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Abstract

A re-examination of the metatype of the type species 
Polygrapta chatangensis has revealed new characters 
that were overlooked in the original description and it is 
determined here that Polygrapta should be maintained as a 
genus separate from Pseudestheria.

Keywords: Clam shrimp, Upper Permian, Polygrapta, 
taxonomy

Introduction

Clam shrimp are large branchiopod crustaceans with 
bivalved chitineous or complex chitin-mineral carapace 
(Astrop & Hegna, 2015; Li, 2017a). Their fossil records 
extend back to the Devonian Period (Tasch, 1969), 
and they play an important role in the subdivision and 
correlation of nonmarine strata (Li et al., 2006, 2007, 
2017; Chen et al., 2007; Kozur & Weems, 2010; Li & 
Matsuoka, 2012, 2015; Boukhalfa et al., 2015; Scholze et 
al., 2015, 2019; Schneider & Scholze, 2016; Teng & Li, 
2017, 2018, 2019, 2020; Hasegawa et al., 2018; Liao et 
al., 2019; Gallego et al., 2020a). 
 Polygrapta Novojilov, 1946 was first described from 
the Russian Upper Permian Tatarian (upper Guadalupian–
Lopingian, Okuyucu et al., 2017). Subsequently, it was 
recovered from the Upper Permian of Liaoning Province 
(Shen & Li, 1986) and Xinjiang Uygur Autonomous 
Region of China (Liu, 1985, 1987, 1993), from the Lower 
and Middle Triassic of the Ordos basin in northwestern 
China (Wang & Liu, 1980; Shen et al., 1982), and from 
the Upper Triassic of Chile (Gallego et al., 2005). The 
original description was made only with the help of light 
microscopy (Novojilov, 1946). This means that the detailed 
delicate ornamentation on the growth bands could not be 
observed clearly. A new examination of the metatype 
specimens of Polygrapta chatangensis Novojilov, 1946 

has revealed new features that were overlooked in the 
original description.

Material and methods

The figured specimens are a metatype (a specimen 
subsequently designated by Novojilov (1958)), a right 
valve, broken in the posterior dorsal margin, PIN No. 
401/118 (Collection of Palaeontological Institute of 
Russian Academy of Sciences), and a right valve, broken 
in the ventral margin, PIN No. 401/120. Both specimens 
are preserved in one rock slab. They were collected from 
the Tatarian (Upper Permian) deposits of the borehole P-2 
(at the depth of 1274–1280 m) on the southern shore of 
the Khatanga Bay, northeastern Russia.
 The previous research on the metatype (PIN No. 
401/118) was based on the light microscopy imaging 
(Novojilov, 1958: pl. 1, figs 1c, 4). In this study, a 
Tescan Vega II SEM (scanning electron microscope) 
of the Palaeontological Institute of Russian Academy 
of Sciences was used for the detailed observation and 
imaging of the delicate ornamentation of clam shrimp 
carapaces (without coating). Nowadays SEMs are widely 
available, and necessary for the taxonomy of fossil clam 
shrimp in the clear observation of the precise carapace 
ornamentation features of potential taxonomic values 
(Li & Batten, 2004a, 2004b, 2005; Li et al., 2009, 2010, 
2016; Li, 2017b).

Systematic palaeontology

Traditionally, the carapace size of the fossil clam shrimp 
was described as small (carapace length <5 mm), medium 
(carapace length between 5 mm and 15 mm) or large 
(carapace length >15 mm) (Chen & Shen, 1985). Recently, 
Scholze & Schneider (2015, table 1) proposed another, 
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more subdivided, terminology to describe the size of clam 
shrimp. The author finds that the tripartite category of 
Chen & Shen (1985) is easy to follow for describing the 
carapace size.

Order Diplostraca Gerstaecker, 1866
Suborder Spinicaudata Linder, 1945
Superfamily Eosestherioidea Zhang & Chen in Zhang 
et al., 1976

Diagnosis. The carapace size is small to large; carapace 
outline is rounded, elliptical, ovate, oblong or rhombic. 
The umbo is small, located in the anterior part of the 
dorsal margin. Growth bands numerous; those near the 
umbo are ornamented with polygonal reticulation, which 
can transition to radial lirae on growth bands near the 
ventral margin.
 Remarks. Chen & Shen (1985) named the 
superfamily Eosestherioidea and credited the authorship 
to Zhang & Chen (in Zhang et al., 1976). But there was no 
diagnosis published yet. The above mentioned diagnosis 
of the superfamily Eosestherioidea is a summary of the 
included forms.

