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ABSTRACT
This report describes fossils recovered from Ganxian Cave in 2008 and 2018 by the Natural History Museum 
and Anthropology Museum of Guangxi. The cave sedimentary fill yielded rich mammalian fossils consisting 
mainly of isolated teeth of medium- to large-sized mammals (Primates, Proboscidea, Perissodactyla, 
Carnivora, Rodentia, Artiodactyla) of typical ‘Ailuropoda-Stegodon’ fauna, (e.g. Stegodon orientalis, 
Ailuropoda baconi, Pongo weidenreichi, Tapirus sinensis, Megatapirus augustus, Crocuta ultima), and more 
numerous extant species belonging to 28 taxa in total. The biochronological age of the fauna agreed with 
the age estimates obtained using Uranium–series and coupled ESR/U-series dating. Collectively, these results 
indicate a Ganxian fossil age range of 168.9 ± 2.4 ka to 362 ± 78 ka and establish Ganxian Cave as one of the 
most precisely dated Middle Pleistocene fossil sites in southern China. Comparison of Ganxian fauna with 
Pleistocene fossil records of the well-documented faunas of southern China and southeast Asia indicates 
that the Asian elephant (Elephas maximus) probably first appeared in Ganxian Cave. Paleoenvironmental 
reconstruction-based analysis of the large mammalian fossil assemblage from Ganxian Cave indicates that 
during the late Middle Pleistocene, the habitat consisted mainly of forests with some open areas and the 
climate was warm and humid.
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Introduction

During the Pleistocene, the ‘Ailuropoda-Stegodon’ fauna (sensu 
lato) was widely distributed from southern East Asia to mainland 
Southeast Asia (Patte 1928; de Terra 1938; Colbert 1943; Pope et al. 
1981). The faunal association expanded latitudinally from northern 
China (e.g. Gongwangling in north Qinling Mountains) (Hu and Qi 
1978; Qiu 2006) to Peninsula Thailand (e.g. Yai Ruak) (Suraprasit 
et al. 2019) (Figure 1).

Studies of Pleistocene mammalian faunal assemblages in southern 
China began in the 1920s (Matthew and Granger 1923; Pei 1935). 
Since the 1950s, scholars have discussed Pleistocene fauna biochro
nological sequences and proposed different evolutionary schemes 
(Zhou 1957; Kahlke and Hu 1961; Huang 1979; Pei 1980; Han and 
Xu 1985). However, due to the lack of systematic studies and geo
chronological analyses to confirm the validity of the ‘Ailuropoda- 
Stegodon’ faunal complex, some scholars argued that the complex 
cannot be reliably used to describe the temporal and spatial evolution 
of the mammalian faunas in southern China (Wang et al. 2007).

Since 2000, Quaternary cave sequences obtained from the 
Bubing Basin and Chongzuo regions in southwest Guangxi have 
been systematically surveyed, excavated, and studied by researchers 
from the Natural History Museum of Guangxi, the Anthropology 
Museum of Guangxi, the Institute of Vertebrate Palaeontology and 
Palaeoanthropology and Shandong University. As a result, hun
dreds of Quaternary cave sites have been discovered and abundant 
mammal fossils have been collected that have enhanced our knowl
edge of mammal faunal evolution in southern China. Moreover, 
analysis of these fossils has greatly clarified evolutionary sequences 
of the Early Pleistocene faunas (Wang et al. 2007; 2014; 2017a; Rink 
et al. 2008; Jin et al. 2008; 2014; Sun et al. 2014).

Although numerous Middle Pleistocene mammal fossil sites 
have been found in southern China, most of them were dated 
using biochronological correlation. So far, only a few sites have 
absolute isotopic ages, such as Bailongdong (Liu et al. 2015; Han 
et al. 2019), Bulalishan (or Wuming) (Rink et al. 2008), Yanlidong 
(Yao et al. submitted), Daxin Hei Cave (Rink et al. 2008; Shao et al. 
2017), Hejiang Cave (Zhang et al. 2014), Hualongdong (Wu et al. 
2019), and Diaozhongyan (Liang et al. 2020; Liao et al. 2020). The 
well-described faunas of the Middle Pleistocene include the 
Bailongdong (Tong et al. 2019), the Daxin Hei Cave (Han 1982), 
the Hualongdong (Tong et al. 2018b), the Diaozhongyan (Liang 
et al. 2020), and the well-known site Yanjinggou (or Yenchingkou) 
(Colbert and Hooijer 1953). Regarding most of the remaining sites, 
only mammal lists are published. Although the mammalian fossils 
from Zhiren Cave have been dated to >106.2 ± 6.7 ka by U-series 
(Liu et al. 2010) and to ~116-106 ka by combined palaeomagnetic 
and OSL dating methods (Cai et al. 2017), Ge et al. (2020) suggests 
that the deposits at the site may actually be older, dating to 190– 
130 ka. Presently, our understanding of the mammal evolution in 
the Middle Pleistocene is insufficient, further investigation is 
necessary.

Here, we report a recent finding of Middle Pleistocene mamma
lian fossils from Ganxian Cave in the Bubing Basin, Guangxi 
Zhuang Autonomous Region, which will add significant data to 
this period in southern China and Southeast Asia.

Geological and chronological context

Ganxian Cave (23°36′7″ N, 106°59′52″ E) is located in a karst environ
ment in the Bubing Basin (Figure 1). The cave was originally 
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discovered and excavated by researchers from the Natural History 
Museum of Guangxi in 2008, and the second excavation was carried 
out by the Anthropology Museum of Guangxi in 2018. The Ganxian 
Cave is situated in a karst peak cluster area formed in Palaeozoic 
limestones (Wang et al. 2007). The cave entrance is on the north side 
of the mountain about 50 m above the local valley (Figure 2A). The 
corridor of the cave is deep and wide, about 75 m in length. At 50 m 
from the entrance, a branch of 20 m in length extends westerly. The 
sediments have been partially removed by local villagers for fertiliser. 
Fortunately, most of the original sediments were remaining, and 
a complete sedimentary sequence could be reconstructed from our 
excavations.

Thirteen test pits (labelled A to M) were laid out in the 
main passage and western branch (Figure 2F). To expose 

a complete sedimentary profile, pit B was excavated down to 
650 cm, and other test pits were dug down to 40 to 140 cm 
according to various topography and residual sediments 
(Figure 2C). All test pits were dug down at 10 cm intervals.

Based on comparable sedimentological profiles, the strati
graphy for the 13 different test pits can be used to reconstruct 
a complete sedimentary sequence. Overall, the basic stratigra
phy of Ganxian Cave is divided into five layers from top to 
bottom (Figure 2D). All mammalian teeth were recovered 
from a light brown sandy clay with breccia in the upper part 
of layer 2. The age of the mammalian fossils from Ganxian was 
constrained between 168.9 ± 2.4 ka and 362 ± 78 ka by 
U-series and coupled ESR/U-series dating methods (Liang 
et al. submitted).

