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Abstract: A genus within the family Douvillinidae of the order Strophomenida from the Erdaogou Member

of the Xibieche Formation in the Early Devonian of central Jilin has been re-examined, with consideration

given to the 56 specimens collected and described by Liu and Huang (1977). Based on its distinct external

ornamentation and internal characteristics, it has been classified as Cymostrophia (Protocymostrophia). 1t is

concluded that the three specices described by Liu and Huang (1977), Idioglyptus alatus, I. semicircularis,

1. subquadratus, as well as the Mesodouvillina jilinensis Su, 1980 should be considered synonyms and be

named Cymostrophia (Protocymostrophia) alatus (Liu) Li.
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Introduction

The Early Devonian represents one of the periods
when brachiopods were remarkable abundance. In
the Xibiehe Formation in central Jilin Province, an
extremely rich assemblage of brachiopod fossils has
been discovered. However, so far only one genus
belonging to the order Strophomenida has been
reported.

The brachiopod fauna in the Xibieche Formation
of this region was initially reported by Liu and Huang
(1977). They established many new species. Specif-
ically, in the upper sandy-shale member of the Erda-
ogou Member (referred to as the Xiaosuihe Member
in this paper) four new Strophomenida species were

described: Idioglyptus alatus, 1. semicircularis, I.
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subquadratus and 1. erdaogouensis. Moreover, the
quantity of these fossils is quite remarkable. Liu and
Huang (1977) suggested that the age of this brachio-
pod fauna was the Late Silurian. Subsequently, Su
(1980, 1992) described a total of 16 species belonging
to 15 genera of brachiopods from the Erdaogou For-
mation, includig both the underlying limestone mem-
ber and the overlying sandy-shale member. Among
them, the fossils of the order Strophomenida were
identified as Mesodouvilina jilinensis Su. These spec-
imens were also collected from the sandy-shale of the
upper Erdaogou Member, consistent with the collec-
tion location of Liu and Huang (1977). However, no
in-depth discussion on the specific age was presented.

Through multiple field investigations, the author

has collected a large number of brachiopod fossils
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within the limestone member of the Erdaogou Mem-
ber. A total of 650 specimens have been gathered.
A total of 14 species, belonging to 12 genera bra-
chiopods have been identified. Although the species
of Strophomenida are not abundant, their internal
structures are better preserved than those studied by
Liu and Huang (1977) and Su (1980, 1992). These
fossils provide invaluable materials for further in-
depth research. In this study, they are classified under
Cymostrophia (Protocymostrophia).

The genus Cymostrophia was proposed by Cast-
er in 1939, designating Leptaena stephani Barrande,
1849 as its type species. It is currently classified into
two subgenus, C. (Cymostrophia) and C. (Protocy-
mostrophia) (Cocks & Rong, 2000). Cymostrophia is
widely distributed in the Early Devonian strata (Talent
et al.,2001) in areas such as Salair and Altai in west-
ern Siberia (Khalfin, 1955; Khalfin, 1960; Kulkov,
1963; Gratsianova, 1967; Alekseeva et al., 1970;
Bublychenko, 1974; Gratsianova, 1975), North
America and Canada (Caster, 1939; Hervey, 1944;
Jones, 1982), Australia (Parfrey, 1989; Brock & Tal-
ent, 1993), as well as Guangxi and Guizhou (Wang
1956; Hou & Xian, 1975; Xian & Jiang, 1978), Altay
in Xinjiang (Zhang et al., 1983), Gansu (Zhang & Fu,
1983) in China.

The findings of this study are based on the 22
specimens collected by the research team, combined
with the 56 specimens previously described as Idio-
glyptus by Liu and Huang (1977) . Through a compre-
hensive comparison with other species within the ge-
nus Cymostrophia, it is determined that this represents
a new species, which is named as Cymostrophia
(Protocymostrophia) alatus (Liu) Li herein. This new-
ly identified species is considered to be synonymous
with Idioglyptus alatus Liu, I. semicircularis Liu, L.

subquadratus Liu and Mesodouvillina jilinensis Su.

1 Geographical and stratigraphy

The fossil location is near the Erdaogou of
Dasuihe Town, Yongji County, 18 km west of Jilin
City in the central Jilin Province (Fig.1a). The Late

Silurian-Early Devonian strata in this area are part
of the Xibiehe Formation (Li, 1997). The Xibiche
Formation is widely distributed in the Darhan Mum-
inggan-central Jilin Province-eastern Harbin regions.
In central Jilin Province, it is exposed in Zhangjiatun,
Xiaosuihe and Erdaogou in Yongji County.

