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Abstract

Abundant Triassic spinicaudatans from China have been 
commonly assigned to the genus Euestheria Depéret 
& Mazeran. However, recent SEM-based studies have 
revealed that many of them do not belong to euestherids, 
as evidenced by their distinctive micro-ornamentations, 
revealed by scanning electron microscopy (SEM). In this 
study, we describe two spinicaudatan species, Polygrapta 
yipinglangensis comb. nov. and P. dazuensis comb. nov., 
which were previously identified as members of Euestheria 
from the Upper Triassic Ganhaizi and Xujiahe formations in 
south-western China. The carapace ornamentations of these 
species exhibit fine polygonal reticulations in the upper 
parts, which gradually transform to linear arrangements and 
radial lirae at the ventral regions. Based on these features, 
they are classified into Polygrapta Novojilov. Although the 
two species exhibit morphological similarities, they can be 
distinguished by variations in reticulation size and the width 
of linear arrangements in their marginal areas.

Key words: conchostracan, Polygrapta, Euestheria, 
Crustacea, Euestheridae

introduction

Clam shrimps, commonly known as “conchostracans,” 
are large branchiopod crustaceans. Global fossil records 
demonstrate that their evolutionary history can be 
traced back to the Early Devonian (Emsian) (Gross, 
1934; Maillieux, 1939; Raymond, 1946; Defretin, 1950; 
Novojilov, 1961; Cuvelier et al., 2015; Hegna & Astrop, 
2020; Liao & Shen, 2022). As one of the most common 

and representative invertebrates in non-marine strata, they 
possess significant biostratigraphic value (e.g., Novojilov, 
1946; Zhang et al., 1976; Chen & Shen, 1985; Kozur & 
Weems, 2010; Ghosh, 2011; Gallego et al., 2020; Li, 
2020; Liao & Shen, 2022).

The genus Euestheria Depéret & Mazeran, 1912 
represents the most prevalent taxon in the Mesozoic 
of China (Zhang et al., 1976; Fang & Liao, 2024). The 
type species, E. minuta Zieten, 1833 from the Triassic of 
Germany, is characterized by an oval carapace ornamented 
with small reticulations (Depéret & Mazeran, 1912; 
Gross, 1934; Reible, 1962; Chen & Shen, 1985; Geyer & 
Kelber, 2018). This genus has been widely recognized in 
various regions, including China, the Germanic Basin of 
Germany, the Moscow Basin of Russia, and the Gondwana 
Basin in India (Zhang et al., 1976; Ghosh, 2012; Scholze 
et al., 2015; Scholze et al., 2016; Geyer & Kelber, 2018). 
Previous studies on these clam shrimps were primarily 
conducted under optical microscopy, often failing to 
adequately identify the micro-ornamentations, particularly 
in small, poorly-preserved specimens. Consequently, 
numerous specimens with non-reticulate or unknown 
ornamentations were classified as Euestheria based solely 
on their small oval carapaces, fine growth lines, and small 
larval valves, rendering the genus a taxonomic “dumping 
ground” (Raymond, 1946; Fang & Liao, 2024).

The taxonomic “dumping ground” issue of 
Euestheria has become increasingly apparent in 
recent years (e.g., Liao et al., 2014; 2017, 2023; Liao, 
2022; Huang, 2015; Huang & Cai, 2017). Euestheria 
and Polygrapta Novojilov, 1946 exhibit remarkable 
similarities in carapace size and shape, complicating their 
differentiation when ornamentation details are obscure 
or absent. The type species, Polygrapta chatangensis 
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Novojilov, 1946, was first discovered from the Upper 
Permian Tatarian (upper Guadalupian–Lopingian) on 
the southern coast of Khatanga Bay, north-eastern Russia 
(Novojilov, 1946; Okuyucu et al., 2017; Li, 2020). This 
species possesses a small, oval carapace with small 
reticulations on the upper portion and radial lirae on the 
middle-ventral portion (Li, 2020). Polygrapta has been 
widely documented from various regions and periods, 
including the upper Permian in Liaoning Province (Shen 
& Li, 1986) and Xinjiang Uygur Autonomous Region 
(Liu, 1985, 1987, 1993), the Lower and Middle Triassic in 
Shanxi Province (Wang & Liu, 1980; Shen et al., 1982), 
the Upper Triassic in Sichuan Province (Zhang et al., 
1976), and the Upper Triassic in Chile (Gallego 2005). 

Through scanning electron microscopy (SEM) 
analysis of “Euestheria” specimens from the Upper 
Triassic Ganhaizi Formation (Yunnan Province) and 
Xujiahe Formation (Chongqing City), we demonstrate 
that these specimens should be taxonomically reassigned 
to Polygrapta based on diagnostic ornamentations.

FiGURe 1. Map of the fossil localities and the column of the Ganhaizi Formation in Yipinglang Town, Lufeng City, Yunnan 
Province. A, Map of the fossil localities: 1, Dawo locality; 2, Xingwujing locality; 3, Yulong locality. B, Column of the Ganhaizi 
Formation.

