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Abstract

One species of Unio and three species of Sphaerium, the typical nonmarine bivalves in East Asia, from the Lower Cretaceous fluvio-
lacustrine deposits of Choyr Basin of southeastern Mongolia and the Beipiao area of Jehol in northeastern China, are described. The assemblage
of Unio longus (Zhu), Sphaerium chientaoense Suzuki, and S. coreanicum (Kobayashi and Suzuki) from the Khuren Dukh Formation of the
Choyr Basin of southeastern Mongolia can be compared with the Nakamuranaia-Margaritifera (Menyinaia)-Neomiodonoides assemblage in
China. The four nonmarine bivalve species described herein are found in numerous formations in East Asia suggesting Valanginian to Albian age.

© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

Cretaceous nonmarine bivalves are widely distributed in
Asia (e.g., Gu et al., 1976; Martinson, 1982) and frequently
associated with dinosaurs. Thus, they have often been em-
ployed as geological correlation tools for nonmarine strata
bearing dinosaurs. However, Matsukawa et al. (2006) pointed
out that freshwater molluscan species had many opportunities
to change their local habitats on the Cretaceous Asian conti-
nent. Likewise, some nonmarine molluscan species from the
Cretaceous of Japan had their distribution controlled by the
environment. This indicates that Cretaceous nonmarine bi-
valves cannot always be used as definitive geological correla-
tion tools. Therefore, we must evaluate their occurrences of
nonmarine mollusks either controlled by the age of the fauna
or the ecological range of species in ancient ecosystem, or
both.
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Two Lower Cretaceous basins, in Beipiao of the Jehol area
of northeast China and the Choyr Basin of southeastern
Mongolia, are composed of representative fluvio-lacustrine
deposits bearing dinosaurs associated with nonmarine bivalves
(Fig. 1, Table 1). In particular, the molluscan assemblage from
the Jehol area is classified as the Nakamuranaia-Margaritifera
(Mengyinaia)-Neomiodonoides Assemblage, and is correlated
to the Berriasian-Barremian as this assemblage is one of the
five Cretaceous nonmarine bivalve assemblages recognized
in China and is employed as geological correlation tools
(Ma, 1994). However, the ecological aspects of these assem-
blages have not been discussed, although their geographical
distributions are readily recognizable.

Based on the geographical distribution of these assemblages
in China, the Nakamuranaia-Margaritifera (Mengyinaia)-
Neomiodonoides Assemblage, as well as the Pseudohyria-
Sainshandia-Limnocyrena Assemblage, would be inferred to
extend to southern Mongolia. However, the molluscan assem-
blage from the Lower Cretaceous Choyr Basin of Mongolia
has not been studied previously. We thus describe the species
comprising this assemblage in the Choyr Basin and discuss
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Fig. 1. Map showing nonmarine upper Lower Cretaceous bivalve locality of Choyr Basin, southeastern Mongolia, and Lower Cretaceous bivalve locality of Beipiao

area, western Liaoning Province, China.

characteristics of the assemblage in this paper. We then de-
scribe the morphologic variation of Sphaerium (S.) anderssoni
(Grabau), one of the principal components of the Nakamura-
naia-Margaritifera (Mengyinaia)-Neomiodonoides —Assem-
blage in the Jehol area, because the species shows variable
morphology.

All of illustrated bivalve fossils are deposited in the Nanj-
ing Institute of Geology and Palaeontology, Academia Sinica
(NIGPAS), Nanjing, China.

2. Stratigraphy
2.1. Choyr Basin, southeastern Mongolia
The Lower Cretaceous strata of the Choyr Basin were pre-

viously divided into three formations, in ascending strati-
graphic order, the Sharilin, Tsagaantsav, and Shinhehudag

formations (Matsukawa et al., 1997). Ito et al. (2006) showed
that these formations are lateral equivalents of one another
that differ only in lithology. In addition, the formation names
are misleading in regard to the age of the rocks. Conse-
quently, Ito et al. (2006) proposed the Khalzan Uul and Khu-
ren Dukh formations to replace the earlier names.

The Khalzan Uul Formation is distributed along the eastern
margin of the basin. The formation is divided into two mem-
bers, lower and upper. The lower member is composed princi-
pally of poorly sorted and angular conglomerate with
sandstone deposits. It is more than 30 m thick and unconform-
ably overlies the granite and metamorphic rocks (e.g., gneiss)
constituting the basement of Choyr Basin. The lower member
represents alluvial fan deposits (Ito et al., 2006). The upper
member consists of well-sorted, fine-grained sandstone beds
with terrestrial plant fossils and is more than 17 m thick.
Sandy braided and meandering river environments are inferred
for the member by Ito et al. (20006).
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Table 1
Litho- and biofacies of the Lower Cretaceous in the northern part of the Choyr Basin, southeastern Mongolia (modified from Matsukawa et al., 1997, and Ito et al.,
2006)
. A . Sedimentary . ) )
Stratigraphic units Lithology Main fossils Environments
structures
. Cross dinosaur
sandstone with . .
upper stratification, tracks, Meandering
mudstone and . .
mbr channel bivalves, river and delta
pebbles
structure gastropods
turtles, Ephemeral
middle parallel insects, lake, flood
Khuren mudstone L K
mbr lamination ostracodes, plain, and
Dukh Fm
plants swamp
. Sandy alluvial
dinosaurs,
. . fan and sandy
lower sandstone with Cross fishes, turtles, .
o . braided
mbr coal seams stratification crocodiles, .
meandering
plants .
river
Sandy delta
upper fine-grained Cross and
L plants .
mbr sandstone stratification meandering
Khalzan Uul .
river
Fm
clast-supported, .
lower conglomerate L Gravity
) imbricated .
mbr with sandstone alluvial fan
gravels
"\ AN NV INNANAANNANANAAN
Basement
. rocks
Precambrian .
(granites,
gneiss)

Solid line, conformity; wavy line, unconformity.

The Khuren Dukh Formation unconformably overlies base-
ment granitic rocks along the western flank of the basin. This
formation is informally subdivided into lower, middle, and up-
per members. The lower member is composed of white quartz-
feldspathic sandstone with coal seams. It is 40 m in thickness
and yields terrestrial plants, dinosaurs, fish, turtles, and croco-
diles. The middle member consists of monotonous mudstone
and yields turtles, insects, conchostracans, ostracodes, and ter-
restrial plant fossils. This member is 5 m in thickness. The up-
per member, containing abundant bivalves and gastropods,
consists of white and yellow quartz-feldspathic sandstone
with light and pale grey, thin mudstone and pebble layers.
Ito et al. (2006) infer that the lower member reflects sandy al-
luvial fan and sandy meandering river environments, the mid-
dle member represents an ephemeral lake, flood plain and
swamp, and the upper member indicates a meandering river
and delta. The formation is unconformably overlain by lava
flows or terrestrial sediments.

