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ABSTRACT

Many molluscan remains were collected from the Liangzhu Archaeological Sites, Hangzhou, Zhejiang, China,
dating from 3,300 B.C. to 2,000 B.C. They occurred in the middle part of the Bianjiashan Site of the late Liangzhu
culture. This is the first report on mollusks from the Liangzhu culture. Two viviparid gastropods Bellamya quadrata
and Bellamya cf. purificata, six unionid bivalves Unio douglasiae, Acuticosta chinensis, Arconaia lanceolata,
Cuneopsis pisciculus, Lanceolaria sp. indet. and Lamprotula leai, and one corbiculid bivalve Corbicula fluminea
were recognized. The collected molluscan remains are characterised by abundant Bellamya quadrata and Corbicula
fluminea. The generic composition is similar to the molluscan remains from the Holocene Luotuodun and Xixi
historical sites of Yixing City, Jiangsu Province. These molluscan remains of the Liangzhu do not include marine
elements, suggesting regression and cooler conditions after the Holocene warm event in which the palaeo-shoreline
was near Hangzhou City.
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INTRODUCTION

The Liangzhu Archaeological Sites are situated in the Yuhang
division of Hangzhou City, Zhejiang Province, eastern China,
and are one of the Late Neolithic relic sites, dating from 3,300 B.
C. to 2,000 B.C. (Cultural Relics and Archaeology Institute of
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Zhejiang Province, 2005) (Fig. 1). The Sites cover an area of
about 34 square kilometers, include more than 130 localities
such as the Fanshan Cemeteries, the Yaoshan Altars, and the
Mojiaoshan earth mound, “the Oriental Earth Pyramid”, and are
the first discovered and named locality of the Liangzhu culture
(Fig. 2). The Liangzhu Sites are the largest and widest
representing the dawn of Chinese culture, and are one of the
most important archaeological Neolithic sites of China. Dense
villages, cemeteries, altars, and so on have been discovered. A
great deal of beautiful jade is the most characteristic aspect of



46 YOSHIKAZU NODA, YE ZHAO, XINSHENG JIN AND YIHONG LI

the excavated articles.

Molluscan remains from the Neolithic sites in Zhejiang
Province are only reported from the Hemudu Site, Yuyao City
(Wei et al., 1990: Zhejiang Provincial Institute of Cultural Relics
and Archaeology, 2003) and the Xiasun Site in Hangzhou of the
Kuahugiao Culture (Zhejiang Provincial Institute of Cultural
Relics and Archaeology and Xiaoshan Museum, 2004). In the
50km B Hemudu, invertebrate remains are quite abundant, although most
of the shells are dissolved and only two species of viviparid
gastropod Bellamya quadrata and unionid bivalve Anodonta sp.

Hangzhou City

were described. In the Xiasun, five species are described: Ostrea

Qiantangzhou River rivularis, Ostrea gigas (=Crassostrea gigas), Ostrea glomerata

Liangzhu (=Saccostrea  glomerata), Sinonovacula constricta  and

Sites

Hangzhou

Claucomya chinensis (misspelled for Glaucomya chinensis =

Glauconome chinensis). They all lived in brackish to marine
Xigsun Site waters in coastal waters (intertidal) or around estuaries.

The Liangzhu Sites have been excavated for more than 60

years, nevertheless, no molluscan remains have been reported. In

2005, we collected abundant molluscan remains from the

Bianjiashan Site, one of the Liangzhu Sites. In this article, we

study these molluscan remains, which provides a way to

C distinguish the lives of the Liangzhu people. This is the first

FIGURE 1. A, Locality map of Zhejiang Province; B, Locality map of report on molluscan remains from the Liangzhu.

Hangzhou City. An arrow shows the dark area enlarged in C. The cross
mark shows the locality of the Hemudu Site; C, Locality map of the
Liangzhu Sites and the Xiasun Site.
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FIGURE 3. Locality of the molluscan remains in the Bianjiashan Site. A,
The Bianjiashan Site. A small circle (B) indicates the locality of B; B, A
detailed sketch map of the ash drains Gl and G2, including the
molluscan locality indicated by a circle. Solid lines show G1 and broken
lines show G2; C, G1 extracted from B; D, G2 extracted from B.