Figure 1. Location of Ganxian Cave and other Early to Late Pleistocene sites. Distribution of fossil localities in southern China: 1, Gongwangling; 2, Bailong Cave; 3, Jiangshi 
(Longgudong); 4, Longgupo; 5, Yanjinggou (or Yenchingkou); 6, Hualongdong; 7, Dongpaoshan; 8, Fuyan Cave; 9, Shiziyan; 10, Diaozhongyan; 11, Liucheng 
(Gigantopithecus Cave); 12, Bijiashan; 13, Mocun Cave; 14, Bulalishan; 15–20, Baikong Cave, Juyuan Cave, Sanhe Cave, Queque Cave, Hejiang Cave, Zhiren Cave; 21, 
Yanlidong; 22, Daxin Hei Cave; 23–27, Chuifeng Cave, Mohui Cave, Wuyun Cave, Luna Cave, Baolai Cave; 28, Panxian Dadong. Distribution of fossil localities in Vietnam: 29, 
Coc Muoi; 30, Tham Khuyen; 31, Duoi U’Oi; 32, Ma U’Oi; 33, Tam Hang South. Distribution of fossil localities in Laos: 34, Nam Lot. Distribution of fossil localities in Thailand: 
35, Ban Fa Suai II; 36, Cave of the Monk; 37, Tham Lod; 38, Tham Wiman Nakin; 39, Tham Prakai Phet; 40, Khok Sung; 41, Boh Dambang; 42, Yai Ruak.
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Materials and methods

Excavation

Our excavations concentrated on the main passage and the western 
branch, in an area of about 30 m2. Pointing trowels, screwdrivers, 
and bamboo sticks were used to remove the soft sediments, while 
chisels and hammers were used to remove calcified blocks. During 
the excavation, medium and large sized mammalian fossils were 

mapped, recorded, and collected from each layer, while smaller 
fossils and those encased in sediment were carefully dry-sieving 
and processed at the entrance of the cave (Figure 2B).

Morphological descriptions and comparisons

A total number of identified specimens of more than 3000 isolated 
teeth of large mammals were recovered from Ganxian Cave. The 

Figure 2. The Ganxian Cave. A) Landscape of the Ganxian Cave. B) Sieving and processing the smaller-sized fossils and those encased in sediment outside the Ganxian Cave. 
C) Test Pit B after excavation. D) The composite stratigraphy of the Ganxian Cave site. E) Plan of the Ganxian Cave with thirteen test pits. The colour of the dating results red 
is obtained from ESR, and blue is obtained from U-series. Abbreviations: ESR = electron spin resonance.
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material is housed in the Natural History Museum and 
Anthropology Museum of Guangxi, China. The Ganxian fauna 
has been compared with southeast Asian faunas of known age 
from the Early to Late Pleistocene (Table 1). Dental nomenclature 
and metric measurement follow Swindler (2002) for primates, Van 
den Bergh (1999) for proboscideans, Yan et al. (2014) for rhino
ceroses, Tong (2005) for tapirs, Jiangzuo et al. (2018a) for badgers, 
Jiangzuo et al. (2018b) for canids, van der Made (1996) for suids, 
and Suraprasit et al. (2016) and Zhang et al. (2018) for ruminants. 
Measurements were taken to the nearest 0.01 mm using hand-held 
caliper. Uppercase letters used to designate maxillary teeth, while 
lowercase letters are used to designate mandibular teeth. D/d prefix 
refers to deciduous teeth.

Results

Primates

Macaca sp.: 107 isolated teeth are attributed to Macaca sp., includ
ing upper and lower permanent teeth. To these specimens may be 
added a set of incisors and canines. The upper canine has a mesial 
groove (Figure 3A). The P3 (Figure 3B) and P4 (Figure 3C) both 
have a paracone on the buccal side and a protocone on the lingual 
side. The anterior transverse crista connects the paracone and pro
tocone which divides the occlusal surface into a narrow mesial fovea 
and a larger distal trigon basin. The upper molars are bilophodont, 
showing the typical morphological pattern of Macaca (Figure 3D- 
G). On the lingual surface of the protocone, an interconulus (a 
remnant of cingula) can be found in most of M3 (Figure 3F-G). 

The p3 is sectorial, mesiodistally elongated (Figure 3H-K). The p4 
has two cusps, the protoconid and metaconid. A protocristid con
necting the two cusps separates the occlusal surface into narrow 
trigonid and slightly expanded talonid basins. Most of m3 present 
a tuberculum sextum (between the entoconid and the hypoconulid) 
(Figure 3N). An interconulid (a remnant of cingula) is found on the 
lingual surface of the protoconid in some specimens (Figure 3N).

The dimensions of the teeth are presented in Table S1. There is 
a large overlap with those of macaques from Longgupo (Huang and 
Fang 1991), Mohui Cave (Wang 2005), Juyuan Cave (Wang et al. 
2017a), Longgudong (Zheng 2004), Yanlidong (Yao et al. sub
mitted), Tham Wiman Nakin (Suraprasit et al. 2021), Tam Hang 
South (Bacon et al. 2011), Mocun Cave (Fan et al. 2022), Duoi U’Oi 
(Bacon et al. 2008), and Ma U’Oi (Bacon et al. 2004, 2006). The 
dimensions of M3 and m3 are larger than M. fasicularis and 
M. mulatta, and fall within the range of modern M. arctoides and 
M. nemestrina (Takai et al. 2014). We preferentially assign the 
Ganxian specimens to Macaca sp.

Trachypithecus/Presbytis sp.: A well preserved lower m3 pos
sesses higher anterior cusp (protoconid and metaconid) than pos
terior cusp (Figure 3O). In the occlusal view, the hypoconulid is 
more developed vestibulo-lingualy (Figure 3P). As only one speci
men can be identified and the morphology and dimensions (Table 
S2) are closed to representant of Presbytis and Trachypithecus from 
Juyuan Cave (Wang et al. 2017a), Yanlidong (Yao et al. submitted), 
and Tham Wiman Nakin (Suraprasit et al. 2021), we prefer ascribe 
this specimen to the subfamily colombinae indet cf. Trachypithecus 
or cf. Presbytis.

Table 1. Comparative mammalian fossils used in morphological description and linear metric analysis.

Fossil site Age Region Source

Baikong Cave 2.58–1.95 Ma Southern China Jin et al. 2014; Sun et al. 2014
Longgupo 2.5–2.2 Ma Southern China Huang and Fang 1991; Han et al. 2017
Gigantopithecus Cave Early Pleistocene Southern China Han 1987; Rink et al. 2008; Jin et al. 2008, 2014
Chuifeng Cave 1.92 ± 0.14 Ma Southern China Shao et al. 2014; Liao et al. (in this volume)
Mohui Cave 1.95–1.78 Ma Southern China Wang et al. 2005; Sun et al. 2017
Juyuan Cave 1.95–1.78 Ma Southern China Sun et al. 2014; Wang et al. 2017a
Longgudong Early Pleistocene Southern China Zheng 2004
Sanhe Cave ~1.2 Ma Southern China Jin et al. 2009; Sun et al. 2014
Bijiashan Early Pleistocene Southern China Han et al. 1975
Dongpaoshan Early Pleistocene Southern China Wang et al. 1982
Queque Cave 1.07–0.99 Ma Southern China Jin et al. 2014; Sun et al. 2014
Bailongdong 0.76 ± 0.06 Ma Southern China Liu et al. 2015; Han et al. 2019; Tong et al. 2019
Bulalishan 481–745 ka Southern China Zhang et al. 1973; Rink et al. 2008
Yanlidong ~580 ka Southern China Yao et al. (submitted)
Tham Khuyen >475 ka Vietnam Schwartz et al. 1994; Ciochon et al. 1996
Daxin Hei Cave 380–308 ka; 404–382 ka Southern China Han 1982; Rink et al. 2008; Shao et al. 2017
Hejiang Cave 400–320 ka Southern China Zhang et al. 2014
Wuyun Cave 350–200 ka; 279–76 ka Southern China Chen et al. 2002; Wang et al. 2007; Rink et al. 2008
Hualongdong 331–275 ka Southern China Tong et al. 2018b; Wu et al. 2019
Panxian Dadong 300–190 ka Southern China Si et al. 1993; Zhang et al. 1997; Zhang et al. 2015
Diaozhongyan 231–205 ka Southern China Liang et al. 2020; Liao et al. 2020
Khok Sung 217 or 130 ka Thailand Suraprasit et al. 2016; Duval et al. 2019
Tham Wiman Nakin >169 ka Thailand Tougard 1998; Esposito et al. 1998, 2002; Suraprasit et al. 2021
Zhiren Cave 116–106 ka; 190–130 ka Southern China Jin et al. 2009; Liu et al. 2010;

