DOI:10.19615/j.cnki.1000-3118.2014.02.003

52 2 pp. 183-200

2014 4 VERTEBRATA PALASIATICA figs. 1-6

Gomphotherium inopinatum, a basal Gomphotherium
species from the Linxia Basin, China, and other Chinese
members of the genus
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Abstract An incomplete right dentary retaining m2 and m3 was recovered from the upper
Lower Miocene of Ganchiliang, in the Linxia Basin. The part of the corpus anterior to the molars
is strongly elongated, but not inclined or deflected downward. The mandibular angle of the ramus
is in a low position. The molars are small and morphologically primitive. The interlophids are
moderately anteroposteriorly open. Clear indications of further subdivision are absent in the
posttrite half lophids and in the pretrite central conules. The major characters of the partial dentary
correspond to those of Gomphotherium inopinatum from the Lower Miocene of the Turgai region
of Kazakhstan, and the new Ganchiliang specimen is accordingly referred to this species. This is
the first report of G. inopinatum from China, and G. inopinatum in turn represents the most basal
species of Gomphotherium so far known in the Chinese record. Among other Gomphotherium
species known from China, G. wimani represents a derived east Eurasian form that appears to
be closely related to the European species G. steinheimense. Gomphotherium connexum seems
to be a member of the “G. angustidens group”, given its strong morphological resemblance
to G. angustidens. G. subtapiroideum may represent another evolutionary branch of the “G.
angustidens group”, distinct from G. angustidens. “G. shensiensis” may represent a variation of G.
subtapiroideum.
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1 Introduction

Gomphotherium Burmeister, 1837 is the most conservative genus in Gomphotheriidae
(Lambert, 1996), and indeed one of the most conservative among all Miocene proboscideans.
The only synapomorphy of Gomphotherium is the pyriform or subcircular cross-section of
the lower tusks (Tobien, 1973a; Tassy, 1985). Since Cuvier described several isolated teeth
from the Middle Miocene of Simorre, South France as “mastodontes a dents étroites” in 1806
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(Osborn, 1936; Tassy and Goéhlich, 2012), many taxa have been established in the genera
Gomphotherium, Trilophodon, and Serridentinus (Osborn, 1936; Simpson, 1945; Tassy, 1985;
Tobien, 1972; Wang et al., 2013a). The last two of these genera are now considered junior
synonyms of the first. Tobien (1973a) amended the genus Gomphotherium to include all of the
European taxa in one species, Gomphotherium angustidens. He also considered other Asian
and African gomphothere species to belong to the “Gomphotherium angustidens group.”
This classic work created a useful framework for research on Gomphotherium. Tassy (1985)
subdivided Gomphotherium species having lower tusks with a pyriform cross-section into the
“Gomphotherium annectens group” and the “Gomphotherium angustidens group.” Members
of the former (G. annectens, G. sylvaticum, and G. cooperi) exhibit more plesiomorphies than
members of the latter (G. angustidens, G. subtapiroideum, and G. inopinatum). Sanders et
al. (2010) recognized an additional “‘pygmy’ Gomphotherium group” including the African
species G. pygmaeus. However, neither of these authors discussed Gomphotherium species
from China, which remain in need of further attention.

Recently, our field team discovered a fragmentary gomphothere right lower jaw in the
Lower Miocene of Ganchiliang in the Linxia Basin, Gansu, China (Fig. 1). The cheek tooth
pattern is primitive and exhibits none of the derived characteristics known in other Chinese
species (e.g., narrowness of m3 as in G. connexum, or subdivision of posttrite half loph(id)s
as in G. wimani). However, this specimen is a good match for G. inopinatum Borissiak &
Belyaeva, 1928 from the Lower Miocene Jilancik Beds of the Turgai region of Kazakhstan
(Borissiak and Belyaeva, 1928). This important find helps us further elucidate the phylogenetic
relationships among Gomphotherium species from China and elsewhere and understand the
dispersal throughout the Holarctic of Gomphotherium, an important basal genus within the
Elephantidae.

Institutional abbreviations AMNH, American Museum of Natural History, New York,
USA; BSP, Bayerische Staatssammlung fiir Historische Geologie und Paléontologie, Munich,
Germany; IVPP, Institute of Vertebrate Paleontology and Paleoanthropology, Chinese Academy
of Sciences, Beijing, China; LZU, Key Laboratory of Western China’s Environmental Systems,
Research School of Arid Environment and Climate Change, Lanzhou University, Lanzhou,
China; MNHN, Muséum National d’Histoire Naturelle, Paris, France; PMU, Palaeontological
Museum, Uppsala, Sweden.

2 Systematic paleontology

Order Proboscidea Illiger, 1811
Family Gomphotheriidae Hay, 1922
Genus Gomphotherium Burmeister, 1837
Gomphotherium inopinatum (Borissiak & Belyaeva, 1928)
(Figs. 2-3; Tables 1-2)
Trilophodon (Serridentinus?) inopinatus Borissiak & Belyaeva, 1928, p. 241, pl. I-11
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Fig.1 Map of the Ganchiliang locality in the Linxia Basin

Syntypes Two maxillae with M2 and M3 (specimens no.: 1401/614 and 1401/1152)
belonging to one skull; two pairs of incomplete mandibular rami, both having m2 and m3
(1401/606+1401/607; 1401/608+1401/602); isolated M3 (1401/642, 1401/602), M2 (1401/643,
1401/618), P4 (1401/623, 1401/629), 12 (1401/598, 1401/1328), m3 (1401/619, 1401/639), m2
(1401/640, 1401/644), m1(1401/645), and i2 (1401/597, 1401/599) (Borissiak and Belyaeva,
1928).

Type locality Jilan¢ik Beds, Turgai region, Kazakhstan (Borissiak and Belyaeva, 1928),
Lower Miocene (Tassy, 1985).