FIGURE 4. Photograph of the locality of the molluscan remains. An
arrow shows the collected point, the circle on B of Figure 3.

FIGURE 5. Photographs of the occurrence of molluscan remains. A,
General view; B, abundant Corbicula; C, common Unio; D, abundant
Bellamya.

OUTLINE OF LOCALITY

The Bianjiashan Site is located at the southeast of Pingyao
town in the Yuhang division of Hangzhou City, neighboring the
national road 104 to the south, and northwardly about 1.5 km
distant from the center of the Mojiaoshan Site (Fig. 2). The main
part of the site is an east-to-west elongated mound, about 1 km
in length, 30 to 50 meters in width and 1 to 2 meters in height
from the surface of the rice fields. It is said that before 1949
there were cultural remains such as jade which were stolen after
1949. In 2002, a tentative excavation was made in a factory west
of the site and potsherds and wood posts were discovered. At the
same time the distribution of the site was surveyed and
confirmed. In 2003 to 2005, there were three excavations, a total
area of 2,600 square meters was dug to outcrops, and the
following was discovered: the northern part of the excavated area
is a large cemetery of the middle to late Liangzhu culture; the
middle part provides two large ash-drains of the late Liangzhu;
the southern part is river wharfs of the late Liangzhu; the site
was enlarged and developed from the north area to the south; and
the period of the site was rather long.

The two large ash-drains, G1 and G2 (Fig. 3), of the middle

part are piled up vertically, settled from east to west and curved
with a nearly right angle to the south, and they enter into the
water area. G1 is more than 10 meters in width and was provided
with bamboo fences and wood posts. G2 underlies G1, occupies
a wider area, and was also provided with bamboo fences and
wood posts. The bamboo fences of G2, standing along the
southern side, are preserved in rather good condition and their
stitches are systematic and luxurious. The northern slopes of the
two ash-drains, respectively, were provided with useful stone-
paved wharfs. Around the wharf of G2, a great deal of trash was
deposited, such as tools from the Liangzhu people’s lives as well
as shells, conchs, fish bones and other items discarded after
eating.

The Bianjiashan Site, provided with water facilities and ash-
drains, is characteristic in the Liangzhu Sites. The excavation of
the Bianjiashan Site provided us rather abundant materials to
recognize the level of social development of the late Liangzhu
culture, and it is significant for studying social features, natural
environments, the village situation and the future of the
Liangzhu culture. In particular, the trash of the ash-drains offers
the best material to study the lives of people in those days.
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MATERIALS

The molluscan remains were collected from muddy to fine
sandy sediments along the wharf of G2 of the middle part of the
Bianjiashan Site (figs. 3, 4 and 5), and occurred together with
wooden and ceramic fragments of cultural remains. They are
abundant viviparid gastropods and corbiculid bivalves, and
common unionid bivalves. We examined the following species:

Bellamya quadrata (Benson, 1842) very abundant

Bellamya cf. purificata (Heude, 1890) common
Unio douglasiae (Griftith and Pidgeon, 1834) common
Acuticosta chinensis (Lea, 1868) rare
Arconaia lanceolata (Lea, 1856) rare
Cuneopsis pisciculus (Heude, 1875) rare
Lanceolaria sp. indet. rare

Lamprotula leai (Gray in Griffith and Pidgeon, 1834) rare

Corbicula fluminea (Miiller, 1774)

All specimens are deposited in the Zhejiang Museum of
Natural History (collection numbers: ZMNH M10101 to M
10109).

abundant

DISCUSSION

All these species are living species in China. Among them,
Corbicula fluminea has the widest distribution all over
continental China, Korea, Japan, Taiwan and countries of
Southeast Asia (Liu et al., 1979; Wang, 1988). Bellamya
quadrata and Unio douglasiae are also distributed widely in
China as well as Korea and Japan. All species are commonly
distributed in the Anhui, Jiangsu, Zhejiang, Jiangxi, Hubei and
Hunan provinces.