The Xibiche Formation consists of the Zhang-
jiatun, Erdaogou and Xiaosuihe lithologic members
(Wang et al., 2013) and is a lithological assemblage
of sandstone, limestone, mudstone, siltstone and bio-
herms. The Zhangjiatun Member (formerly the
Zhangjiatun Formation), the lower member of the Xi-
biehe Formation, is composed of purple gravel-bearing
tuffaceous siltstone, celadon gravel-bearing siltstone,
pelitic fine sandstone, and variegation conglomerate
and gravel-bearing gritstone in the bottom, with a
thickness of 380 m. The Erdaogou Member (formerly
the limestone member of the Erdaogou Formation),
the middle member of the Xibiehe Formation, is made
up of grey bioclastic limestone with yellow-green silty
mudstone and mudstone, with a thickness of 102 m.
The Xiaosuihe Member (formerly the sandstone-shale
member of the Erdaogou Formation) is composed of
mainly silty mudstone, siltstone, and debris-arkose,
with mudstone and limestone lens, with a thickness
of 330 m. It was named the Xiaosuihe Formation by
Zheng (1989) and subsequently cited by Peng et al.
(1990), Guo et al. (1992) and Liao et al. (1995).

However, for a long time, there has been a sig-
nificant disagreement about the vertical stratigraphic
relationship between the Erdaogou Member and the
Xiaosuihe Member, specifically between the lime-
stone member and the sandstone-shale member. One
perspective holds that the Xiaosuihe Member is in the
lower part of the Erdaogou Formation (Wang and Li,
1986; Peng et al., 1990; Guo et al., 1992; Liao et al.,
1995), considering the strata overturned. Conversely,
some researchers hold the opposite view, believing
that the limestone is above and the sandstone-shale
is below (Guo, 1962; Liu and Huang, 1977; Li et al.,
1997; Wang et al., 2013), and the stratigraphic se-
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Fig.1 Location of the Erdaogou Member of Xibieche Formation in central Jilin (a) and stratigraphic column showing the fossil

horizons (arrow) sampled long the Erdaogou section (b)

quence is normal. In this paper, we adhere to the lat-
ter view, that is, the Xiaosuihe member overlies the
Erdaogou member.

The specimens discussed and studied in this pa-
per were collected from the Erdaogou section in Da-
suihe Town, central Jilin. More precisely, these spec-
imens were obtained from the sixth bed of the second
member, the Erdaogou Member of the Upper Siluri-
an- Lower Devonian Xibiehe Formation (Fig.1b).

2 Material

The specimens discussed and studied in this
paper were collected from the Erdaogou section in
Dasuihe Town, central Jilin, mostly from the sixth
bed of the Erdaogou member of the Upper Silurian-
Lower Devonian Xibiehe Formation. All type species
have catalog numbers beginning with S;-D,x® are

housed in the College of Earth Sciences, Jilin Univer-

sity. All type species have storage numbers beginning
JXE-B.

Furthermore, the 56 specimens collected and de-
scribed by Liu and Huang (1977) were rediscovered
and re-observed. These specimens were collected
in sandstone-shale member of Erdaogou Formation
(equivalent to the current Xiaosuihe Member of the
Xibiehe Formation). Currently, all these specimens
are housed in the College of Earth Sciences, Jilin
University.

3 Systematic paleontology

Order STROPHOMENIDA Opik, 1934
Family DOUVILLINIDAE Caster, 1939
Subfamily PROTODOUVILLININAE Harper &
Boucot, 1978

Gunus Cymostrophia Caster, 1939
(=Corrugatella Khalfin, 1948 )
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1939. Cymostrophia, Caster, p.39

1953. Cymostrophia, Williams, p.39

1965. Cymostrophia, Williams, p.395

1967. Cymostrophia, Havlicek, p.126

1978. Cymostrophia, Harper & Boucot, p.129
2000. Cymostrophia, Cocks & Rong, p.268

Type species: Leptaena stephani Barrande, 1848,
p- 230. Konieprus Limeston in Konieprus, Czech Re-
public

Diagnosis: Variable outline; variably convex
profile, geniculate ventral valve; dorsal valve initially
flat, geniculate anteriorly; distinctive ornament of ru-
gae interrupted by primary costellae; relatively large,
suboval ventral muscle field bounded by low ridges
posterolaterally only; ventral myophragm developed;
small, erect cardinal process lobes; dorsal muscle
field bounded posterolaterally by low ridges; one pair
of low dorsal side septa, small median ridge in valve
center.

Genus composition: 2 subgenus—C. (Cymo-
strophia) Caster, 1939; C. (Protocymostrophia) Har-
per & Boucot, 1978.

