known
to include lion-sized gigantic predators. Sivaonyx is
recorded in the Mio-Pliocene and possibly Pleisto-
cene of Africa (Kenya, Ethiopia, Uganda, Chad,
South Africa, Egypt), and in the Miocene of Asia
(Siwalik Hills of Pakistan and India, Southern
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China) and Europe (Germany, Turkey). In this
study we describe new material of Sivaonyx recov-
ered from the late Middle Miocene Ban Sa locality
of the Chiang Muan Basin, northwestern Thailand.
This material could represent the oldest occur-
rence of the genus in Asia and brings a new oppor-
tunity to discuss the primitive morphological
characters of Asian Sivaonyx compared to African
ones and to propose possible Miocene dispersal
events between Southern Asia and Africa. This
study aims to improve our knowledge on both the
evolutionary history of otters and the faunal disper-
sals occurring between Africa and Asia during the
Miocene.

Geological Setting

The Middle Miocene Ban Sa locality is located
in the Chiang Muan Basin, one of the numerous
intramontane Miocene fossiliferous basins of north-
ern Thailand. The sediments of the Chiang Muan
Basin are mainly composed of mudstones and
sandstones intercalated with palaeosols and two
main lignite beds (i.e., Lower and Upper Lignite
Members), both providing fossil remains (see
Benammi et al., 2004 and Coster et al., 2010 for
lithological details and stratigraphic section of Ban
Sa locality). The Chiang Muan coal mine is famous
for exposing hominoid-bearing fossiliferous levels,
yielding dental remains of the large-bodied genus
Khoratpithecus, closely related to extant orang-
utans (Chaimanee et al. 2003, 2004). Hominoid
associated mammal fauna includes the gomphoth-
eriid proboscidean Tetralophodon cf. xialongtanen-
sis, the suoids Parachleuastochoerus sinensis,
Hippopotamodon cf. hyotherioides, Conohyus sin-
diensis, Pecarichoerus sminthos, the rhinocerotid
Chilotherium (Subchilotherium) intermedium, the
ruminants Dorcatherium, Eotragus, and Siamo-
tragulus, and the castorid Steneofiber siamensis
(Chaimanee et al., 2003; Pickford et al., 2004;
Suganuma et al., 2006; Chavasseau et al., 2009;
Suraprasit et al., 2011). Biochronological data sug-
gested an age comprised between ca. 12 and 10



m.y. for the Chiang Muan sequence based on the
faunal comparison with Xiaolongtan locality, Yun-
nan Province of China (Pickford and Liu, 2001;
Pickford et al., 2004). More recent paleomagnetical
studies (Benammi et al., 2004; Coster et al., 2010)
and correlations established with Mae Moh coal
mine sediments in Thailand rather indicate an age
of 12.4-12.2 m.y. for the Upper Lignite Member. In
2003, a Thai-French paleontological expedition
found the first fossils of Carnivora from the Upper
Lignite Member of the Ban Sa locality. This mate-
rial constitutes the focus of our study.

MATERIAL AND METHODS

The material is composed of two isolated and
well-preserved molars stored at the Department of
Mineral Resources of Bangkok, Thailand (DMR).
The proportions and morphology of the teeth as
well as their stratigraphic location permit to attri-
bute them to the same species. Abbreviations for
other institutions and specimens cited in the text
and tables are: AM, American Museum of Natural
History, New York, NY; BAR, fossils from Baringo
District, Community Museums of Kenya; CM, Chi-
ang Muan fossils, Thailand; BMNH, Natural History
Museum, London, England; BSPG, Bayerische
Staatssammlung fiir Paldontologie und historische
Geologie, Munich, Germany; GSI, Geological Sur-
vey of India, Calcutta; GSP-Y, Geological Survey of
Pakistan, Quetta — Yale University, New Haven,
CO; IVPP V, Institute of Vertebrate Paleontology
and Paleoanthropology, Beijing, Vertebrate collec-
tion; KNM, Kenya National Museums, Nairobi: -KP
Kanapoi; -LU Lukeino; NK, fossils from Nkondo,
Uganda National Museum, Kampala; SAM PQ-L,
Iziko South African Museum, Cape Town, collec-
tions from Langebaanweg; TM, fossils from Toros-
Menalla, Chad; YPM, Yale Peabody Museum, New
Haven, CO; YV, Yunnan Vertebrate, China.

Measurements were taken with a digital cali-
per to the nearest 0.1 mm. Abbreviations for
description and measurements are: L, maximum
mesiodistal length; Llab and Lling, labial and lin-
gual maximum mesiodistal length of M1; m, lower
molar; M, upper molar; MlabDling, maximum dis-
tance between mesiolabial corner and distolingual
corner of M1; MlingDlab, maximum distance
between mesiolingual corner and distolabial corner
of M1; W, maximum linguolabial width; Wdist, lin-
guolabial width of M1 at the distal border.
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SYSTEMATIC PALAEONTOLOGY

Order CARNIVORA Bowdich, 1821
Suborder CANIFORMIA Kretzoi, 1943
Infraorder ARCTOIDEA Flower, 1869

Family MUSTELIDAE Fischer, 1817

Subfamily LUTRINAE Bonaparte, 1838
Genus SIVAONYX Pilgrim, 1931

Diagnosis (Pilgrim, 1932; pp.88). “Lutrinae of
large size; having a P4 of an approximately quad-
rate shape with a moderately trenchant paracone-
metacone blade; paracone somewhat stoutly built;
metacone very slightly elongate; parastyle well-
developed but low; with two internal cusps, proto-
cone and hypocone, lower than the outer cusps,
somewhat stoutened and expanded so that the
basin-shaped area is contracted; with a strong
internal cingulum; mandible with a ramus deeper
than the length of m1; canine large; p1 single-
rooted; p4 broad posteriorly, with a strong, out-
wardly situated posterior cusp and a broad cingu-
lum, no anterior accessory cusp; m1 very broad;
paraconid situated so as to be bisected by the
median axis of the tooth; metaconid as high as par-
aconid; talonid broader than trigonid and approxi-
mately equal in length to it, basin-shaped,
surrounded by a ring of cusps of which the entoco-
nid is as well developed as the hypoconid; m2
small, oval.”

