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Abstract

The YJW (Yangjiawan) Cave 2 of Pingxiang in Jiangxi Province is a karst cave
that developed in the Permian limestone of the Changxing Formation, which
is filled with clay and grit of Late Pleistocene age. Six excavations have been
conducted at the site since 2015. More than ten thousand mammalian fossils
have been unearthed, and the wild boar fossils account for approximately 49%,
which represents the richest wild boar fossil tooth collection of Pleistocene age
in southern China. This study focuses on the studies of the canine teeth and
the third molars, and mainly compares fossils of Sus peii and S. xiaozhu in
South China and the data of extant S. scrofa respectively in dental morphology
and odontometric data analyses which includes scatter plot analysis, regression
analysis, coeflicient of variation analysis and linear discriminant analysis. The
typical scrofic type of the male’ s lower canine teeth confirmed the identification
of the suid fossils from YJW Cave 2 as S. scrofa. Although the male’ s lower
canines, the M2s and m3s, are among the most variable teeth in sizes, they stay
in the ranges of S. scrofa; furthermore, the scatterplots of both the upper and
lower third molars form two distinct clusters respectively, which can probably be
attributed to sexual dimorphism rather than resulting from a mixture of different
suid species. The post-Early Pleistocene suid fauna in southern China is almost
only composed of S. scrofa, which is quite different from the adjacent Southeast
Asia where the suid fauna is quite taxonomically diversified and dominated by
the verrucosic type.
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Abstract: Yangjiawan (YJW) Cave 2 in Pingxiang, Jiangxi Province, is a karst
cave developed in Permian limestone of the Changxing Formation, filled with
Late Pleistocene clay and grit deposits. Six excavations have been conducted at
the site since 2015, yielding over ten thousand mammalian fossils, of which wild
boar teeth account for approximately 49%—representing the richest collection of
Pleistocene wild boar dental fossils discovered in southern China to date. This
study focuses on the canines and third molars, comparing the fossils with Sus
peii and S. ziaozhu from South China and extant S. scrofa through dental mor-
phology and odontometric analyses including scatter plot analysis, regression
analysis, coefficient of variation analysis, and linear discriminant analysis.

The typical scrofic type of male lower canines confirms identification of the
suid fossils from YJW Cave 2 as S. scrofa. Although male lower canines, M2s,
and m3s exhibit high size variability, all measurements fall within the range of S.
scrofa. Furthermore, scatter plots of both upper and lower third molars form two
distinct clusters, likely attributable to sexual dimorphism rather than mixing
of different suid species. Post-Early Pleistocene suid fauna in southern China
is composed almost exclusively of S. scrofa, contrasting sharply with adjacent
Southeast Asia where suid fauna is taxonomically diverse and dominated by the
verrucosic type.

Keywords: Yangjiawan Cave 2, Pingxiang, Jiangxi; Late Pleistocene; Sus
scrofa; teeth; intraspecific variation; sexual dimorphism
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1. Introduction

Since 2014, a team from the Institute of Vertebrate Paleontology and Paleoan-
thropology (IVPP), Chinese Academy of Sciences has been excavating YJW
Cave 1, and since 2015, YJW Cave 2, which lies only 50 meters away (Zou
et al., 2016). The Yangjiawan caves are located in Shangli County, Pingxiang,
Jiangxi Province, with Cave 2 precisely positioned at 27°46 25 N, 113°50 25 E.
These karst caves are filled with Late Pleistocene clay and silt deposits. The
mammalian fauna from YJW Cave 2 comprises 6 orders, 20 families, and ap-
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proximately 40 species, all characteristic elements of the Ailuropoda-Stegodon
fauna (Zhang et al., 2017, 2018; Jiangzuo et al., 2018; Tong et al., 2018). The
site has yielded the most abundant and diverse fossil assemblage discovered in
Jiangxi Province to date, with over 10,000 mammalian tooth fossils excavated,
the majority belonging to wild pigs.