New referred specimen IVPP V 18700, an incomplete right dentary with a greatly
worn m2 and a slightly worn m3.

Locality and horizon of IVPP V 18700 Ganchiliang (N 3527 %9.4""E 103<17 “30.1"7
H 2530 m, loc. No. LX200802), Linxia Basin, Gansu, China (Fig. 1), Dongxiang Formation,
upper Lower Miocene. The accompanying fauna (Shinanu Fauna) indicates a possible
correspondence in age to MN5 (Deng et al., 2013). A fragmentary mandibular symphysis of
Platybelodon danovi was discovered at the same locality (Wang et al., 2013b).

Remarks Three species of Gomphotherium have been previously reported from China.
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The Ganchiliang specimen differs from G. connexum in having more open interlophids, lower
central conules, and a wider m3; differs from G. wimani in having more open interlophids and
central conules that are not subdivided, and in lacking posttrite central conules; also differs
from “G. shensiensis” in having 2" posterior pretrite central conules, and posttrite half lophids
that are not subdivided (Hopwood, 1935; Chow and Zhang, 1974; Chang and Zhai, 1978;
Tobien et al, 1986; Chen, 1988; Wang et al., 2013a). Resemblances in the mandible and teeth
link the Ganchiliang specimen to the primitive G. inopinatum from Kazakhstan, and support
its referral to this species (see below). Thus, the Ganchiliang specimen represents the most
primitive species of Gomphotherium so far known from China.

Description  All but the posteriormost portion of the symphyseal area is broken away in
the right dentary (Fig. 2). The mandibular condyle and adjacent ramus are broken. The surface
of the bone is deeply weathered, exhibiting many long cracks along the corpus and some
reticulated areas.

No remnant of the lower tusk or alveolus can be observed. The distance between the
anteriormost preserved tooth and the posterior border of the symphysis is considerable (117
mm). The interalveolar crest anterior to the dentition is high and sharp. The corpus has a
rounded ventral surface, and is expanded neither laterally in the posterior part nor ventrally in
the anterior part. The apex of the retromolar trigon is broken. The ramus is low, with a rounded
angular process. The anterior and posterior borders of the ramus are almost perpendicular to
the corpus, rather than posteriorly inclined as in Platybelodon. The coronoid process protrudes
dorsally and slightly anteriorly, forming a deep mandibular notch. The masseteric fossa is
dorsoventrally compressed, but very deep. In medial view, a triangular groove is visible
posterior to the opening of the mandibular foramen, close to the posterior part of the ramus.

Table 1 Measurements (after Tassy, 1996a) of the dentary of Gomphotherium inopinatum

from Ganchiliang, IVPP V 18700 (mm)

preserved length of dentary 642
alveolar distance (from most salient point of trigonum retromolare to symphyseal border of corpus) (3) ca. 389
width of corpus measured at root of ramus (7) 102
width of corpus measured at anterior alveolus (or at grinding tooth if alveolus entirely resorbed) (8) 82
maximum height of corpus (measurement taken perpendicular to the ventral border of the corpus) (16) 117
height of corpus measured at the root of the ramus (measurement as above) (17) 108
rostral height measured at the symphyseal border (measurement taken perpendicular to the ventral border 107
of the symphyseal rostrum) (18)

maximum depth of ramus (21) 236
depth between gonion and coronoid processes (22) 270
mid-alveolar length measured on the buccal side between the anterior alveolus (or grinding tooth if the 240

alveolus is resorbed) and the root of the ramus (24)
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Fig. 2 Right dentary of Gomphotherium inopinatum (IVPP V 18700)
A. medial view; B. dorsal view; C. lateral view

The trilophodont m2 (Fig. 3) is deeply worn, and has a broken anterior edge. The first
lophid is narrow, and only a strong posterior pretrite central conule can be observed. The
second and third lophids are widened. The second posterior pretrite central conule is larger
than the anterior one, and no posttrite central conules are present. The third pre- and posttrite
half lophids form a chevron structure. Only two low enamel cusps arise from the posterior
cingulid of the tooth. Cingulids are absent on the other margins of the tooth, except at the
posterior border, and almost no cementum exists.
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Fig. 3 Lower right cheek teeth of Gomphotherium inopinatum (IVPP V 18700) in occlusal view

Table 2 Measurements of the right lower cheek teeth of Gomphotherium inopinatum

from Ganchiliang, VPP V 18700 (mm)
Type L w H w1 W2 W3 W4
m2 92+ 56 — 45+ 54 56
m3 149 68 49 60 65.5 68 52.5

Abbreviations: L. length; W. maximal width; H. height; W1, 2, 3, and 4. width at the 1%, 2", 3, and 4™ loph(id)s,
respectively.

The tetralophodont m3 (Fig. 3) is only slightly worn, and the tooth is widest at the
level of the third lophid. The cusps of each half lophid are blunt and rounded, as is typical
in G. angustidens, and not compressed and subdivided. However, the interlophids are
moderately anteroposteriorly widened, showing a degree of similarity to the condition in
G. subtapiroideum. The first pretrite mesoconelet is much smaller than the main cusp.
The first anterior pretrite central conule extends anterolingually, connecting to the anterior
cingulid. The first posterior pretrite central conule is low but broad, and is separated from the
main cusp but linked to it by an enamel ridge. The second pretrite mesoconelet is enlarged
and anteriorly displaced, and tends to fuse with the anterior pretrite central conule. The
second posterior central conule is morphologically identical to (but a little smaller than) the
anterior one, and is linked to the main cusp in much the same manner as the first lophid.
The central conule on the third lophid is weak, but the pretrite mesoconelet is strong. Two
half lophids form a chevron as in m2. The posttrite half lophids of the first three lophids
are all simple in that they each comprise only a large main cusp and a smaller mesoconelet,
without any trace of posttrite central conules. The fourth lophid is incomplete, consisting of
four irregular enamel cusps. As in m2, almost no cingulid (except on the anterior border) or
cementum can be seen.
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3 Discussion