The generic composition of the studied materials is similar to
the molluscan remains from the Holocene Luotuodun and Xixi
historical sites of Yixing City, Jiangsu Province (Huang, et al.,
2005). Huang et al. (2005) divided them into three assemblages,
i.e. Unio-Cuneopsis, Arconaia-Lamprotula and Corbicula-
Bellamya assemblages. The molluscan assemblage of the
Bianjiashan (Liangzhu) is not natural because the shells and
conchs were selected for eating by the Liangzhu people. The
specific composition is different between the Bianjiashan and the
others. For example, Corbicula fluminea obtained from the
Bianjiashan is not included in the Luotuodun and Xixi. The
difference might be assigned to the age of the Liangzhu which is
about two thousands years younger.

All species of the Liangzhu live in freshwaters of river
streams, lakes and ponds, except for Corbicula fluminea which
also lives in brackish waters. That means the Liangzhu people
gathered these conchs and mussels from the river, lake and/or
ponds around their living areas. None of marine molluscan
remains have been observed in the Liangzhu. Also in the
Hemudu Site, about a thousand years earlier than the Liangzhu
culture, only fresh water molluscan remains have been
excavated, although only two species were recognized. On the

other hand, at the Xiasun Site, about 1,000 years older than the
Hemudu, the collected and reported molluscan remains are all
brackish to marine-water species. During the time from the
Xiasun, around 6,000 B.C., to the Hemudu, the paleotemperature
is estimated to have been the warmest in the Holocene. The sea
level was the highest around 4,000 B.C., the Hemudu age, and
the paleo-shoreline is estimated to have invaded near Hangzhou
(Wu, 1983, 1996), which correlates to the Jomon Transgression
in Japan. According to Wu (1996), the warm and wet weather
changed to cool conditions at the beginning of the Liangzhu
culture. The fact that molluscan remains in this study do not
include marine elements indicates that the weather was cooler
and the seashore might have been farther away from inhabited
places during the age of the middle part of the Liangzhu.

REMARKS ON IDENTIFIED SPECIES

Bellamya quadrata (Benson, 1842) (Gastropoda: Viviparidae)
(Fig. 6, 1-4) ZMNH M10101

37 specimens were examined, and are identified to B.
quadrata by their characteristics such as rather thick test, long
and conic outline, high spire, not inflated body whorl, fine and
obvious growth lines and spiral cords which are conspicuous
on body whorl, and indistinct umbilicus (Liu et al., 1979).
Almost all specimens have about five whorls; earlier whorls
were dissolved. Each whorl has four spiral cords of which the
lowest one is situated just above the suture and makes an
angle between a side and base of the body whorl. Some
specimens have spiral cords intercalated with narrower cords
and/or are followed by a cord above the uppermost ones; some
have faint cords. Seven spiral cords are recognizable on a
body whorl of several specimens and eight on one specimen
(No. 30). A small specimen (No. 11) has a larger spiral angle
than the others, but it is considered to be at a young stage of
the species.

The next species, B. cf. purificata, is distinguished from
this species by more inflated whorls and less distinct spiral
cords than the former.

Dimensions are shown in Table 1.