Suiformes, including Suidae and Tayassuidae, can be traced back to the Middle
Eocene (Gentry and Hooker, 1988; Ducrocq, 1994; Ducrocq et al., 1998; Liu,
2001). The subfamily Suinae represents one of the most common components
of Quaternary faunas in southern China, with three genera (Potamochoerus,
Dicoryphochoerus, and Sus) and approximately 13 species reported, though the
generic validity of Chinese Dicoryphochoerus requires further analysis as more
material becomes available (Hou et al., 2018). Despite their abundance, Quater-
nary Suinae fossils in southern China are typically poorly preserved, often lack-
ing crucial anatomical parts, leaving many taxonomic issues unresolved. While
comparative skull studies are among the most effective vertebrate research meth-
ods, few skull specimens of Quaternary Suinae exist in China. Consequently,
isolated tooth remains are abundant, and dental measurements and related anal-
yses become important for species determination (Zeuner, 1963; Bokonyi, 1974;
Mayer et al., 1998).

Researchers studying wild boars and domestic pigs typically measure the second
and third molars, though the crown length of the second molar may be reduced
by abrasion from adjacent molars (Higham, 1968; Flannery, 1983; Stampfli,
1983; Payne and Bull, 1988; Mayer et al., 1998). Adult individuals exhibit clear
sexual dimorphism, with the most significant differences in the shape and size
of the lower canine (Harrison and Bates, 1968; Payne and Bull, 1988; Mayer
and Brisbin, 1991, 1993). Like other cave sites in southern China, YJW Cave
2 lacks skull material but has yielded numerous tooth fossils. This study aims
to identify the pig fossils from YJW Cave 2 through morphological observation
and measurement, comparing results with S. ziaozhu and S. peii from Liucheng
Gigantopithecus Cave (LGC), Guangxi, and S. scrofa from Yanjinggou, Sichuan.
The rich specimen collection also facilitates intraspecific variation studies, ex-
amining morphological characteristics and size variations between individuals
and genders.

2. Materials and Methods

This study focuses on morphological identification and measurement analysis of
canines, fourth premolars, and second and third molars excavated from YJW
Cave 2 in 2018. The observed specimens include 10 male upper canines, 4 female
upper canines, 27 male lower canines, 43 female lower canines, 50 left P4s, 37
right P4s, 14 left pds, 14 right pds, 46 left M2s, 60 right M2s, 62 left m2s, 55 right
m2s, 41 left M3s, 25 right M3s, 73 left m3s, and 60 right m3s. Primary reference
materials consist of third molar measurement data for S. ziaozhu and S. peii
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from LGC, Guangxi (Han, 1987). Higher-level classification follows McKenna
and Bell (1997) and Frantz et al. (2016), while species-level classification follows
Groves (1981).

Methods employed include morphological observation and comparison, with
anatomical terminology and tooth crown measurement methods derived from
Hardjasasmita (1987), Van der Made (1996), and Fujita et al. (2000) [Figure
1: see original paper|. Upper and lower teeth are denoted by uppercase and
lowercase letters, respectively. Primary analytical methods include scatter plot
analysis, regression analysis, coefficient of variation analysis, and linear discrim-
inant analysis.

3. Systematic Paleontology

Order Artiodactyla Owen, 1848
Suborder Suiformes Jaeckel, 1911
Superfamily Suoidea Gray, 1821
Family Suidae Gray, 1821
Subfamily Suinae Zittel, 1893
Genus Swus Linnaeus, 1758

Sus scrofa Linnaeus, 1758

3.1 Descriptions and Analysis of Morphology

Among all bones and teeth, the anatomical features of the male lower canine
are among the most crucial for suid classification (Wilkinson, 1976) and may
even be considered the most important character for distinguishing Sus species
(Groves, 1981, 2007). Three main types of lower canine cross-sections exist:
scrofic, verrucosic, and intermediate (Fujita, 2000) [FIGURE:1 A-C]. In all
three types, the lingual (=anterior: Groves, 1981) face is always the broadest
(Groves, 1981: P.11). In the scrofic type [Figure 1A: see original paper], the
labial (inferior: Groves, 1981) face is the narrowest (Groves, 1981:p. 11). In the
verrucosic type, the posterior face is the narrowest (Hardjasamita, 1987) [Figure
1C: see original paper]. In the intermediate type, the posterior face becomes as
broad as the labial one (Fujita, 2000) [Figure 1B: see original paper]. Notably,
Groves (1981:p. 11) stated that the inferior surface of the verrucosic type is as
broad as the posterior surface, which corresponds to the “intermediate type” of
Fujita et al. (2000).