3.1 Affinities of the Ganchiliang specimen

The Ganchiliang specimen is undoubtedly referable to Gomphotherium, as indicated
by several taxonomically significant features. First, the lower jaw is typical of longirostrine
trilophodont gomphotheres, and shows that the specimen does not belong to a tetralophodont
(i.e., Tetralophodon, Paratetralophodon, Anancus, Stegolophodon, or “Mastodon”
grandincisivus) or brevirostrine (i.e., Sinomastodon or a cuvieroniine)(Lucas, 2013; Lucas
and Morgan, 2008; Prado and Alberdi, 2008; Schlesinger, 1917; Tassy, 1983a,b,c, 1985,
1986; Tobien, 1973a,b, 1975, 1978; Tobien et al., 1986, 1988). Second, the anterior part of
the corpus is not deflected downward, excluding the specimen from Rhynchotherium (Lucas
and Morgan, 2008; Miller, 1990; Tobien, 1973a). Third, the evident lack of strong chevroning,
choerolophodonty, ptychodonty, or cementodonty on the cheek teeth excludes the specimen
from the Choerolophodontinae (i.e., Choerolophodon, Afrochoerodon, or Synconolophus)
(Pickford, 2001; Tassy, 1983b, 1985, 1986; Tobien, 1973a; Wang and Deng, 2011). Fourth,
although m3 exhibits anteroposteriorly widened interlophids, the posterior half lophids display
no trace of either anteroposterior compression or subdivision. This feature distinguishes the
Ganchiliang specimen from Mammutidae (i.e., Eozygodon, Zygolophodon, or Mammut)(Tassy,
1985; Tassy and Pickford, 1983; Tobien, 1975). Finally, the cheek teeth in this specimen
exhibit none of the synapomorphies seen in the Amebelodontinae (i.e., Archaeobelodon,
Protanancus, Platybelodon, Afromastodon, Amebelodon, and Torynobelodon), such as narrow
molars or the presence of posttrite central conules and pseudo-anancoidy in the cheek teeth.
The ramus is not posteriorly inclined, in contrast to the condition in most amebelodontines
(Pickford, 2003; Tassy, 1983a, 1984, 1985, 1986; Wang et al., 2013b). However, the primitive
structure of the cheek teeth supports referral of this specimen to Gomphotherium, even though
no information on the lower tusks is available. It is difficult to compare the Ganchiliang
specimen to the African Progomphotherium (for which few lower teeth have been found), but
the Ganchiliang specimen seems not belong to this genus given the very primitive stage of
horizontal accession of the cheek teeth (P3—M3 in wear at the same time) that is characteristic
of Progomphotherium maraisi (Pickford, 2003).

The imcomplete mandible of the Ganchiliang specimen exhibits some features that are
unusual for Gomphotherium. First, the distance between the posterior border of the symphysis
and the anteriormost of the preserved cheek teeth is similar to that seen in G. inopinatum from
the Turgai region of Kazakhstan (Borissiak and Belyaeva, 1928). Second, the anterior part of
the corpus (anterior to the dentition) neither slopes gradually downward as in G. annectens,
G. angustidens, and G. subtapiroideum, nor is deflected downward as in G. browni, G.
steinheimense, and G. productum (Osborn, 1926, 1936; Tassy, 1985, 1994; Gohlich, 1998, 2010).
The corpus remains almost straight along its entire length, again as in G. inopinatum (Fig. 4).
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Third, although it is slightly damaged, the posterior border of the ramus is almost perpendicular
to the corpus. As a result, the mandibular angle is in a relatively low position as in G. inopinatum
from the Turgai region, as opposed to the relatively high position seen in G. angustidens (Borissiak
and Belyaeva, 1928; Tassy, 1985)(Fig. 4). However, the strong, protruding, and rounded coronoid
process differs from both the small, non-protruding process of G. angustidens and the hook-
like process of G. steinheimense, G. subtapiroideum, and G. inopinatum from the Turgai region,
Kazakhstan (Borissiak and Belyaeva, 1928; Gohlich, 1998, 2010)(Fig. 4), but is morphologically
similar to the type of process that is present in G. productum. Thus, except for the shape of the
coronoid process, the Ganchiliang specimen is almost identical to G. inopinatum.

Fig. 4 Comparison among gomphothere mandibles
A. Gomphotherium annectens, Banjoburo, a cast of the holotype in MNHN; B. G. inopinatum, Turgai,
1401/606-607 (holotype), after Borissiak and Belyaeva, 1928; C. G. inopinatum, Ganchiliang, IVPP V 18700;
D. G. connexum, Xining, cast of PMU-M 3047 (holotype); E. G. angustidens, En Péjouan, cast of MNHN
SEP137; F. G. subtapiroideum, Sandelzhausen, BSP1959 Il 384, after Gohlich, 2010; G. G. wimani, Nanyucun,
LZU201002, after Wang et al., 2013a; H. G. steinheimense, Muhldorf, BSP1971/275, after Gohlich, 1998; 1.
G. productum, AMNH10582, after Osborn, 1936; J. G. browni, AMNH19417 (holotype), after Osborn, 1926.
Angles accompanying drawings represent symphyseal deflection. Except in G, all mandibles represent adults.
B and | are horizontally reversed. D and F are in medial view, and all others are in lateral view
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Tassy (1985) subdivided Gomphotherium into the “Gomphotherium annectens group”
(including G. annectens, G. sylvaticum, and G. cooperi), representing an “archaic” type of
Gomphotherium, and the purportedly aberrant “Gomphotherium angustidens group” (G.
angustidens, G. subtapiroideum, and G. inopinatum). Furthermore, Sanders et al. (2010)
postulated a “‘pygmy’ Gomphotherium group” including the African species G. pygmaeus.
Because of the presence of a synapomorphy—a subcircular cross-section of the lower tusks—
the remaining species (G. productum, G. browni, and G. steinheimense) seemingly constitute
another natural group of Gomphotherium, and | refer to them here as the “Gomphotherium
productum group”. It will be informative to compare the tooth crown patterns of different
groups in Gomphotherium to that of the Ganchiliang specimen. Furthermore, | provisionally
assign the Chinese species G. connexum to the “Gomphotherium angustidens group” and G.
wimani to the “Gomphotherium productum group” based on preliminary comparisons of tooth
crown morphology (for detailed reasons given below).