Geological setting

The Yipinglang Coal Measure (or Yipinglang Formation), 
initially proposed by Wang & Lu (1936), comprises a 
series of Late Triassic coal-bearing sediments primarily 
distributed in Yimen County, Yuxi City and Yipinglang 
Town, Lufeng City, in central Yunnan Province, south-
west China. Chen (1943) divided the Yipinglang Coal 
Measure into three members from the bottom to top. 

Sheng et al. (1962) reclassified the three members from 
the bottom to top as the Pujiacun Formation, Ganhaizi 
Formation, and Shezi Formation. Among these, the 
Ganhaizi Formation represents the main coal-bearing 
strata among the three formations. It overlies conformably 
the Pujiacun Formation and is conformably overlain 
by the Shezi formation (Nanjing Institute of Geology 
and Palaeontology, 1975; Yunnan Provincial Bureau of 
Geology and Mineral Resources of Yunan Province, 1990). 
This formation consists of a set of non-marine clastic 
sediments, predominantly composed of grey and yellow-
greenish siltstones inter-bedded with coarse sandstones, 
mudstones, shales, and coal seams, representing an inland 
river, lake, and swamp environments. The age of the 
Ganhaizi Formation has been determined to be from the 
Norian to Rhaetian (Yunnan Provincial Bureau of Geology 
and Mineral Resources, 1996). Abundant bivalves, 
ostracods, clam shrimps, insects, and plants have been 
documented in the formation (Yunnan Provincial Bureau 
of Geology and Mineral Resources, 1996). The plant 

assemblage of the formation is recognized as a part of the 
well-known Yipinglang flora. This flora, geographically 
constrained and floristically characterized, was formally 
defined as a biostratigraphic unit by Lee et al. (1976), 
who systematically described more than 60 plant species 
in 34 genera from the Yipinglang Coal Field. It is an 
important representative of the “southern type” flora 
(Dictyophyllum-Clathropteris flora) of the Late Triassic 
in southwestern China. Clam shrimps were predominantly 
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preserved in the greyish black mudstones in the middle 
part of the formation (Fig. 1). These fossils were originally 
identified as Euestheria in previous studies (Chen, 1974; 
Zhang et al., 1976), and this taxonomic assignment has 
been widely accepted in later studies.

The Xujiahe Formation, spanning from the Norian 
to Rhaetian (Lee, 1964; Wu, 1983; Sun et al., 1995; Wu, 
1999), comprises a series of coal-bearing fluvial-lacustrine 
sediments predominantly composed of yellow and grey 
sandstones, grey mudstones, and black carbonaceous 
shales (Wang et al., 2010). The formation is extensively 
distributed in the Sichuan Basin. In Chongqing, the 
Xujiahe Formation overlies the Middle Triassic Leikoupo 
Formation and is conformably overlain by the Lower 
Jurassic Zhenzhuchong Formation (Wang et al., 2010). 
Clam shrimps from the Xujiahe Formation studied 
herein were collected from the Yulong Subdistrict, Dazu 
District, Chongqing City (Fig. 1). The Xujiahe Formation 
is particularly notable for its abundant fossil assemblages, 
including diverse clam shrimps, bivalves, and plants 
(Wang et al., 2010). The plant fossils constitute a typical 
“southern-type” flora (Dictyophyllum-Clathropteris 
flora) of the Late Triassic in southwestern China, which 
is also called the “Xujiahe flora” (Lee, 1964; Wu, 1983; 
Sun et al., 1995; Wu, 1999). The Xujiahe flora and the 
Yipinglang flora are considered to be of the same age 
(Lee, 1964; Wu, 1983; Sun et al., 1995; Wu, 1999). 

Material and methods

Specimens of Polygrapta yipinglangensis comb. nov. 
were collected from the greyish black mudstones in the 
middle part of the Ganhaizi Formation at Xingwujing 
and Dawo near Yipinglang Town, Lufeng City, Yunnan 
Province (Fig. 1). A total of hundreds of individuals 
preserved on tens of rock surfaces were collected (Fig. 
2E–H). Additionally, type specimens of the species from 
the Ganhaizi Formation in Yipinglang Town (Chen, 
1974; Zhang et al., 1976) were re-examined. However, 
no well-preserved ornamentation was found on these 
specimens. The type specimen of P. dazuensis comb. nov. 
(Accession Number: NIGP20022) was collected from an 
unknown horizon of the Xujiahe Formation near Yulong 
Subdistrict, Dazu District, Chongqing City (Fig. 1; Zhang 
et al., 1976). All the specimens with NIGP accession 
numbers are housed in the Nanjing Institute of Geology 
and Palaeontology, Chinese Academy of Sciences 
(Nanjing, Jiangsu Province, China). These specimens, 
which have been previously described by Chen (1974) 
and Zhang et al. (1976), are designated as type specimens. 
Furthermore, specimens marked with the YNUPB are all 
housed at the Palaeobotanical Collections of the Institute 

of Palaeontology, Yunnan University (Kunming, Yunnan 
Province, China). 

