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Abstract: Partial skeletal remains of Mauremys reevesii, consisting of the
right second and third costals of an individual, were discovered from late
medieval deposit of an archaeological site in Hiroshima Prefecture, Japan.
Because the site was a local port town with relatively frequent commercial
exchanges then, the turtle may have possibly been brought there through direct
or indirect foreign trade in the 15th Century. Current Japanese populations of
M. reevesii have generally been considered as descendants of artificially
transported individuals from outside Japan in no earlier than the late Edo
period (late 18th Century). However, the present finding suggests that the
species was actually introduced to Japan in the late medieval period or even
earlier.
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Introduction

Mauremys reevesii (Gray, 1931) is a
medium-sized geoemydid species widely
distributed across China, the main islands of
Japan (Honshu, Shikoku, Kyushu, and adja-
cent islands), the Korean peninsula, and
Taiwan (Iverson, 1992; Lovich et al., 2011;
TTWG, 2017). This species was previously
assigned to the genus Chinemys (e.g., Smith,
1931; Nakamura and Uéno, 1963; Ernst and
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Barbour, 1989) and the subfamily “Bataguri-
nae” (Hirayama, 1985; Gaffney and Meylan,
1988) based on its morphological characteris-
tics. However, recent molecular analyses indi-
cate that this species is nested within the
genus Mauremys (Geoemydidae), forming a
monophyletic clade along with M. japonica
from Japan, M. sinensis from Taiwan, south-
eastern China and northern Indochina, and
M. nigricans from southern China (Barth et
al., 2004; Feldman and Parham, 2004; Spinks
et al., 2004; TTWG, 2017).

The Japanese populations of M. reevesii
were first described as Emys vulgaris picta
Schlegel, 1844 and were believed to be indige-
nous for many years (e.g., Stejneger, 1907;
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Nakamura and Uéno, 1963; Sengoku, 1979;
Hikida, 2002). However, unambiguous
evidence of occurrence of this turtle in Japan
has not been found at all in Quaternary fossils
excavated (Hirayama, 2006; Hirayama et al.,
2007; Goto, 2013; Takahashi, 2015), skeletal
remains from archaeological sites (Takahashi,
2015, 2017), or in old literature or drawings
produced earlier than the late Edo period
(approximately 200 years ago: Hikida and
Suzuki, 2010; Goto, 2015, 2016). In addition,
a recent molecular study failed to detect any
explicit differences between Japanese and
non-Japanese samples of M. reevesii. These
suggest that the current Japanese populations
of the species are entirely of artificial origins
(Suzuki et al., 2011).

Of these lines of evidence, however, the
absence of M. reevesii from archeological
sites need careful verification, because most
skeletal remains of turtles documented in
archeological excavation reports do not seem
to have been convincingly identified, i.e., with
appropriate comparative investigations of
diagnostic characters in specimens examined.
In addition, although approximately 2,000
archaeological excavation reports are pub-
lished in Japan every year (Takada et al.,
2015), most of these obviously lack review by
zoological taxonomists in terms of accuracy in
identification of non-domestic animal remains
therein referred (Takahashi, 2015, 2017).
Likewise, paleographical evidence as above
may suffer overestimation, because absence of
old (>200 yrPB) literature referring to a par-
ticular animal species can be purely fortuitous.

We have been searching for historical
records of freshwater turtles from paleonto-
logical and archeological sites, dating back to
the late Edo period or earlier, on the main
islands of Japan. During this effort, we detec-
ted new skeletal remains of M. reevesii from
the Kusado Sengen-chō site of Fukuyama
City in the southeastern part of Hiroshima
Prefecture, western Japan (Fig. 1). The site
accommodates the ruins of a medieval port
town.

In this paper, we describe these skeletal

remains and discuss their implications on the
origin of M. reevesii on the main islands of
Japan, as well as the use of this turtle by
inhabitants of the Kusado Sengen-chō area in
the corresponding date.

Materials and Methods

The skeletal remains of M. reevesii repor-
ted here were collected in situ along with
those of five saltwater fishes, a domestic dog,
and a Japanese marten (Martes melampus)
from a blackish gray sand deposit, which filled
a rectangular pit (SK2422) during the 30th
excavation at the Kusado Sengen-chō site on
November 19, 1981 (HPIK, 1994; Ishimaru
and Matsui, 2008). However, this turtle had
never been reported. These remains, consist-
ing of two perfectly preserved costal bony
plates with mutual sutural connections, are
attributed to a single individual. The presence
of the sulcus between the two pleural scutes
on the dorsal surface of a costal plate, having
a slight anterior midpoint projection and a
shallow concavity of the posterior border of a
vertebral scute, as well as absence of the
sutural facet for the plastral buttress on the
ventral surfaces, indicate that this specimen
represents the right second and third costals
(see below). The size and incomplete ossifica-