Comments. Because a revision of all Sivaonyx
species is beyond the scope of this paper and
because some generic attributions are still debated
(see discussion), we do not emend the diagnosis of
Sivaonyx until more material could allow it. How-
ever, we revise some morphological features for
the m1 and mention other ones for the M1 in light
of the recent specimens assigned to the genus.
The trigonid of Sivaonyx is low with approximately
equal cusps, the protoconid is however higher than
the paraconid and metaconid in the most primitive
species (see description and comparisons). A ring
of cusplets surrounding the talonid, and a similarly
developed hypoconid-entoconid are not observed
in all species (e.g., hypoconid higher than the ento-
conid in S. gandakasensis, entoconid higher than
the hypoconid in S. hendeyi). As underlined by Pei-
gné et al. (2008) and not mentioned in the original
diagnosis, the labial cingulid is marked on m1, and
the M1 shows a strong metaconule and a distinct
notch between the paraconule and the protocone.
Type species. Sivaonyx bathygnathus (Lydekker,
1884)

Other included species. S. africanus (Stromer,
1931), S. beyi Peigné et al., 2008, S. ekecaman
(Werdelin, 2003), S. gandakasensis Pickford,
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FIGURE 1. Sivaonyx cf. gandakasensis from the late Middle Miocene of Chiang Muan, Thailand: CM-03-A, left m1 in
occlusal (1), lingual (2) and labial (3) views; CM-03-B, right M1 in occlusal (4) and mesial (5) views. Scale = 1cm.

2007, S. hendeyi (Morales et al., 2005), S. hessi-
cus (Lydekker, 1890), S. kamuhangirei Morales
and Pickford, 2005, S. soriae Morales and Pick-
ford, 2005

Distribution. Late Miocene-Early Pleistocene of
Africa (Egypt, Chad, Ethiopia, Kenya, Uganda,
South Africa), Middle-Late Miocene of Asia (India,
Pakistan, Thailand, China), Late Miocene of
Europe (Germany, Turkey).

Sivaonyx cf. gandakasensis Pickford, 2007
Figure 1; Tables 1 and 2

Referred specimens. CM-03-A, left m1; CM-03-B,
right M1 from Chiang Muan Basin, Thailand
Holotype locality. Locality Y182, Gandakas, Pot-
war Plateau of northern Pakistan — early Late Mio-
cene (9.2 m.y. after Barry et al., 2002, same age as
locality Y317 after Barry et al., 1982)

Distribution. Upper Lignite Member of the Chiang
Muan Basin, northern Thailand — late Middle Mio-
cene (12.4-12.2 m.y. after Benammi et al., 2004
and Coster et al., 2010)

Description. The left m1 shows a low trigonid as
wide as the talonid and longer than it. The protoco-
nid is higher than the paraconid and metaconid.
The metaconid is slightly higher and is more lingual
than the paraconid. The protoconid and the para-
conid are separated by a well-marked carnassial
notch. The paraconid has a nearly vertical mesial
face and its distolingual crest does not extend
more than the distolabial one and does not reach
the lingual cingulid. Distal to this crest, a deep V-
shaped valley separates the paraconid from the
metaconid, contributing to a lingually opened trigo-
nid. The metaconid is displaced distally with
respect to the protoconid and is curved backwardly
in lingual view. A small cuspule is present at the
distal base of the protoconid. The talonid exhibits a
tall hypoconid crest but lower than the paraconid, a
weaker and curved entoconid crest, and a narrow
and shallow talonid basin. The lingual border of the
talonid appears oblique: it is lower and thicker near
the metaconid relative to the distal end of the tooth.
This height difference creates an acute angle
between the distal face of the metaconid and the
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TABLE 1. Lower dental measurements of Sivaonyx species (in mm). Measurements are from first hand and from 1Pil-
grim 1932; 2Colbert 1935; 3Qi 1983; 4Zong 1997; SWerdelin 2003; 6Morales et al. 2005; "Morales and Pickford 2005;
8Pickford 2007; 9Peigné et al. 2008.

L w
Sivaonyx cf. gandakasensis
CM-03-A 13.7 7.6
YPM 20206 15.4 85
S. gandakasensis
GSP-Y 4225 (holotype)8 15 7.9
GSP-Y 117038 13.9 7.9
GSI D 2498 14.4 8.6
BMNH M 13175 15.4 9.1
?S. gandakasensis
BMNH G 4 12.8 7.6
S. bathygnathus
GSI D 33 (holotype)® 17.1 9.7
GSI D 1561 16 94
GSI D 2508 16.4 9.1
AM 195092 16.5 9.5
IVPP V 6886.123 15.9 9
S. cf. bathygnathus
YV 25174 14 8
S. hessicus
BMNH 27486 (holotype) 15.9 8.6
S. beyi
TM 171-01-033 (holotype)® 20,3
TM 172-05-0019 22,8 13,4
TM 355-02-002° 20 11,6
TM 247-01-0059 21,5 12,7
S. ekecaman
KNM-KP 10034 (holotype)® 21,2 13,5
BAR 720'037 12,8
BAR 567'057 20,1 13
S. soriae
KNM-LU 337 & 338 (holotype)® 17,6 10,5
BAR 1984'057 17,5 10,6
S. hendeyi
SAM PQ-L 5000 (holotype)® 21,3 13,1
S. kamuhangirei
Unnumbered (holotype)® 26 15,9
NK 1988'897 14,4
S. africanus
BSPG 1930 XI 1 (holotype)® 22,2
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TABLE 2. Upper dental measurements of Sivaonyx species (in mm). Measurements are from first hand and from 1Qi

1983; 2Peigné et al. 2008.