For pre-experiment preparation, selected specimens 
from Yipinglang were soaked in a saturated ammonium 
chloride solution. This treatment effectively lightened 
the colour of the otherwise dark fossils, significantly 
improving their visibility for observation and microscopic 
photography. For morphological analysis, a Zeiss 
Discovery V20 microscope was used to examine and 
photograph the outline and macroscopic features of the 
specimens, while a Thermo Scientific Quattro S scanning 
electron microscope (SEM) was employed to investigate 
and document the micro-ornamentations.

systematic palaeontology

class Branchiopoda Latreille, 1817
order Diplostraca Gerstaecker, 1866
suborder spinicaudata Linder, 1945
Famliy Polygraptidae Novojilov, 1954

Genus Polygrapta Novojilov, 1946

Type species. Polygrapta chatangensis Novojilov, 1946, 
from the upper Permian Tatarian (upper Guadalupian–
Lopingian), on the southern coast of the Khatanga Bay, 
northeastern Russia.

Diagnosis. Carapace large and oval in outline, 
ornamented with both single and branching radial striae, 
striae made up of tightly packed particles; interval between 
striae also ornamented with particles. The ribs of each 
growth band are separated by growth marks (Novojilov, 
1946).

emended diagnosis. Carapace small or medium in 
size, ovate, elliptical or rounded in outline. The dorsal 
part of the carapace ornamented with polygonal fine 
reticulation, the ventral part of the carapace ornamented 
with radial lirae, between which crossbars are developed 
(Li, 2020).

Polygrapta yipinglangensis comb. nov. 
(Figs 2A–C, E–H, 3)
1974 Euestheria yipinglangensis Chen, p. 319, pl. 170, fig.3 in 

Chen, 1974

Material. NIGP26935, YNUPB20003–20012
Locality and horizon. Middle fossil-bearing layers 

of the Upper Triassic Ganghaizi Formation in Dawo and 
Xingwujing, Lufeng City, Yunnan Province.

Description. Carapace 3–5 mm in length (L), 2.5–4 
mm in height (H), oval to elliptical in outline; growth 
bands 20–25 in number; larval valve small; dorsal margin 
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FiGURe 2. Carapaces of Polygrapta yipinglangensis comb. nov. (A–c, e–H) and P. dazuensis comb. nov. (D). A, An individual 
(right valve) from the Ganhaizi Formation at Dawo locality near to Yipinglang Town, Lufeng City, Yunnan Province (YNUPB20003). 
B, An individual (left valve) from the Ganhaizi Formation at Xingwujing locality near to Yipinglang Town, Lufeng City, Yunnan 
Province (YNUPB20004). c, An individual (right valve) from the Ganhaizi Formation in Yipinglang Town, Lufeng City, Yunnan 
Province (NIGP26935). D, An individual (left valve) from the Xujiahe Formation in Yulong Subdistrict, Dazu District, Chongqing 
City (holotype, NIGP20022). e, Abundant individuals densely preserved on greyish black mudstones of the Ganhaizi Formation 
at Dawo locality (YNUPB20005). F, Enlargement of e. G, Abundant individuals densely preserved on greyish black mudstones 
of the Ganhaizi Formation at Xingwujing locality (YNUPB20006). H, Enlargement of G. Scale bars = 1 mm in (A–D) and 10 mm 
in (e–H).
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FiGURe 3. Ornamentations on the carapaces of Polygrapta yipinglangensis comb. nov. from the Ganhaizi Formation at Dawo 
(A–e, G–H) and Xingwujing (F) localities near to Yipinglang Town, Lufeng City, Yunnan Province. A, Reticulations at the 
upper part of the carapace, YNUPB20007. B, Reticulations at the upper to middle part of the carapace, YNUPB20008. c, Linear 
arrangements of reticulations at the anteroventral part of the carapace, YNUPB20009. D, Linear arrangements of reticulations 
at the ventral part of the carapace, YNUPB20010. e, Linear arrangements of reticulations at the posterior part of the carapace, 
YNUPB20010. F, Linear arrangements at the anteroventral part of the carapace, YNUPB20011. G, Linear arrangements at the 
posteroventral part of the carapace, YNUPB20012. H, Linear arrangements at the posterior part of the carapace, YNUPB20012. 
Scale bars = 100 μm.
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long and straight, slightly arched; umbo situated between 
the median and antero-terminal of the dorsal margin; 
anterior and ventral margins rounded (Fig. 2A–C); growth 
bands at the upper part ornamented with small polygonal 
reticulations (Fig. 3); reticulation approximately 15 μm in 
diameter (Fig. 3D, G, H); growth bands near the middle-
ventral parts ornamented with linear arrangements 

of reticulations or lirae (Fig. 3C, D, G, H); each linear 
arrangement generally formed by a single row of 4 to 9 
small reticulations longitudinally; lirae formed by intervals 
between linear arrangements (Fig. 3D, E, G, H).