Discussion: When Caster established Cymostro-
phia in 1939, it was initially classified within the sub-
family Stropheodontinae (Caster, 1939) of the family
Stropheodontidae (Caster, 1939). Subsequently, Harp-
er & Boucot (1978) transferred it to the subfamily
Protodouvillininae ( Harper & Boucot, 1978) of the fa-
mily Douvillinidae (Caster, 1939). Both the Strophe-
odontidae and Douvillinidae families feature a strong
ventral muscle field bounded by muscle-bounding
ridges. However, in the Stropheodontidae, this boun-
ding ridge is commonly absent anteriorly. In contrast,
compared with the Stropheodontidae, the Douvillini-
dae lacks dental plates and dorsal side septa.

The subgenus Protocymostrophia was initially
assigned to the Mesodouvillina as Mesodouvillina
(Protocymostrophia) by Harper and Boucot in 1978.
However, Mesodouvillina is currently classified with-
in the Amphistrophiidae family. In this family, the

ventral valve muscle field is semi-elliptical in outline,

laterally bounded by curved muscle-bounding ridges,
and lacks dorsal side septa. Cymostrophia belongs to
the Douvillinidae family. The ventral muscle field in
Douvillinidae is variable, ranging from subcircular
to bilobed, with distinct impressions. It is usually lat-
erally and anteriorly bounded by ridges and also has
dorsal side septa. These characteristics are more con-
sistent with those of Cymostrophia.

Distributions: Silurian(Ludlow)—Devonian

(Givetian), Cosmopolitan.

Subgenus Protocymostrophia Harper & Boucot, 1978
(=Mesodouvillina (Protocymostrophia) Harper & Boucot,
1978, p.127)

2000. Cymostrophia (Protocymostrophia) Cocks & Rong,
p-268

Type species: Strophomena ivanensis Barrande,
1879, pl. 52, Fig.IV 1-4, 9—12. Kotys Limestone,
Lochkovian, Svaty Jan pod Skalou, Bohemia, Czech
Republic

Diagnosis: It is similar to C. (Cymostrophia) but
having suboval rather or transverse outline, gently
concavoconvex profile, less pronounced interrupted
rugae in ornament.

Discussion: Mesodouvillina exhibits the greatest
similarity in concavoconvex geniculate profile with
prominent curved geniculate trail. However, this ge-
nus possesses distinct features. It has denticles along
half to two-thirds of hinge line; the muscle-bounding
ridges are straight or slightly curved, forming a sub-
triangular ventral muscle field, that is open anteriorly,
and dorsal side septa are usually absent. These fea-
tures do not match those of the type species of the
subgenus Protocymostrophia. Notably, the distinctive
ornament of rugae interrupted by primary costellae,
typical of C. (Protocymostrophia), is absent in Me-
sodowvillina.

Although the external shape, thin body cavity
and unequally parvicostellate ornament of C. (Proto-
cymostrophia) bear resemblance to those of Maluros-

trophia Campbell and Talent, there are compelling
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reasons to suggest that the relationship between these
genera is more remote than such similarities might
indicate. When Campbell and Talent established
Malurostrophia in 1967, they emphasized its distinct
characteristic: the valve margins sharply geniculate
and ventrally directed, except for a prominent dorsal-
ly directed tongue in the anterior margin, similar to
that of the Maluridae, resulting in a gently resupinate
profile, Additionally, they also differ in the adductor
scars in the ventral valve. The pedicle valve of Mal-
urostrophia has an anterioly bilobed rhomboidal di-
ductor field and strong muscle-bounding ridges, and
its ornamentation lacks interrupted rugae.

In the classification system proposed by Wil-
liams (1965), these two subgenera were designated
as C. (Cymostrophia) and C. (Idioglyptus). The genus
Idioglyptus was originally described from the Middle
Silurian West Point Formation in the Port Daniel re-
gion, Chaleur Bay, Gaspé Peninsula, Quebec, Cana-
da. The exteriors of type specimens have an ornament
of interrupted rugae like to that of Cymostrophia.
However, the interiors remain unknown. Consequent-
ly, the genus Idioglyptus has been regarded as a no-
men dubium (Cocks & Rong, 2000). In view of this,
the classification of the species from the Erdaogou
area in central Jilin as Idioglyptus by Liu and Huang
(1977) is invalidated.