The Ganchiliang specimen exhibits more plesiomorphies in tooth crown morphology
than members of the “Gomphotherium productum group”, in which the interlophids are
anteroposteriorly compressed by the rounded cusps of pre- and posttrite half lophids rather
than relatively open as in the Ganchiliang specimen. Some derived crown features, such as
posttrite central conules, subdivision of the posttrite half lophids, and a pentalophodont m3,
are occasionally or often present in the “Gomphotherium productum group” (Géhlich, 1998;
Hopwood, 1935; Osborn, 1926, 1936; Tassy, 1985; Tobien, 1972, 1973a; Tobien et al., 1986).
However, none of these structures can be observed in the Ganchiliang specimen.

The Ganchiliang specimen has relatively open interlophids and rounded main
cusps, similar to members of the “Gomphotherium annectens group.” In all taxa of the
“Gomphotherium annectens group”, the anterior pretrite central conules of the lower
molars are seemingly poorly developed (Osborn, 1932, 1936; Tassy, 1977, 1985, 1994),
but these structures are relatively strongly developed in the Ganchiliang specimen. In the
“Gomphotherium annectens group” the tooth crowns are more rounded and their boundaries
are less clear than in the Ganchiliang specimen. Furthermore, in the Ganchiliang specimen the
fourth lophid of m3 is poorly developed as in G. annectens, in contrast to the well-developed
fourth lophid seen in G. cooperi and G. sylvaticum (Osborn, 1932, 1936; Tassy, 1977, 1985,
1994).

The systematic position of G. pygmaeus is debated (Osborn, 1936; Tobien, 1973a; Roger
et al., 1994; Pickford, 2004; Sanders et al., 2010), with this species typically either assigned to
Choerolophodon or regarded as a nomen dubium. However, Sanders et al. (2010) considered
G. pygmaeus to belong to a distinct “‘pygmy’ Gomphotherium group”, and G. pygmaeus is
indeed very small (Fig. 5; Table 3). Furthermore, in this species the interlophids are relatively
compressed and covered by strong cementum. These characters clearly distinguish G.
pygmaeus from the Ganchiliang specimen.
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Fig. 5 Scatter plots showing the proportions of m2 and m3 in various Gomphotherium species

In the “Gomphotherium angustidens group”, the Ganchiliang specimen differs from G.
angustidens and G. connexum in having relatively open interlophids and low central conules
(Hopwood, 1935; Tassy, 1985, Tobien et al., 1986). The Ganchiliang specimen has open
interlophids resembling those of G. subtapiroideum, but in G. subtapiroideum the lophids
(especially the posttrite half lophids) are generally more anteroposteriorly compressed than in
the Ganchiliang specimen (Gohlich, 2010; Schlesinger, 1917). Some derived features, such as
subdivisions of both the posttrite half lophids and the pretrite central conules, are often present
in the cheek teeth of G. subtapiroideum (Schlesinger, 1917; Gohlich, 2010). However, these
features are definitely lacking in the Ganchiliang specimen.

The Ganchiliang specimen resembles G. inopinatum from the Turgai region, Kazakhstan,
in lower cheek tooth morphology and other mandibular features. The m3 is almost identical in
both cases. Only the third anterior pretrite central conule exists in the Ganchiliang specimen
(although it is fairly weak), whereas even this conule is absent in the holotype of G. inopinatum
(Borissiak and Belyaeva, 1928). This is a small and probably unimportant variation compared
to others existing in Gomphotherium. The two specimens are also close in m2 structure, though
the Ganchiliang specimen is slightly larger and has a smaller m2 (Fig. 5; Table 3). Despite
these minor differences, there appears to be no clear basis for assigning these specimens to
different species.

Another species that should be mentioned is Gompthotherium mongoliense from the
Lower Miocene of Loh, Mongolia. The holotype comprises a series of teeth including the left
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Table 3 Measurements of the cheek teeth of various Gomphotherium species (mm)
m2 m3
Length Width Index” Length Width Index”

G. annectens? 91-91 51-52 56.0-57.1 123-125 55-56 44.7-44.8

G. cooperi® 100 55 55.0 147 63 42.9
G. mongoliense®” — — — 135-140 60-60 42.9-44.4
G. sylvaticum® 103-104.5 56-60 54.4-57.4 161-161 68-70 42.2-43.5
G. inopinatum® 92-116 45-72 48.9-62.1 139-149 60-62 42.3-44.6
G. connexum” 102-102 49.8-51 48.8-50.0 1455-191.5 51.8-66 34.4-37.6
G. angustidens (Simorre)®  95.5-110 59.3-63  53.9-66.0 136-191 54-72 37.7-43.7
G. angustidens libycum? 116.4-119.4  60.2-59.4  50.4-51.0 147.1-175 60.5-68.4 37.7-46.5