Cai et al. 2017; Ge et al. 2020
Coc Muoi 148–117 ka Vietnam Bacon et al. 2018a
Fuyan Cave 120–80 ka Southern China Li et al. 2013; Liu et al. 2015
Luna Cave 127–70 ka Southern China Bae et al. 2014
Tam Hang South 94–60 ka Vietnam Bacon et al. 2011
Nam Lot 72–86 ka Laos Bacon et al. 2018b
Mocun Cave 101–66 ka Southern China Fan et al. 2022
Duoi U’Oi 70–60 ka Vietnam Bacon et al. 2008
Ma U’Oi >49 ka Vietnam Bacon et al. 2004, 2006
Ban Fa Suai II 55–45 ka Thailand Zeitoun et al. 2019
Baolai Cave 54–24 ka Southern China Fan et al. (submitted)
Cave of the Monk 32–19 ka Thailand Zeitoun et al. 2005
Boh Dambang 25–18 ka Thailand Bacon et al. 2018c
Tham Prakai Phet Late Pleistocene Thailand Filoux et al. 2019
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Hylobates sp.: Three upper molars and one lower molar can be 
attributed to the genus Hylobates. The upper molars display 
a rhombic outline (Figure 3Q-S). The protocone is the most volu
minous cusp, and occupies most of the mesiolingual quadrant of 
the occlusal surface. A crista obliqua connects the protocone and 
the metacone. The m2 has five small and round cusps. The proto
cristid connecting the protoconid and metaconid is interrupted by 
a fine longitudinal groove. The talonid basin is smooth and 
unwrinkled. The dimensions of the Ganxian teeth are slightly larger 
than the fossil specimen from Mocun Cave (Fan et al. 2022; 
Table S3).

Pongo weidenreichi: One hundred and four permanent teeth 
and two deciduous teeth are attributed to Pongo weidenreichi 
(Liang et al. submitted). The P3 and P4 have a pointed para
cone on the buccal side and a blunt protocone on the lingual 
side. The two cusps are separated by a deep anteroposterior 
valley. The upper molars display four main cusps (protocone, 
paracone, metacone, and hypocone). The crista obliqua con
nects the protocone and metacone. The p3 has a subtriangular 
outline in occlusal view. The p3 has a central main cusp, the 
protoconid. A lingual cingulum is present on all the specimens. 
The crown of the p4 is a slightly asymmetrical oval in occlusal 

Figure 3. Primates from Ganxian Cave. Macaca sp.: A right C (30,441) in lingual view; B left P3 (29,745) in occlusal view; C left P4 (30,879) in occlusal view; D left M1 (30,878) 
in occlusal view; E right M2 (30,680) in occlusal view; F left M3 (30,679) in occlusal view; G left M3 (30,679) in lingual view; H right p3 (30,676), in occlusal view; I right p3 
(30,676), in lingual view; J left p3 (29,790), in occlusal view; K left p3 (29,790), in lingual view; L left m1 (30,681) in occlusal view; M left m2 (29,744) in occlusal view; N left 
m3 (30,498) in occlusal view. Trachypithecus sp.: O right m3 (30,985) in occlusal view; P right m3 (30,985) in lingual view. Hylobates sp.: Q right M1 (GX-24) in occlusal view; 
R right M3 (GX-J5-01) in lingual view; S left M3 (GX-L3-01) in lingual view. Pongo weidenreichi: T right P3 (GX-25) in occlusal view; U left P4 (GX-26) in occlusal view; V left M1 
(GX-27) in occlusal view; W right M2 (GX-28) in occlusal view; X left M3 (GX-29) in occlusal view; Y left p3 (GX-30) in occlusal view; Z left p4 (GX-31) in occlusal view; AA left 
m1 (GX-32) in occlusal view; AB right m2 (GX-33) in occlusal view; AC right m3 (GX-34) in occlusal view.
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view. The p4 has two cusps, a protoconid on the buccal side 
and metaconid on the lingual side. A transverse crest connects 
the protoconid and metaconid. The lower molars have five 
cusps, three on the buccal side and two on the lingual side. 
Some sample show a typical Y-5 pattern. Overall, the morphol
ogy and dimension of the Ganxian specimens generally fall 
within the range of P. weidenreichi and can be attributed to 
this species. For specific morphological descriptions and dimen
sional comparisons, refer to Liang et al. (submitted).

Proboscidea

Elephas maximus: Three incomplete permanent teeth and 
a deciduous tooth, along with six isolated lamellae, were found at 
Ganxian. One the nearly complete dp2 preserved five lamellae 
(Figure 4A). The dp2 is 22.15 mm long, with a residual maximum 
width of 12.77 mm. The morphology and dimensions are consistent 
with dp2 of E. maximus described by Bacon et al. (2018a). One 
lower m2 may be determined on the remaining 12 slightly worn 
lamellae vertically folded in a sinusoidal way, a height/width index 

Figure 4. Proboscidea from Ganxian Cave. Elephas maximus: A right dp2 (GX-2) in occlusal view; B left m2 (GX-1) in buccal view; C left m2 (GX-1) in occlusal view. Stegodon 
orientalis: D right M3 (GX-3) in occlusal view; E right M3 (GX-3) in lingual view; F left m1 (GX-4) in occlusal view; G left m1 (GX-4) in buccal view.
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of 208, a lamellar frequency of 9, and a maximal width of 55.26 mm 
(Figure 4B-C). These characteristics point to the presence of 
E. maximus rather than E. namadicus: the number of lamellae (for 
dp2, five in the Ganxian teeth versus three in E. namadicus; for m2, 
16–21 vs 11–15); the overall dimensions of teeth and the height/ 
width index (for m2, 208 vs 180–188) (Maglio 1973; Roth and 
Shoshani 1988). The morphology and dimensions of the Ganxian 
samples are consistent with E. maximus described at Coc Muoi 
(Bacon et al. 2018a), and supposed to be Elephas maximus (Bacon 
et al. 2018a; Table S4).

Stegodon orientalis: Thirteen remains can be assigned to 
Stegodon orientalis (two incomplete teeth; three isolated lamellae, 
seven tooth fragments). One M3 preserved only three ridge-shaped 
lophs (Figure 4D-E). These lophs are unworn. Each loph consists of 
12 to 13 mammillae. Several well-developed isolated mammillae are 
present in the lingual and buccal sides between two lophs. The 
maximum width of incomplete crowns varies from 90.66 to 
99.11 mm. One lower m1 preserved only four and half loghs 
(Figure 4F-G). The two anterior lophs are slightly worn. The max
imum width of the crown is 81.84 mm. The characteristics and 
measurements of the Ganxian teeth are consistent with Stegodon 
described at Yangjiawan (Tong et al. 2018a; Table S4).