The two subgenera differ in profile and rugae
ornamentation. C. (Protocymostrophia) has a gently
concavoconvex profile and less pronounced inter-
rupted rugae in its ornamentation. These rugae occur
in body cavity, are strong and dense at the posterior
part, and gradually weaken and disappear as they
extend forward. Among the currently reported spe-
cies of Cymostrophia, very few have been calassified
into subgenra. Based on the differences, it can be
inferred that species such as C. stephani (Barrande) ,
C. patersoni (Hall), C. grata Kulkov, C. alfa Kulkov,
C. yolkini , C. radiosa Gratsianova, C. sinuata Grat-
sianova, C. gibbosa Gratsianova , C. puanensis Xian,

C. yolkini Gratsianova, C. bellarugosa Talent are

more closely related to C. (Cymostrophia). While
some like C. yolkini Gratsianova, C. quatrata Wang,
C. ginglingensis Zhang, C. (P) gobiensis Mendbajar
may belong to C. (Protocymostrophia) .

It is necessary to discuss the two specimens
described by Zhang et al. in 1983, which were classi-
fied as C. stephani. Among them, one from the Lower
Devonian has relatively weak rugae and is more sim-
ilar to this subgenus. The other, from the Middle De-
vonian strata, has very prominent rugae and should
be assigned to C. (Cymostrophia).

Distribution: Silurian (Ludlow)-Devonian (Eife-

lian): cosmopolitan.

Cymostrophia (Protocymostrophia) alatus (Liu) Li
comb. nov.
Figs.2 a-h

1977. Idioglyptus alatus, Liu, p.63, pl.V, figs.1-12

1977. Idioglyptus semicircularis, Liu, p.63, pl.V, figs.13-18
1977. Idioglyptus subquadratus, Liu, p.64, pl.V, figs.19-21
1980. Mesodouvillina jilinensis, Liu, p.283, pl.120, figs.36-39
1992. Mesodouvillina jilinensis, Su, p.203, pl.62, figs.22-26

Material: Twenty two specimens: six ventral internal
molds, eight ventral external molds, two dorsal inte-
rior valves , six dorsal internal molds.

Description: Shell is small to medium size (rang-
ing from 11 to 14 mm in length, and 21 to 24 mm in
width). It has semicircular outline, is slightly trans-
verse and attains its maximum width at the alae at
the hingeline. The hingeline is straight and there are
denticles present for approximately one-thirds of its
length on both sides of the small umbo. The cardinal
extremities are apical. Gently concavoconvex profile,
thin body cavity. Variably convex profile, genicu-
late ventral valve. The dorsal valve is initially flat or
slight concave, geniculate anteriorly. These speci-
mens perhaps with prominent curved geniculate trail,
which is not preseved well in most specimens. So, the
figures in Fig.2 are all the views of the body cavity.

The valves are covered by unequally parvicostellate,
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a. ventral external mold JXE-B53; ba-bb. ventral external and internal molds, JXE-B054a, JXE-B054b; c-e. ventral internal molds, JXE-B055, JXE-B56,

JXE-B57; fa-fb. ventral internal and external molds, JXE-B58a, JXE-B58b. g. dorsal external mold, JXE-B59. h. dorsal internal mold, JXE-B60. ia-ib, dorsal

and ventral external molds, JXE-B61a, JXE-B61b. Scale bar: 5 mm.

Fig.2 Cymostrophia (Protocymostrophia) alatus (Liu) Li comb. nov.

primary costellae are distinct and increase in num-
ber in an inserted manner at different position on the
valve. Some are inserted at a distance of 5 mm from
the umbo, and some are inserted 5 mm behind the ge-
niculation. The width between two primary costellae
is approximately 2 mm or less than 2mm, and there
are 8—10 secondarystripes costellac. Concentric ragae

developed on the body cavity and were disrupted by

the primary costellae. The ragae are gradually weak-
en and disappear near the geniculation.

Interior of the ventral valve, small almond-shaped
or boval muscle field was bounded by prominent
ridges posterolaterally. The surrounding ridges curve
towards the middle anterior margin of scarfield and
gradually weaken. The median septal ridge develops

in the anterior or middle of muscles scar. Sometimes
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a-d. Cymostrophia (Protocymostrophia) alatus (Liu) Li (=Idioglyptus alatus Liu, 1977), a. ventral and ventral internal views; b-c. ventral

view; d. ventral external mold; e-g. Cymostrophia (Protocymostrophia) alatus (Liu) Li (=Idioglyptus semicircularis Liu, 1977), e. ventral

and dorsal internal views; f. ventral view; g. dorsal external mold; h. Cymostrophia (Protocymostrophia) alatus (Liu) Li (=Idioglyptus

subquadratus Liu, 1977), dorsal external mold. Scale bar: 5 mm.

Fig.3 Cymostrophia (Protocymostrophia) alatus (Liu) Li (after Liu & Huang, 1977)

ventral myophragm developed at the anterior margin
of the muscles scar. Adductor scar is narrow.