g;“ dﬁ‘;}'{:ﬁ;‘éﬁ‘;ﬂ] 80-112 50-64  57.1-64.3 131-1775 60-79 40.8-51.0

G. subtapiroideum (Linxia

Basin)® 114-120 71-735  61.3-62.3 165-188.5 75.5-88 45.6-47.6

G. steinheimense'® 124 78 62.9 176-218 80-94 43.1-45.5

G. wimani*? 103 71 68.9 161-185 74.5-75 40.5-46.3

G. productum*? 122-123 72-73 58.5-59.8 154-168 76-76.5 45.5-49.4
G. browni™ 114-118 72-73 61.0-64.0 — — —

G. pygmaeus™® 76.9-79 457-46.7  59.1-59.4 118.8-124  50.4-53.8  40.8-43.7

1) Index = 100><Width/Length; 2) data from a cast of the holotype in MNHN; 3) data from Oshorn, 1932; 4) data from
Gohlich, 2007; 5) data from Tassy, 1977; 6) data from Borissiak and Belyaeva, 1928 and the present article; 7) data from
Hopwood, 1935, Chen 1988, and IVPP V 18701; 8) data from specimens in MNHN; 9) data from Sanders and Miller, 2002;
10) data from Gohlich, 2010; 11) unpublished data; 12) data from Gohlich, 1998; 13) data from Hopwood, 1935 and IVPP V
18759; 14) data from Osborn, 1936; 15) data from Osborn, 1926; 16) data from Pickford, 2004 and Roger et al., 1994.

upper DP4-M2, in addition to a right upper M3"). Géhlich (2007) reported another two m3
teeth referable to the species. This species is generally primitive but nevertheless displays
some aberrant features, perhaps explaining why it has been considered incertae sedis by some
authors (Shoshani and Tassy, 1996; Tassy, 1985). The cusps of the half loph(id)s are even more
robust than those in G. annectens (also more robust than G. inopinatum), and the interloph(id)s
are compressed as a result of expansion of the loph(id)s. The pretrite central conules are
anteroposteriorly compressed, and in the upper cheek teeth they are distant from the median

1) The anatomical positions of these teeth are controversial. Osborn (1924:1) published them as right lower dp4
(?p4), m2, m3, and left lower m1; Tobien (1973a:213) considered them right lower dp4-m3; Gohlich (2007:273) considered
them left dp4 and m1, and right m2 and m3; while Tassy (1985:710) considered them upper teeth. Here | agree with Tassy
(1985) because the teeth are short and broad, and because the pretrite half lophs are anteriorly displaced relative to the
corresponding posttrite half lophs. | consider the M2 to be from the left side, because the strong anterior central conule in
the first loph resembles the corresponding one in the M3. Thus this should be a synapomorphy of the species rather than an
enamel cusp on the posterior cingulum.
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sulcus. The mesoconelets are also strong. The first anterior pretrite central conules of the upper
cheek teeth are extremely large, being equal in size to the first pretrite main cusps. These
features are distinct from G. inopinatum. As Goéhlich (2007) proposed, this species should be
attributed to the “Gomphotherium annectens group.”

3.2 On Chinese Gomphotherium

Gomphotherium specimens from China have not been extensively studied, and require
further attention. Because of its primitive morphology, Gomphotherium is considered
to represent the ancestral stock of many derived proboscideans, such as Cuvieroniinae,
tetralophodont gomphotheres, Stegodontinae, and true elephantids (Shoshani, 1996; Tassy
1982, 1988, 1996b). A great contribution was made by Tobien et al. (1986), who considered
20 putative species and concluded that only the three listed ones were valid (i.e., G. connexum,
G. wimani, and “G. shensiensis”) from nearly 20 established species (Chow and Zhang,
1974). However, no detailed evaluation of the phylogenetic relationships among these species
has ever been carried out, possibly because these Asian forms display some features that
appear aberrant in the light of comparisons with their contemporaneous European cousins.
Gomphotherium inopinatum is clearly the most basal species so far reported from China, but it
will be helpful to further discuss the phylogenetic relationships among the Chinese species.

The basic crown pattern of G. inopinatum is primitive, and comparable to the pattern
in the “Gomphotherium annectens group.” However, features of the upper and lower tusks
(i.e., torsion in the upper tusks with slightly spiral enamel bands, and a ventral groove in
the lower tusks) found at the type locality (Borissiak and Belyaeva, 1928) indicate that G.
inopinatum is related to G. angustidens and G. subtapiroideum. G. inopinatum is probably the
most basal member of the “Gomphotherium angustidens group” (Tassy, 1985). Tassy (1977,
1985) considered “G. subtapiroideum” either a morphotype or a subspecies of G. angustidens,
and a potential candidate for the ancestor of typical G. angustidens. However, some derived
features, such as subdivided posttrite half lophids and the presence of anterior and posterior
pretrite central conules, often occur in G. subtapiroideum (Goéhlich, 2010; Schlesinger, 1917).
These features weigh against the interpretation that G. subtapiroideum is a primitive form of
G. angustidens. Like the Ganchiliang specimen, G. subtapiroideum occurs in the Linxia Basin.
However, G. subtapiroideum occurs in a higher horizon—the Hujialiang Formation—and is
contemporary with Platybelodon grangeri (unpublished data). This formation corresponds to
MN?7/8, the late Middle Miocene (Deng et al., 2013)(Fig. 6). G. subtapiroideum from China
has a larger m3 than that in European specimens (Fig. 5; Table 3). Therefore, Gomphotherium
angustidens and G. subtapiroideum may have evolved in divergent directions—in the
former the interloph(id)s became compressed and rounded cusps were retained, whereas in
the latter the loph(id)s became compressed and the cusp summits became divided. Because
G. inopinatum exhibits moderately open interloph(id)s, it is likely to be the ancestor of both G.
angustidens and G. subtapiroideum.
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Gomphotherium wimani has been considered an advanced form of Gomphotherium
from the Middle Miocene of China (Hopwood, 1935; Tobien et al., 1986; Wang et al., 2013a).
I align it with the “Gomphotherium productum group” based on the fact that it displays a
tendency toward elaboration (presence of posttrite central conules, subdivision of posttrite
half lophids) and subhypsodonty of the molars, but no tendency to widen the interloph(id)s
(Tobien et al., 1986; Wang et al., 2013a). However, the symphysis and lower tusk of this
species are still unknown. In the Linxia Basin, the stratigraphic range of G. wimani extends
from the Dongxiang Formation to the Hujialiang Formation (unpublished data), so this species
overlapped temporally with both G. inopinatum and G. subtapiroideum (Fig. 6).