Llab Lling Wdist MlingDlab MlabDling
Sivaonyx cf. gandakasensis
CM-03-B 7.6 71 14 10.7 14.2
S. bathygnathus
IVPP V 6886.31 9.3 14
IVPP V 6886.51 9.5 14.6
S. beyi
TM 90-00-0662 1.7 1.7 17.3 16.5 20
S. soriae
BAR 1082'012 1 12.2 15.6 18.2
S. ekecaman
KNM-KP 10034 (holotype)? 12.1 15.8 19
S. africanus
BSPG 1930 XI 1 (holotype)? 13 14.1 18.8 17.1
lingual talonid rim. The cingulid is thick on the labial COMPARISONS

side of the carnassial. It extends until the lingual
base of the paraconid where it appears thinner. A
shearing facet is visible on the upper part of the
labial faces of the paraconid and protoconid.

The right M1 is broken at its most mesiolin-
gual part so that the cingulum is interrupted at the
paraconule-protocone level. The tooth is trans-
versely widened. The mesial and distal borders are
roughly parallel. The metacone is higher and
mesiodistally shorter than the paracone. The
paracone is more crestiform than the metacone.
Both cusps are separated by a shallow notch. The
labial shelf of the paracone is much wider than the
metacone labial shelf. The parastyle is very long
and extends from the paracone to join a wide cin-
gulum surrounding the mesiolabial corner of the
tooth. The paraconule and the protocone are cres-
tiform, separated by a small notch, and constitute a
blade along the mesial border of the tooth that
bends distally at the protocone level. The proto-
cone is as high as the paracone. The paraconule is
located at a similar level as the metaconule but the
latter is more prominent. Distally, the metaconule is
not connected to the metacone. The labial crest
descending from the metaconule joins the distal
cingulum at the distolingual base of the metacone.
A crescent-shaped cingulum is present at the dis-
tolingual corner of the tooth. It reaches approxi-
mately the height of the metacone. The thickest
part of this cingulum is displaced mesially relative
to the metacone. Both m1 and M1 show finely wrin-
kled enamel.

The wide talonid, the presence of a cuspule at
the distal base of the protoconid, the high metaco-
nid of m1, and its abrupt connection with the lingual
talonid rim recalls the carnassial morphology of
otters. Within Miocene otters, the morphology of
the Chiang Muan material is closer to that of Siva-
onyx than to that of any other genera (e.g., low tri-
gonid cusps, high hypoconid, moderately deep
talonid basin and rounded talonid rim on m1, pres-
ence of a metaconule on M1). Until now, nine spe-
cies of Sivaonyx have been recorded from the
Miocene of Eurasia and from the Mio-Pliocene of
Africa. Several specimens of Sivaonyx sp. are also
reported in the Plio-Pleistocene of Chad, Ethiopia
and Kenya but are undescribed yet (Werdelin and
Peigné, 2010). Here we compare the material from
Chiang Muan to that of Eurasian and then African
species of Sivaonyx. Dental measurements of m1
and M1 of Sivaonyx species are presented in
Tables 1 and 2. Their stratigraphic and geographic
distributions are illustrated in Figure 2.

The type species S. bathygnathus has long
been the only Sivaonyx species recorded in Asia.
Originally described from the Late Miocene of the
Siwalik Hills of Pakistan (Hasnot, Potwar Plateau;
Lydekker, 1884; Pilgrim, 1932), the species is also
reported in the Late Miocene of Haritalyangar,
India (Prasad, 1968), of Lufeng and possibly Yuan-
mou, Yunnan Province of China (Qi, 1979, 1983;
Zong, 1997; Qi et al., 2006). The holotype of Siva-
onyx bathygnathus (GSI D 33) is a mandible frag-
ment with a poorly preserved m1, but the additional
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FIGURE 2. Stratigraphic and geographic distribution of Sivaonyx species in Africa, Europe and Asia. We used Barry
et al. 2002, Qi et al. 2006, Pickford 2007, Coster et al. 2010 and Patnaik et al. 2013 for the datation of Asian localities
and Werdelin and Sanders 2010 and references therein for African ones. Dotted lines indicate imprecise datations.

material described by Pilgrim (1932) and Colbert
(1935) permits to compare the morphology of the
lower carnassial with our material: CM-03-A differs
from GSI D 156 and AM 19509 by smaller propor-
tions, a narrower and longer paraconid, a higher
protoconid compared to the paraconid instead of a
similar height of these cusps and a narrower tal-
onid basin. Moreover, CM-03-A differs from the m1
of Sivaonyx cf. bathygnathus from Yuanmou (YV
2517, figured by Zong, 1997) in being smaller and
exhibiting a narrower talonid basin. The only M1
described as S. bathygnathus comes from Lufeng
(IVPP V 6886.5, figured by Qi, 1983). A very simi-
lar M1 coming from Pakistan (loc.D013 dated to

6.3 m.y.) and stored in the Harvard Peabody
Museum collections (GSP-Y16790) has been
directly observed and thus allows more compari-
sons. CM-03-B differs from these specimens in
being narrower, and in having a more developed
paracone labial shelf, a less prominent
metaconule, a less trenchant paraconule-proto-
cone blade and a less extended distolingual shelf.
The more recent revision of bunodont otters
from the Siwaliks provided by Pickford (2007) lead
to the erection of a new species, S. gandakasen-
sis, for the oldest Sivaonyx forms of Pakistan. CM-
03-A is very close to the m1 of S. gandakasensis
by comparisons with morphological features of the
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FIGURE 3. Sivaonyx cf. gandakasensis from the Late
Miocene of Haritalyangar, India: cast of YPM 20206,
right m1 in occlusal (1) and lingual (2) views. Scale =
1cm.