Family Polygraptidae Novojilov, 1954 [nom. transl. 
Wang & Liu, 1980 (ex Polygraptinae Novojilov, 
1954)]

Type genus. Polygrapta Novojilov, 1946; SD Wang & 
Liu, 1980. 
 Revised 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.
 Remarks. Novojilov (1946) erected the subgenus 
Polygrapta under the invalid genus Estheria, which 
has the priority in the taxonomy of insects (Raymond, 
1946). Later, he elevated Polygrapta to a genus rank, and 
erected the subfamily Polygraptinae to include the forms 
bearing simple or branching, dotted or dashed radial 
lirae sculpture on the growth bands (Novojilov, 1954). 
Novojilov originally allocated Polygraptinae under his 
new family Bairdestheriidae Novojilov, 1954. But in 
consideration of the fact, that its genotype Bairdestheria 
Raymond, 1946 is a junior synonym of Cyzicus Audouin, 
1837 (Rogers, 2020), Bairdestheriidae is no longer a 
valid family. Wang and Liu (1980) elevated the subfamily 
Polygraptinae to a family rank and revised the diagnosis 
as having fine reticulation on growth bands in the dorsal 
part of the carapace, and radial lirae on growth bands in 
the ventral part of the carapace. Kozur & Seidel (1983) 
also revised Polygraptinae to a family rank, but they did 
not mention the reticulation ornamentation on the dorsal 

part of the carapace. Subsequently, Polygraptidae was 
widely accepted by many scientists (Shen et al., 1982; 
Liu, 1985; Gallego et al., 2005, 2020b).
 Novojilov (1954) erected Polygraptinae and included 
the following additional taxa except for the type genus: 
Cyclograpta Novojilov, 1954, opsipolygrapta Novojilov, 
1954, Pemphicyclus Ramond, 1946, Pteriograpta 
Novojilov, 1954 and Rhombograpta Novojilov, 1954. 
Cyclograpta has fine radial lirae on growth bands and 
was considered as a synonym of Eremograpta Novojilov, 
1960 (Chen & Shen, 1985: p. 128), or treated as a 
junior synonym of Asmussia Pacht, 1849 (Tasch, 1969). 
opsipolygrapta was interpreted as a junior synonym of 
Cyzicus Audouin, 1837 (Rogers, 2020). Pemphicyclus 
was later moved to the subfamily Vertexiinae Kobayashi, 
1954 because of the presence of an umbonal node (Chen 
& Shen, 1985). Pteriograpta and Rhombograpta have 
simple radial lirae on growth bands and were moved to 
Fushunograptidae Wang in Hong et al., 1974 (Chen & 
Chen, 1985). 
 tianzhuestheria Shen et al., 2002 was originally 
assigned to the family Polygraptidae, but in consideration 
of the presence of puncta on growth bands, it was moved 
to Triglyptidae Wang, 2014. In contrast to Triglyptidae, 
Polygraptidae lacks puncta, but has clear reticulation 
on growth bands near the umbo. They can be easily 
differentiated from each other. 
 Polygraptidae is similar to Aquilonoglyptidae 
Novojilov, 1958 (Li, 2020) by having fine polygonal 
reticulation on growth bands near the umbo. But 
Polygraptidae lacks puncta on growth bands in the middle 
and ventral parts of the carapace, it is easy to differentiate 
it from the punctate aquilonoglyptids.