Perissodactyla

One DP1 and one dp1 are referred to Rhinoceros sp. Twenty 
incomplete teeth and tooth fragments are identified at the subtribe 
level only (Rhinocerotidae indet.).

Rhinoceros sondaicus: The DP1 crown shows a teardrop-shaped 
outline (Figure 5A). On the DP2, the mesostyle is posteriorly dis
placed (Figure 5B). The dp1s have a posterior valley that is open 
posteriorly and a narrower talonid (Figure 5C). The paralophid is 
forked, and forms a huge bulk on dp2 (Figure 5D). The posterior 
valet is open lingually in all specimens. The anterior extolophid 
groove is marked on dp3 (Figure 5E). The posterior valleys of dp3-4 
and p2 are V-shaped in the lingual side. From the occlusal view, the 
metaconid is convex in the lingual on lower molar (Figure 5I-J). 
The dimensions of these specimens are close to that of R. sondaicus 
from Duoi U’Oi (Bacon et al. 2008), Tam Hang (Bacon et al. 2011), 
and Sanhe cave (Yan 2016) (Table S5).

Dicerorhinus sumatrensis: The DP1 displays a pentagonal out
line in occlusal view (Figure 5L). The oblique external folds (para
cone, mesostyle, and metacone) are present in labial view on upper 
premolar and molar (Figure 5N, P, and R). The M1 and M2 have an 
anterior constriction on the protocone, and a sigmoid protoloph 
(Figure 5 O and Q). The dp1 is large, possessing a wide talonid, and 
a shallow posterior valley, that is open on the lingual side 
(Figure 5S). From the occlusal view, the lingual side of the metaco
nid is flat on lower molar (Figure 5 U-V). The teeth morphologi
cally resemble those of D. sumatrensis from Gigantopithecus Cave 
(Tong and Guérin 2009) and Duoi U’Oi (Bacon et al. 2008). The 
dimensions of the teeth are comparable to those fossil samples from 
Gigantopithecus Cave (Tong and Guérin 2009), Duoi U’Oi (Bacon 
et al. 2008), and Queque Cave (Yan 2016) (Table S6).

Tapirus sinensis: In Ganxian Cave, two permanent teeth (one P4 
and one m1) are attributed to Tapirus sinensis. The highly worn P4 
shows a square outline in occlusal view. The m1 displays a sub- 
rectangular outline, and the protolophid is wider than the hypolo
phid (Figure 5W). The anterior and posterior cingulum are present 
on the m1. The occlusal structure and dental size of the Ganxian 
teeth conforms to T. sinensis from Longgudong (Tong 2004, 2005), 
Bijiashan (Han et al. 1975), and Mocun Cave (Fan et al. 2022) 
(Table S7).

Megatapirus augustus: The large tapir from Ganxian Cave is 
represented by five isolated teeth. The M3 is an oblique quadrilat
eral in occlusal view (Figure 5X). The protocone and hypocone on 
the lingual side are robust than the paracone and metacone on the 
buccal side. The parastyle is well-developed than the metastyle. The 
outline of the p2 is an elongated triangular in occlusal view 
(Figure 5Y). The protoconid is well-developed, but not the meta
conid (Figure 5Z). The m2 displays a sub-rectangular outline, and 
the protolophid is wider than the hypolophid (Figure 5AB). The 
teeth dimensions of larger tapir in Ganxian are comparable to those 
M. augustus from Yenchingkou (Colbert and Hooijer 1953), 
Bailongdong (Tong et al. 2019), Panxian Dadong (Zhang et al. 
1997), Tam Hang South (Bacon et al. 2011), and Mocun Cave 
(Fan et al. 2022) (Table S7).

Carnivora

Arctonyx collaris: Twenty-four isolated teeth are attributed to 
Arctonyx collaris. Among the upper teeth 18 are complete M1, 
two fragmentary M1, and among the lower teeth only one complete 
m1, three fragmentary m1 (Table 4). On the M1, the paracone is the 
higher cusp (Figure 6A). The three lingual cusps (metaconule, 
protocone and paraconule) are equal in size, and form a serrated 
ridge across the occlusal surface. The cingulum is well developed on 
the lingual side. The m1 is moderately worn, and has well- 
developed protoconid and metaconid (Figure 6B). The dimensions 
of the teeth are bigger than those of Arctonyx collaris from Juyuan 
Cave (Wang et al. 2017a), Tham Wiman Nakin (Suraprasit et al. 
2021) and within the size range of extant specimens (Colbert and 
Hooijer 1953) and fossil specimens from Yanlidong (Yao et al. 
submitted), Duoi U’Oi (Bacon et al. 2008) (Table S8).

Cuon alpinus: Only two teeth (2M1) conform to the dental 
pattern of the canid Cuon alpinus. The paracone of M1 is a large 
mound, higher than the metacone (Figure 6C). The parastyle is 
more marked than the metastyle. The Ganxian specimens conform 
to the dental pattern of the species and range of dimensions of 
C. alpinus identified in Yenchingkou (Colbert and Hooijer 1953), 
Wuyun Cave (Chen et al. 2002), Duoi U’Oi (Bacon et al. 2008), and 
Tam Hang South (Bacon et al. 2011) (Table S9).

Neofelis nebulosa: Two isolated teeth of a small felid, one p4 
(Figure 6D) and one m1 (Figure 6E-F) have been attributed to 
Neofelis nebulosa. Despite the lack of P4, the most diagnostic 
tooth to identify the species, the teeth are similar to N. nebulosa 
from Bailongdong and Mocun Cave and the modern species. In 
relation to dimensions, the Ganxian teeth are similar to those from 
Bailongdong (Tong et al. 2019) and Mocun Cave (Fan et al. 2022) 
(Table S10).

Crocuta ultima: The Hyaena is represented by two upper inci
sors and two lower premolars. I2 has two accessory cusps immedi
ately posterior to the spatula-shaped main cusp (Figure 6G-H). 
Both p2s have a marked distal accessory cusp but poorly mesial 
accessory cusp (Figure 6I-J). On the basis of these characteristics, 
the Ganxian teeth differ from the species (Pachycrocuta breviros
tris). The morphology and dimensions are similar with the speci
mens of C. ultima from the Middle to Late Pleistocene from 
Yenchingkou (Colbert and Hooijer 1953), Mocun Cave (Fan et al. 
2022), Khok Sung (Suraprasit et al. 2016), and Tham Wiman Nakin 
(Suraprasit et al. 2021) (Table S11).

Panthera tigris: The Panthera tigris are represented by one upper 
canine, three P3, one P4, one lower incisor (i3), two p4, and three 
m1. The P4 exhibits one lingual cusp, a worn protocone, and three 
buccal cusps, a small parastyle and a blade formed by the paracone 
and the metastyle of equal height (Figure 6K). A deep carnassial 
notch displays a distinctive fovea between the paracone and the 
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metastyle. The m1 consists of two blades separated by a notch 
(Figure 6O). Its dimensions are clearly in those of Panthera tigris. 
One canine also conforms to this genus. In relation to dimensions, 
the Ganxian teeth are similar to those from Bailongdong (Tong 
et al. 2019), Wuyun Cave (Chen et al. 2002), Duoi U’Oi (Bacon et al. 
2008), and Tam Hang South (Bacon et al. 2011) (Table S12).