Remarks. This species differs from the type species 
of the genus, P. chatangensis, from the upper Permian 
in Russia, in its carapace size, and characteristic of 

FiGURe 4. Ornamentations on the carapace of Polygrapta dazuensis comb. nov. from the Xujiahe Formation in Yulong Subdistrict, 
Dazu District, Chongqing City, NIGP20022. A, Reticulations and linear arrangements of reticulations at the middle part of the 
carapace. B, Linear arrangements at the ventral part of the carapace. c, Linear arrangements of reticulations at the ventral-marginal 
part of the carapace. D, Linear arrangements at the anterior part of the carapace. e, Linear arrangements at the posterior part of the 
carapace. F, Linear arrangements at the postero-ventral part of the carapace. Scale bars = 100 μm. 
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reticulations and linear arrangements. The carapace 
of this species is obviously smaller than that in P. 
chatangensis. The reticulations at the upper to middle 
parts of this species (approximately 15 μm in diameter) 
are generally smaller than those of P. chatangensis (15–
30 μm in diameter; Li, 2020). Nevertheless, reticulations 
that form linear arrangements at the middle to lower 
parts of this species (approximately 15 μm in diameter) 
are generally bigger than those of P. chatangensis (6–
10 μm in diameter; Li, 2020). In addition, each linear 
arrangement of this species is formed by a single row of 4 
to 9 small reticulations, while the maximum reticulation 
number of P. chatangensis that formed the linear row 
could reach to 16. The ornamentation pattern of this 
species is similar to the genus Anyuanestheria Zhang & 
Chen, 1976 (in Zhang et al., 1976) in some degree. Both 
of them possess reticulations and linear arrangements on 
their growth bands. However, the reticulation diameter of 
Anyuanestheria is generally much larger (up to about 80 
μm; Li, 2023) and more irregularly arranged, and shows 
a greater variation in size within the same individual. 
Additionally, on each growth band of the ventral part 
of Anyuanestheria, the upper part displays linear 
ornamentations while the lower part features reticulations 
(Li, 2023). This characteristic was not observed on our 
specimens. Li (2020) mentioned that on the upper edge 
of each growth line (or the lower edge of each growth 
band) of P. chatangensis, there is a distinct ridge formed 
by the connection of crossbars of reticulations. However, 
such ridge was not observed in our specimens. Specimens 
of Li (2020) were collected from the Triassic of the 
Ordos Basin and exhibit well-preserved chitinous layers, 
whereas the specimens in this study are poorly preserved, 
lacking well-preserved chitinous layers. This is likely the 
primary reason why the ridge was not observed in our 
specimens.

 
Polygrapta dazuensis comb. nov. 
(Figs 2D, 4)
1974 Euestheria dazuensis Chen, p. 318, pl. 170, fig.6.

Material. Holotype NIGP20022, housed in Nanjing 
Institute of Geology and Palaeontology, Chinese Academy 
of Sciences. 

Locality and horizon. Middle fossil-bearing layers 
of the Upper Triassic Xujiahe Formation in Yulong 
Subdistrict (Town), Dazu District, Chongqing City.

Description. Carapace medium in size with an 
elliptical outline, 3.5 mm in length (L) and 2.5 mm in 
height (H), with 21 growth bands; dorsal margin straight, 
slightly arched; larval valve small; umbo situated between 
the median and antero-terminal of the dorsal margin; 
anterior and ventral margins rounded (Fig. 2D); growth 

bands near the upper part ornamented with small polygonal 
reticulations (Fig. 4); reticulations approximately 20 μm 
in diameter (Fig. 4A–C); growth bands near the middle 
and ventral parts ornamented with linear arrangements 
of reticulations or lirae (Fig. 4B, D, E, F); each linear 
arrangement generally formed by a single row of 4–7 
small reticulations arranged longitudinally; lirae formed 
by intervals between linear arrangements (Fig. 4B, C, E, 
F).

Remarks. This species can be distinguished from 
Polygrapta yipinglangensis comb. nov. primarily by 
its umbo position being closer to the median of the 
dorsal margin and its strongly posteriorly expanded 
posteroventral margin. In addition, compared with P. 
yipinglangensis comb. nov., its reticulations are larger, 
and its linear arrangements near the posteroventral margin 
are much more developed. 

Discussion

Euestheria is one of the most widely distributed taxa 
that has been documented across all seven continents. Its 
type species, E. minuta Zieten, 1833, from the Triassic 
of Germany, is characterized by an oval carapace 
ornamented with minute polygonal reticulations (or 
irregular lirae). Early investigations of clam shrimps in 
most previous studies were primarily predominately 
relied on optical microscopy, which often failed to reveal 
the micro-ornamentations, particularly in small, poorly-
preserved specimens. As a result, numerous species 
exhibiting non-reticulate or indeterminate ornamentations 
were indiscriminately assigned to Euestheria based solely 
on their small oval carapaces, fine growth lines, and 
diminutive larval valves, thereby rendering the genus a 
taxonomic “dumping ground” (Raymond, 1946; Fang & 
Liao, 2024). Recent studies based on SEM have revealed 
that an increasing number of purported ‘euestherids’ 
actually possess diverse non-reticulate ornamentations that 
markedly different from the reticulate patterns observed 
in the type species. This has led to significant taxonomic 
revisions, particularly among the Jurassic euestherids 
from China, which have been systematically emended and 
reassigned into several genera, including Qaidamestheria 
Wang, 1983; Tianzhuestheria Shen, Li & Chen, 2002; 
and Triglypta Wang, 1984. These re-classifications have 
been accompanied by substantial modifications to their 
taxonomic status and morphological descriptions (Wang, 
2014; Liao et al., 2017; Zhang et al., 2017; Li, 2022; Liao, 
2022; Liao et al., 2023).