The presence of Asteropollis asteroides and pollen of the
genus Tricolpites suggests that the Khuren Dukh Formation
is of Albian age (Hicks et al., 1999; Nichols et al., 2002,
20006; Ichinnorov, 2003). This determination is based on the
occurrence of the former species in well-dated mid- to late
Albian rocks in western North America (Hedlund and Norris,
1968; Singh, 1975; Wingate, 1980; Nichols and Jacobson,

1982). The co-occurrence of the angiosperm genera
confirms the age of the Khuren Dukh Formation as mid- to
late Albian.

2.2. Jehol area, northeastern China

The Lower Cretaceous strata of the Jehol area are widely
distributed in western Liaoning, northeastern China. They
are named as the Jehol Group (Grabau, 1923; Gu, 1962) and
are divided into three formations, in ascending order, the Yix-
ian, Jiufotang, and Fuxin formations, although other strati-
graphic classifications have been proposed (e.g., Chen et al.,
2006). Recently, the Yixian Formation in the Beipiao area
has become famous for yielding fossils of feathered dinosaurs
such as Sinosauropteryx, Caudipteryx, and Protarcheopteryx,
in association with a rich lacustrine fauna and flora including
fishes, amphibians, non-dinosaurian reptiles, birds, mammals,
many invertebrates including mollusks, and plant species
(Chen and Jin, 1999; Chang et al, 2001). Older reports claimed
that the Yixian Formation contained a middle “Jehol” fauna
that may be as old as Tithonian in age (Chen, 1999). However,
more recent interpretations of formation suggest younger dates
(136—120 Ma), indicating a late Neocomian (Hauterivian-
Aptian) age (Swisher et al., 1999; Zhu et al., 2002).



J. Sha et al. | Cretaceous Research 27 (2006) 262—278 265

3. Taphonomic observations
3.1. Choyr Basin, southeastern Mongolia

Unionid bivalve fossils occur in the coarse-grained, quartz-
feldspathic sandstone that has been suggested to be a deposit
of a meandering river system (Fig. 2) (Ito et al., 2006). They
are abundant in quantity and variable in outline (Figs. 3—6).
Most specimens are complete or almost complete (e.g., Figs.
3—5). Many are articulated (e.g., Figs. 4A—C, E, 5C); some
are represented by single (left or right) valves (e.g., Figs.
4D, F, G, 5A, B, D, E), but fragments are uncommon. These
specimens are distributed randomly in sandstone beds and
are almost never secondarily deformed (see Fig. 3). Such pres-
ervation clearly demonstrates that the unionid bivalves are au-
tochthonous or para-autochthonous, and are randomly oriented
in the taphocoenosis.

Bivalves with an elongate elliptical shape and a thin shell
but absence of distinct commarginal growth lines are typically
rapid burrowers in soft silt-rich sediments. The preservation
described above suggests that the dead individuals of unionid
bivalves were buried in or near their living place rather than
being washed into interchannel areas by floods (Matsukawa
et al.,, 1997). It is likely that the nonmarine bivalves were
suddenly buried by sediments that were deposited so quickly
that the slow moving and possibly deep-burrowing unionid
bivalves could not escape from the rapid and thick
accumulations.
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Fig. 2. Horizons of nonmarine bivalve, dragonfly, fish scale, and pollen fossils
from the upper member of the Khuren Dukh Formation of Choyr Basin, south-
eastern Mongolia. HDSU-1A to -1F show pollen horizons.

Sphaerium fossils are also known from the basin from the
pale grey mudstone deposited in the flood plain. They were
probably carried by storms because the bivalves occur in flood
plain mudstone.

3.2. Jehol area, northeastern China

Sphaerium anderssoni comes from tuffaceous sandstone in
this basin. Fossil deposits form layered accumulations (Figs. 7,
8), and individuals are preserved mostly as internal and exter-
nal moulds of single or articulated valves, with occasional
whole shells. All specimens are single except for seven artic-
ulated valves among more than 400 specimens. Almost all the
specimens are complete and fragments are rare. Such preser-
vation implies that Sphaerium anderssoni in the basin is
para-autochthonous, accumulating near the original living
place. The bivalves inhabited the shallow, soft bottom sedi-
ments near the lacustrine.

4. Systematic Palaeontology

Class: Bivalvia Linné, 1758

Subclass: Palaeoheterodonta Newell, 1965

Order: Unionoida Stoliczka, 1871

Superfamily: Unionacea Fleming, 1828

Family: Unionidae Fleming, 1828

Genus Unio Philipsson, 1788 emended Sha and Fiirsich, 1993

Unio longus (Zhu)
Figs. 4, SA—E

1976 Pseudelliptio longus Zhu, p. 23, pl. 1, figs. 5, 7—11 (non
fig. 6).

1976 Protelliptio mongolensis Martinson; Martinson and Shu-
valov, p. 41, pl. 4, figs. 1-2.

1982 Margaritanopsis elongata Martinson, p. 56, pl. 13, figs.
5—6.

1982 Margaritanopsis sainshandensis Martinson, p. 56, pl. 13,
figs. 4-5.

1982 Oxynaia sainshandica Barsbold; Martinson, p. 58, pl. 13,
fig. 3.

1982 Rectidens mongolensis Martinson, p. 58, pl. 14, fig. 3.

1982 Cuneopsis orientalis Barsbold; Martinson, p. 60, pl. 14,
fig. 4.

1982 Cuneopsis lanceolata Martinson, p. 61, pl. 14, figs. 7—8.

1982 Lanceolaria angustata Martinson; Martinson, p. 61, pl.
14, figs. 1-2.

1982 Protelliptio mongolensis Martinson; Martinson, p. 63, pl.
15, figs. 10—11.

1982 Protelliptio notabilis Martinson, Barsbold, and Tolsti-
kowa; Martinson, p. 64, pl. 15, fig. 12.

1991 Pseudelliptio longa Zhu; Ma, p. 710, pl. 1, figs. 13, 15—
18.

1993 Unio heilongjiangensis Sha and Fiirsich, p. 157, pl. 1,
figs. 1—10; pl. 2, figs. 3, 5—10; pl. 3, figs. 2—3, 5—6,
8—10; text-figs. 11E, 14—15.