Bellamya cf. purificata (Heude, 1890) (Gastropoda: Viviparidae)
(Fig. 6, 5-7) ZMNH M10102
Seven specimens among a lot of Bellamya specimens are
distinguishable from the others in their more swollen body
whorl and more faintly observed spiral cords. They have four
spiral cords which are not so strong and are invisible in some
specimens. They are closely comparable to Bellamya
purificata, but their spiral cords are inconspicuous on some
specimens although typical B. purificata always possess three
or four spiral cords on the body whorl and the penultimate
whorl (Liu et al., 1979). Bellamya aeruginosa (Reeve) is also
similar to the studied specimens in its shell outline but it has
three spiral cords on the body whorl, of which the lowermost
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FIGURE 6. 1-4, Bellamya quadrata (Benson), a: apertural view, b: dorsal view, la—b: ZMNH M10101-2; 2a—b: ZMNH M10101-9; 3a—b: ZMNH M
10101-17; 4a—b: ZMNH M10101-30. 5-7, Bellamya cf. purificata (Heude), a: apertural view, b: dorsal view, Sa—b: ZMNH M10102-1; 6a—b: ZMNH M
10102-3; 7a—b: ZMNH M10102. 8a—b, Arconaia lanceolata (Lea), ZMNH M-10105, right valve, a: external view, b: inner view. 9—10, Unio douglasiae
(Griffith and Pidgeon), a: external view, b: inner view, 9a—b: ZMNH M10103-1, right valve; 10a—b: ZMNH M10103-2, left valve. 11-12, Acuticosta
chinensis (Lea), a: external view, b: inner view, 11a—b: ZMNH M10104-1, left valve; 12a—b: ZMNH M10104-2, right valve.
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TABLE 1. Measured dimensions of Bellamya quadrata (ZMNH M10101) (in mm).

Specimen No. Shell height Shell width Height of aperture Remarks
1 21.9 14.8 11.0
2 23.7 154 114 Fig. 6. la—b
3 20.8 15.2 104
4 24.5 16.6 12.2
5 22.3 14.5 11.2
6 18.7 13.5 9.4
7 224 15.0 11.5
8 24.0 16.5 11.8
9 18.6 13.2 9.7 Fig. 6. 2a-b
10 22.0 15.0 10.5
11 13.4 10.7 7.5
12 25.3 17.5 12.1
13 24.0 17.2 11.7
14 20.8 14.2 10.9
15 20.0 133 10.2
16 22.1 15.2 11.3
17 25.5 17.0 11.6 Fig. 6, 3a—b
18 27.3 18.1 12.0
19 23.0 16.2 11.5
20 22.0 14.6 104
21 222 15.7 10.6
22 26.0 16.6 11.8
23 21.6 14.3 104
24 194 13.0 10.2
25 22.3 14.7 104
26 21.0 15.2 10.4
27 22.7 16.4 11.6
28 22.6 15.2 10.3
29 22.1 14.8 10.5
30 22.5 16.3 11.6 Fig. 6. 4a—b
31 204 13.8 9.8
32 17.2 13.2 10.6
33 19.0 13.2 10.4
34 19.8 13.8 10.0
35 22.3 15.2 9.7
36 22.7 15.6 10.5
37 22.0 154 11.0
is the strongest (Liu et al., 1979). considered to be synonymous with B. quadrata. But in the
Recently, Wu et al. (2000) studied shell and radular present study, we distinguish between them using the
morphology of three species of Bellamya, quadrata, characters described by Liu et al. (1979).

purificata and aeruginosa, and concluded that B. purificata is Dimensions are shown in Table 2.
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TABLE 2. Measured dimensions of Bellamya cf. purificata (ZMNH M10102) (in mm).

Specimen No. Shell height Shell width Height of aperture Remarks
1 30.2 18.9 13.1 Fig. 6. 5a—-b
2 26.2 18.7 13.0
3 17.7 19.5 13.6 Fig. 6. 6a—b
4 24.2 16.5 12.3 Fig. 6. 7a—b
5 20.8 14.0 9.6
6 15.7 114 7.7
7 22.0 16.1 12.0
TABLE 3. Measured dimensions of Unio douglasiae (ZMNH M10103) (in mm).
Specimen No. Length Height Thickness Remarks