Ursus thibetanus: Forty-eight teeth conform to the dental pat
tern of U. thibetanus. The P4s show sub-triangular outline in 
occlusal view (Figure 6P). The paracone is larger and higher than 
the metacone and hypocone. The outline of M1s is sub-rectangular 

in occlusal view (Figure 6Q). The two buccal cusps (paracone and 
metacone) are equal in size. The parastyle and the metastyle are well 
developed. A cingulum is present in the lingual side in six speci
mens. The M2s are longer than they are wide with a distally elon
gated talon (Figure 6R). Some teeth display a crenulated cingulum. 
The m1 is not elongated mesiodistally as H. malayanus (Bacon et al. 
2018a) (Figure 6S). A deep notch separates the trigonid and talonid. 
The m2 present in occlusal view a rectangular outline with a distally 
enlarged talonid (Figure 6T). The dimensions of the teeth show 
large overlaps with those of U. thibetanus from Bailongdong (Tong 

Figure 5. Perissodactyla from Ganxian Cave. Rhinoceros sondaicus: A right DP1 (GX-E3-01) in occlusal view; B right DP2 (29,934) in occlusal view; C right dp1 (29,929) in 
occlusal view; D left dp2 (29,930) in occlusal view; E left dp3 (GX-E8-02) in occlusal view; F left p3 (31,310) in occlusal view; G right p3 (29,935) in occlusal view; H left p4 
(29,933) in occlusal view; I right m1 (30,617) in occlusal view; J left m2 (29,939) in occlusal view; K left m3 (29,932) in occlusal view. Dicerorhinus sumatrensis: L right D1 
(11,083) in occlusal view; M right P3 (29,937) in occlusal view; N right P3 (29,937) in buccal view; O left M1 (29,938) in occlusal view; P left M1 (29,938) in buccal view; Q left 
M2 (29,940) in occlusal view; R left M2 (29,940) in buccal view; S right p2 (30,782) in occlusal view; T right m2 (31,308) in occlusal view; U left m3 (31,282) in occlusal view. 
Tapirus sinensis: V right m1 (29,922) in occlusal view. Megatapirus augustus: W right M3 (GX-E9-01) in occlusal view; X right p2 (31,533) in occlusal view; Y right p2 (31,533) 
in lingual view; Z right p4 (GX-E8-01) in occlusal view; AA left m2 (29,924) in lingual view.
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Figure 6. Carnivora and Rodentia from Ganxian Cave. Arctonyx collaris: A right M1 (30,181) in occlusal view; B right m1 (29,572) in occlusal view. Cuon alpinus antiquus: 
C right M1 (GX-J2-04) in occlusal view. Neofelis nebulosa: D right p4 (GX-8) in lingual view; E right m1 (GX-9) in occlusal view; F right m1 (GX-9) in lingual view. Crocuta 
ultima: G right I2 (GX-L4-01) in lingual view; H right I2 (GX-L4-01) in buccal view; I left p2 (GX-7) in occlusal view; J right p2 (30,383) in occlusal view. Panthera Tigris: K left P4 
(GX-10) in occlusal view; L right i3 (GX-J11-01) in lingual view; M right p4 (GX-K14-01) in occlusal view; N right p4 (GX-K14-01) in buccal view; O right m1 (Gx-11) in occlusal 
view. Ursus thibetanus: P left P4 (31,331) in occlusal view; Q left M1 (29,919) in occlusal view; R right M2 (11,075) in occlusal view; S right m1 (31,036) in occlusal view; T right 
m2 (11,077) in occlusal view; U left m3 (11,078) in occlusal view. Ailuropoda baconi V right P3 (GX-M1-01) in occlusal view; W right P4 (GX-L1-02) in occlusal view; X left M1 
(GX-L1-01) in occlusal view; Y left p2 (31,074) in occlusal view; Z left p4 (31,073) in occlusal view; AA left m1 (GX-5) in occlusal view; AB left m1 (GX-5) in buccal view; AC left 
m2 (GX-6) in occlusal view; AD left m3 (31,110) in occlusal view. Hystrix subcristata: AE left m1/2 (GX-13) in buccal view; AF left m1/2 (GX-13) in occlusal view; AG right M1/2 
(GX-12) in distal view; AH right M1/2 (GX-12) in occlusal view; AI right I1 (GX-14) in mesial view.
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et al. 2019), Yanlidong (Yao et al. submitted), Hualongdong (Tong 
et al. 2018b), Panxian Dadong (Zhang et al. 1997), Mocun Cave 
(Fan et al. 2022), Tham Wiman Nakin (Suraprasit et al. 2021), Duoi 
U’Oi (Bacon et al. 2008), and extant specimens (Suraprasit et al. 
2021) (Table S13).

Ailuropoda baconi: Thirty-six isolated giant panda teeth (and 
teeth fragments) have been recovered at Ganxian Cave. The P3 
and P4 both have four cusps, paracone and metacone on the 
buccal side and protocone and hypocone on the lingual side 
(Figure 6V-W). The parastyle is well marked. There is a small 
cusp between the protocone and hypocone. In the P4 there is 
a cingulum on the lingual aspect (Figure 6W). The outline of 
M1 is square in occlusal view (Figure 6X). The paracone and the 
metacone are equal in size. A cingulum on the lingual side is well- 
developed. The lower p4 presents on the lingual side of the 
hypoconid an accessory cusplet (entoconid) (Figure 6Z). The m1 
displays well-developed accessory cuspids at the buccal side of 
anterior part (Figure 6AA-AB). The m2 is rectangular in shape 
in occlusal view (Figure 6AC). The four main cusps (protoconid, 
metaconid, hypoconid and entoconid) are well-developed. The 
dimensions of the teeth are larger than the specimens of 
Ailuropoda microta and Ailuropoda wulingshanensis, and within 
the size range of A. baconi (Jin et al. 2007; Wang et al. 2017a). We 
assign these specimens to A. baconi (Table S14).

Rodents

Hystrix subcristata: Three hundred and sixty-three isolated teeth, 
including one hundred and thirty-four incisors, seventy-three pre
molars, one hundred and fifty-six molars, can be allocated to 
Hystrix subcristata based on their size. The mandibular premolars 
and molars are straight (Figure 6AE), while the maxillary teeth are 
curved towards the labial side (Figure 6AG). When the tooth is 
unworn or lightly, the maxillary tooth presents a deep hypoflexus 
opening backward in the lingual side and the paraflexus, mesoflexus 
and metaflexus in the labial side. The hypoflexid opens forward in 
the labial side in the mandibular tooth. The paraflexid, mesoflexid 
and metaflexid are in the lingual side (Figure 6AF). When the tooth 
is heavily worn, the paraflexus, mesoflexus and metaflexus are 
replaced by three enamel rings (Figure 5AH). The dimensions of 
the teeth from Ganxian overlap those of Hystrix subcristata from 
Mocun Cave (Fan et al. 2022) (Table S15).