266 J. Sha et al. | Cretaceous Research 27 (2006) 262—278

Fig. 3. Randomly orientated Unio longus in the upper member of Khuren Dukh Formation of Choyr Basin, southeastern Mongolia.

Holotype. The holotype by original description is the spec-
imen illustrated by Zhu (1976, pl. 1, fig. 7).

Material. Twenty five adult specimens, 13 of them are artic-
ulated and most having more or less mineralized shells, but all
the hinges are incomplete. Twelve adult specimens (NIGPAS
137057—137064, 137066—137069) are shown in Figs. 4, 5.

Description. Shells fairly large, up to 106 mm in length.
Elongated posteriorly, longer than high, height/length ratio
less than 1/2. Equivalve but inequilateral. Generally trans-
versely elliptical in outline. Anterior margin rounded, poste-
rior margin rounded to subtruncated. Dorsal margin nearly
straight to slightly arcuate, ventral margin broadly convex to
slightly concave. Posterodorsal corner broadly rounded and
posteroventral corner broadly rounded to narrowly rounded,
moderately and evenly inflated. Umbo large, but very low,
without distinct boundary between umbo and other part of
shell. Beak poorly preserved, placed at about one-third the
shell length from the anterior extremity, projecting slightly
above the hinge line. Shell thin to at most moderately thick
(3 mm at maximum). Posterior slope distinct, posterior umbo-
nal ridge subrounded to subcarinate, running from the umbo to
the posteroventral margin. Ligament external and opisthodetic,
very long and heavy. Shell surface smooth, except the faint
commarginal growth lines and occasional undulating ridges
consisting of numerous growth lines. Muscle scars and hinge
teeth very poorly preserved, but on the basis of all specimens,
two anterior pseudocadinals and two posterior lamellar teeth
can be recognized. The pseudocardinals short, but lamellar
teeth parallel to the dorsal margin very long.

On the basis of the variation of inflation, convexity of dor-
sal and ventral margins and the appearance of posterior mar-
gins, the shape of the species can be subdivided into five
types (Fig. 6): (1) transversely elliptical shape, with subparal-
lel and substraight dorsal and ventral margins; (2) typical
transversely elliptical shape, with gently convex dorsal and
ventral margins; (3) transversely kidney-shaped shape, with
broad curve near the central ventral margin; (4) lance-like
shape, with narrowly rounded posterior margin; (5) lance-
like shape, with subtruncated posterodorsal margin and curve
near the posteroventral margin.

Measurements. See Table 2.

Biometry. The frequency distribution of the characters ex-
amined (i.e., length/height) is given in Fig. 9. This clearly
shows that the ratio of length/height has an approximately nor-
mal distribution although values are skewed to the left. A bio-
metric characters of shell length/height is given in Table 3.
Chi-square values (%) generally indicate no significant devia-
tion from the normal distribution (at the 5% confidence level).
The null hypothesis, therefore, cannot be rejected, and the
specimens examined are judged to represent individuals
from a single population. Fig. 9 is a double logarithmic scatter
diagram showing the relation between shell length and shell
height for all specimens of Unio longus. The correlation coef-
ficient (r) is significant at the 5% level (Fig. 10).

Remarks. Specimens of Unio longus show various kinds of
shapes. Shell outlines include transversely elliptical, lance-
like and kidney-shaped; dorsal margins are slightly convex
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Fig. 4. Unio longus (Zhu). Ay, right valve, NIGPAS 137057. A,, left valve, NIGPAS 137057. A3, dorsal view of articulated valves, NIGPAS 137057. B, dorsal view
of articulated valves, NIGPAS 137066. C, right valve, NIGPAS 137062. C,, left valve, NIGPAS 137062. C;, dorsal view of articulated valves, NIGPAS 137062.
C,, ventral view of articulated valves, NIGPAS 137062. D, right valve, NIGPAS 137068. E, left valve, NIGPAS 137063. F, right valve, NIGPAS 137069. G, left
valve, NIGPAS 137059. All x1.
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Fig. 5. A—E, Unio longus (Zhu); F, G, Sphaerium coreanicum (Kobayashi and Suzuki); H, Sphaerium chientaoense Suzuki. A, right valve, NIGPAS 137058. B,
right valve, NIGPAS 137060. C,, left valve, NIGPAS 137064. C,, right valve, NIGPAS 137064. C;, dorsal view of jointed valves, NIGPAS 137064. D, left valve,
NIGPAS 137061. E, right valve, NIGPAS 137067. A—E, all x1. F, right valve, rubber cast of an external mould, NIGPAS 137065; x1.5. G4, dorsal view of ar-
ticulated valves, NIGPAS 137070; x2. G,, right valve, NIGPAS 137070; x3. H, left valve, rubber cast of an external mould, NIGPAS 137071; x3.

or substraight; ventral margins are slightly convex or gently
concave; and posterior margins are gradational rounded, nar-
rowly rounded or subtruncated. The overall morphological
variation is so continuous that it is difficult to find any distinct
character to separate these specimens into different taxa (see
Fig. 6).

Judging from the overall diagnosis of the elongate shape,
moderately thick shell, weak commarginal growth lines and

undulating ridge on shell surface, and the thin hinge plate
with two opisthocline anterior pseudocardinals and posterior
lamellar teeth parallel to the posterodorsal margin, this species
belongs to the genus Unio. The present specimens are similar
to the illustrated specimens of Pseudelliptio longus (Zhu,
1976, p. 23, pl. 1, figs. 5, 7—11; non fig. 6) from the Chagan-
limennuoer Formation, and to the illustrated specimens of
P. longa from the Saihantala Formation of Inner Mongolia,
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Type 1. Transversely elliptical shape with subparallel
and substraight dorsal and ventral margins

Type 2. Typical transversely elliptical
Type 4. Lance-like shape with shape with gently convex dorsal and
narrowly rounded posterior margin  ventral margins

Type 3. Transversely kindney-shaped shape with
broad curve near the central ventral margin

Type 5. Lance-like shape
with subtruncated posterior
margin and curve near the
posteroventral margin

Fig. 6. Variation of the outline of Unio longus (Zhu) (left valve) from the upper member of Khuren Dukh Formation of Choyr Basin, southeastern Mongolia. Scale

bar represents 40 mm.

northern China (Ma, 1991, p. 710, pl. 1, figs. 13, 15—18), in
having a transversely elliptical shape and a small ratio
(<0.5) between height and length. However, both the shape
and ornamentation of the genus Pseudelliptio are similar to

those of the genus Unio. Zhu (1976) noticed two small unsta-
ble submedian teeth beneath the anterior lamellar tooth 3a, and
used this feature as criterion of the new genus Pseudelliptio.
However, such teeth are noted commonly within the genus

Fig. 7. Bedding-plane accumulation and randomly orientated Sphaerium anderssoni (Grabau) in the tuffaceous sandstone of the lower Yixian Formation of Sihetun,
Beipiao, western Liaoning, northeastern China, showing both the internal and external moulds. Scale bar represents 10 mm.
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Fig. 8. As for Fig. 7, showing internal moulds only. Scale bar represents
10 mm.