Clam shrimps are widely distributed in non-marine 
sediments of the Triassic in China. Many of them possess 
small oval carapaces, and have been traditionally classified 
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as Euestheria (e.g., Chen, 1974; Zhang et al., 1976; Wang 
& Liu, 1980; Wang et al., 2010; Fang & Liao, 2024). 
Numerous clam shrimps from the Upper Triassic Ganhaizi 
and Xujiahe formations were previously assigned to 
Euestheria (Chen, 1974; Zhang et al., 1976). Species from 
the Ganhaizi Formation include E. yipinglangensis (Chen, 
1974), E. minuta (Zhang et al.,1976), and E. lata (Zhang 
et al., 1976), while species from the Xujiahe Formation 
include E. dazuensis (Chen,1974), E. tianquanensis 
(Zhang et al., 1976), E. atsuensis (Zhang et al., 1976), and 
E. yanjingxiensis (Zhang et al., 1976), respectively. In this 
study, we re-examined the Euestheria specimens from the 
Upper Triassic Ganhaizi and Xujiahe formations of Yunnan 
Province and Chongqing City, southwestern China, using 
SEM. Our investigation revealed that all specimens 
exhibit polygonal reticulations and linear arrangements 
of reticulations or lirae on their growth bands. These 
diagnostic characters provide compelling evidence for 
their taxonomic reclassification into Polygrapta, rather 
than their previous assignment to Euestheria.

Polygrapta yipinglangensis comb. nov. represents 
the only known species in the Ganhaizi Formation at 
Xingwujing and Dawo in Yipinglang Town, Lufeng 
City, Yunnan Province. P. dazuensis comb. nov. is a 
predominant species of the Xujiahe Formation in Yulong 
Subdistrict (Town), Dazu District, Chongqing City. 
Despite our re-examination of the type specimens of 
E. tianquanensis and E. yanjingxiensis from Dazu, the 
carapaces unfortunately lack diagnostic ornamentation 
features. Polygrapta is widely distributed geologically 
and chronologically. Its type species, P. chatangensis, 
was initially described from the upper Permian of Russia 
(Novojilov, 1946). Subsequent records of this genus have 
also been documented from the upper Permian and Triassic 
in China (Zhang et al., 1976; Shen & Li, 1986; Liu, 1985; 
Wang & Liu, 1980; Shen et al., 1982) and the Upper 
Triassic in Chile (Gallego et al., 2005). Extensive studies 
have consistently demonstrated that the carapace of this 
genus possess reticulations, with linear arrangements and 
lirae formed by these reticulations (Liu, 1985; Gallego et 
al., 2005; Li, 2020). 

The earliest known record of Polygrapta in China 
is represented by two species from the upper Permian 
Wutonggou Formation in Dalongkou, Jimsar County, 
Xinjiang (Liu, 1985). Our study indicates that Triassic 
euestherids in China, similar to the Jurassic species, may 
require significant taxonomic revisions. A comprehensive 
taxonomic reassessment is urgently required to advance 
our understanding of Triassic clam shrimp diversity and 
to facilitate global stratigraphic correlations. The two 
emended species exhibit strikingly similar morphological 
characters, providing critical evidence to support the 
stratigraphic correlation between their respective host 

formations. This conclusion aligns with the latest 
stratigraphic framework of the Triassic in China that the 
Ganhaizi Formation correlates with the lower part of the 
Xujiahe Formation (Tong et al., 2019). 

Acknowledgements

This study was jointly supported the National Natural 
Science Foundation of China (42102010) and the 
Yunnan Province Science and Technology Department 
(202302AO370014, 202201AT070231). We are grateful 
to Tao Zhao, Hai-Bo Wei, and Hong-Xiao Zhan of Yunnan 
University for their assistance with field work, and Chen-
Yang Cai, Jing-Jing Tang, and Yan Fang of NIGPAS for 
their technical assistance. We are also grateful to two 
anonymous reviewers of the article, for their constructive 
comments and suggestions.