Artiodactyla

Rusa (Cervus) unicolour: 484 permanent premolars and molars and 
32 deciduous teeth, belonging to a large-sized cervid are referred to 
Cervus unicolour (Table 5). The P2 has two distinct lobes on the 
lingual size with a clear separation between the protocone and 
hypocone (Figure 7D). The paracone rib is prominent. The metas
tyle is more developed than the parastyle. The outline of P3 is 
square in occlusal view (Figure 7E). The morphology of the P3 is 
similar to that of the P2. The metastyle of P3 is less developed than 
in P2. The P4 is rectangle in occlusal view and has a small groove 
between the two lingual cusps (Figure 7F). The metastyle is less 
developed than P2 and P3. Some P4 present a developed cingulum 
on the lingual side. The upper molars present entostyles on the 
lingual side (Figure 7G-I). The p3s are not molarized (Figure 7K), 
and some p4 show a low degree of molarisation or incomplete 
molarisation (Figure 7L). The dimensions of the Ganxian teeth 
show large overlaps with those of Rusa (Cervus) unicolour from 
Longgudong, Bailongdong (Tong et al. 2019), Yanlidong (Yao et al. 
submitted), Tham Wiman Nakin Caves (Suraprasit et al. 2021), 
Tam Hang South (Bacon et al. 2011), Mocun Cave (Fan et al. 

2022), Duoi U’Oi (Bacon et al. 2008), and extant specimens 
(Suraprasit et al. 2021) (Table S16).

Muntiacus muntjak: The small-sized cervid (Muntiacus munt
jak) is represented by 397 specimens. The P2 displays a salient 
metastyle and paracone rib (Figure 7Q). The protocone and hypo
cone are separated by a deep groove. The P3 has a less-marked 
groove between the two lingual cusps (Figure 7R). The metastyle 
and paracone rib are less-developed than the P2. On the P4, the 
groove between protocone and hypocone is sometimes absent 
(Figure 7S). The protocone and the hypocone are equal in size. 
The upper molars have developed mesostyle and metacone, and 
show an entostyle (Figure 7T-V). One p4 displays a molarisation. 
The dimensions of Ganxian teeth overlap largely with those of 
M. muntjak from Yanlidong (Yao et al. submitted), Tam Hang 
South (Bacon et al. 2011), Mocun Cave (Fan et al. 2022), Duoi 
U’Oi (Bacon et al. 2008), and extant specimens (Suraprasit et al. 
2021) (Table S17).

Muntiacus reevesi: Twenty-nine teeth are assigned to Muntiacus 
reevesi. The P2 has a prominent the metastyle and the paracone rib. 
The protocone and hypocone are separated by a groove. The groove 
is less-marked or absent in P3 and P4. There is the trace of cingu
lum on the lingual side in some specimens. The upper molars have 
a weak entostyle (Figure 7AC-AE). The morphology conforms of 
M. reevesi from Bailongdong (Tong et al. 2019), Mocun Cave (Fan 
et al. 2022), Yangjiawan and Fuyan Caves (Zhang et al. 2018). The 
dimensions of Ganxian teeth falls within the range of fossil speci
mens from Bailongdong (Tong et al. 2019), Mocun Cave (Fan et al. 
2022), Yangjiawan and Fuyan Caves (Zhang et al. 2018) and extant 
specimens (Suraprasit et al. 2021) (Table S18). Based on their 
extremely small size, we assigned these specimens to M. reevesi.

Bos gaurus: Twenty-seven permanent teeth are identified as 
belonging to Bos gaurus. The occlusal outline of M1 is sub- 
square and that of M2 is rectangular (Figure 8B-C). On M1 and 
M2 moderately worn, the entostyles are generally bifurcated or 
sometimes trifurcated (Figure 8B-C). The M3 exhibits a well- 
developed metastyle projecting more distally (Figure 8D). The 
entostyle on the M3 is not bifurcated. The p3 and p4 show 
a larger metaconid and a buccolingual constriction of the external 
postprotocristid (Figure 8 E and C). A deep distal valley can be 
observed in lingual side on p3 and p4 (Figure 8 F and H). Lower 
molars generally possess a weak metastylid compared to Bubalus 
arnee (Figure 8I, K and M). There is vertical groove along the 
lingual surface of columns in buccal view (Figure 8J, L and N). 
The m3 presents a prominent posterior entostylid (Figure 8M-N). 
The dimensions of the teeth are comparable to those from 
Bailongdong (Tong et al. 2019), Khok Sung (Suraprasit et al. 
2016), Tham Wiman Nakin (Suraprasit et al. 2021) and extant 
specimens (Table S19). Based on their larger sizes (than Bos 
javanicus and Bos sauveli), more developed metaconids and 
more mesiodistally constricted postprotocristids on the p3 and 
p4, we attributed these specimens to B. gaurus.

Bubalus arnee: Sixteen isolated teeth are attributed to Bubalus 
arnee. The incomplete DP2 is elongated, with a prominent para
cone and metastyle. The P3 has a subtriangular outline, charac
terised by a distinct parastyle, paracone rib, and metastyle and 
a U-shaped fossette (Figure 8O). The p2 displays a well-developed 
postentocristid and posthypocristid (Figure 8Q-R). A well- 
developed preprotoconulidcristid is present on p3 (Figure 8S-T). 
On the p4, the postprotocristid is anteroposteriorly constricted, and 
fuses with the posthypocristid beyond the middle stage of wear 
(Figure 8U-V). A well-developed metastylid is present on lower 
molar (Figure 8 W and Y). The posterior ectostylid is absent on the 
m3 (Figure 8Z). The dimensions of all the Ganxian teeth are 
comparable to those of specimens from Khok Sung (Suraprasit 
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et al. 2016) and Tham Wiman Nakin (Suraprasit et al. 2021) 
assigned to Bubalus arnee (Table S20).

Megalovis guangxiensis: Four teeth (one p4, two m2s and one 
m3) are attributed to Megalovis guangxiensis. The p4 is molarized 
and has a smaller distal lobe than mesial lobe (Figure 8AA). The 
protoconid and metaconid are developed (Figure 8AB-AC). The 
m2s have a sub-triangular occlusal outline for mesial and distal 
lobes (Figure 8AD). A prominent ectostylid is present between the 
protoconid and hypoconid (Figure 8AE). The m3 has four main 
cusps and a more or less developed hypoconulid (Figure 8AG). In 
the m3, the ectostylid is weak between the protoconid and hypoco
nid, but no posterior ectostylid between the hypoconid and hypo
conulid (Figure 8AH). The p4 and m2 of Ganxian are larger than 
those of Longgupo (Huang and Fang 1991), Sanhe Cave (Dong et al. 
2011), and Daxin Hei Cave (Han 1982), fall with the range of 
specimens from Gigantopithecus Cave (Han 1987) and Queque 
Cave (Dong et al. 2020). The length of m3 exceed the known ranges 
of fossil Megalovis guangxiensis (Han 1982, Han 1987; Huang and 
Fang 1991; Dong et al. 2011, 2020) (Table S21).

Capricornis sumatraensis: The P4 is subtriangular in shape 
and presents a well-developed parastyle and metastyle 
(Figure 8AJ). From the occlusal aspect, upper molars display 
a subtriangular-shaped mesial lobe and a pentagonal-shaped 
distal lobe (Figure 8AK-AL). The mesostyle on upper molars is 
often more pronounced than the parastyle. On moderately 
worn m3, the back fossette on the third lobe is absent. The 
dimensions of the teeth are comparable to C. sumatraensis 
from Tham Wiman Nakin (Suraprasit et al. 2021), Tham 
Prakai Phet (Wattanapituksakul 2016), Tam Hang South 
(Bacon et al. 2011), Duoi U’Oi (Bacon et al. 2008), and extant 
specimens (Wattanapituksakul et al. 2018) (Table S22).