Unio. Pseudelliptio should therefore be regarded as a junior
synonym of the genus Unio.

Morphological features of Unio longus, such as the ratio of
height to length (<0.5), the commarginal growth lines and in-
flated undulating ridges, a posterior umbonal ridge, the moder-
ate thickness of the shell, ligament, hinge teeth, and
particularly individuals with transversely elliptical shape
(Fig. 6, Types 1 and 2; Figs. 4A, D, E, 5A), or lance-like in-
dividuals with very slight posteroventral curve (Fig. 6, Type
5; Fig. 5B, C), or transversely kidney-shaped individuals
with broad central ventral curve (Fig. 6, Type 2; Figs. 4C,
5D, E), are all features characterizing specimens named as
Unio heilongjiangensis by Sha and Fiirsich (1993, pp. 157—
159, text-figs. 11E, 14—15; pl. 1, figs. 1—-10; pl. 2, figs. 1—
3,5—10; pl. 3, figs. 2—3, 5—6, 8—10). Although Sha and Fiir-
sich proposed Unio heilongjiangensis as a new species, com-
paring their material only with the recent species
U. douglasiae (Unio longus being ignored), U. heilongjiangensis
should also be regarded as a junior synonym of Unio longus.

The specimen of Pseudelliptio longus illustrated by Zhu
(1976, p. 23; pl. 1, fig. 6) is classified as Unio sp., because

Table 2
Measurements (in mm) of Unio longus

H L D 1 H/L D/L /L
N 25 25 18 8 25 18 8
X 34.93 79.47  23.83 19.5 0.441 0.294 0.243
Max  39.25 102.7 36 23 0.517 0438  0.281
Min 27.4 63.0 15 14 0.357 0.176  0.182
OR 11.85 39.7 21 9 0.160 0.261  0.099
S 4.10 10.38 5.491 3.295 0.042 0.058  0.035

N, number of observations made; X, arithmetic mean; Max, maximum value;
Min, minimum value; OR, range; S, standard deviation, which gives a measure
of absolute variation of the sample; H, height; L, length; D, umbonal distance
from the anterior extremity to umbo; I, inflation; H/L, ratio of height to length;
D/L, ratio of umbonal distance to length; I/L, ratio of inflation to length.

Table 3
Biometric characters of Unio longus
Length/Height
N 25
m 2.29
o 0.22
s 0.23
% 2.55
v 3

N, sample size; m, mean value; s, standard deviation; xz, chi-square (evidently
smaller than x%_os = 7.81, which is the 0.05 significance limit; v, degree of
freedom.

its ratio between height and length is greater than that of spec-
imens of U. longus.

The ratio of height to length of Unio hanganensis Jakushina
figured by Martinson (1982, p. 62, pl. 15, fig. 3) from the Up-
per Cretaceous of Mongolia is greater than 0.5, which is differ-
ent from the present species but very similar to the specimens
named as Unio cf. heilongjiangensis Sha and Fiirsich (1993, p.
159; pl. 4, figs. 2—8) from the Albian Xiachengzi Formation of
eastern Heilongjiang, northeastern China.

In outline, the kidney-shaped individuals (Fig. 6, Type 3;
Figs. 4C, 5D, E) and some lance-like individuals with subtrun-
cated posterodorsal margin and curve near the posteroventral
margin (Fig. 6, Type 5; Fig. 5B, C), are similar to the speci-
mens of Margaritifera isfarensis (Chernyshev) from the Men-
gyin Group of Shandong, northern China; the upper Jehol
Group of Liaoning, northeastern China; the Middle Jurassic
of Gansu, northwestern China; the Suining Formation of Si-
chuan, southwestern China; the Shangxiangxi Formation of
Hubei, central southern China; and the Yongping Group of
Yunnan, southern China (e.g., Gu et al., 1976, p. 354, pl. 98,
figs. 17—23; pl. 100, figs. 14—21). They are also similar to

1.90-2.07

2.07-2.24 2.24-2.61

L/H

2.61-2.78 2.78-2.95

Fig. 9. Size-frequency distribution of shell length/shell height of Unio longus
(Zhu). Lower cutoff number of column is excepted.
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Fig. 10. Diagram showing the average relative growth of Unio longus (Zhu).

Margaritifera tugrigensis (Martinson) from the Mengyin
Group of Shandong, northern China, and from the Jiufotang
Formation of Jehol Group of Liaoning, northeastern China
(e.g., Gu et al., 1976, p. 354; pl. 99, figs. 1—4, 15—19). How-
ever, all these specimens named as Margaritifera have a fairly
thick shell, strong hinge, and deep muscle scar, and thus differ
from the present specimens.

Morphologically, the lance-shaped individuals with nar-
rowly rounded posterior margin (Fig. 6, Type 4; Fig. 4F) re-
semble the specimens of Cuneopsis sakaii (Suzuki) from the
Sifangtai Formation of Heilongjiang and the Nenjiang Forma-
tion of Jilin, northeastern China (e.g., Gu et al., 1976, p. 328;
pl. 104, figs. 5—13). Nevertheless, these specimens of Cuneopsis
have a very thick shell, heavy hinge and very impressed
muscle scar, and are particularly wedge-like in their shape,
flattening and sharpening towards the posterior, all features
which prominently distinguish them from the present species.