Genus Polygrapta Novojilov, 1946

Type species. Estheria (Polygrapta) chatangensis 
Novojilov, 1946, OD, from the Tatarian, Upper Permian 
on the southern coast of the Khatanga Bay, northeastern 
Russia.
 Revised diagnosis. Carapace of small to medium 
size; oval or elliptical in outline. Dorsal margin straight, 
with the narrow umbo located in its anterior part. Growth 
bands variable from a few to 60 in number or more; those 
near the umbo ornamented with fine polygonal reticulation, 
which transition to radial lirae with intercalated crossbars 
on growth bands in the ventral part of the carapace. 
Crossbars connected to form a distinct ridge along the 
upper margin of each growth line (or lower margin of 
each growth band).
 Locality and horizon. Upper Permian to Upper 
Triassic; Chile, China, Russia.
 Remarks. Novojilov (1946) first erected the subgenus 
Polygrapta and allocated it under the invalid clam shrimp 
genus Estheria Rüppell in Straus-Dürckheim, 1837 
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(Spinicaudata) (non Estheria Robineau-Desvoidy, 1830 
(Diptera: Tachinidae)). Later, Novojilov (1954) elevated 
it to a genus rank. The growth band ornamentation 
has been described as simple or branched, dotted or 
dashed radial lirae (Novojilov, 1954: p. 99, fig. 71a). 
Subsequently, this genus was cited by many scientists 
(Kapel’ka & Novojilov, 1962; Defretin-Lefranc, 1965; 
Molin, 1966, 1978; Novojilov & Kapel’ka, 1967; Duan, 
1978; Chen & Shen, 1985; Shen & Li, 1986; Lipatova & 
Lopato, 2000; Gallego et al., 2005). Wang & Liu (1980) 
revised the diagnosis of Polygrapta, and described fine 
reticulation on the dorsal part of the carapace. Later, Liu 
(1985) described the “striated-reticulate” ornamentation 
on growth bands in Polygrapta. Recently Scholze et 
al. (2019) interpreted Polygrapta as a junior subjective 
synonym of Pseudestheria Raymond, 1946. But in contrast 
to Pseudestheria, Polygrapta has clear ornamentation 
of reticulation and radial lirae. Pseudestheria has only 
punctate ornamentation (Raymond, 1946). In light of 
these differences, it is better to maintain them as different 
genera.
 Defretin-Lefranc (1967: p. 68) described Polygrapta 
biaroensis from the Upper Jurassic (Kimmeridgian) 
Stanleyville serie in Congo. Although it has radial lirae 
ornamentation, but the lirae are rather loose, about 25 
per mm. But in Polygrapta chatangensis Novojilov, 
1946 (Figure 1D–1F), the radial lirae are rather dense, 
ca 60–80 per mm. Thus, Polygrapta biaroensis needs 
further morphological study for confirming its taxonomic 
position.

Polygrapta chatangensis Novojilov, 1946

1946 Estheria (Polygrapta) chatangensis subgen. et sp. 
nov.: Novojilov, p. 174, pl. 1, figs 1–3.
1958 Polygrapta chatangensis Novojilov, 1946: 
Novojilov, p. 20, fig. 4, 5; pl. 1, figs 1a–c, 1–4.
1965 Polygrapta chatangensis Novojilov: Defretin-
Lefranc, p. 30, pl. II, figs 1, 2, 5; text-fig. 10.
 Emended diagnosis. Carapace medium in size, 
oval in outline. Dorsal margin straight and long, forming 
a sharp angle with the posterior margin. Umbo small, 
ornamented with polygonal fine reticulation, located at 
the anterior end of the dorsal margin. Growth bands in the 
dorsal part ornamented with polygonal fine reticulation 
(mesh diameter about 15–30 µm); those in the ventral 
part of the carapace ornamented by dense radial lirae with 
intercalated crossbars. Growth lines ornamented by dense 
ridges or fine reticulation (mesh diameter about 6–10 
µm), the upper edge of each growth line (or the lower 
edge of each growth band) is a distinct ridge formed by 
the connection of crossbars. 
 Locality and horizon. Upper Permian (Tatarian), 
southern coast of the Khatanga Bay of Russia.