Sus scrofa: Five hundred and twenty-one isolated teeth, 
including 51 incisor, 12 canines, 449 cheek teeth, 9 milk teeth, 
are attributed to the larger pig Sus scrofa. One maxilla with P3/ 
P4/M1 is also recorded. All these elements resemble those of 
modern Sus scrofa: smooth enamel, and numerous accessory 
tubercles with characteristic star-like folds on molars 
(Figure 9). The identifiable lower canines present the typical 

Figure 7. Fossil teeth of Rusa unicolour (A-O), Muntiacus muntjak (P-X), and Muntiacus reevesi (Y-AF) from Ganxian Cave. A left DP2 (31,479) in occlusal view; B left DP3 
(30,346) in occlusal view; C right dp4 (30,930) in occlusal view; D left P2 (30,462) in occlusal view; E left P3 (31,473) in occlusal view; F left P4 (30,088) in occlusal view; G left 
M1 (30,818) in occlusal view; H right M2 (31,262) in occlusal view; I left M3 (31,414) in occlusal view; J right p2 (31,170) in occlusal view; K right p3 (31,476) in occlusal view; 
L right p4 (31,080) in occlusal view; M left m1 (31,481) in occlusal view; N right m2 (30,628) in occlusal view; O left m3 (30,866) in occlusal view. P right dp4 (30,016) in 
occlusal view; Q left P2 (31,158) in occlusal view; R left P3 (29,463) in occlusal view; S left P4 (30,912) in occlusal view. T left M1 (30,494) in occlusal view; U right M2 (29,456) 
in occlusal view; V right M3 (29,458) in occlusal view; W right p2 (30,431) in occlusal view; X right m3 (31,384) in occlusal view; Y right P2 (31,127) in occlusal view; Z left P2 
(31,440) in occlusal view; AA left P3 (31,101) in occlusal view; AB left P4 (29,755) in occlusal view; AC left M1 (30,018) in occlusal view; AD left M2 (31,164) in occlusal view; 
AE right M3 (31,160) in occlusal view; AF left m3 (31,126) in occlusal view.
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Figure 8. Fossil teeth of Bos gaurus (A-N), Bubalus arnee (O-Z), Megalovis guangxiensis (AA-AI), and Capricornis sumatraensis (AJ-AM) from Ganxian Cave. A left P4 (GX-L1-47) in 
occlusal view; B right M1 (30,937) in occlusal view; C left M2 (GX-E8-4) in occlusal view; D right M3 (GX-E8-03) in occlusal view; E left p3 (30,927) in occlusal view; F left p3 (30,927) in 
lingual view; G left p4 (GX-E8-08) in occlusal view; H left p4 (GX-E8-08) in lingual view; I left m1 (GX-E7-05) in occlusal view; J left m1 (GX-E7-05) in buccal view; K right m2 (11,098) in 
occlusal view; L right m2 (11,098) in buccal view; M right m3 (29,760) in occlusal view; N right m3 (29,760) in buccal view; O left P3 (GX-E7-06) in occlusal view; P right P4 (GX-E8-12) 
in occlusal view; Q right p2 (30,090) in occlusal view; R left p2 (GX-19) in occlusal view; S right p4 (GX-E8-10) in occlusal view; T right p4 (GX-E8-10) in lingual view; U left p4 (31,359) 
in occlusal view; V left p4 (31,359) in lingual view; W right m2 (GX-E7-03) in occlusal view; X right m2 (GX-E7-03) in buccal view; Y left m3 (GX-E5-01) in occlusal view; Z left m3 (GX- 
E5-01) in buccal view; AA left p4 (31,358) in occlusal view; AB left p4 (31,358) in buccal view; AC left p4 (31,358) in lingual view; AD left m2 (29,906) in occlusal view; AE left m2 
(29,906) in buccal view; AF left m2 (29,906) in lingual view; AG left m3 (30,239) in occlusal view; AH left m3 (30,239) in buccal view; AI left m3 (30,239) in lingual view; AJ right P4 
(31,209) in occlusal view; AK left M2 (31,312) in occlusal view; AL left M3 (29,898) in occlusal view; AM right m3 (30,376) in buccal view.
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‘scrofic’ type, with a triangular cross-section, a high-crown, 
a thin enamel, and with a lingual side wider than the buccal 
(Figure 9C-D). The dimensions of the Ganxian teeth show large 
overlap with those of S. scrofa from Bailongdong (Tong et al. 
2019), Duoi U’Oi (Bacon et al. 2008), Tam Hang South (Bacon 
et al. 2011), Tham Wiman Nakin (Suraprasit et al. 2021), and 
Mocun Cave (Fan et al. 2022) (Table S23).

Sus xiaozhu: The Sus xiaozhu is documented by 12 perma
nent molars teeth. The M1 has a rectangular in outline with 
four main cusps (Figure 9Q). These cusps are almost equal in 
size. The morphology of the M2 is similar to that of the M1 
(Figure 9R). The M2 has more developed anterior cingulum and 
pentapreconule. A small accessory cuspids is present in the 
lingual valley. The m2 crown displays a rectangular outline 
(Figure 9S). The m2 have four main cusps of the same size 
(protoconid, metaconid, hypoconid and entoconid). There is no 
accessory cuspid in the valley. The dimensions of the teeth 
show large overlap with those of S. xiaozhu from Longgupo 
(Huang and Fang 1991), Mohui Cave (Wang 2005), 

Longgudong (Zheng 2004), Bijiashan (Han et al. 1975), 
Dongpaoshan (Wang et al. 1982), and Gigantopithecus Cave 
(Han 1987). Based on their extremely small size, we attributed 
these teeth to S. xiaozhu (Table S24).

Discussion

Biochronological framework of Ganxian cave

The newly recovered Ganxian mammalian assemblage is composed 
of 28 identified taxa belonging to six orders (Primates, Carnivora, 
Proboscidea, Perissodactyla, Artiodactyla, and Rodentia). The 
Ganxian fauna is composed of eight extinct species (Pongo weiden
reichi, Ailuropoda baconi, Stegodon orientalis, Tapirus sinensis, 
Megatapirus augustus, Crocuta ultima, Megalovis guangxiensis, 
and Sus xiaozhu) and a larger portion of modern species. The 
Ganxian faunal composition has all the characteristics of a late 
Middle Pleistocene mammalian assemblage with biochronological 
age estimates in agreement with age estimates obtained using 

Figure 9. Fossil teeth of Sus scrofa (A-P) and Sus xiaozhu (Q-S) from Ganxian Cave. A left i2 (29,894) in lingual view; B left C (GX-15) in buccal view; C and D left c (31,044); 
E right P2 (30,980) in occlusal view; F right P3 (30,951) in occlusal view; G left P4 (29,857) in occlusal view; H left M1 (30,510) in occlusal view; I right M2 (31,135) in occlusal 
view; J left M3 (29,746) in occlusal view; K left p2 (30,957) in occlusal view; L right p3 (30,386) in occlusal view; M right p4 (31,020) in occlusal view; N right m1 (29,851) in 
occlusal view; O left m2 (29,810) in occlusal view; P right m3 (30,863) in occlusal view; Q right M2 (29,869) in occlusal view; R right M2 (31,526) in occlusal view; S right m2 
(30,861) in occlusal view.
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U-series dating, coupled ESR/U-series dating, and magnetostrati
graphic dating methods.