1 26.5 19.7 6.9 Right valve. Fig. 6. 9a—b

2 37.7 20.0 7.2 Left valve. Fig. 6. 10a—b

3 27.4) 16.0 5.5 Left valve, posterodorsal broken

4 (21.1) 19.0 5.3 Right valve, anterior and posterior broken

5 (31.7) 19.0 6.9 Right valve, posterior broken

6 (30.9) 19.6 7.4 Left valve, both ends broken

7 (30.5) 21.5 8.4 Left valve, anterior broken

TABLE 4. Measured dimensions of Acuticosta chinensis (ZMNH M10104) (in mm).
Specimen No. Length Height Thickness Remarks
1 33.6 24.7 8.8 Left valve. Fig. 6. 11a—b
2 (24.5) (20.2) 8.4 Right valve, posterodorsal broken. Fig.6. 12a—b

Unio douglasiae (Griffith and Pidgeon, 1834) (Bivalvia:
Unionidae) (Fig. 6, 9—10) ZMNH M10103
Seven specimens of which five are fragmental were
examined. Their thin but rather solid test, shell outline, hinge
plate and muscle scars are identical with the species.

This species resembles Unio douglasiae nipponensis
Martens from Japan, but is different from the latter by its
broader posterodorsal part of the shell. Unio douglasiae biwae
Kobelt from Lake Biwa, Japan, is also similar to the present
species in shell outline, but is distinguished by its thick and
triangular posterior cardinal tooth of right valve, whereas the
latter has thin bladelike cardinals.

Dimensions are shown in Table 3.

Acuticosta chinensis (Lea, 1868) (Bivalvia: Unionidae) (Fig. 6,
11-12) ZMNH M10104
Only two specimens of left and right valves were obtained
and examined. The posteroventral part of the right valve is
broken away. The posterior slope is distinct, separated from
the main disc by the posterior ridge. The hinge plate is
provided with two cardinals and two posterior lamellar teeth
on the left valve, and one cardinal and a posterior lamellar on
the right valve; the ventral cardinal on the left valve was

mostly broken out to know details. The shell surface is
ornamented by concentric growth lines and rugose lines of
sculpture. The rugose lines, about 13 in number, are regularly
separated, almost concentric but turning dorsally and
ventrally, and crossing the concentric growth lines. Anterior
and posterior adductor muscle scars are distinct and
subrounded in shape. Pallial lines are impressed and entire.

The radial ornamentations which characterize living
Acuticosta chinensis could not be observed because the
periostracum was not preserved on the examined specimens.
The cardinal and posterior teeth are identified to the species.
The rugose sculpture on the surface of shells is observed
faintly in some living specimens and clearly in others.

Acuticosta ovata (Simpson) resembles the species in shell
outline, but is different in its triangular cardinal of right valve,
more remarkably developed posterodorsal ridge, and the shell
surface without rugose sculptures.

Dimensions are shown in Table 4.

Arconaia lanceolata (Lea, 1856) (Bivalvia: Unionidae) (Fig. 6, 8
a—b) ZMNH M10105

Only one fragmental specimen of the right valve was

collected. The thick test, preserved ligamental character and
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FIGURE 7. 1a—c, Cuneopsis pisciculus (Heude), ZMNH M10106, right valve, a: external view, b: inner view, c: dorsal view. 2—3, Lanceolaria sp. indet.,
a: external view, b: inner view, 2a—b: ZMNH M10107-1, left valve; 3a—b: ZMNH M10107-2, right valve. 4—5, Lamprotula leai (Gray in Griffith et
Pidgeon), a: external view, b: inner view, 4a—b: ZMNH M10108-1, left valve; Sa—b: ZMNH M10108-2, right valve. 6—8, Corbicula fluminea (Miiller), a:
external view, b: inner view, 6—7: ZMNH M10109-1, 6a—b: right valve; 7a—b: left valve; 8a—b: ZMNH M10109-2, right valve.
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TABLE 5. Measured dimensions of Arconaia lanceolata (ZMNH M10105) (in mm).

Length Height Thickness Remarks
45.4) 26.6 8.6 Right valve, posterior broken
TABLE 6. Measured dimensions of Cuneopsis pisciculus (ZMNH M10106) (in mm).
Length Height Thickness Remarks
53.5 23.4 9.0 Right valve
TABLE 7. Measured dimensions of Lanceolaria sp.(ZMNH M10107) (in mm).
Specimen No. Length Height Thickness Remarks
1 (39.0) 15.2 4.4 Left valve, anterior and posterior broken. Fig. 7. 2a—b
2 (25.7) 8.1 4.5 Left valve, anterior part preserved. Fig. 7. 3a—b

TABLE 8. Measured dimensions of Lamprotu

la leai (ZMNH M10108) (in mm).