holotype GSP-Y 4225 and with the dimensions of
the referred material. The cuspule at the distal
base of the protoconid is less distinct than in CM-
03-A, but this feature is certainly variable within
Sivaonyx species, as observed for the Potwar Pla-
teau material of the Harvard Peabody Museum col-
lections referred to S. bathygnathus. Moreover, the
specimens of S. gandakasensis exhibit generally
worn cusps, which prevent us from checking
whether the protoconid is higher than the paraco-
nid and metaconid. An isolated m1 from Haritalyan-
gar observed in the YPM collections (YPM 20206,
cast illustrated here for the first time, Figure 3)
shows striking morphological similarities with the
holotype of S. gandakasensis. This Indian lower
carnassial displays a higher protoconid compared
to the metaconid, as in the Chiang Muan material.
The closer morphology of YPM 20206 with the
holotype of S. gandakasensis rather than with the
specimens referred to the type species (e.g.,
shorter paraconid, higher protoconid, narrower tal-
onid basin) and the need of taxonomic revision of
the specimens published by Prasad in 1968, which
some do not belong to otters (Morales and Pick-
ford, 2011), sow doubts on the presence of S.
bathygnathus in Haritalyangar. Finally, Pickford
(2007) attributed a mandible (BMNH G 4) from the
Middle Miocene of Chhorwali Katas, northern Paki-
stan, to Vishnuonyx chinjiensis. However, the holo-
type of this species is an upper carnassial and the
only dental material bearing m1 (GSI D 245, fig-
ured by Pilgrim, 1932) shows a lower carnassial
with a narrower talonid basin and a less rounded
outline of the distal talonid compared to that of
BMNH G 4. This specimen is compared here
because its morphology rather recalls that of Siva-
onyx gandakasensis than that of Vishnuonyx chin-
Jiensis. In comparison with the lower carnassial of
our Thai material, the m1 of BMNH G 4 is slightly

8

smaller and exhibits a less distinct cuspule at the
base of the protoconid, a more distinct hypoconid,
and a lingual cingulid extending until the metaconid
base. Both Indian and Thai specimens compared
in this paper can be referred to S. cf. gandakasen-
sis until additional material from Haritalyangar and
Chiang Muan are found.

The European species S. hessicus is repre-
sented by a mandible (BMNH M 27486) from the
Late Miocene of Eppelsheim, in Germany (Lydek-
ker, 1890) and listed from the Miocene of Kutchuk-
Tchekmedjé locality, in Turkey (Nicolas, 1978). The
holotype of S. hessicus shows an m1 very close
morphologically to CM-03-A (e.g., protoconid
higher than the paraconid, narrow talonid basin,
distinct cuspule at the distal base of the protoco-
nid). Only the trigonid lingual valley is narrower and
the lingual cingulid extends under the metaconid,
unlike in our Thai material. Moreover, the m1 has
larger dimensions than CM-03-A. Originally
attributed to Lutra (Lydekker, 1890), Pilgrim (1931)
moved the holotype of the European species to
Sivaonyx, considering the strong morphological
similarities with S. bathygnathus from the Indian
Subcontinent. Pickford (2007) agreed with Pil-
grim’s attribution and even suggested a synonymy
with the Asian species. However, S. hessicus is
clearly closer morphologically to S. gandakasensis
than to S. bathygnathus (e.g., narrower paraconid,
protoconid higher than the metaconid and paraco-
nid, narrower talonid basin).

Sivaonyx beyi from the Late Miocene of
Toros-Menalla, Chad, is the oldest representative
of the genus in Africa (Peigné et al., 2008). The
m1s (TM 247-01-005 and TM 355-02-002) differ
from CM-03-A by a deeper valley between the
paraconid and protoconid with a more oblique dis-
tolingual crest of the paraconid, a protoconid lower
than the metaconid (TM 355-02-002) or approxi-
mately equal to it (TM 247-01-005), a less distinct
cuspule at the distal base of the protoconid, a
nearly horizontal lingual rim of the talonid, and a
deeper talonid basin. The M1 (TM 90-00-066) dif-
fers from CM-03-B in being longer and wider, in
having a poorly developed paracone labial shelf
and a shorter parastyle, an oblique and a more
trenchant paraconule-protocone blade, a crest
descending mesiolingually from the metaconule.
The highest part of the distolingual cingulum is also
directly lingual to the metacone rather than mesial
to it.

Sivaonyx soriae is recorded in the Late Mio-
cene Lukeino Formation, Kenya (Morales and
Pickford, 2005). The occurrence of this species in



the Lukeino beds has been originally based on
lower dental specimens. Upper isolated teeth from
the same locality initially attributed to S. senutae
are now considered as synonym based on their
suitable dental morphology and on the range of
intraspecific size variation within Sivaonyx species
(i.e., S. hendeyi and S. ekecaman; see Peigné et
al., 2008 for details). S. cf. soriae is also reported
by a fragment of P4 from the Late Miocene of the
Asa Koma Member, Adu Asa Formation, in Ethio-
pia (Haile-Selassie, 2008). Moreover, S. aff. eke-
caman occurs in the locality of Kossom Bougoudi,
Chad, at the Mio-Pliocene boundary (Bonis et al.
2008). The m1s of S. soriae (KNM LU 337 and
BAR 1984°05) differ from CM-03-A by a wider
metaconid, resulting in a less opened trigonid and
a more oblique protocristid, a metaconid higher
than the protoconid, a wider talonid relative to the
trigonid, and a deeper talonid basin. The M1 (BAR
1082°01) differs from CM-03-B in being wider and
mostly longer, in having an oblique paraconule-pro-
tocone blade with a protocone closer to the lingual
rim of the tooth, and a metaconule closer to the
metacone.

Sivaonyx ekecaman has been recovered from
the Early Pliocene of the Kanapoi Formation (Wer-
delin, 2003) and of the Magabet Formation, in
Kenya (Morales and Pickford, 2005). S. cf. eke-
caman is also reported from the latest Miocene and
earliest Pliocene of the Kuseralee and Haradaso
Members, Sagantole Formation, in the Middle
Awash of the Afar rift, in Ethiopia (Haile-Selassie,
2008). Moreover, S. aff. ekecaman occurs in the
locality of Kossom Bougoudi, Chad, at the Mio-
Pliocene boundary (Bonis et al. 2008). The m1s
differ from CM-03-A by very low cusps (hypoconid-
protoconid-paraconid of similar height on KNM-
KP10034b), an oblique distolingual crest of the
paraconid which joins the mesial crest descending
from the metaconid to close the trigonid lingual val-
ley, a nearly complete fusion of the basal cuspule
of the talonid with the distal face of the protoconid,
and a very wide and more basined talonid bor-
dered by cuspules. The M1 (KNM-KP10034c) is
distinct from that of the Chiang Muan otter by a
narrower paracone labial shelf, a bulbous para-
style, an oblique paraconule-protocone blade, a
protocone close to the lingual rim of the tooth, a
more extended distolingual cingulum resulting in a
distal position of its highest part relative to the
metacone, and in unparallel mesial and distal bor-
ders of M1.