The suid canine fossils from this deposit clearly exhibit the scrofic type, with the
lingual surface being the broadest, the labial face the narrowest, and the poste-
rior face lacking enamel. The lower canines of S. ziaozhu and S. peii from LGC
are of the intermediate type (Chen, 2004), but closer to the verrucosic type
based on figures by Han (1987:fig. 3 [Figure 3: see original paper]). Regard-
ing lower canine teeth, fossils from YJW Cave 2 are more similar to S. scrofa
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(Figs. 1G; 2: 8c, 9¢). Male lower canine size from YJW Cave 2 varies consid-
erably, likely representing different age classes according to Endo et al. (1994).
Although female S. scrofa have the largest canine teeth among Sus species, over-
lapping with the male range (Groves, 1981), male lower canines remain easily
distinguishable from females because female lower canines are not only obvi-
ously smaller but also possess a developed enamel-less root (Mayer and Brisbin,
1988). Furthermore, we observed that female lower canines have a relatively
narrower posterior surface [FIGURE:2: 17-24].

Male lower canines of S. scrofa from YJW Cave 2 are fairly variable in size,
closely related to their age stages (Fig. 2: 1-9); none possess roots, indicating
that male lower canines continue growing throughout life. In contrast, female
lower canines are much smaller with developed roots, but show far less size
variability than males (Fig. 2: 10-24).

Male upper canines are much more robust, with a trapezoidal cross-section,
grooved enamel, and enamel-free bands extending along the entire length of the
rootless tooth, though size variation is limited (Fig. 3: 1-9). Female upper
canines are much more reduced and compressed, with an atypical triangular
cross-section, a developed root, and enamel covering only the crown portion
(Fig. 3: 10).

Upper incisors are few and poorly preserved, while lower incisors are well rep-
resented. The most important characters of i2 are the bent tooth body and
developed distal groove (Fig. 3: 12-13), whereas these characters are absent in
il (Fig. 3: 11).

In form, P2 [FIGURE:4: 4] is similar to P3 but prominently smaller. P3 has a
developed paracone, metacone, and protocone, as well as a prominent primocone
(Fig. 4: 17). Both P2 and P3 have two roots. P4 has three main cusps:
a paracone and metacone at the buccal side, and a protocone at the lingual
side. The protocone varies greatly in both shape and size, primarily lying at
the contact point between the protocone precrista and the postcrista of the
protopreconule; furthermore, the general shape and size of the tooth are also
very variable (Fig. 4: 5-17). P4 has four roots, though the two lingual roots
commonly merge into one.

M1 [FIGURE:4: 19] is very similar to M2 in shape but much smaller. M2 has
four equally developed cusps: a paracone and metacone at the buccal side, pro-
tocone and hypocone (=tetracone: Fujita et al., 2000) at the lingual side, with
a moderately developed tetrapreconule occurring at the central area surrounded
by the four major cusps, and the posterior cingulum (=pentapreconule: Fujita
et al., 2000) being much more developed than the anterior one (Fig. 4: 20-34).

The p2 [FIGURE:4: 1] and p3 [FIGURE:4: 2] are similar in form, but the former
is prominently smaller; both have developed protoconid and hypoconid. Both p2
and p3 have two roots. The p4 crown consists of four major cuspids: paraconid,
protoconid, metaconid, and hypoconid, with a hypoendocristid developed at the
lingual side of the hypoconid; at the buccal side, two vertical ridges occur at
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the anterior and posterior corners respectively [FIGURE:4: 3]. Normally p4 has
two roots, though the posterior one is occasionally forked distally; anatomical
study shows p4 has three root canals (Ide et al., 2013).

ml [FIGURE:4: 18] is very similar to m2 in shape but relatively smaller. m2
has four main cuspids: protoconid and hypoconid at the buccal side, metaconid
and entoconid at the lingual side. Furthermore, the pentaconid at the distal
end and the hypopreconulid at the central part surrounded by the four main
cuspids are also quite prominent (Fig. 4: 35-43). Both m1 and m2 have four
roots. m2s are less variable in dimensions than M2s.