Fig. 1.  Map of the Chugoku region, showing the
location of the Kusado Sengen-chō site, Fukuyama
City, Hiroshima Prefecture, western Japan.
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tions of the distal margins and growth rings
no fewer than four on the area covered by the
second vertebral scute indicate that the indi-
vidual was subadult (i.e., an age before attain-
ing sexual maturity) or young adult in
ontogenetic stage (Lovich et al., 2011), even
though the ring count does not accurately
represent the age (Wilson et al., 2003). The
specimen has no cut marks and no impact pits
on both dorsal and ventral surfaces. The age
of this archeological site has generally been
divided into phases I, II, III, and IV (HPIK,
1994), and the deposit, in which the present
specimen was found, has been correlated with
the early phase IV, corresponding to the
period from the late medieval (mid- to late
15th Century) to the late Muromachi in Japa-
nese history on the basis of pottery chronol-
ogy (HPIK, 1994). The specimen is currently
deposited in the Hiroshima Prefectural
Museum of History (HPMH; Fukuyama,
Japan) as HPMH-30A00392.

Morphological comparisons of the newly
found remains were confined to the geoemy-
did turtles recorded from the Neogene to the
Quaternary within the main islands of Japan
as follows (see Hirayama, 2006; TEWG,
2015; TTWG, 2017, for review): Cuora
miyatai from the Middle Pleistocene of
Honshu and Kyushu (Shikama, 1949); M.
japonica living in Honshu, Shikoku, and
Kyushu, as well as known from the prehistoric
to historic deposits of Honshu and Kyushu
(Takahashi, 2015); M. nigricans and M.
sinensis from the East Asian continental area
(TTWG, 2017) and recorded from the Plio-
cene of Kyushu (as Chinemys cf. nigricans
and Ocadia sinensis, Hirayama, 2001); M.
nipponica from the Middle Pleistocene of
Honshu (Hirayama et al., 2007); M. reevesii
from Honshu, Shikoku, and Kyushu (Lovich
et al., 2011; TTWG, 2017) and known from
the early modern deposits of Honshu
(Takahashi, 2015); M. tanegashimensis from
the middle Miocene of Tanegashima Island
(Takahashi et al., 2013); and M. yabei from
the Middle to Late Pleistocene of Honshu
(Shikama, 1949; Hirayama and Isaji, 2010).

These comparisons were made mainly
because the terrestrial vertebrate fauna within
this island assemblage is generally considered
to date back to the late early or early middle
Miocene epoch, when this area was first isola-
ted from the eastern part of the Eurasian
continent (Takahashi et al., 2013; Okamoto,
2017). In addition, M. mutica from China,
Vietnam, Taiwan, and the Southern Ryukyus
(TTWG, 2017) was also included in the
comparative taxa, because this species also
has some local populations in the Kansai
region of Honshu (Yasukawa et al., 1996).
Based on literature information and absence
of fossil records from Japan, the Kansai
population of M. mutica is generally consid-
ered to have derived from individuals intro-
duced from Taiwan during the period between
the late 19th to the first half of the 20th
centuries (Yasukawa et al., 1996; TTWG,
2017). However, there is no concrete evidence
to verify this assumption. Morphological data
were taken from the fossils and extant skeletal
specimens in the collections of Okayama
University of Science (OUS-AT); the Institute
of Geology and Paleontology, Tohoku
University (IGPS; stored in the Tohoku
University Museum); the Natural History
Museum and Institute, Chiba (CBM-PV); the
Minamitane-cho Board of Education,
Kumage (MTE); and Yuichirou Yasukawa
(YY). Information was also taken from previ-
ously published literature. Taxonomy of the
family Geoemydidae in this study follows
TTWG (2017). Shell terminology follows
Zangerl (1969) and measurements were taken
to the nearest 0.1 mm using a digital slide
caliper.

Species Account

Family Geoemydidae Theobald, 1868
Genus Mauremys Gray, 1869

Mauremys reevesii (Gray, 1931)
Figs. 2, 3A

Material
The right second and third costals with
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Fig. 2.  Right second and third costals of
Mauremys reevesii (HPMH-30A00392) from a
late medieval (mid- to late 15th Century) pit-filling
deposit at the Kusado Sengen-chō site. Scale bar
represents 1 cm.

mutual sutural connections attributed to a
single individual (HPMH-30A00392).

Locality
The Kusado Sengen-chō site located in a

delta within the downstream area of the Ashi-
dagawa River, Fukuyama City, Hiroshima
Prefecture, Japan.