Another “advanced form” of Gomphotherium in China considered by Tobien et al. (1986)
was “G. shensiensis”, represented only by a fragmentary cranium with M2 and M3 from the
Middle Miocene Lengshuigou Formation (possibly corresponding to MN6 or later)(Chang
and Zhai, 1978; Qiu and Qiu, 1995). The interloph(id)s of the teeth are moderately open, and
the posttrite half lophs are anteroposteriorly compressed and subdivided. The first posterior
pretrite central conule (more properly termed the posterior crescentoid; Tobien, 1975) is
triplicated, increasing the morphological complexity of the occlusal surface. In these features
“G. shensiensis” is almost identical to the type specimen of G. subtapiroideum (Schlesinger,
1917: pl. 7, fig. 3), but in “G. shensiensis” the cusps on the pretrite half lophs are slightly
more robust. The second anterior pretrite central conule is very strongly developed and is not
subdivided, but the posterior central conule has been lost, in contrast to the condition in the
holotype of G. subtapiroideum. The cementum is relatively heavy. Despite these differences, |
consider “G. shensiensis™ to be a variety of G. subtapiroideum. Tobien et al. (1986) considered
“G. shensiensis” to lack enamel bands on the upper tusk. However, this conclusion is not
reliable, as the only known pair of upper tusks of “G. shensiensis” is very fragmentary in that
only the most proximal part is preserved.

The remaining “archaic” form of Gomphotherium in China is G. connexum from
the Miocene (Hopwood, 1935; Tobien et al., 1986). This species resembles taxa from the
“Gomphotherium annectens group” in that the tooth cusps are slightly more robust, and
in that the lower molars lack anterior pretrite central conules. However, the molars also
display some derived features. The interloph(id)s are less open than G. subtapiroideum and
G. inopinatum, as in G. angustidens. The m3 is very narrow, and indeed is narrower than in
G. angustidens (Fig. 5; Table 3). The posterior pretrite central conules of the upper molars
are more strongly developed than the anterior ones, a feature that is clearly characteristic of
G. angustidens. Thus, Gomphotherium connexum may be close related to G. angustidens, and
represent another member of the “G. angustidens group”. This taxon is more specialized than
the European G. angustidens in having extremely narrow molars, but other derived features
are seemingly less well developed than in the European G. angustidens. Chen (1988) referred
specimens from the Halamagai Formation of the northern Junggar Basin to “G. cf. shensiensis”
and Gomphotherium sp. In my view, most if not all of these specimens should be attributed to



2 Wang : Gomphotherium inopinatum from the Linxia Basin, China 197

G. connexum, because they resemble the holotype of this taxon in the narrowness of the m3 (Fig.
5; Table 3) and the presence of strongly developed second posterior pretrite central conules
(sometimes duplicated) in most examples of M3. However, no second posterior pretrite central
conule is present in the type specimen of “G. shensiensis”. The posttrite half lophs of these
Junggar specimens are not subdivided. The Junggar specimens were discovered in sandstones
at the bottom of the Halamagai Formation, corresponding to MN5 and MNG6 (Ye et al., 2012).

4 Conclusion

A new Gomphotherium specimen from the upper Lower Miocene of the Ganchiliang
locality shows important resemblances in mandibular and dental morphology to G. inopinatum
from the Turgai region. The new specimen can therefore be referred to G. inopinatum, which
represents the most basal Gomphotherium species known from China.

In “Gomphotherium angustidens group”, G. subtapiroideum and G. angustidens represent
distinct branches. Both species are seemingly derived from G. inopinatum.

Among Chinese species, Gomphotherium wimani represents a derived form and is
probably closely related to the European G. steinheimense. G. connexum seems to be a true
member of the “Gomphotherium angustidens group”, given its morphological resemblance
to undoubted group members. “Gomphotherium shensiensis” may represent a variety of
G. subtapiroideum.

Acknowledgements | thank U. Gohlich and P. Tassy for much help in comparing European
specimens and providing literature; Qiu Zhan-Xiang, Chen Guan-Fang, Deng Tao, Ye Jie, and

Zheng Jia-Jian for useful advice and all kinds of help; C. Sullivan for improvement of English
writing; Su Dan for preparing the specimen.