M3s of suid fossils from YJW Cave 2 generally have three lobes (Fig. 4: 44-52).
The crown shape is triangular with a rounded right angle near the protocone.
Some specimens bend toward the lingual side in the zone between the second
and third lobes. Taking the left M3 as an example, the paracone is the highest
among the cusps. The protocone and metacone are similar in height, while the
hypocone is the smallest among the four main cusps in both size and height.
A hypoectoconule usually develops between the protocone and hypocone. The
hypopreconule that develops between the first and second lobe is somewhat
large and may sometimes be as large as the protocone and metacone. The
pentacone is large. A pentaectoconule may develop between the hypocone and
pentacone, although it is sometimes missing. The pentapreconule is generally
slightly smaller than the hypopreconule with the surrounding tip fully developed.
Pentacone variability is relatively large, with some specimens splitting at the
top and several small cusps attached around it. Each M3 cusp is relatively
complicated with many deep grooves and small cristae developed, as well as
some cusplets. In terms of shape, the M3 of pig fossils from YJW Cave 2 is
relatively close to S. peii and S. scrofa. However, the third lobe of S. peii
M3 is generally composed of a large cusp, with fewer small cusps and cristae
developing in the first and second lobes. Variability is mainly manifested in
total size and third lobe development. Therefore, the M3 of suid fossils from
YJW Cave 2 should not be referred to S. peii but are likely closer to S. scrofa
instead. M3 normally has five roots corresponding to each main cusp and the
talon, though extra rootlets occasionally occur.

More than half of the m3s have four lobes with complex variability in the fourth
lobe (Fig. 4: 53-62). Taking the left m3 as an example, the protoconid is gen-
erally lower than the metaconid and almost the same height as the hypoconid.
The entoconid is generally lower than the hypopreconulid but higher than the
protoconid. The hypopreconulid is similar in size to the pentapreconulid but
higher than the latter. Hypoectoconulid variability is great in size and division
at the top. Several deep grooves occur around the pentapreconulid when the
crown is not yet abraded, separating it from surrounding cusps. The pentaecto-
conulid varies greatly in size and is not consistently present. The pentaconid is
usually lower than the hypoconid but higher than the hexaconid, with a deep
groove separating them. Variability of the fourth lobe mainly lies in the ex-
panding of the heptaconid. Other variability occurs in heptaconid size and the
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presence of small cusps and cristid. In some specimens, a tendency to bend to
the lingual side from the third lobe is also observed (Fig. 4). The m3 has five
roots corresponding to each main cuspid and the talonid.

Variability of pig fossils from YJW Cave 2 is mainly manifested in total size
and the condition of the third and fourth lobes. S. peii is characterized by a
rectangular crown shape, a talonid with a pair of unseparated conids, fewer
small cuspids, and only a small number of individuals developing a fourth lobe
(Chen, 2004). Therefore, m3s from YJW Cave 2 should not belong to S. peii
but are closer to those of S. scrofa.

Previous studies show that only S. lydekkeri, S. scrofa, and S. australis have
four lobes in m3s (Han, 1987), meaning atypical verrucosic type suids in south-
ern China shared some characters with boreal suid species during the Early
Pleistocene. Concerning m3 significance in taxonomy, debate continues; study
of pig remains from the Dadiwan Neolithic site shows m3 is the most variable
tooth among cheek teeth, varying greatly in both size and talonid development
(Qi et al., 2006). The present study also demonstrates that m3 has quite high
coefficient of variation values (Figs. 5, 6; Table 1 ).

3.2 Data Analysis

This study uses data for Sus peii and S. ziaozhu from the Gigantopithecus Cave
by Han (1987) for comparison. Scatter plots were drawn [Figure 5: see original
paper], and regression analysis with 95% confidence was performed to obtain R?
and P values. Length and width data were analyzed for coefficients of variation.

Sus ziaozhu was named by Han et al. (1975) based on small pig fossils from
Bijiashan, Liuzhou, Guangxi. It is very small, with short upper and lower
dentitions, a small M3 talon, and an m3 talonid with one cuspid. The M3 of
S. wiaozhu is extremely small, allowing clear distinction from pig fossils of YJW
Cave 2 and S. peii based solely on measurement data. The M3 distributions of
S. peit and YJW Cave 2 suid specimens slightly overlap; the latter is generally
narrower than S. peii, with greater length variation range than S. peii [Figure
5B: see original paper]. Notably, M3 length-width regression analysis for S. peii
failed the P value test, indicating its regression equation is invalid and variation
is great. P values for the other two are less than 0.05.