The specimens of Protelliptio mongolensis Martinson fig-
ured by Martinson and Shuvalov (1976, p. 41, pl. 4, figs. 1—
2), and all the specimens of Margaritanopsis elongata Martin-
son, M. sainshandensis Martinson, Oxynaia sainshandica
Barsbold, Rectidens mongolensis Martinson, Cuneopsis orien-
talis Barsbold, C. lanceolata Martinson, Laneceolaria angus-
tata Martinson, Protelliptio mongolensis Martinson and
P. notabilis Martinson, Barsbold, and Tolstikowa described
by Martinson (1982, p. 56, pl. 13, figs. 5—6; p. 56, pl. 13,
figs. 4—5; p. 58, pl. 13, fig. 3; p. 58, pl. 14, fig. 3; p. 60, pl.
14, fig. 4; p. 61, pl. 14, figs. 7—8; p. 61, pl. 15, figs. 1—2;
p. 63, pl. 15, figs. 10—11; p. 64, pl. 15, fig. 12) from the Cre-
taceous of southeastern Mongolia do not show any typical fea-
tures of Margaritanopsis, Oxynaia, Rectidens, Cuneopsis, and
Protelliptio, but rather full within the variation of the genus
Unio. All of them are longer than high, and the ratio between

height and length is less than 0.5. Notably, their shapes vary so
continuously that it is difficult to separate them into different
taxa at generic or even specific level. All the forms figured by
Martinson and Shuvalov (1976) and Martinson (1982) can eas-
ily be found in the present population as well.

Locality and horizon. Northern Choyr Basin; Albian sand-
stone of the upper member of the Khuren Dukh Formation.

Subclass: Heterodonta Neumayr, 1884

Order: Veneroida H. Adams and A. Adams, 1856
Superfamily: Corbiculacea Gray, 1847

Family: Pisidiidae Gray, 1857

Genus Sphaerium Scopoli, 1777

Sphaerium chientaoense Suzuki
Fig. 5SH

1941 Sphaerium chientaoense Suzuki (pars), p. 84, pl. 1,
figs. 2, 4, 5 (non figs. 1, 3).

1976 Sphaerium yanbianense Gu and Wen in Gu et al., p.
381, pl. 120, figs. 1—11.

1980 Sphaerium yanbianense Gu and Wen; Zhu, p. 30, pl. 5,
figs. 19—20; pl. 6, figs. 1—2.

7 1982 Sphaerium albicum (Martinson); Martinson, p. 65, pl.

13, figs. 7—8.

1984 Sphaerium yanbianense Gu and Wen; Gu et al., p. 176,
pl. 45, figs. 20—28; pl. 46, figs. 1—6.

1993 Sphaerium yanbianense Gu and Wen; Sha and Fiirsich,
p. 164, pl. 6, figs. 1—13; text-fig. 19.

Holotype. The holotype by original description is the spec-
imen illustrated by Suzuki (1941, pl. 1, fig. 2).

Material. Three external moulds. Only one right external
mould (NIGPAS 137071) is relatively complete, but it is
compressed.

Description. Shell small, equivalve but inequilateral. Sub-
oval in outline. Anterior margin rounded. Posterior margin
subtruncated, dorsal margin slightly arcuate, ventral margin
broadly roundly, posteroventral corner subrounded. The rela-
tively complete specimen is about 10 mm long and 7 mm
high. Poorly preserved umbo situated at about one-third of
shell length from the anterior extremity. Shell surface is cov-
ered by the fine, closely and regularly spaced commarginal
growth lines.

Remarks. The present specimens are similar to the speci-
mens named as Sphaerium chientaoense Suzuki from middle
shale member of the Talatzi Series (Suzuki, 1941, p. 84, pl.
1, figs. 2—4) in their outline and commarginal growth lines.
Gu and Wen (in Gu et al., 1976) proposed S. yanbianense as
nomen novum for S. chientaoense Suzuki, because the specific
name chientaoense, which originated from “jiantao,” is
contrary to Article 5 of the Code of the International Zoolog-
ical Nomenclature (ICZN). However, the specific name of
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Sphaerium chientaoense (Suzuki) should be applied on the ba-
sis of Article 18, Inappropriate and Tautonymous Names, of
the ICZN.

Sphaerium coreanicum (Kobayashi and Suzuki, 1936, p.
255, pl. 29, figs. 1—10) differs from the present species in hav-
ing a much larger shell and elongated subtrapezoidal outline.

Sphaerium albicum (Martinson) figured by Martinson
(1982, p. 65, pl. 13, figs. 7, 8) from the so-called Upper Cre-
taceous of Mongolia, looks like the present specimens as well,
but its umbo projects more above the hinge line.

Locality and horizon. Northern Choyr Basin; Albian mud-
stone of the upper member of the Khuren Dukh Formation.

Sphaerium coreanicum (Kobayashi and Suzuki)
Fig. 5F, G

1936 Corbicula (Leptesthes?) coreanica Kobayashi and Su-
zuki, p. 255, pl. 29, figs. 1—7 (non figs. 8—10).

1941 Sphaerium chientaoense Suzuki (pars), p. 84, pl. 1, figs.
1, 3 (non figs. 2, 4, 5).

1976 Sphaerium aff. wiljuicum; Gu et al., p. 382, pl. 121, figs.
32-35, 37—41.

1980 Sphaerium coreanicum; Ma, p. 121, pl. 5, figs. 22—23,
25.

1984 Sphaerium coreanicum; Gu et al., p. 177, pl. 45, figs.
18—19 (non fig. 17).

1993 Sphaerium (Sphaerium) coreanicum (Kobayashi and Su-
zuki); Sha and Firsich, p. 165, pl. 6, figs. 14—27.

Holotype. The holotype by original description is the spec-
imen illustrated by Kobayashi and Suzuki (1936, pl. 29, fig. 1).

Material. Two specimens (NIGPAS 137065, 137070), one
consisting of articulated valves and the other an incomplete
right external mould.

Description. Shell large for the genus, 15—21 mm long and
9.5—11 mm high. Elongated subtrapezoidal in outline. Ante-
rior margin obtusely rounded, posterior margin broadly
rounded. Posterodorsal corner obtusely angular and postero-
ventral corner narrowly rounded. Umbo obtuse, projecting
slightly above hinge line and placed at about one-eighth to
one-third of the shell length from the anterior extremity. Shell
thin and shell surface covered by fine, closely and regularly
spaced commarginal growth lines.