Sivaonyx africanus is recorded from the Early
Pliocene of Klein Zee, South Africa, and possibly
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the Late Miocene of Wadi Natrun, Egypt (Stromer,
1931; Morales and Pickford, 2005; Pickford, 2007).
The mandible and the associated M1 (BSPG 1930
XI 1) from South Africa are compared here. The
m1 shows a wider talonid basin, a metaconid
higher than the protoconid, protoconid and paraco-
nid of similar height, a less distinct cuspule at the
distal base of the protoconid, and a less opened tri-
gonid lingual valley compared to CM-03-A. The M1
is again wider and mostly longer, and shows an
oblique paraconule-protocone blade, a protocone
closer to the lingual rim of the tooth, a metaconule
closer to the metacone, and an extended distolin-
gual cingulum unlike CM-03-B.

Sivaonyx hendeyi from the earliest Pliocene of
Langebaanweg, in South Africa (Morales et al.,
2005), shows on its mandible (SAM PQ-L 50000) a
more bunodont m1 than CM-03-A with very low
cusps, a thicker mesial cingulid, a metaconid
higher than the protoconid, a narrower trigonid lin-
gual valley, a poorly distinct cuspule at the distal
base of the protoconid, and an entoconid crest
higher than the hypoconid one.

Sivaonyx kamuhangirei is reported in the
Early Pliocene Kazinga Beds and Warwire Forma-
tion of Nkondo area, Uganda (Morales and Pick-
ford, 2005). It is possibly present in the latest
Miocene-earliest Pliocene Chadian locality of Kos-
som Bougoudi (Bonis et al. 2008). The holotype
(unnumbered specimen from Kazinga, figured in
Morales and Pickford, 2005) differs from CM-03-A
by a narrower trigonid lingual valley, a more
oblique hypoconid crest, and a stronger entoconid.

Overall, all African species show a more
derived dental morphology compared to Sivaonyx
cf. gandakasensis and Eurasian forms by display-
ing more bunodont teeth with notably larger pro-
portions, a lower m1 protoconid, and a shorter and
wider paraconid. Within Eurasian species, S.
bathygnathus displays a more derived dental mor-
phology compared to S. gandakasensis and S.
hessicus (e.g., wider m1, reduction of the parastyle
and distolingual extension on M1) and thus
appears closer to the African species of Sivaonyx.

DISCUSSION

Miocene bunodont otters include the genera
Vishnuonyx, Djourabus, Paludolutra, Sivaonyx,
and possibly Enhydriodon (Willemsen, 1992; Pick-
ford, 2007; Peigné et al., 2008). Much generic con-
fusion has been experienced for the last three taxa.
In the European genus Paludolutra, P. lluecai was
considered as a species of Enhydriodon (Villalta
and Crusafont-Pair6, 1945) then Sivaonyx (Alcala,
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1994), and P. maremmana and P. campanii were
assigned to Enhydriodon (Forsyth Major, 1873), a
suggestion followed later by many authors. Now
these species belong with a general acceptance to
Paludolutra, mainly based on the morphology of
their upper dentition. The attribution of fossil speci-
mens to either Sivaonyx or Enhydriodon is prob-
lematic because the fragmentary material shows
poor morphological differences, especially the
lower carnassial, and because the stratigraphic
occurrence of Enhydriodon type species in the
Siwalik Hills is uncertain (Pilgrim, 1932). Unlike
Paludolutra, the confusion between Sivaonyx and
Enhydriodon is still ongoing, mostly for African
forms: the species “S.” africanus, “S.” ekecaman,
and “S.” hendeyi are assigned either to Sivaonyx
(e.g., Morales and Pickford, 2005; Peigné et al.,
2008) or to Enhydriodon (e.g., Geraads et al.,
2011). The closer morphological resemblance of
the Chiang Muan otter with the type species S.
bathygnathus rather than with African otters, and
its older age, allow us to consider this taxon as a
Sivaonyx species with confidence. Even if some
African forms could be related to Enhydriodon, it is
likely that they belong to the same bunodont lin-
eage whose primitive features are exhibited by our
Thai specimens. These features are a long and
narrow paraconid, a high protoconid, a narrow tal-
onid basin and a well-distinct cuspule at the distal
base of the protoconid of m1, associated with a
wide paracone labial shelf and a more rectangular
shape of M1 (i.e., much wider than long and with
parallel mesial and distal borders).

The lutrine material from Chiang Muan Basin
brings new support for the hypothesis of a unique
biogeographical province during the Middle Mio-
cene comprising Southeast Asia and the Siwalik
Hills (Ducrocq et al., 1994; Chavasseau et al.,
2006). This has been previously revealed by the
common contemporaneous and exclusive pres-
ence of the rhinocerotid Chilotherium intermedium
and the suoids Pecarichoerus sminthos and Cono-
hyus sindiensis in Chiang Muan and in the Potwar
Plateau, the latter species also occurring in several
localities of the Mae Moh Group of northern Thai-
land (Pickford et al., 2004; Chavasseau et al.,
2006; Suganuma et al., 2006). The geographical
distribution of S. gandakasensis could also be
larger than those of all known African Sivaonyx
species. Currently living areas of otters are vari-
able among species. For instance, Aonyx capensis
is present in Southern Africa, northwards to Ethio-
pia to the east and in Western Africa (Lariviéere,
2001a) whereas Aonyx congicus occurs in central
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Africa (Lariviere, 2001b). The presence of a unique
otter species in the Middle-Late Miocene of South-
ern Asia may traduce similar environmental condi-
tions between Pakistan, India, and northern
Thailand. The sediments from the Ban Sa Mud-
stone Formation of the Chiang Muan Basin indi-
cate a fluviolacustrine and swamp environment
(Chaimanee et al., 2007). Moreover, pollen sam-
pled from the Upper Lignite Member of this locality
reveal warm and moist climate conditions with the
presence of a mosaic of tropical freshwater
swamps dominated by the lowland forest taxon
Syzygium (Chaimanee et al., 2003; Sepulchre et
al., 2010). Similarly, Haritalyangar deposits sug-
gest a river flood plain setting including an open
forest vegetation with patches of bamboo (Pillans
et al., 2005), and the Potwar Plateau of Pakistan
shows during the Early and Middle Miocene exten-
sive river flood plain systems that might have con-
tained a wide variety of habitats, from woodlands to
bush and grasslands near the large streams (Barry
and Flynn, 1990).