References

Chen, G.Y. (1943) Preliminary geological report of Yipinglang Coal 
field, Lufeng County, Yunnan Province. Southwest Institute of 
Geology. [In Chinese]

Chen, P.J. (1974) Conchostracan. In: Nanjing Institute of Geology 
and Paleontology, Chinese Academy of Sciences (Ed.), A 
handbook of the stratigraphy and palaeontology of Southwest 
China. Science Press, Beijing, pp. 318–320. [In Chinese]

Chen, P.J. & Shen, Y.B. (1985) An Introduction to Fossil 
Conchostracans. Science Press, Beijing, 241 pp. [In 
Chinese]

Cuvelier, J., Hennion, M., Gallego, O. & Vachard, D. (2015) 
Palaeontological collections of Lille University-Sciences and 
Technologies. II-Diplostraca (types and figured specimens). 
Annales de la Société géologique du Nord, 22, 119–134.

Defretin, S. (1950) Crustacés fossiles du Dévonien de l’Artois et 
du Boulonnais. Annales de la Société Géologique du Nord, 
70, 55–66.

Depéret, C. & Mazeran, P. (1912) Les Estheria du Permien d’Autun. 
Bulletin de la Société d’histoire naturelle d’Autun, 25, 165–
174.

Fang, S.H. & Liao, H.Y. (2024) A Worldwide Annotated Checklist 
of Fossil (Devonian–Cretaceous) Species of the Clam Shrimp 
Genus Euestheria (Branchiopoda: Diplostraca: Spinicaudata). 
Life, 14 (11), 1438.

 https://doi.org/10.3390/life14111438
Gallego, O.F. (2005) First record of the family Palaeolimnadiopseidae 

Defretin-Le Franc, 1965 (Crustacea—Conchostraca) in the 
Triassic of Argentina. Journal of South American Earth 
Sciences, 18, 223–231.

 https://doi.org/10.1016/j.jsames.2004.10.002



FANG ET AL.78   •   Mesozoic 002 (1) © 2025 Magnolia Press

Gallego, O.F., Monferran, M.D., Stigall, A.L., Zacarías, I.A., 
Hegna, T.A., Jiménez, V.C., Bittencourt, J.S., Li, G. & Barrios 
Calathaki, H.G. (2020) The Devonian-Cretaceous fossil record 
of “conchostracans” of Africa and their paleobiogeographic 
relationships with other Gondwanan faunas. Journal of 
African Earth Sciences, 161, 103648.

 https://doi.org/10.1016/j.jafrearsci.2019.103648
Geyer, G. & Kelber, K.P. (2018) Spinicaudata (“Conchostraca”, 

Crustacea) from the Middle Keuper (Upper Triassic) of the 
southern Germanic Basin, with a review of Carnian–Norian 
taxa and suggested biozones. PalZ, 92, 1–34.

 https://doi.org/10.1007/s12542-017-0363-7
Ghosh, S.C. (2011) Estheriids (fossil Conchostraca) of Indian 

Gondwana. Geological Survey of India, 290 pp.
Ghosh, S.C. (2012) An overview of fossil Conchostraca of Indian 

Gondwana and new contributions to Gondwana geology in 
global context. Indian Journal of Geosciences, 66 (1), 1–26.

Gross, W. (1934) Eine Estheria aus dem rheinischen Unterdevon. 
Senckenbergiana, 16 (4), 6.

Hegna, T.A. & Astrop, T.I. (2020) The fossil record of the clam 
shrimp (Crustacea; Branchiopoda). Zoological Studies, 59, 
43.

 https://doi.org/10.6620/ZS.2020.59-43
Huang, D.Y. (2015) Yanliao Biota and Yanshan movement. Acta 

Palaeontologica Sinica, 54 (3), 351–357. [In Chinese]
Huang, D.Y. & Cai, C.Y. (2017) The arthropods of the Daohugou 

beds. In: Huang, D.Y. (Ed.), The Daohugou Biota. Shanghai 
Science and Technology Press, Shanghai, pp. 84–211. [In 
Chinese]

Lee, P.C. (1964) Fossil plants from the Hsuchiaho Series of 
Guangyuan (Kwangyuan), northern Sichuan (Szechuan). 
In Nanjing Institute of Geology and Paleontology, Chinese 
Academy of Sciences, Acadenuia Sinica, 3, 101–178. [In 
Chinese]

Lee, P.C., Tsao, C.Y. & Wu, S.C. (1976) Mesozoic plants of Yunnan. 
In: Nanjing Institute of Geology and Paleontology, Chinese 
Academy of Sciences (Ed.), Mesozoic fossils from Yunnan 
(Volume 1). Science Press, Beijin, pp. 87–150. [In Chinese]

Li, G. (2020) SEM morphological study of the Late Permian clam 
shrimp Polygrapta chatangensis (Spinicaudata, Crustacea). 
Palaeoentomology, 3 (4), 366–374.

 https://doi.org/10.11646/palaeoentomology.3.4.8
Li, G. (2022) New taxonomic features of fossil clam shrimp 

Aquilonoglypta (Spinicaudata) and its implication for origin 
of Triglyptids. Paleontological Research, 26 (1), 8–17.

 https://doi.org/10.2517/PR200028
Li, G. (2023) Discovery of important taxonomic characters of the 

type species of the Late Triassic clam shrimp Anyuanestheria 
(Crustacea: Spinicaudata) from Jiangxi. Acta Palaeontologica 
Sinica, 62 (3), 390–397.