Remarks. Compared with the specimens of this species
from the Tongfosi Formation of Yanji, Jilin (e.g., Gu et al.,
1976, pl. 121, figs. 32—35, 37—41), from the Albian Xia-
chengzi Formation of eastern Heilongjiang, northeast China
(e.g., Sha and Fiirsich, 1993, pl. 6, figs. 14—27), and the Guan-
tou Formation of Zhejiang, eastern China (Ma, 1980, p. 121,
pl. 5, figs. 22—23, 25), the present specimens are larger.

Locality and horizon. Same as that of Sphaerium chien-
taoense above.

Sphaerium anderssoni (Grabau)
Figs. 11-13

1923 Corbicula anderssoni Grabau, p. 188, text-fig. la—1b.

1923 Corbicula jeholensis Grabau, p. 192, text-fig. 1c.

1943 Sphaerium anderssoni (Grabau); Suzuki, p. 62, pl. 4,
figs. 1—4.

1943 Sphaerium anderssoni jeholense (Grabau); Suzuki, pp. 9,
63, pl. 4, figs. 5—13.

1953 Sphaerium anderssoni (Grabau); Zhou, p. 171, pl. 1, fig.
7.

1957 Sphaerium anderssoni (Grabau); Gu, p. 188, pl. 112,
figs. 24—26.

1960 Sphaerium anderssoni anderssoni (Grabau); Hase, p.
319, pl. 37, figs. 12—15; pl. 38, figs. 4—8, 9a—b, 10—
23, 24a—b; text-fig. Sa—c.

1960 Sphaerium anderssoni jeholense (Grabau); Hase, p. 329,
pl. 28, figs. 25—30.

1963 Sphaerium anderssoni (Grabau); Gu et al., p. 133, pl.
105, fig. 9.

1964 Sphaerium jeholense (Grabau); Gu et al., p. 126, pl. 82,
fig. 5.

1975 Sphaerium anderssoni anderssoni (Grabau); Hayami, p.
143.

1975 Sphaerium anderssoni jeholense (Grabau); Hayami, p.
143.

1976 Sphaerium jeholense (Grabau); Gu et al., p. 380, pl. 102,
figs. 36—45.

1976 Sphaerium anderssoni (Grabau); Gu et al., p. 380, pl.
102, figs. 10—17.

1976 Sphaerium anderssoni (Grabau); Zhu, p. 32, pl. 4, figs.
5—13.

1976 Sphaerium jeholense (Grabau); Zhu, p. 33, pl. 6, figs.
5—16.

1976 Sphaerium aff. jeholense (Grabau); Zhu, p. 33, pl. 6, figs.
17—19; pl. 7, figs. 1-2.

1976 Limnocyrena cf. anderssoni (Grabau); Martinson and
Shuvalov, p. 43, pl. 4, figs. 8—9.

1980 Sphaerium jeholense (Grabau); Zhu, p. 29, pl. 3, figs.
27-31.

1980 Sphaerium jeholense (Grabau); Ma, p. 120, pl. 5, figs.
19, 21.

1982 Sphaerium jeholense (Grabau); Ding et al., p. 88, pl. 26,
figs. 24—25.

1982 Sphaerium jeholense (Grabau); Yu, p. 37, pl. 2, figs. 1,
3—6, 7.

1982 Sphaerium jeholense (Grabau); Shi, p. 23, pl. 9, fig. 21.

1982 Sphaerium anderssoni (Grabau); Shi, p. 23, pl. 9, figs.
14—15.

1982 Corbicula anderssoni (Grabau); Martinson, p. 66, pl. 13,
figs. 9—10.

1984 Sphaerium jeholense (Grabau); Yu et al., p. 60, pl. 14,
figs. 15—18, 20—22.

1984 Sphaerium cf. jeholense (Grabau); Yu et al., p. 60, pl. 15,
figs. 9, 12.

1984 Sphaerium anderssoni (Grabau); Yu et al., p. 61, pl. 14,
fig. 24.



J. Sha et al. | Cretaceous Research 27 (2006) 262—278 273

Fig. 11. Variation of the outline of Sphaerium anderssoni (Grabau) (left valve) from tuffaceous sandstone of the lower Yixian Formation of Sihetum, Beipiao,

western Liaoning. Scale bar represents 20 mm.

1984 Sphaerium jeholense (Grabau); Wei, p. 41, pl. 13, figs.

8—9.

1986 Limnocyrena anderssoni (Grabau); Ma, p. 197, pl. 6,
figs. 18, 20—23.

1986 Limnocyrena jeholense (Grabau); Ma, p. 198, pl. 6, figs.
19, 27-30.

1987 Sphaerium anderssoni (Grabau); Yu et al., p. 14, pl. 1,
figs. 4; pl. 4, figs. 4, 6, 10, 29.
1987 Sphaerium cf. anderssoni (Grabau); Yu et al., p. 14, pl. 1,

figs. 3, 5, 11.

1987 Sphaerium jeholense (Grabau); Yu et al., p. 16, pl. 4, figs.
18, 22, 24.

1987 Sphaerium cf. jeholense (Grabau); Yu et al., p. 16, pl. 3,
fig. 15.

1989 Sphaerium jeholense (Grabau); Stratigraphical Group,
Institute of Geology, Chinese Academy of Geological
Sciences, pl. 21, figs. 13—14.

1989 Sphaerium cf. jeholense (Grabau); Stratigraphical
Group, Institute of Geology, Chinese Academy of Geo-
logical Sciences, pl. 21, fig. 10.

1999 Sphaerium jeholense (Grabau); Chen, p. 103, pl. 2, figs.
1, 8—11, 15; pl. 3, figs. 5—6.

1999 Sphaerium anderssoni (Grabau); Chen, p. 103, pl. 2, figs.
5—6, pl. 3, fig. 7.

Syntypes. The syntypes are the specimens illustrated by
Grabau (1923, figs. 1a and 1b).

Material. More than 400 specimens that are, except for
seven steinkerns, internal and external moulds occasionally as-
sociated with shells.

Diagnosis. Small, subtriangular, subquadrate, suboval and
subelliptical in outline; umbo fairly remarkable, beaks projec-
ting prominently above hinge line; ornament of commarginal
growth lines and rugae.