Specimen No. Length Height Thickness Remarks
1 (72.6) 54.7 15.0 Left valve, anterior part preserved. Fig. 7. 4a—b
2 (34.3) (35.2) >8.3 Right valve, anterodorsal part preserved. Fig, 7. 5a—b

TABLE 9. Measured dimensions of Corbicula fluminea (ZMNH M10109) (in mm).

Specimen No. Length Height Thickness Remarks
. 27.9 26.0 18.0. Left valve. Fig. 7. 6a—b
28.0 26.0 Right valve. Fig. 7. 7a—b
2 30.7 29.6 9.0 Right valve. Fig. 7. 8a—b
27.0 249 8.3 Right valve
28.9 26.5 8.9 Left valve
30.3 28.6 Left valve
5 19.2 .
30.9 28.6 Right valve
6 26.2 27.4 8.6 Left valve
7 27.9 26.5 8.8 Left valve
8 26.2 25.7 8.6 Right valve
9 25.8 25.0 8.7 Right valve
10 22.3 20.9 7.1 Right valve
11 19.3 17.9 6.6 Right valve

an adductor muscle scar are identical with the species as well
as the distinguishable undulated shell shape.
Dimensions are shown in Table 5.

Cuneopsis pisciculus (Heude, 1875) (Bivalvia: Unionidae) (Fig.
7, la—c) ZMNH M10106
Only one right valve was obtained and examined. This
species is distinguished by its posterior part turning to the
right. The cardinal tooth of the right valve is rather high,
triangular in shape, and provided with a radial groove, which
is also characteristic of the species.
Dimensions are shown in Table 6.

Lanceolaria sp. indet. (Bivalvia: Unionidae) (Fig.7,2-3)
ZMNH M10107

Only two specimens were examined. They are fragmental,

but their preserved anterior parts with hinge plates are

identical with the genus. Specific position is not determined

although their shell outline is suggestive of Lanceolaria
grayana (Lea).

Dimensions are shown in Table 7.

Lamprotula leai (Gray in Griffith et Pidgeon, 1834) (Bivalvia:
Unionidae) (Fig. 7, 4—5) ZMNH M10108

Two specimens were examined. The anterior half of the left

valve and the anteroventral part of the right valve are
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preserved. They have a thick test. The left valve provided a
large, long and projecting posterior cardinal tooth, deep and
arched socket between the cardinals, two parallel lateral teeth,
and a large and trapezoidal adductor muscle scar. The right
valve has a huge, projecting cardinal and a deep, subrounded
anterior adductor scar. The characters and many nodes on the
shell surface are identical with the species.
Dimensions are shown in Table 8.

Corbicula fluminea (Miiller, 1774) (Bivalvia: Corbiculidae)
(Fig. 7, 6—8) ZMNH M10109
11 specimens were examined. The almost regular triangular
shell shape, subequilateral shell, and rough and concentric
growth lines are identical with the species. Corbicula
largillierti  (Philippi) has a transversely longer shell.
Corbicula nitens (Philippi) has a less produced beak. Japanese
species of Corbicula japonica Prime and C. leana Prime are
similar to the present species, but the latter is distinguishable
from the others by having more regularly arranged concentric
lines of growth.
Dimensions are shown in Table 9.

CONCLUSION

A great deal of molluscan remains was obtained from the
middle part of the Bianjiashan Site in the Liangzhu
Archaeological Sites, and nine molluscan species were
identified.

The molluscan assemblage is dominated by Bellamya
quadrata and Corbicula fluminea.

The fact that the molluscan assemblage of this study does not
include marine elements suggests regression and cooler
conditions after the Holocene warm event.
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