Data from postcranial remains of African
bunodont otters, such as Sivaonyx species, indi-
cate different locomotion patterns, ranging from
semi-aquatic to fully aquatic (Lewis, 2008). The
study of the postcranial anatomy of S. beyi, the old-
est African species, suggests that this otter was a
poorly specialized swimmer and probably a terres-
trial predator (Peigné et al., 2008). Even if no post-
cranial remains of Asian Sivaonyx species are
known, one can assume the capacity of long dis-
tance travelling on land, as in modern otters, fol-
lowing freshwater system, as Sivaonyx fossil
remains are always associated with lacustrine and/
or fluvial paleoenvironments. Moreover, the derived
dental morphological features of African Sivaonyx
species compared to Eurasian ones and the closer
similarity of S. bathygnathus with African Sivaonyx
species could suggest a dispersal event from Asia
to Africa probably during the Late Miocene
(between ca. 10 and 7 m.y.). Other bunodont otters
could have immigrated to Africa from Asia during
the Mio-Pliocene: the genus Vishnuonyx (consid-
ered as the ancestor of bunodont otters) during the
Middle Miocene, and possibly the genus Enhydri-
odon during the Late Miocene/Pliocene. The Mid-
dle Miocene carnivoran faunas from Southeast
Asia (e.g., Peigné et al., 2006; Grohé et al., 2010)
along with further fieldwork efforts in the Miocene
of Southern Asia promise to improve our compre-
hension of the evolutionary history of Carnivora as
well as the relevance of Neogene biogeographic
scenarii between the Old World continents.



ACKNOWLEDGEMENTS

This work was supported by the University of
Poitiers, the ANR-09-BLAN-0238 and a young
researcher award from the Fondation des Treilles.
We would like to thank J. Barry, L.J. Flynn, D. Pil-
beam (Harvard Peabody Museum) and D. Brink-
man (Yale Peabody Museum) for kindly allowing us
access to the fossil collections of the Siwaliks,
notably unpublished material. We are also grateful
to S. Peigné (MNHN) and L. Werdelin (SMNH
Stockholm) for providing photos of some speci-
mens compared in this study and for helpful dis-
cussions on bunodont otters. We would like to
thank all the team working on the Chiang Muan
field as well as M. Rugbumrung (DMR) and X. Val-
entin (iPHEP) for their technical support, and C.
Noél and G. Florent (iPHEP) for their administrative
guidance. The first author also thanks the team of
the paleontological department of the Institut des
Sciences de 'Evolution, University of Montpellier.

REFERENCES

Alcala, L. 1994. Macromammiferos Neogenos de la
Fosa de Alfambra-Teruel. Museo Nacional de Cien-
cias Naturales, Madrid.

Barry, J.C. and Flynn, L.J. 1990. Key biostratigraphic
events in the Siwaliks sequence, p. 557-571. In Lind-
say, E.H., Falbusch, V., and Mein, P. (eds.), Euro-
pean Neogene Mammal Chronology. Plenum Press,
New York.

Barry, J.C., Lindsay, E.H., and Jacobs, L.L. 1982. A bio-
stratigraphic zonation of the Middle and Upper Siwa-
liks of the Potwar Plateau of northern Thailand.
Palaeogeography, Palaeoclimatology, Palaeoecol-
ogy, 37:95-130.

Barry, J.C., Morgan, M.E., Flynn, L.J., Pilbeam, D., Beh-
rensmeyer, A.K., Raza, S.M., Khan, |.A., Badgley, C.,
Hicks, J., and Kelley, J. 2002. Faunal and Environ-
mental Change in the Late Miocene Siwaliks of
Northern Pakistan. Paleobiology, 28:1-71.

Benammi, M., Chaimanee, Y., Urrutia-Fucugauchi, J.,
and Jaeger, J.-J. 2004. Magnetostratigraphic Study
of the Continental Sedimentary Sequence of the Chi-
ang Muan Basin, Northern Thailand: Implications for
the Age of the First Miocene Hominoids from Thai-
land. International Geology Review, 46:646-654.

Bonaparte, C.L. 1838. Synopsis Vertebratorum System-
atis. Nuovi Annali delle Scienze Naturali Bologna,
2:105-133.

Bonis, L. de, Peigné, S., Mackaye, H.T., Likius, A., Vig-
naud P., Brunet, M. 2008. The fossil vertebrate local-
ity Kossom Bougoudi, Djurab desert, Chad : A
window in the distribution of the carnivoran faunas at
the Mio-Pliocene boundary in Africa. Comptes Ren-
dus Palevol, 7:571-581.

PALAEO-ELECTRONICA.ORG

Bowdich, T.E. 1821. An Analysis of Natural Classifica-
tions of Mammalia for the Use of Students and Trav-
ellers. J. Smith, Paris.

Chaimanee, Y., Jolly, D., Benammi, M., Tafforeau, P,
Duzer, D., Moussa, |., and Jaeger, J.-J. 2003. A Mid-
dle Miocene hominoid from Thailand and orangutan
origins. Nature, 422:61-65.

Chaimanee, Y., Yamee, C., Tian, P., and Jaeger, J.-J.
2007. Diversity of cenozoic mammals in Thailand:
Paleoenvironment and age updated, International
Conference on Geology of Thailand: Towards Sus-
tainable Development and Sufficiency Economy, pp.
73-79.

Chaimanee, Y., Suteethorn, V., Jintasakul, P., Vid-
thayanon, C., Marandat, B., and Jaeger, J.-J. 2004. A
new orang-utan relative from the Late Miocene of
Thailand. Nature, 427:439-441.