Description. Shell small for the genus. Usually longer than
high but occasionally higher than long. Variable outline of
shell, including subtriangular, subquadrate, suboval, and sub-
elliptical forms (Fig. 11). Anterior margin narrowly to well
rounded, posterior margin subtruncated to narrowly rounded,
dorsal margin obtusely to narrowly angular, ventral margin
broadly convex to substraight, posterodorsal angle absent to
narrowly rounded. Umbo is fairly remarkable, beaks are short,
obtuse and slightly opisthogyrous, and project prominently
above hinge line, but their positions are fairly variable, placed
at near one-tenth to one-half the shell length from the anterior
extremity. Shell surface is covered by commarginal growth
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Fig. 12. Some shapes of articulated valves (A—C) and single valves (D—PP), and commarginal growth threads, lines, and rugae of Sphaerium anderssoni (Grabau)
from the tuffaceous sandstone of the lower Yixian Formation of Sihetun, Beipiao, western Liaoning. A, interior view of articulated valves, NIGPAS 137086. B, C,
dorsal view of articulated valves, NIGPAS 137087 and 137088 respectively. D—U, internal moulds of right valve. D, NIGPAS 137089. E, NIGPAS 137090. F,
NIGPAS 137091. G, NIGPAS 137092. H, NIGPAS 137093. I, NIGPAS 137094. J, NIGPAS 137095. K, NIGPAS 137096. L, NIGPAS 137097. M, NIGPAS
137098. N, NIGPAS 137099. O, NIGPAS 137088. P, NIGPAS 137100. Q, NIGPAS 137101. R, NIGPAS 137102. S, NIGPAS 137103. T, NIGPAS 137104. U,
NIGPAS 137087. V—AA, internal moulds of left valve. V, NIGPAS 137105. W, NIGPAS 137106. X, NIGPAS 137107. Y, NIGPAS 137108. Z, NIGPAS
137109. AA, NIGPAS 137110. BB—JJ internal moulds of right valve. BB, NIGPAS 137111. CC, NIGPAS 137112. DD, NIGPAS 137113. EE, NIGPAS
137114. FF, NIGPAS 137115. GG, NIGPAS 137116. HH, NIGPAS 137117. II, NIGPAS 137118. JJ, NIGPAS 137119. KK, right valve, rubber cast of an external
mould NIGPAS 137120. LL, MM, internal moulds of right valve, NIGPAS 137121 and 137122 respectively. NN, right valve, rubber cast of an external mould,
NIGPAS 137123. OO, PP, internal moulds of right valve, NIGPAS 137124 and 137125 respectively. Scale bar represents 10 mm.
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Fig. 13. Photographs showing variations of hinge teeth of Sphaerium anderssoni (Grabau). A, B, internal moulds of left valve, NIGPAS 137126 and 137127 re-
spectively. C—E, internal moulds of right valve. C, NIGPAS 137128. D, NIGPAS 137129. E, NIGPAS 137130. Scale bar represents 10 mm.

lines and rugae. Hinge plate moderately long, one cardinal
tooth in right valve and two in left valve, two anterior lateral
teeth in right valve and one in left, two posterior lateral teeth
in right valve and one, occasionally two, in left have been rec-
ognized, forming the following formula:

Alll Al 1 PI PIII
AIl 2a 2b PII (PIV)

Cardinals are fairly feeble and variable in outline and on the
left valve, only one is distinct, but another one indistinct on
the internal mould. Anterior lateral teeth are shorter than the
posterior ones, and in left valve the ventral laterals are stronger
than the dorsal ones. No crenulations are preserved on teeth
(e.g., Fig. 13).

Deformation. The specimens are oriented randomly in tuff-
aceous sandstone layers and are almost never secondarily
deformed (see Figs. 7, 8).

Variation. The present species shows some variability in its
morphologic characters. For example, shell outline is quite
variable: valve shapes include rounded subtriangular, subcir-
cular, rounded subquadrate, rounded subrectangle, suboval,
and subelliptical, with intermediate individuals between each
shape (Figs. 11, 12D—U). Valve inflation is moderate and
even (Fig. 12A—C), but only visible on seven articulated indi-
viduals. The strength of the posteroumbonal ridge is fairly var-
iable. Some are quite weak or are even absent (e.g., Fig. 12D,

H, V, X), some are fairly prominent (e.g., Fig. 12F, J, K, P—R,
T, U, BB, 1II, JJ, KK, NN), but most are obtuse (e.g., Fig. 12B,
C,E,I,L-0O,S, WY, Z, AA, CC—EE, HH, LL, MM, OO,
PP).

Ontogenetic features. Specimens are characterized by nu-
merous, regularly and closely spaced commarginal growth
threads and lines, and widely spaced commarginal growth ru-
gae. Between rugae, and between the latest ruga and the ventral
margin, there are no commarginal growth threads and lines pre-
served in the area representing the early growth stage between
the beak and the earliest ruga. A maximum of seven growth ru-
gae is found on the largest individuals (e.g., Fig. 12MM—00),
whereas only 3—4 are found on medium- and large-sized indi-
viduals (e.g., Fig. 12X, BB, DD—LL, PP), and only one or
small individuals (e.g., Fig. 11W, CC). No rugae are preserved
on very smallest specimens (e.g., Fig. 12V).

Remarks. Since Grabau (1923) described Corbicula ander-
ssoni from the Hunyuan Group of northeastern Shanxi
Province of China, which is characterized by a subelliptical-
subrectangular shape, and Corbicula jeholense from the
Jehol Group in western Liaoning Province of China, which
is characterized by a suboval-rounded subtriangular shape,
the two species have been listed in many papers (see synon-
ymy). The various shapes of these taxa based on about
more than 400 specimens (excepting the holotypes and most
paratypes of both C. anderssoni and C. jeholense, because
they are missing now), include suboval, rounded subtriangular,
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subelliptical, subrectangular, and subcircular individuals as
well as others.

Their shapes vary continuously and it is difficult to differ-
entiate them as two distinct species. Sphaerium anderssoni
(Grabau) and S. jeholense (Grabau) are, therefore, regarded
as one species and S. anderssoni must be kept as the senior
synonym, although the Jehol Fauna is a well-known late Me-
sozoic nonmarine fauna in China.

This idea is similar to that of Suzuki (1943): he proposed
Sphaerium anderssoni jeholense (Grabau) as a new subspecies
differing from Sphaerium anderssoni anderssoni (Grabau) in hav-
ing an ovate outline with backwards tapering, far less inequilateral
and somewhat more convex outline, and scarcely truncated be-
hind. Suzuki considered the two subspecies of Sphaerium ander-
ssoni (Grabau) to be related to different ecological conditions.
The specimens classified within these two subspecies, however,
are all closely connected by many intermediate forms.