No archaic elements which are characteristic of the Early 
Pleistocene ‘Gigantopithecus-Sinomastodon fauna’, such as 
Ailuropoda microta, Stegodon huananensis, Sinomastodon, 
Hesperotherium, Tapirus sanyuanensis. Gigantopithecus blacki, 
were recovered in the Ganxian assemblage. Thus, the Ganxian 
fauna is distinctly different from the Early Pleistocene 
Gigantopithecus fauna (Chow 1957; Wang et al. 2007; Jin et al. 
2014) (Figure 10).

Ganxian fauna resembles faunas of approximately the same age, 
Daxin Hei Cave (Han 1982) and Hejiang Cave (Zhang et al. 2014), 
and the slightly older Bailongdong (Tong et al. 2019), Bulalishan 
(Zhang et al. 1973), Yanlidong (Yao et al. submitted), and Tham 
Khuyen (Schwartz et al. 1994). However, Ganxian is devoid of 
archaic components found to be present on those sites, such as 
Pachycrocuta sinensis at Bailongdong (Tong et al. 2019), G. blacki at 

Bulalishan (Zhang et al. 1973), Daxin Hei Cave (Han 1982), and 
Tham Khuyen (Schwartz et al. 1994), and Sus peii at Yanlidong 
(Yao et al. submitted).

The resemblance of the Ganxian fauna to those of coeval local
ities such as Wuyun Cave (Chen et al. 2002), Hualongdong (Tong 
et al. 2018a) and Panxian Dadong (Si et al. 1993; Zhang et al. 1997) 
in China, Khok Sung (Suraprasit et al. 2016) and Tham Wiman 
Nakin (Suraprasit et al. 2021) in Thailand is striking. Indeed, they 
are composed of archaic species typical of the ‘Stegodon-Ailuropoda 
’ faunas and modern species still living in Asia.

Ganxian fauna has A. baconi, S. orientalis, and E. maximus, so it 
is distinctly different from those Late Pleistocene faunas, such as 
Zhiren Cave (Jin et al. 2009), Luna Cave (Bae et al. 2014), Tam 
Hang South (Bacon et al. 2011), Nam Lot (Bacon et al. 2018b), and 
Mocun Cave (Fan et al. 2022).

Furthermore, the Ganxian fauna is distinguished by its rela
tive modernity, whereas those of Duoi U’Oi (Bacon et al. 2008) 

Figure 10. Biochronological framework designed with the thirty- seven well-documented faunas from the Indochinese province. Abbreviations: Pleist. = Pleistocene.
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and Ma U’Oi (Bacon et al. 2004, 2006) in northern Vietnam 
(respectively 66 ± 3 ka and >47 ± 4 ka) are totally modern in 
their composition.

Although the chronological significance of Elephas is an unre
solved issue (Zeitoun et al. 2015, 2016), the E. maximus fossils of the 
Ganxian Cave may represent the earliest appearance of E. maximus 
in mainland southeast Asia and south China. Compared with the 
fossil sites with the occurrences of E. maximus, such as Coc Muoi 
(Bacon et al. 2018a) in Vietnam, and Wuyun Cave (Chen et al. 
2002), Panxian Dadong (Si et al. 1993; Zhang et al. 1997), Fuyan 
Cave (Li et al. 2013), Mawokou (Wang et al. 2017b), Yangjiawa 
(Tong et al. 2018a) in South China, the Ganxian Cave site, which is 
dated to between 168.9 ± 2.4 ka and 362 ± 78 ka based on U-series 
and coupled ESR/U-series dating methods, may be the site of the 
earliest appearance of E. maximus. Of course, this is just a throw- 
away conclusion for now, more fossils with precise absolute age 
constrains are the key to solving first appearance of E. maximus in 
mainland Southeast Asia and south China.

Paleoenvironmental implications

Extant orangutans (Pongo pygmaeus, Pongo abelii, and Pongo tapa
nuliensis) are the most arboreal of the great apes and are represen
tative members of evergreen tropical rain forest communities 
(MacKinnon 1974; Davies 1986; Payne and Prudente 2008; Nater 
et al. 2017). As such, in palaeontological reconstructions of paleoen
vironments, the presence of orangutan specimens in fossil assem
blages often indicates the existence of a forested habitat (Van den 
Bergh et al. 2001; Storm et al. 2005; Tougard and Montuire 2006). 
This is consistent with the δ13C results obtained for specimens from 
several Pleistocene cave sites in southern China, such as Yanliang, 
Liucheng, Mohui, Sanhe, Tantang, Baxian and Quzai Caves (Wang 
et al. 2007; Nelson 2014; Qu et al. 2014; Li et al. 2017; Ma et al. 2017; 
Stacklyn et al. 2017, 2019). U. thibetanus prefers moist deciduous 
forests, bushy areas, hills and mountains (Nowak 1999). C. ultima 
was a predator that probably feed C4-plant consumers, as demon
strated by carbon isotopic results from the late Middle Pleistocene 
site of Tham Wiman Nakin (Pushkina et al. 2010). The presence of 
the P. tigris at the Ganxian Cave site indicates the presence of 
a diversified habitat with closed forests and zones with more open 
forests (Schaller 1967).

The Ganxian fauna is characterised by the coexistence of 
R. sondaicus and D. sumatrensis, which suggests humid condition. 
The Javan rhino inhabits tall grass and lowland reed beds in tropical 
rain forests with a good supply of water and plentiful mud wallows. 
R. sondaicus is an exclusive browser feeding on shoots, twigs, young 
foliage and fruits (Nowak 1999). The Sumatran rhino is found in 
a wide variety of habitats, including lowland rain forests and 
swamps to mountain moss forests, but always near water and salt 
licks. D. sumatrensis is a browser, feeding on leaves, twigs and fruits 
(Nowak 1999).

In summary, the Ganxian fauna assemblage suggests that 
between 168.9 ± 2.4 ka and 362 ± 78 ka, the environment was 
characterised by a forest and some open habitats, under warm 
and humid conditions. At latitudes close to that of Ganxian Cave 
(23°N), sedimentological and palynological records of the Leizhou 
Peninsula (20°-21°N) in southern China show that a slightly drier 
and cooler condition in MIS 10 was followed by a wetter and 
warmer climate in MIS 9. The montane forest reached down to 
the lowland by at least 600 m during the MIS 6 and 8 in a cool and 
relatively wet condition (Zheng and Lei 1999). This palynological 
evidence from the Leizhou Peninsula supports our paleoenviron
ment reconstructions of the mammalian fauna.

Conclusion

The fauna consists of 28 large mammalian species, and is charac
terised by the combination of Macaca sp., Trachypithecus/Presbytis 
sp., Hylobates sp., Pongo weidenreichi, Elephas maximus, Stegodon 
orientalis, Rhinoceros sp., Rhinoceros sondaicus, Dicerorhinus suma
trensis, Tapirus sinensis, Megatapirus augustus, Arctonyx collaris, 
Cuon alpinus, Neofelis nebulosa, Crocuta ultima, Panthera tigris, 
Ursus thibetanus, Ailuropoda baconi, Hystrix subcristata, Rusa 
(Cervus) unicolour, Muntiacus muntjak, Muntiacus reevesi, Bos 
gaurus, Bubalus arnee, Megalovis guangxiensis, Capricornis suma
traensis, Sus scrofa, Sus xiaozhu, showing the features of typical 
Ailuropoda-Stegodon fauna. The arising of E. maximus in Ganxian 
may probably represent the earliest appearance of Asian elephant. 
The palaeoenvironmental reconstruction based on the study of the 
Ganxian faunal assemblage suggests a forested and some open 
habitats, within warm and humid conditions.
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