Chavasseau, O., Chaimanee, Y., Yamee, C., Tian, P,
Rugbumrung, M., Marandat, B., and Jaeger, J.-J.
2009. New Proboscideans (Mammalia) from the mid-
dle Miocene of Thailand. Zoological Journal of the
Linnean Society, 155:703-721.

Chavasseau, O., Chaimanee, Y., Tun, S.T., Soe, AN,
Barry, J.C., Marandat, B., Sudre, J., Marivaux, L.,
Ducrocq, S., and Jaeger, J.-J. 2006. Chaungtha, a
new Middle Miocene mammal locality from the
Irrawaddy Formation, Myanmar. Journal of Asian
Earth Sciences, 28:354-362.

Colbert, E.H. 1935. Siwalik Mammals in the American
Museum of Natural History. Transactions of the
American Philosophical Society, 26:1-401.

Coster, P., Benammi, M., Chaimanee, Y., Yamee, C.,
Chavasseau, O., Emonet, E.-G., and Jaeger, J.-J.
2010. A complete magnetic polarity stratigraphy of
the Miocene continental deposits of Mae Moh basin,
northern Thailand and a reassessment of the age of
hominoid bearing localities in northern Thailand.
Geological Society of America Bulletin, 122:1180-
1191.

de Muizon, C. 1982. Les relations phylogénétiques des
Lutrinae (Mustelidae, Mammalia). Geobios, 6:259-
277.

Ducrocq, S., Chaimanee, Y., Suteehorn, V., and Jaeger,
J.-J. 1994. Ages and paleoenvironment of Miocene
mammalian faunas from Thailand. Palaeogeography,
Palaeoclimatology, Palaeoecology, 108:149-163.

Fischer, G. 1817. Adversaria Zoologica. Mémoires de la
Société Impériale des naturalistes de Moscou, 5:357-
472.

Flower, W.H. 1869. On the value of the characters of the
base of the cranium in the classification of the Order
Carnivora and the systematic position of Bassaris
and other disputed forms. Proceedings of the Zoolog-
ical Society of London, 37:4-37.

Forsyth Major, C. 1873. Les faunes des vertébrés de
Monte Bamboli (Maremmes de la Toscane). Atti della
Societa Italiana di Scienze Naturali, 15:290-303.

1



GROHE ET AL.: OLDEST ASIAN BUNODONT OTTERS

Geraads, D., Alemseged, Z., Bobe, R., and Reed, D.
2011. Enhydriodon dikikae, sp. nov. (Carnivora:
Mammalia), a Gigantic Otter from the Pliocene of
Dikika, Lower Awash, Ethiopia. Journal of Vertebrate
Paleontology, 31:447-453.

Grohé, C., Chaimanee, Y., Bonis, L. de, Yamee, C.,
Blondel, C., and Jaeger, J.-J. 2010. New data on
Mustelidae (Carnivora) from Southeast Asia: Siamo-
gale thailandica, a peculiar otter-like mustelid from
the late Middle Miocene Mae Moh Basin, northern
Thailand. Naturwissenschaften, 97:1003-1015.

Haile-Selassie, Y. 2008. New observations on the Late
Miocene—Early Pliocene Lutrinae (Mustelidae: Car-
nivora, Mammalia) from the Middle Awash, Afar Rift,
Ethiopia. Comptes Rendus Palevol 7:557-569.

Koepfli, K.-P. and Wayne, R.K. 1998. Phylogenetic rela-
tionships of otters (Carnivora: Mustelidae) based on
mitochondrial cytochrome b sequences. Journal of
Zoology (London), 246:401-416.

Koepfli, K.-P., Kanchanasaka, B., Sasaki, H., Jacques,
H., Louie, K.D.Y., Hoai, T., Xuan Dang, N., Geffen,
E., Gutleb, A, Han, S.-y., Heggberget, T.M., La Fon-
taine, L., Lee, H., Melisch, R., Ruiz-Olmo, J., Santos-
Reis, M., Sidorovich, V.E., Stubbe, M., and Wayne,
R.K. 2008. Establishing the foundation for an applied
molecular taxonomy of otters in Southeast Asia.
Naturwissenschaften, 9:1589-1604.

Kretzoi, M. 1943. Kochitis centenii n. gen. n. sp., ein
altertiimlicher Creodonte aus dem Oberoligozan Sie-
benblrgens. Féldtany Kézlény, 52:10-195.

Lariviére, S. 2001a. Aonyx capensis. Mammalian spe-
cies, 671:1-6.

Lariviéere, S. 2001b. Aonyx congicus. Mammalian spe-
cies, 650:1-3.

Lewis, M.E. 2008. The femur of extinct bunodont otters
in Africa (Carnivora, Mustelidae, Lutrinae). Comptes
Rendus Palevol 7:607-627.

Lydekker, R. 1884. Indian Tertiary and post-Tertiary Ver-
tebrata: Siwalik and Narbada Carnivora. Memoirs of
the Geological Survey of India, Palaeontologia
Indica, 10:178-355.

Lydekker, R. 1890. On a new species of otter from the
lower Pliocene of Eppelsheim. Proceedings of the
Zoological Society of London, 1890:3-5.

Morales, J. and Pickford, M. 2005. Giant bunodont Lutri-
nae from the Mio-Pliocene of Kenya and Uganda.
Estudios Geologicos, 61:233-246.

Morales, J. and Pickford, M. 2011. A new paradoxurine
carnivore from the Late Miocene Siwaliks of India
and a review of the bunodont viverrids of Africa. Geo-
bios, 44:271-277.

Morales, J., Pickford, M., and Soria, D. 2005. Carnivores
from the Late Miocene and Basal Pliocene of the
Tugen Hills, Kenya. Revista de la Sociedad
Geolbgica de Espafia, 18:39-61.

Nicolas, P.J. 1978. Un nouveau gisement de Vertébrés
dans le Chersonien: Kutchuk-Tchekmedjé Ouest
(Thrace turque). Comptes Rendus de I'’Académie des
Sciences, 287:455-458.

12

Patnaik, R. 2013. Indian Neogene Siwalik Mammalian
Biostratigraphy: An overview, p. 423-444. In Wang,
X., Flynn, L.J., and Fortelius, M. (eds.), Fossil Mam-
mals of Asia: Neogene Biostratigraphy and Chronol-
ogy. Columbia University Press, New York.