 Dimensions. In order: specimen no., number of 
growth bands, length (mm), height (mm), height/length 
ratio: PIN No. 401/118, 26, 5.3, 3.5, 0.66; PIN 401/120, 
24, 5, 3.5, 0.70.
 Description. Carapace medium in size (5.3–7.5 mm 
long; 3.5–5.0 mm high, Novojilov, 1958: p. 20); oval in 
outline. Small umbo (ornamented with polygonal fine 
reticulation, Fig. 2B) located at the anterior part of the long 
and straight dorsal margin, which forms a sharp obtuse 
angle with the posterior margin. The anterior margin 
narrowly rounded, posterior margin widely rounded, 
ventral margin widely arched. The great length is at the 
middle height of the carapace; the great height is at the 
posterior one-third of the carapace length. Growth bands 
flat, wide in the middle part of the carapace, but narrow 
near the ventral margin. Growth bands near the umbo 
ornamented with fine, polygonal reticulation with mess 
diameter between 15 and 30 µm (Fig. 1B). In the middle 
part of the carapace, polygonal reticulation transitions to 
elongated reticulation or radial lirae (with intercalated 
crossbars) in the lower part of each growth band (Figs 
1D, F, 2D, F). In the posterior and ventral parts of the 
carapace, growth bands are ornamented by radial lirae 
with dense crossbars (Figs 1E, 2E, G), sometimes forming 
radially aligned reticulation (Fig. 1G). Growth lines in the 
middle and ventral parts of the carapace ornamented with 
densely spaced fine ridges or fine reticulation (Fig. 1D, 
G), mesh diameter about 6–10 µm. The upper margin of 
each growth line (or lower margin of each growth band) is 
a distinct ridge formed by connected crossbars (Figs 1D, 
G, 2C, E–H). 
 Remarks. The holotype was originally assigned 
to PIN No. 401/7 (or No. P-2 1278–7, mentioned in the 
plate explanation) in Novojilov (1946). Later, Novojilov 
(1958) re-assigned PIN No. 401/50 as the holotype. PIN 
No. 401/2 was assigned as the paratype. At the same time, 
he assigned PIN No. 401/9 and PIN No. 401/118 as two 
metatypes, and figured their carapace ornamentation 
patterns by light microscopy imaging (Novojilov, 1958: 
pl. 1, fig. 1a–c). In this study, the author has the chance 
to study the metatype specimen PIN No. 401/118 and its 
associate PIN No. 401/120. The other type specimens are 
not available.
 In the original description, Novojilov (1946) only 
mentioned the radial lirae sculpture, which are simple or 
branching, continuous or formed by one row of separate 
rods or granules. But, the new imaging under an SEM 
has clearly shown that the radial lirae are continuous, 
crossbars are located between them. And Novojilov 
overlooked the polygonal fine reticulation on the dorsal 
part of the carapace.
 In the original description, growth lines were 
described as narrow gutter-like grooves (Novojilov, 
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FIGURE 1. Polygrapta chatangensis Novojilov, 1946. SEM images of the metatype specimen PIN No. 401/118 from drill core 
P-2 (1274–1280 m deep) on Cape Ilia on the southern shore of the Khatanga bay, Upper Permian (Tatarian). A, A right valve. B, 
Polygonal reticulation ornamentation on growth bands near the umbo. C, Radial lirae with intercalated crossbar ornamentation on 
growth bands in the postero-dorsal part of the carapace. D, Reticulation and radial lirae ornamentation on growth band in the upper 
middle part of the carapace; growth line ornamented with fine ridge and fine reticulation. E, Ornamentation on growth bands near 
the posterior margin of the carapace, showing radial lirae with intercalated crossbars. F, Ornamentation on growth bands in the 
dorsal middle part of the carapace, showing transition from reticulation to elongated reticulation and radial lirae. G, Radial lirae 
with crossbars forming longitudinally aligned reticulation on a growth band in the postero-ventral part of the carapace, showing 
fine reticulation on growth lines. H, Ornamentation on growth bands in the antero-ventral part of the carapace, showing radial lirae 
with crossbars, forming longitudinally aligned reticulation. Scale bars = 1 mm in A, 20 μm in D and G, 40 μm in B, C, E, F, and 
H.
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FIGURE 2. Polygrapta chatangensis Novojilov, 1946. SEM images of the specimen PIN No. 401/120 from the drill core P-2 
(1274–1280 m deep) on Cape Ilia on the southern shore of the Khatanga bay, Upper Permian (Tatarian). A, A right valve. B, 
Reticulation ornament on the umbo. C, Radial lirae ornamentation on growth bands in the postero-dorsal part of the carapace. D, 
Ornamentation on growth bands near the umbo, showing transition from reticulation to radial lirae. E, Radial lirae ornamentation 
on growth bands near the posterior margin of the carapace. F, Ornamentation on growth bands in the antero-middle part of the 
carapace, showing radial lirae intercalated with crossbars. G, Radial lirae ornamentation on growth bands in the postero-ventral 
part of the carapace. H, Ornamentation on growth bands in the antero-ventral part of the carapace, showing radial lirae with cross 
bars, forming radially aligned reticulation. Scale bars = 1 mm in A, 20 μm in B, 40 μm in C–H.
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1946), but the SEM images clearly demonstrate that the 
growth lines in Polygrapta chatangensis are narrow and 
flat, ornamented with fine ridges or fine reticulation. The 
upper edge of each growth line (or the lower edge of each 
growth band) is a distinct ridge, which is formed by the 
connection of crossbars.
 Scholze et al. (2019) assigned Polygrapta 
chatangensis to Pseudestheria. But, in consideration of 
the radically different ornamentation in Pseudestheria, 
the species should be maintained in Polygrapta.