Many specific names of Sphaerium have been published by
Chinese and Russian authors. Some of these should probably
be grouped into Sphaerium anderssoni, but this requires fur-
ther comparison and examination of the Russian literature.

Geographic distribution. Sphaerium anderssoni has a wide
distribution in East Asia. In Japan it is found in the Sengoku,
Nyoraida, Wakamiya, Shiohama, and Inakura formations of
the Kwanmon Group of Japan (Suzuki, 1943; Hase, 1960; Hay-
ami, 1975), while in South Korea it is known from Nagdong
Group (Suzuki, 1943; Hayami, 1975). In eastern China, it is
known from the Shouchang Formation (=Bantou Formation)
and the Laocun Formation of the Jiande Group, Jiande, Zhejiang
(Gu et al., 1976; Ma, 1980; Ding et al., 1982). It is also known
from the Yixian and Jiufotang formations (=Shahai Formation)
of the Jehol Group, Luanping, Hebei (Yu et al., 1984), the Hu-
nyuan Group of Hunyuan, Shanxi (Gu et al., 1976; Yu et al.,
1984), and the Chaganlimennuoer Formation of Suniteyouqi,
Inner Mongolia (Zhu, 1976) in northern China. In central Inner
Mongolia, it is known from the Guyang formation of Guyang
and Lisangou formations of Wulatqiangi (Yu, 1982) and the
Lower Cretaceous of southern Mongolia (Martinson and Shuvalov,
1976; Martinson, 1982). In northwest China, it is known from
the Zhonggou, Xiagou and Zhejinbao formations of the Xinm-
minbao Group, Yumen and Chao Shui (Zhou, 1953; Gu et al.,
1976; Ma, 1986), the Huaya and Zhoujiawan formations of
the Donghe Group, Wudu and Kangxian (Shi, 1982), and the
Gansu, Lianmugqin, and Shengjinkou formations of the Tugulu
Group, Changji and Shawan, Xinjiang (Wei, 1984).

Locality and horizon. Sihetun of Beipiao, western Liaoning,
northwestern China; Lower Cretaceous tuff sandstone of lower
Yixian Formation, Jehol Group.

5. Characterization of bivalve assemblages in the
Choyr Basin and evaluation of nonmarine
bivalves as index fossils in Asia

In China, Unio longus (Zhu) has been reported from the
Chaganlimennuoer and Saihantala formations of Inner

Mongolia, northern China (Zhu, 1976; Ma, 1991), while
Sphaerium chientaoense and Sphaerium coreanicum have
both been reported from the Tongfosi Formation (Gu et al.,
1976), and probably also from the Dalatzu Formation (Suzuki,
1941; Zhu, 1980) of Yanji, Jilin, northeastern China. Sphae-
rium chientaoense itself is also known from the Guantou For-
mation of Zhejiang, eastern China. All the three species have
been found in the Xiachengzi Formation of eastern Heilong-
jiang, northeastern China (Gu et al., 1984, 1997; Sha and Fiir-
sich, 1993). These species are members of the Nakamuranaia-
Margaritifera  (Mengyinaia)-Neomiodonoides = Assemblage
(Ma, 1994), widely distributed in southern East Asia. Thus,
the bivalve assemblage in the Choyr Basin is a northern exten-
sion of this assemblage.

In Korea, Sphaerium coreanicum comes from the Gyeong-
sang Group (Kobayashi and Suzuki, 1936). In Japan, Sphae-
rium coreanicum occurs in the Okurodani Formation in the
Tetori area and the Kwanmon Group in the Kitakyushu area
(Tamura, 1990; Matsukawa and Nakada, 1999). Sphaerium
anderssoni is reported from the Sengoku, Nyoraida, Waka-
miya, Shiohama, and Inakura formations of the Kwanmon
Group (Suzuki, 1943; Hase, 1960; Hayami, 1975). Sphaerium
coreanicum and S. (S.) anderssoni are also members of the
Nakamuranaia-Margaritifera (Mengyinaia)-Neomiodonoides
Assemblage. This indicates that the distribution of the assem-
blage originally extended to Japan through Korea. However, in
Korea and Japan, allied species of members of the Trigo-
nioides (T.)-Plicatounio (P.)-Nippononaia (N.) assemblages
in China are sometimes associated with Sphaerium coreani-
cum and S. anderssoni. This suggests that the five molluscan
assemblages recognized in China appear to be strongly dia-
chronous and cannot be used as chronological indices.

All the formations bearing these four species in Asia are
different in geological age (e.g., the Okurodani Formation is
probably Valanginian—Barremian, the Kwanmon Group is as-
signed to Hauterivian—Albian, and the Khuren Dukh Forma-
tion is correlated to the Albian). Therefore, the four species
must have continuously migrated to optimum habitats during
the Valanginian—Albian, as such habitats were locally and re-
peatedly destroyed.

6. Conclusions

1. Freshwater bivalves found in the upper member of the
Khuren Dukh Formation of the Choyr Basin include Unio
longus, Sphaerium coreanicum, and Sphaerium chien-
taoense. The assemblage can be compared with the
Nakamuranaia-Margaritifera (Mengyinaia)-Neomiodonoides
Assemblage in China.

2. Individuals of Unio longus are variable in outline and in-
clude transversely elliptical, lance-like and kidney-shaped
forms, with dorsal margin slightly convex or substraight,
ventral margin slightly convex or gently concave, and pos-
terior margin rounded, narrowly rounded, or subtruncated.
Sphaerium anderssoni is also characterized by variable out-
line of shell and includes subtriangular, subquadrate, sub-
oval, and subelliptical forms. The morphological variation



J. Sha et al. | Cretaceous Research 27 (2006) 262—278 277

within populations of these taxa is strongly continuous, and
differentiation of the taxa into separate species or subspe-
cies is therefore unwarranted. Although Sphaerium ander-
ssoni and Sphaerium jeholense have been differentiated
previously, they form end-members of the same population,
and Sphaerium anderssoni, rather than Sphaerium jeho-
lense, must be kept as a senior synonym.

3. The four nonmarine bivalve species described above are
found in many formations in East Asia suggesting Valangi-
nian—Albian age. The four species are included in assem-
blages of Dboth the Nakamuranaia-Margaritifera
(Mengyinaia)-Neomiodonoides and Trigonioides (T.)-Plica-
tounio (P.)-Nippononaia (N.) assemblages of China and
demonstrate that these assemblages cannot always be
used as chronological indices.
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