Peigné, S., Chaimanee, Y., Yamee, C., Tian, P., and Jae-
ger, J.-J. 2006. A new amphicyonid (Mammalia, Car-
nivora, Amphicyonidae) from the late Miocene of
northern Thailand and a review of the amphicyonine
record in Asia. Journal of Asian Earth Sciences,
26:519-532.

Peigné, S., de Bonis, L., Likius, A., Mackaye, H.T., Vig-
naud, P., and Brunet, M. 2008. Late Miocene Carniv-
ora from Chad: Lutrinae (Mustelidae). Zoological
Journal of the Linnean Society, 152:793-846.

Pickford, M. 2007. Revision of the Mio-Pliocene buno-
dont otter-like mammals of the Indian Subcontinent.
Estudios geologicos, 63:83-127.

Pickford, M. and Liu, L. 2001. Revision of the Miocene
Suidae of Xiaolongtan (Kaiyuan), China. Bulletino
della Societa Paleontologica Italiana, 40:275-283.

Pickford, M., Nakaya, H., Kunimatsu, Y., Saegusa, H.,
Fukuchi, A., and Ratanasthien, B. 2004. Age and tax-
onomic status of the Chiang Muan (Thailand) homi-
noids. Comptes Rendus Palevol, 3:65-75.

Pilgrim, G.E. 1931. Catalogue of the Pontian Carnivora
of Europe in the Department of Geology, British
Museum (Natural History), London.

Pilgrim, G.E. 1932. The fossil Carnivora of India. Mem-
oirs of the Geological Survey of India, Palaeontologia
indica, 18:1-232.

Pillans, B., Williams, M., Cameron, C., Patnaik, R., Hog-
arth, J., Sahni, A., Sharma, J.C., Williams, F., and
Bernor, R.L. 2005. Revised correlation of the Harital-
yangar magnetostratigraphy, Indian Siwaliks: impli-
cations for the age of the Miocene hominids
Indopithecus and Sivapithecus, with a note on a new
hominid tooth. Journal of Human Evolution, 48:507-
515.

Prasad, K.N. 1968. The vertebrate fauna from the Siwa-
lik beds of Haritalyangar, Himachal Pradesh, India.
Memoirs of the Geological Survey of India, Paleonto-
logia Indica, 39:1-55.

Qi, G. 1979. Pliocene mammalian fauna of Lufeng, China
Vertebrata PalAsiatica, 17:14-22.

Qi, G. 1983. Description of Carnivora fossils from Lufeng.
Acta Anthropologica Sinica, 2:11-20.

Qi, G., Dong, W., Zheng, L., Zhao, L., Gao, F., Yue, L.,
and Zhang, Y. 2006. Taxonomy, age and environ-
ment status of the Yuanmou hominoids. Chinese Sci-
ence Bulletin, 51:704-712.

Sepulchre, P., Jolly, D., Ducrocq, S., Chaimanee, Y., Jae-
ger, J.-J., and Raillard, A. 2010. Mid-Tertiary paleo-
environments in Thailand: pollen evidence. Climate
of the Past, 6:461-473.



Stromer, E. 1931. Reste Silisswasser und Land
bewohnender Wirbeltiere aus den Diamantfeldern
Klein-Namaqualandes (Sudwest Afrika). Sitzungs-
berichte der Mathematisch-Naturwissenschaftlichen
Abteilung der Bayerischen Akademie der Wissen-
schaften zu Miinchen, 1:17-47.

Suganuma, Y., Hamada, T.,, Tanaka, S., Okada, M.,
Nakaya, H., Kunimatsu, Y., Saegusa, H., Nagaoka,
S., and Ratanasthien, B. 2006. Magnetostratigraphy
of the Miocene Chiang Muan Formation, northern
Thailand: Implication for revised chronology of the
earliest Miocene hominoid in Southeast Asia. Palae-
ogeography, Palaeoclimatology, Palaeoecology,
239:75-86.

Suraprasit, K., Chaimanee, Y., Martin, T., and Jaeger, J.-
J. 2011. First Castorid (Mammalia, Rodentia) from
the Middle Miocene of Southeast Asia. Naturwissen-
schaften, 98:315-328.

van Zyll de Jong, C.G. 1987. A phylogenetic study of the
Lutrinae (Carnivora; Mustelidae) using the morpho-
logical data. Canadian Journal of Zoology, 65:2536-
2544.

van Zyll de Jong, C.G. 1991. A brief review of the sys-
tematics and a classification of the Lutrinae, p. 79-83.
In Reuther, C. and Réchert, R. (eds.), Proceedings of
the V International Otter Collogium, Habitat 6, Han-
kensbuttel 1989.

PALAEO-ELECTRONICA.ORG

Villalta, J.F., and Crusafont-Pairé, M. 1945. Enhydriodon
lluecai n. sp. el primer latrido del Pontiense espariol.
Boletin de la Real Sociedad Espafiola de Historia
Natural, 43 :383-396.

Werdelin, L. 2003. Carnivora from the Kanapoi Hominid
site, Turkana Basin, Northern Kenya, p. 115-132. In
Harris, J.M. and Leakey, M.G. (eds.), Geology and
Vertebrate Paleontology of the Early Pliocene Site of
Kanapoi. Contributions in Science, Los Angeles.

Werdelin, L. and Peigné, S. 2010. Carnivora, p. 609-663.
In Werdelin, L., and Sanders, W.J. (eds.), Cenozoic
Mammals of Africa. University of California Press,
Berkeley.

Werdelin, L. and Sanders, W.J. 2010. Cenozoic Mam-
mals of Africa. University of California Press, Berke-
ley.

Willemsen, G.F. 1992. A revision of the Pliocene and
Quaternary Lutrinae from Europe. Scripta Geologica,
101:1-115.

Zong, G. 1997. Carnivora, p. 69-89. In He, Z.-q. (ed.),
Yunamou Hominoid Fauna. Yunnan Science & Tech-
nology Press, Kunming.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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 1.50000
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