Discussion

In the description of Polygrapta, Novojilov (1946, 1954, 
1958) described that the carapace sculpture consists 
of irregular radial lirae, which are simple or branched, 
continuous or formed by separate granules tightly 
adjacent to one another (Novojilov, 1954: p. 99, fig. 71a). 
But the re-examination of specimens of the metatype PIN 
No. 118 and its associate PIN No. 401/120 under an SEM 
has demonstrated that the densely spaced radial lirae are 
continuous with intercalated crossbars (Figs 1D, E, 2E–
G). In addition, growth bands in the dorsal part near the 
umbo are ornamented by polygonal fine reticulation (mesh 
diameter 15–30 µm). In the ventral part of the carapace 
crossbars connected with radial lirae and forming radially 
aligned reticulation (Fig. 1G, H). This research result is 
consistent with the revised diagnosis of Polygrapta in 
Wang & Liu (1980). Although Kozur & Seidel (1983) 
revised the diagnosis of Polygrapta, their research was 
based on light microscopy imaging, no precise observation 
could be obtained.
 In addition to the type species Polygrapta 
chatangensis, Novojilov (1946) named nine further Late 
Permian (Tatarian) species: Polygrapta arangastachia, 
P. ignota, P. intaminata, P. laptewi, P. laxa, P. limbata, 
P. multinstita, P. necta and P. strictocostata. Later, 
Novojilov (1958) described two new Late Permian 
(Tatarian) species: Polygrapta evenkorum, P. sibirica, 
and assigned Polygrapta arangastachia to Pemphicyclus 
Raymond, 1946 (Novojilov, 1958: p. 23); P. ignota to the 
invalid genus Bairdestheria (Novojilov, 1958: p. 24); P. 
limbata doubtfully to Brachigrapta (Novojilov, 1958: 
p. 27); and P. strictocostata to Liograpta (Novojilov, 
1958: p. 25). At the same time, he assigned Polygrapta 
laxa as a synonym of the type species P. chatangensis; P. 
intaminata as a synonym of P. necta, respectively. These 
Late Permian species need further study by the help of 
SEM microscopy imaging in the future to clarify their 
taxonomic position. Kobayashi (1954: p. 131) interpreted 
Polygrapta as a junior synonym of Euestheria Deperet & 