Age
Late medieval (mid- to late 15th Century).

Description
The right second (26.5 mm long, 8.2 mm

wide proximally, and 6.8 mm wide distally)
and third (28.3 mm long, 8.2 mm wide proxi-
mally, and 6.7 mm wide distally) costals in
complete preservation have sutural connec-
tions with each other. In each costal, the ante-
romedial border is much longer than the
postelomedial border, indicating that the
anterior neurals show hexagonal and short-
sided anteriorly. The right second and third
costals are covered medially by the second
and third vertebrals and laterally by the right
first and second pleurals and show growth
rings. The dorsal view shows a distinct right
lateral keel on these costals. The second
vertebral is hexagonal in shape and concave

Fig. 3.  Line drawings of the right second and third costals of the Kusado Sengen-chō material (A,
HPMH-30A00392), Mauremys japonica (B, OUS-AT510), M. mutica (C, OUS-AT314), M. nigricans (D,
YY uncatalogued specimen), M. nipponica (E, CBM-PV 686; modified from Hirayama et al. [2007: Figure
9]), M. reevesii (F, OUS-AT309), M. sinensis (G, OUS-AT420), M. tanegashimensis (H, MTE1; modified
from Takahashi et al. [2013: FIGURE 4]), and M. yabei (I, IGPS 65678) in dorsal view. Abbreviations: LK,
lateral keel; P, pleural scute; V, vertebral scute. Not scaled.
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posteriorly. The intersection point of the
sulcus between the second and third pleurals
and the right lateral keel is slightly projected
anteriorly.

Comparisons
Within the present comparative taxa, the

present material (HPMH-30A00392) is simi-
lar to M. japonica, M. mutica, M. nigricans,
M. nipponica, M. reevesii, M. sinensis, M.
tanegashimensis, and M. yabei, but is clearly
different from C. miyatai in having the hexag-
onal anterior neurals short-sided anteriorly
(Stejneger, 1907; Smith, 1931; Fang, 1934;
Shikama, 1949). This feature has long been
used as one of the diagnostics to identify
genus rank within the family Geoemydidae
(e.g., Boulenger, 1889; Smith, 1931;
Hirayama, 1985; Gaffney and Meylan, 1988;
Yasukawa et al., 2001). Thus, we have exclu-
ded C. miyatai from the following compari-
sons.

The growth rings on the carapace (Fig. 3,
Table 1: character 1) are found in HPMH-
30A00392, M. japonica, M. mutica, M.
nigricans, M. reevesii, M. sinensis, and M.
yabei (Stejneger, 1907; Fang, 1934; Yasukawa
et al., 1996; Hirayama et al., 2007; Hirayama
and Isaji, 2010); however, they are absent
from M. nipponica, and M. tanegashimensis
(Hirayama et al., 2007; Takahashi et al.,
2013). In addition, the posterolateral side of
the second vertebral is nearly straight (Fig. 3,
Table 1: character 2) in HPMH-30A00392,
M. japonica, M. nipponica, M. reevesii, M.
sinensis, and M. tanegashimensis
(Boulenger, 1889; Stejneger, 1907; Hirayama
et al., 2007; Hirayama and Isaji, 2010;
Takahashi et al., 2013) but is distinctly
concave medially in M. mutica, M. nigricans,
and M. yabei (Fang, 1934; Yasukawa et al.,
1996; Shikama, 1949). Moreover, the poste-
rior side of the second vertebral is concave
widely in HPMH-30A00392 (Fig. 3, Table 1:
character 3), which is shared by a few M.
japonica (4/14 individuals examined), M.
nigricans, M. nipponica, M. reevesii, some
M. sinensis (4/7 individuals examined), and

M. yabei (Boulenger, 1889; Stejneger, 1907;
Shikama, 1949; Hirayama et al., 2007;
Hirayama and Isaji, 2010). On the other
hand, most of M. japonica (10/14 individuals
examined), M. mutica, some M. sinensis (3/7
individuals examined), and M. tanegashimen-
sis lack this character (Fang, 1934; Yasukawa
et al., 1996; Hirayama et al., 2007; Takahashi
et al., 2013). Furthermore, the distinct contin-
uous longitudinal keel on the second and third
costals (Table 1: character 4) in HPMH-
30A00392 is shared exclusively with M. reeve-
sii (Boulenger, 1889; Lovich et al., 2011)
among the eight taxa that were compared. M.
sinensis and M. tanegashimensis also have a
longitudinal keel on the costals, but it is
obtuse and discontinuous (Ernst and Barbour,
1989; Takahashi et al., 2013), which is differ-
ent from that of the present material and M.
reevesii. On the other hand, M. japonica, M.
mutica, M. nigricans, M. nipponica, and M.
yabei obviously lack this feature (Stejneger,
1907; Fang, 1934; Shikama, 1949; Yasukawa