— (Gomphotherium inopinatum)

( 100044)

m2 m3

(Gomphotherium inopinatum)



198 52

(G. wimani)
(G. steinheimense)
(G. connexum) “« 7 (G.
angustidens) (G. subtapiroideum)

(“G. shensiensis™)

Q915.878 A 1000-3118(2014)02-0183-18

References

Borissiak A A, Belyaeva E, 1928. Trilophodon (Serridentinus?) inopinatus n. sp. from the Jilan¢ik Beds of the Turgai
Region. Bull Acad Nci URNS, Classe Sci Phys-Math, 241-252

Chang H C, Zhai R J, 1978. Miocene mastodonts of Lantian and Lintung, Shensi. Prof Pap Stratigr Palaeont, 7: 136-142

Chen G F, 1988. Mastodont remains from the Miocene of Junggar Basin in Xinjiang. Vert PalAsiat, 26(4): 265-277

Chow M C, Zhang Y P, 1974. Chinese Fossil Elephantoids. Beijing: Science Press. 1-74

Deng T, Qiu Z Z, Wang B Y et al., 2013. Late Cenozoic biostratigraphy of the Linxia Basin, northwestern China. In: Wang X
M, Flynn L J, Fortelius M eds. Neogene Terrestrial Mammalian Biostratigraphy and Chronology of Asia. New York:
Columbia University Press. 243-273

Gohlich U B, 1998. Elephantoidea (Proboscidea, Mammalia) aus dem Mittel- und Obermiozén der oberen siiRwassermolasse
suddeutschlands: odontologie und osteologie. Miichner Geowiss Abh, 36: 1-245

Gohlich U B, 2007. Gomphotheres (Proboscidea, Mammalia) from the Early-Middle Miocene of Central Mongolia. In:
Daxner-Hock G ed. Oligocene-Miocene Vertebrates from the Valley of Lakes (Central Mongolia): Morphology,
Phylogenetic and Stratigraphic Implications. Ann Naturhist Mus Wien, 108A: 271-289

Gohlich U B, 2010. The Proboscidea (Mammalia) from the Miocene of Sandelzhausen (southern Germany). Paléont Z,
84(1): 163-204

Hopwood A T, 1935. Fossil Proboscidea from China. Palaeont Sin, Ser C, 9(3): 1-108

Lambert W D, 1996. The biogeography of the gomphotheriid proboscideans of North America. In: Shoshani J, Tassy P eds.
The Proboscidea: Evolution and Palaeoecology of Elephants and Their Relatives. Oxford: Oxford University Press.
143-148

Lucas S G, 2013. The palaeobiogeography of South American gomphotheres. J Palaeogeogr, 2(1): 19-40

Lucas S G, Morgan G S, 2008. Taxonomy of Rhynchotherium (Mammalia, Proboscidea) from the Miocene-Pliocene of
North America. In: Lucas S G, Morgen G S, Spielmann J A eds. New Mexico Museum of Natural History and
Science. Neogene Mammals. Albuquerque: State of New Mexico, Department of Cultural Affairs. 71-87

Miller W E, 1990. A Rhynchotherium skull and mandible from southeastern Arizona. BYU Geol Stud, 36: 5-67

Oshorn H F, 1924. Serridentinus and Baluchitherium, Loh Fomation, Mongolia. Am Mus Novit, 148: 1-5

Osborn H F, 1926. Additional new genera and species of the mastodontoid Proboscidea. Am Mus Novit, 238: 1-16

Oshorn H F, 1932. Trilophodon cooperi n. sp. of Dera Bugti, Baluchistan. Am Mus Novit, 393: 1-6

Osborn H F, 1936. Proboscidea: a Monograph of the Discovery, Evolution, Migration and Extinction of the Mastodonts and

Elephants of the World. Part I. New York: The American Museum Press. 1-802



2 Wang : Gomphotherium inopinatum from the Linxia Basin, China 199

Pickford M, 2001. Afrochoerodon nov. gen. kisumuensis (Maclnnes)(Proboscidea, Mammalia) from Cheparawa, Middle
Miocene, Kenya. Ann Paléont, 87(2): 99-117

Pickford M, 2003. New Proboscidea from the Miocene strata in the lower Orange River Valley, Namibia. Mem Geol Surv
Nam, 19: 207-256

Pickford M, 2004. Partial dentition and skeleton of Choerolophodon pygmaeus (Depéret) from Ngenyin, 13 Ma, Tugen
Hills, Kenya: resolution of a century old enigma. Zona Arqueologica: Miscelanea en Homenaje a Emiliano Aguirre,
Paleontologia. Madrid: Museo Arqueologico Region, 4(2): 428-463

Prado J L, Alberdi M T, 2008. A cladistic analysis among trilophodont gomphotheres (Mammalia, Proboscidea) with special
attention to the South American genera. Palaeontology, 51(4): 903-915

Qiu Z X, Qiu Z D, 1995. Chronological sequence and subdivision of Chinese Neogene mammalian faunas. Palaeogeogr,
Palaeoclimat, Palaeoecol, 116: 41-70

Roger J, Pickford M, Thomas H et al., 1994. Découverte de vertébrés fossiles dans le Miocene de la région du Hugf au
Sultanat d’Oman. Ann Paléont, 80(4): 253-273

Sanders W J, Miller E R, 2002. New proboscideans from the Early Miocene of Wadi Moghara, Egypt. J Vert Paleont, 22(2):
388-404

Sanders W J, Gheerbrant E, Harris J M et al., 2010. Proboscidea. In: Werdelin L, Sanders W J eds. Cenozoic Mammals of
Africa. Berkeley: University of California Press. 161-251

Schlesinger G, 1917. Die Mastodonten des K. K. naturhistorischen Hofmuseums. Denkschr K K Naturhist Hofm, Geol-
paléont Reihe, 1: 1-230

Shoshani J, 1996. Para- or monophyly of the gomphotheres and their position within Proboscidea. In: Shoshani J, Tassy P
eds. The Proboscidea: Evolution and Palaeoecology of Elephants and Their Relatives. Oxford: Oxford University
Press. 149-177

Shoshani J, Tassy P, 1996. The Proboscidea. Evolution and Palaeoecology of Elephants and Their Relatives. Oxford: Oxford
University Press. 1-472

Simpson G G, 1945. The principles of classification and a classification of mammals. Bull Am Mus Nat Hist, 85: 1-350

Tassy P, 1977. Le plus ancien squelette de gomphothére (Proboscidea, Mammalia) dans la Formation Burdigalienne des
sables de I’Orlénais France. Mém Mus Natl Hist Nat N Ser C, 37: 1-51