The R? value of S. ziaozhu is the largest, indicating small variability, while the
other two show relatively large variability (Table 1). The m3 of S. ziaozhu is
also extremely small, distinguishing it from S. peii and YJW Cave 2 pig fossils in
size. Overlap between S. peii and YJW Cave 2 m3 fossils is larger, but generally,
S. peii data distribution is still slightly wider with a smaller length variation
range than YJW Cave 2 specimens [Figure 5B: see original paper|. P values
for regression equations of m3 for all three species are less than 0.05, while the
R? value of S. ziaozhu remains greater than the other two, indicating smaller
variability (Table 1).

chinarxiv.org/items/chinaxiv-202009.00049 Machine Translation


https://chinarxiv.org/items/chinaxiv-202009.00049

ChinaRxiv [$X]

The earliest record of S. scrofa in southern China is from the Yanjinggou area.
Colbert and Hooijer (1953) provided some tooth length measurement data in
their article. The M3 range is 33.5-41.5 mm. The M3 length range of S. peii
given by Han is 34.6-42.0 mm. The M3 length from YJW Cave 2 is 29.1-41.0
mm. The Yanjinggou m3 variation range is 39.0-41.0 mm. The m3 length of
S. peii is 35.0-44.3 mm, and the m3 length from YJW Cave 2 is 32.1-49.1 mm.
Data for S. scrofa from Yanjinggou is closer to that of YJW Cave 2. Albarella et
al. (2015), when studying Eurasian S. scrofa, calculated average m3 length and
first lobe width for South and Southeast Asian S. scrofe as 37.1 mm and 17.1
mm, respectively. Average length and width of S. peii from Gigantopithecus
Cave were 38.5 mm and 19 mm. Average m3 length and first lobe width of
YJW Cave 2 suid fossils were 38.7 mm and 17.1 mm. On average, YJW Cave
2 suid fossils are closer to S. scrofa.

This study calculated coefficient of variation using length and width data for
the three species. The coefficient of variation for M3 of S. ziaozhu and YJW
Cave 2 suids is similar, both larger than S. peii data in terms of length or width.
S. peii shows smaller variability, different from the length-width combination
variability. The m3 of S. ziaozhu shows large variability, indicating volatile
length or width. Overall variability of YJW Cave 2 suid fossils is larger than
that of S. peti.

Among molars of S. scrofa from YJW Cave 2, M2s [Figure 6D: see original
paper] and m3s [Figure 6B: see original paper| are among the most variable
teeth in dimensions (Table 1). Regarding the relatively smaller fossil species S.
liuchengensts, it has simpler and smaller teeth, with M3 having a reduced talon
and m3 having no more than three lobes (Han, 1987). Concerning S. australis,
it was regarded as a synonym of S. peii by Chen (2004). Moreover, S. scrofa
from YJW Cave 2 has the typical scrofic type male lower canine, different from
Early Pleistocene Sus species of southern China.

The fossil species S. lydekkeri is a boreal taxon that mainly appeared in northern
China during the Early to Middle Pleistocene, distinguishable from S. scrofa
primarily by its relatively larger size and atypical scrofic male lower canine
(Young, 1932), i.e., intermediate between scrofic and verrucosic conditions (Fu-
jita et al., 2000; Chen, 2004; Dong, 2008). Therefore, recent authors treated it
as a subspecies of S. scrofa (van der Made, personal communication; Fujita et
al., 2000). Notably, the skull material of S. lydekkeri from the Nihewan Basin
is likely a young adult male rather than a female as originally identified by Liu
et al. (2017), but its relatively narrower posterior face is an exception, falling
within the intermediate type range and agreeing well with its species features.

Through morphological and data comparison, this study concludes that suid
tooth fossils from YJW Cave 2 should belong to S. scrofa. Although suid fos-
sils are very common in Pleistocene mammalian faunas of southern China, they
are far less diversified compared with their Southeast Asian counterparts at
the species level (Hardjasasmita, 1987; Frantz et al., 2016), and most South-
east Asian Sus species show a verrucosic type cross-section in the male lower
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canine (Hardjasasmita, 1987)—a crucial feature separating them from southern
Chinese species. The verrucosic type male lower canine has never been reported
for Chinese Pleistocene Sus species. Furthermore, compared with Early Pleis-
tocene suid faunas of southern China, Middle-Late Pleistocene ones are much
less diversified.