Table 1.  Comparisons of the geoemydid turtle
found from the Kusado Sengen-chō site with eight
species of the genus Mauremys sharing the
frontally short sided anterior neurals. Character 1:
growth rings on the carapace present; character 2:
posterolateral side of the second vertebral nearly
straight; character 3: posterior side of the second
vertebral distinctly concave widely; and character
4: longitudinal continuous lateral keel on the
second and third costals. Symbols + and – indicate
presence and absence, respectively.

species
characters

1 2 3 4

Kusado Sengen-chō turtle + + + +
M. japonica + + +/– –
M. mutica + – – –
M. nigricans + – + –
M. nipponica – + + –
M. reevesii + + + +
M. sinensis + + +/– –
M. tanegashimensis – + – –
M. yabei + – + –
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et al., 1996; Hirayama et al., 2007). Based on
these morphological characteristics, HPMH-
30A00392 was assigned to M. reevesii.

Discussion

In the present study, partial carapacial
material of a geoemydid turtle from a late
medieval deposit (mid- to late 15th Century)
in the Kusado Sengen-chō site was identified
as M. reevesii with certainty. This finding,
remarkably predating the previous archeologi-
cal and paleographic records of this species
from Japan (Hikida and Suzuki, 2010; Goto,
2015, 2016; Takahashi, 2015), brings into
question the generally prevailing notion that
the current populations of this species in the
main islands of Japan are descendants of indi-
viduals artificially introduced from East Asian
continental areas, such as China, Korea, and
Taiwan, approximately 200 years ago (Suzuki
et al., 2011).

Based on a large number of archeological
remains obtained from 49 archeological exca-
vations for 36 years, the Kusado Sengen-chō
site is considered to have been a flourishing
local port town from the late 13th to the early
16th centuries (late medieval period or the
Muromachi period in Japanese history:
Iwamoto, 2000). For example, a lot of medie-
val potteries that are contemporaneous with
the present turtle remains have been excava-
ted from this site, including those obviously
transported from other parts of Japan, as well
as from China, the Korean peninsula, and
Vietnam (Suzuki, 1994). These artifacts indi-
cate that the Kusado Sengen-chō site had a
relatively high volume of commercial transac-
tions. Thus, the M. reevesii individual found
at this site might have been brought to
Fukuyama from abroad or from another
domestic port town through commercial
exchange. The present finding also implies
that the ancestors of the current feral popula-
tions of this species on the main islands of
Japan include those introduced during the
late 15th Century or even earlier.

A large number of M. japonica shells with

distinct butchering marks have also been
recovered from a later pit (ca. late 15th
Century to early 16th Century: late phase IV)
(Fukushima, 1995; Goto, 2013; Takahashi
and Kusaka, unpublished data). This suggests
that the people who lived within this site in
the 15th to 16th centuries preferred this fresh-
water turtle as diets (Goto, 2013). In compari-
son, the present skeletal material of M.
reevesii is estimated to be slightly older (the
mid- to late 15th Century deposit in a pit).
This may reflect that M. reevesii was less
popular as diet of the Kusado Sengen-chō
people or rarer in the Fukuyama area than M.
japonica during the late medieval period.
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Appendix 1

Specimens examined: Cuora miyatai, IGPS
Reg. 65667; Mauremys japonica, OUS-AT1,
83, 139–142, 247, 330, 425, 467, 509–510,
550, 571; M. mutica, OUS-AT146, 248, 252,
257, 267, 311, 313–314, 316, 398, 505; M.
nigricans, YY one uncatalogued specimen;
M. nipponica, CBM-PV 686 (holotype); M.
reevesii, OUS-AT137, 273–274, 291, 295,
301, 308–310, 530, 548, 564, 566–567, 568–
570; M. sinensis, OUS-AT40, 86, 138, 174,
383–384, 420; M. tanegashimensis, MTE1
(holotype); M. yabei, IGPS 65678 (holotype).
Abbreviations are as follows: CBM-PV, verte-
brate collection of the Natural History
Museum and Institute, Chiba; IGPS, collec-
tions of the Institute of Geology and Paleon-
tology, Tohoku University, Sendai, stored in
the Tohoku University Museum; MTE collec-
tions of the Minamitane-cho Board of Educa-
tion, Kumage; OUS, turtle collection stored at
the Department of Zoology, Faculty of
Science, Okayama University of Science,
Okayama; YY, Turtle collection of Yuichirou
Yasukawa.
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