Liao, H.Y. (2022) Clam shrimp of the Middle–Late Jurassic 
Yanliao Biota in China. Geological Society, London, Special 
Publications, 521, 109–123.

 https://doi.org/10.1144/SP521-2021-157
Liao, H.Y. & Shen, Y.B. (2022) An Early Devonian clam shrimp 

community from Hunan Province, China. Journal of 
Paleontology, 96 (1), 164–173.

 https://doi.org/10.1017/jpa.2021.78
Liao, H.Y., Fang, S.H., Feng, Z., Gao, J. & Huang, D.Y. (2023) A 

new clam shrimp (Branchiopoda: Diplostraca: Spinicaudata) 
from the Upper Jurassic in the Jiyuan Basin, China and its 
biostratigraphic significance. Zootaxa, 5396 (1), 50–57.

 https://doi.org/10.11646/zootaxa.5396.1.10
Liao, H.Y., Shen, Y.B. & Huang, D.Y. (2014) Micro ornamentations 

on the carapaces of Euestheria jingyuanensis (Crustacea: 
Spinicaudata) and its biostratigraphic significance. Acta 
Palaeontologica Sinica, 53 (2), 210–216. [In Chinese] 

Liao, H.Y., Shen, Y.B. & Huang, D.Y. (2017) Conchostracans of the 
Middle-Late Jurassic Daohugou and Linglongta beds in NE 
China. Palaeoworld, 26, 317–330.

 https://doi.org/10.1016/j.palwor.2016.11.001
Liu, S.W. (1985) An SEM study on the conchostracan genus 

Polygrapta. Acta Palaeontologica Sinica, 24, 625–628. [In 
Chinese]

Liu, S.W. (1987) Some Permian–Triassic conchostracans and 
their significance of geological age from the middle area 
Tianshan Mountains. Professional Papers of Stratigraphy 
and Palaeontology, 18, 92–116. [In Chinese]

Liu, S.W. (1993) Some Permian–Triassic conchostracans from the 
Mid-Tianshan Mts. of China and the significance of their 
geological dating. New Mexico Museum of Natural History 
and Science Bulletin, 3, 277–278.

Kozur, H.W. & Weems, R.E. (2010) The biostratigraphic 
importance of conchostracans in the continental Triassic of 
the northern hemisphere. Geological Society, London, Special 
Publications, 334 (1), 315–417.

 https://doi.org/10.1144/SP334.13
Maillieux, E. (1939) Un Conchostracé nouveau de l'Assise des grés 

et Schistes de Wépion (Emsien Inférieur). Bull Mus Hist nat 
Belg, 15 (10), 1–7.

Nanjing Institute of Geology and Paleontology, Chinese Academy 
of Sciences., Geological Bureau of Yunnan Province. & 
Geological Exploration Company of Yunnan Metallurgical 
Bureau. (1975) Mesozoic Red beds in Yunnan. Beijing, 
Science Press, 201 pp. [In Chinese]

Novojilov, N.I. (1946) New Phyllopoda from the Permian and 
Triassic deposits of the Nordwick-Khatanga region. Nedra 
Arktiki, 1, 172–202. [In Russian]

Novojilov, N.I. (1961) Dvustvorchaty elistonogie devona 
(Devonian bivalve crustaceans). Akademiâ Nauk SSSR Trudy 
Paleontogices kogoInstituta, 81, 1–132.

Okuyucu, C., Dimitrova, T.K., Göncüoğlu, M.C. & Gedik, I. (2017) 
Late Permian (Tatarian) fluvio-lacustrine successions in NW 
Anatolia (Zonguldak terrane, Turkey): palaeogeographic 
implications. Geological Magazine, 154 (5), 1073–1087.

 https://doi.org/10.1017/S0016756816000674



FOSSIL CLAM SHRIMP FROM THE UPPER TRIASSIC OF CHINA Mesozoic 002 (1) © 2025 Magnolia Press   •   79

Raymond, P.E. (1946) The genera of fossil Conchostraca-an order 
of bivalved Crustacea. Bulletin of the Museum of Comparative 
Zoology at Harvard College, in Cambridge, 96, 217–307.

Reible, P. (1962) Die Conchostraken (Branchiopoda, Crustacea) 
der Germanischen Trias. Neues Jahrbuch für Geologie und 
Paläontologie Abhandlungen, 114, 169–244.

Richthofen, F. (1882) China: Ergebnisse eigener Reisen, und darauf 
gegründeter Studien (Vol. 2). Verlag von Dietrich Reimer, 792 
pp.