Cherin et al. (2018) proposed that S. scrofa and Early-Middle Pleistocene S.
lydekkeri are the Sus species with the most numerous plesiomorphic characters,
followed by the monophyletic group of suines with verrucosic lower canines, in-
cluding Pliocene S. arvernensis, S. strozzii, and verrucosic pigs from insular
Southeast Asia. They considered the verrucosic canine a plesiomorphic charac-
ter, agreeing with Groves (1981) that the scrofic canine is derived. Furthermore,
some authors (Groves, 1981; Groves and Grubb, 1993) divided living Sus species
into two groups based on lower canine morphology: the “scrofic group” includes
only S. scrofa, while the “verrucosic group” consists of other species. Cherin et
al. (2018) even proposed that the position of S. strozzii in their phylogenetic tree
provides the first cladistic evidence of affinity between European fossil species
and far-separated insular Southeast Asian verrucosic pigs. We suggest that the
phylogenetic significance of the lower canine should be urgently re-evaluated,
and other teeth should receive equal consideration, as some authors have pro-
posed that molar shape in Eurasian wild boar populations is biogeographically
structured into clearly defined Western and Eastern clusters (Evin et al., 2015).

Regarding the living form of wild boar in China, its classification remains de-
bated. The traditional scenario places all living wild pigs in the species S.
scrofa, designating different subspecies for different regions. In Central China,
wild pigs were previously named S. scrofa chirodonta (Heude, 1888) or S. scrofa
moupinensis (Milne-Edwards, 1871) (Allen, 1940; Groves, 1981), both of which
recent authors have elevated to species level: S. chirodontus Heude, 1888 and S.
moupinensis Milne-Edwards, 1871 (Keuling et al., 2017).

4. Study on Intraspecific Variation of Sus scrofa

Suid fossils from YJW Cave 2 have been identified as S. scrofa primarily based on
canine characters, excluding the possibility of co-existing suid species. However,
significant attention must be paid to the great variation of third molars in both
size and form [Figure 6: see original paper].

In this study, length (L) and widths of the first lobe (Wa), second lobe (Wb),
and third lobe (Wc) of third upper and lower molars of S. scrofa from YJW
Cave 2 were analyzed by scatter diagram. M3 length ranges between 29.1-41.0
mm, while widths are fairly variable. As shown in Fig. 6, data points show a
trend of dividing into two groups, especially in the second lobe of M3 [Figure
6A: see original paper]. We interpret this as representing sexual dimorphism.
Provisional groups were obtained based on this separation [FIGURE:6A, B,
and further verification was conducted using PAST 3.26 (Hammer et al., 2001)
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to perform linear discriminant analysis (LDA) on length versus widths of the
first, second, and third lobes of third molars. LDA is an effective feature extrac-
tion method that brings objects of the same category together while separating
different categories as much as possible. By projecting data into different clas-
sifications, four groups were obtained. M3 data points [FIGURE:6C: a, b] and
m3 data points [FIGURE:6C: ¢, d] each divided into two groups, indicating
that the same anatomical object can indeed be separated into two groups. It is
reasonable to attribute this to gender difference. Therefore, it may be possible
to analyze sexual dimorphism in S. scrofa using only length versus widths of
the first, second, and third lobes of third molars [Figure 6C: see original paper].

5. Conclusion

Late Pleistocene suid fossils from YJW Cave 2 are significantly larger than S.
ziaozhu, overlap with S. peii to a certain extent, and are closest to S. scrofa.
Morphologically, cheek tooth crown folds are more complicated than in S. peii.
In crown measurements, they are narrower than S. peii and close to S. scrofa.
Moreover, male lower canines of the fossil suid from YJW Cave 2 demonstrate a
typical scrofic type. Therefore, suid fossils from YJW Cave 2 should be classified
as S. scrofa. The large number of S. scrofa teeth from YJW Cave 2 provides
material for studying intraspecific variation. After studying canine teeth and
209 upper and lower third molars, results display obvious sexual dimorphism.
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