Inside the dorsal valve, cardinal process lobes
are bilobe. A pair of socket-plate diverges from the
cardinal process, forming an angle of approximately
60° with the bounding ridges of the muscle scar. Dor-
sal muscle field is rhombic and bounded posterola-
terally by ridges. The median septal ridge is not very
prominent and sometimes extends to the mid-length
of the valve. There is one pair of low dorsal side se-
pta.

Comparison and discussion: Compared with
the type species Strophomena ivanensis Barrande,
the shell of this species is relatively smaller and more
transversely expanded. This is also an external char-
acteristic that distinguishes this species from other
species within the genus.

This species can be somewhat similar to Cymos-

trophia (P.) gobiensis Mendbajar from the Early De-

vonian strata of the Borzya terrane in eastern Mongo-
lia. The difference lies in the fact that the muscle scar
of the latter is larger, and the surrounded by ridges
only laterally.

Cymostrophia quatrata Wang from the Yujiang
Formation in Liujing, Guangxi, China, has a square
shape of external morphology, compared to the speci-
mens in this study. The convexity of the ventral valve
is more intense, and the entire hinge line is attached
with denticles, which differentiates it from this ge-
nus. Additionally, there is C. ginglingensis Zhang
distributed in the northwestern region of China. The
distribution of its shell wrinkles conforms to the
characteristics of this subspecies. Compared with this
species, the shell is larger, approximately 2 to 5 times
that of this species. Cymostrophia yolkini Gratsiano-
va 1967 from the Altai region is somewhat similar in
shell size and shape to this species, both having rela-

tively small shells. However, although its concentric
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ragae are slightly prominent than those of this species
and develop throughout the furface of body cavity,
but they are not as dense as those of Cymostrophia
(Cymostrophia). Further taxonomic classification re-
quires more fossil materials.

This study focuses on comparing the specimens
collected and described by Liu and Huang (1977).
Fig.3 presents some of them, which were classified
as Idioglyptus. Similar to the fossils collected this
research, the margins of these specimens are incom-
pletely preserved. However, a notable difference is
that these specimens predominantly show external
views, with relatively poor preservation of internal
structures. These specimens constitute a relatively
large proportion and display a wider size range. The
smallest measures 6 mm in length and 12 mm in
width, while the largest is 20 mm long and 34 mm
wide. In contrast, the fossils collected in this study
are relatively consistent in size, with lengths ranging
from 11 to 13 mm, and they account for a relatively
small proportion within the biota. Nevertheless, these
specimens are extremely similar to ours in terms of
individual external shape, ornamentation, and inter-
nal structure. Both have a thin body cavity and un-
equally parvicostellate, concentric ragae developed
on the posterior, which are disrupted by the primary
costellae. The denticles do not extend to one-third of
the hingeline (Fig.2a, Fig.3¢). They both have small
almond-shaped or boval muscle field, bounded by
prominent ridges posterolaterally (Fig.2b-f, Fig.3a, ¢).
Moreover, the genus Idioglyptus adopted by Liu and
Huang is no longer applicable. It is concluded that it
is reasonable to re-classify the specimens of I. alatus,
1. semicircularis, I. subquadratus (Liu and Huang,
1977) into C. (Protocymostrophia) .

Considering the significant differences between
the specimens in this study and other species within
the genus Cymostrophia (Protocymostrophia), a new
species C. (P) alatus is established, with the species
name derived from Idioglyptus alatus Liu 1977.
Additionaly, the differences among I. alatus, 1. semi-

circularis, and I. subquadratus described by Liu and

Huang (1977) are extremely subtle, mainly manifest-
ed in size variations and the sharpness or bluntness
of the cardinal extremities. Through specimens ob-
servation, the author found that the specimens named
1. semicircularis may have incompletely preserved
wing-shaped cardinal extremities. The aspect ratios
of these specimens were also statistically analyzed,
all of which range from 0.55 and 0.62. Therefore,
it can be reasonably concluded that they should be
classified as the same species, C. (Protocymostrophia)
alatus (Liu) Li.

Su (1980, 1992) described the Strophomenida
fossils from Erdaogou as Mesodouvillina jilinensis.
The differences between the two genera have been
previously discussed. Evidently, the specimens de-
scribed by Su are significantly different from the
characteristics of Mesodouvillina. These specimens
originate from the same stratigraphic horizon as those
of Liu and Huang (1977), and there is a highproba-
bility that they belong to the same genus and species.
Thus, in this article, they are revised as Cymostrophia

(Protocymostrophia) alatus (Liu) Li.
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