Tassy P, 1982. Les principales dichotomies dans I’histoire des Proboscidea (Mammalia): une approche phylogénétique.
Géobios, mém spéc, 6: 225-245

Ire

Tassy P, 1983a. Les Elephantoidea Miocénes du Plateau du Potwar, Groups de Siwalik, Pakistan. I partie: cadre
chronologique et géographique, mammutidés, amébélodontidés. Ann Paléont, 69(2): 99-136

Tassy P, 1983b. Les Elephantoidea Miocénes du Plateau du Potwar, Groups de Siwalik, Pakistan. I1° partie:
choerolophodontes et gomphothéres. Ann Paléont, 69(3): 235-297

Tassy P, 1983c. Les Elephantoidea Miocénes du Plateau du Potwar, Groups de Siwalik, Pakistan. 111° partie: stégodontidés
éléphantoides indéterminés restes postcraniens, conclusions. Ann Paléont, 69(4): 317-354

Tassy P, 1984. Le mastodontea dents étroites, le grade trilophodonte et la radiation initiale des Amebelodontinae. In:
Buffetaut E, Mazin J M, Salmon E eds. Actes du symposium paléontologique Georges Cuvier. Montbéliard:
Impressions le Serpentaire. 459-473

Tassy P, 1985. La Place des Mastodontes Miocenes de I’Ancien Monde dans la Phylogénie des Proboscidea (Mammalia):

Hypotheses et Conjectures. Thése Doctorates Sciences. Paris: UPMC. 1-861



200 52

Tassy P, 1986. Nouveaux Elephantoidea (Proboscidea, Mammalia) dans le Miocéne du Kenya: Essai de Réévaluation
Systénatique. Paris: Cahiers de Paléontologie. E’ditions du Centre National de la Recherche Scientifique, CNRS.
1-135

Tassy P, 1988. The classification of Proboscidea: how many cladistic classifications? Cladistics, 4: 43-57

Tassy P, 1994. Gaps, parsimony, and Early Miocene elephantoids (Marnmalia), with a re-evaluation of Gomphotherium
annectens (Matsumoto, 1925). Zool J Linn Soc, 112: 10-117

Tassy P, 1996a. Growth and sexual dimorphism among Miocene elephantoids: the example of Gomphotherium angustidens.
In: Shoshani J, Tassy P eds. The Proboscidea: Evolution and Palaeoecology of Elephants and Their Relatives. Oxford:
Oxford University Press. 92-100

Tassy P, 1996b. Who is who among the Proboscidea. In: Shoshani J, Tassy P eds. The Proboscidea: Evolution and
Palaeoecology of Elephants and Their Relatives. Oxford: Oxford University Press. 39-48

Tassy P, Gohlich U B, 2012. Retour sur la série type de Gomphotherium angustidens (Proboscidea, Mammalia): de
Daubenton & Cuvier, et aprés. Estud Geol, 67(2): 321-332

Tassy P, Pickford M, 1983. Un nouveau mastodonte zygolophodonte (Proboscidea, Mammalia) dans le Miocéne inférieur
d’Afrique orientale: systématique et paléoenvironncment. Géobios, 16(1): 53-77

Tobien H, 1972. Status of the genus Serridentinus Osborn 1923 (Proboscidea, Mammalia) and related forms. Mainzer
Geowiss Mitt, 1: 143-191

Tobien H, 1973a. On the evolution of mastodonts (Proboscidea, Mammalia). Part 1: the bunodont trilophodont groups.
Notizbl Hess L-Amt Bodenforsch, 101: 202-276

Tobien H, 1973b. The structure of the mastodont molar (Proboscidea, Mammalia). Part 1: the bunodont patterns. Mainzer
Geowiss Mitt, 2: 115-147

Tobien H, 1975. The structure of the mastodont molar (Proboscidea, Mammalia). Part 2: the zygodont and the zygobunodont
patterns. Mainzer Geowiss Mitt, 5: 143-225

Tobien H, 1978. On the evolution of mastodonts (Proboscidea, Mammalia). Part 2: the bunodont tetralophodont groups.
Geol Jahrb Hess, 106: 159-208

Tobien H, Chen G F, Li Y Q, 1986. Mastodonts (Proboscidea, Mammalia) from the late Neogene and Early Pleistocene
of the People’s Republic of China. Part I: historical account: the genera Gomphotherium, Choerolophodon,
Synconolophus, Amebelodon, Platybelodon, Sinomastodon. Mainzer Geowiss Mitt, 15: 119-181

Tobien H, Chen G F, Li Y Q, 1988. Mastodonts (Proboscidea, Mammalia) from the late Neogene and Early Pleistocene
of the People’s Republic of China. Part Il: the genera Tetralophodon, Anancus, Stegotetrabelodon, Zygolophodon,
Mammut, Stegolophodon. Mainzer Geowiss Mitt, 17: 95-220

Wang S Q, Deng T, 2011. The first Choerolophodon (Proboscidea, Gomphotheriidae) skull from China. Sci China Earth Sci,
54(9): 1326-1337

Wang S Q, Liu S P, Xie G P et al., 2013a. Gomphotherium wimani from Wushan County, China and its implications for the
Miocene stratigraphy of the Tianshui Area. Vert PalAsiat, 51(1): 71-84

Wang S Q, He W, Chen S Q, 2013b. Gomphotheriid mammal Platybelodon from the Middle Miocene of Linxia Basin,
Gansu, China. Acta Palaeont Pol, 58(2): 221-240

Ye J, Wu W Y, Ni X J et al.,, 2012. The Duolebulejin Section of northern Junggar Basin and its stratigraphic and
environmental implication. Sci China Earth Sci, 42(10): 1523-1532