Scholze, F., Golubev, V.K., Niedźwiedzki, G., Sennikov, A.G., 
Schneider, J.W. & Silantiev, V.V. (2015) Early Triassic 
Conchostracans (Crustacea: Branchiopoda) from the terrestrial 
Permian–Triassic boundary sections in the Moscow syncline. 
Palaeogeography, Palaeoclimatology, Palaeoecology, 429, 
22–40.

 https://doi.org/10.1016/j.palaeo.2015.04.002
Scholze, F., Schneider, J.W. & Werneburg, R. (2016) Conchostracans 

in continental deposits of the Zechstein–Buntsandstein 
transition in central Germany: Taxonomy and biostratigraphic 
implications for the position of the Permian–Triassic 
boundary within the Zechstein Group. Palaeogeography, 
Palaeoclimatology, Palaeoecology, 449, 174–193.

 https://doi.org/10.1016/j.palaeo.2016.02.021
Sheng, X.F., Chang, L.Q., Cai, S.Y. & Xiao, R.W. (1962) Age 

and comparison of Mesozoic red beds and coal measures in 
Sichuan and Yunnan. Acta Geologica Sinica, 42 (1), 31–56. 
[In Chinese]

Shen, Y.B. & Li, C.Y. (1986) On occurrence of Late Permian 
conchostracans from Liaoning. Acta Palaeontologica Sinica, 
25 (1), 30–36. [In Chinese]

Shen, Y.B., Wang, S.E. & Chen, P.J. (1982) Conchostraca. In: 
Xian Institute of Geology and Mineral Resources (Ed.), 
Paleontological Atlas of Northwest China, Shaanxi Gansu 
Ningxia Volume. Part III. Mesozoic and Cenozoic. Beijing, 
Geological Publishing House, pp. 52–70. [In Chinese]

Sun, G., Li, X.X. & Zhou, Z.Y. (1995) Fossil floras of China through 
the geological ages. Guangdong Science and Technology 
Press, Guangzhou, 695 pp. [In Chinese]

Tong, J.N., Chu, D.L., Liang, L., Shu, W.C., Song, H.J., Song, T., 
Song, H.Y. & Wu, Y.Y. (2019) Triassic integrative stratigraphy 
and timescale of China. Science China Earth Sciences, 62, 
189–222.

 https://doi.org/10.1007/s11430-018-9278-0

Wang, H.S. & Lu, Z.Q. (1936) A geological survey report of 
Guangtong, Yunnan Province. Southwest Institute of Geology. 
[In Chinese]

Wang, S.E. (2014) The Triglyptidae erected newly and its 
significances for studying evolution of clam shrimps, 
stratigraphic subdivision and correlation and mineral 
exploration. Acta Palaeontologica Sinica, 53 (4), 486–496. 
[In Chinese]

Wang, S.E. & Liu, S.W. (1980) Fossil conchostracans. In: Institute 
of Geology, Chinese Academy of Geological Sciences 
(Ed.), Mesozoic strata and palaeontology of the Shaanxi-
GansuNingxia Basin, Part 2. Geological Publishing House, 
Beijing, pp. 84–110. [In Chinese]

Wang, Y.D., Fu, B.H., Xie, X.P., Huang, Q.S., Li, K., Li, G., Liu, 
Z.S., Yu, J.X., Pan, Y.H., Tian, N. & Jiang, Z.K. (2010) The 
terrestrial Triassic and Jurassic systems in the Sichuan Basin, 
China. University of Science and Technology of China Press, 
Hefei, 216 pp.

Wu, S.Q. (1983) On the Late Triassic, Early and Middle Jurassic 
floras and Palaeogeographic provinces of China. In: 
Committee of Fundamental Theory of Palaeontological 
Book Series (Ed.), Palaeobiogeographic provinces of China. 
Science Press, Beijing, pp. 121–130. [In Chinese]

Wu, S.Q. (1999) Upper Triassic plants from Sichuan. Bulletin of 
Nanjing Insti-tute of Geology and Palaeontology. Academia 
Sinica, 14, 1–69. [In Chinese]

Yunnan Provincial Bureau of Geology and Mineral Resources. 
(1990) Regional Geology of Yunnan Province. Beijing, 
Geological Publishing House, 201 pp. [In Chinese]

Yunnan Provincial Bureau of Geology and Mineral Resources. 
(1996) Lithostratigraphy of Yunnan Province. China University 
of Geosciences Press, Wuhan, 366 pp. [In Chinese]

Zhang, W.T., Chen, P.J. & Shen, Y.B. (1976) Fossil Conchostracans 
of China. Science Press, Beijing, 325 pp. [In Chinese]

Zhang, Y.Z., Li, G., Teng, X., Wang, L.H. & Cheng, X.S. (2017) New 
Jurassic spinicaudatans from Xinjiang Uygur Autonomous 
Region of Northwestern China and their evolutionary 
implications. Palaeoworld, 26 (4), 663–671.

 https://doi.org/10.1016/j.palwor.2017.04.004
Zieten, C.H.V. (1833) Die Versteinerungen Württembergs, 

oder naturgetreue Abbildungen der in den vollständigsten 
Sammlungen, namentlich der in dem Kabinet des Oberamts-
Arzt Dr. Hartmann befindlichen Petrefacten, mit Angabe der 
Gebirgs-Formationen, in welchen dieselben vorkommen und 
der Fundorte. Unsere Zeit Stuttg, 12, 89–102.