Mazeran, 1912, but Polygrapta has clear ornamentation 
of reticulation and radial lirae, it should be separate from 
reticulate Euestheria.
 Wang in Wang & Liu (1980) described Polygrapta 
wupuensis from the Middle Triassic Ermaying Formation, 
and another two species Polygrapta subelliptica and P. 
xuefengchuanensis from the Lower Triassic Heshanggou 
Formation of the Ordos basin. Polygrapta wupuensis 
differs from P. chatangensis by its trapezium outline, 
small size and few growth bands. Polygrapta subelliptica 
is similar to P. chatangensis in outline, but differs from the 
latter by the limited area of the radial lirae ornamentation 
occurring in the marginal part of the carapace (Wang in 
Wang & Liu, 1980: p. 108). P. xuefengchuanensis differs 
from P. chatangensis by the carapace outline, its anterior 
margin widely rounded, its posterior margin sharply 
rounded. 
 Liu (1985) described two species: Polygrapta minuta 
and P. xinjiangensis from the Upper Permian Wutonggou 
Formation in Xinjiang Uygur Autonomous Region of 
China. These two species differ from the type species by 
small carapace size and well developed lirae-reticulation 
ornamentation (Liu, 1985: pl. 1). 
 Polygrapta hongluoxianensis Shen & Li, 1986 was 
described from the Upper Permian Hongla Formation 
in Liaoning of China. It differs from the type species 
in carapace size and outline. P. hongluoxianensis is of 
a smaller size, and rounded or ovate outline, but with a 
higher anterior height. In contrast, the type species has 
smaller anterior height. Polygrapta troncosoi (Gallego 
in Gallego & Covacevich, 1998) was described from the 
Upper Triassic in Atacama region of Chile. It differs from 
the type species by having rounded carapace outline.

Conclusion
 
Fossil clam shrimp are a valuable group in the subdivision 
and correlation of non-marine strata. In order to make 
precise correlation of fossil clam shrimp bearing strata, 
detailed and precise descriptions of fossil taxa are needed. 
In the present paper, the author emended the diagnosis 
of the type species Polygrapta chatangensis Novojilov, 
1946. Through the SEM microscopy imaging new 
features of the carapace ornamentation are recovered, 
such as the polygonal fine reticulation in the dorsal part 
of the carapace, which were overlooked in the original 
description. These new features demonstrate that 
Polygrapta differs from Pseudestheria, because the latter 
has only punctate ornamentation, and they should be 
maintained as separate genera. 



LI372   •   Palaeoentomology 003 (4) © 2020 Magnolia Press

Acknowledgements

The study was supported by the Strategic Priority 
Research Program of the Chinese Academy of Sciences 
(XDB26000000) and the National Natural Science 
Foundation of China (41688103, 41972007, and 
41572006). This is a contribution to UNESCO-IUGS 
IGCP Project 679. Great thanks go to Dr. M. Boiko, Mrs 
Irina and Dr. Roman Rakitov of Palaeontological Institute 
of Russian Academy of Sciences for their very kind help 
during my study in Moscow. Thanks go to the reviewers 
T.A. Hegna (SUNY Fredonia) and Y.B. Shen (Nanjing 
Institute of Geology and Palaeontology, Chinese Academy 
of Science) for their constructive comments.

References

Astrop, T.I. & Hegna, T.A. (2015) Phylogenetic relationships 
between living and fossil spinicaudatan taxa (Branchiopoda 
Spinicaudata): reconsidering the evidence. Journal of 
Crustacean Biology, 35, 339–354. 

 https://doi.org/10.1163/1937240X-00002317
Audouin, V. (1837) Seance du 1 fevrier 1837. Annales de la Société 

Entomologique de France, 6, 9–11.
Boukhalfa, K., Li, G., Ben Ali, W. & Soussi, M. (2015) Early 

Cretaceous spinicaudatans (“conchostracans”) from lacustrine 
strata of the Sidi Aïch Formation in the northern Chotts range, 
southern Tunisia: taxonomy, biostratigraphy and stratigraphic 
implication. Cretaceous Research, 56, 482–490. 

 https://doi.org/10.1016/j.cretres.2015.06.006
Chen, P.J., Li, G. & Batten, D.J. (2007) Evolution, migration 

and radiation of late Mesozoic conchostracans in East Asia. 
Geological Journal, 42 (3–4), 391–413. 

 https://doi.org/10.1002/gj.1064
Chen, P.J. & Shen, Y.B. (1985) An introduction to fossil 

Conchostraca. Science Press, Beijing, 241 pp. [In Chinese].
Defretin-Lefranc, S. (1965) Etude et révision de Phyllopodes 

Conchostracés en provenance d’U.R.S.S. Annales de la 
Société Géologique du Nord, 85, 15–48.

Defretin-Lefranc, S. (1967) Étude sur les phyllopodes du Bassin 
du Congo. Annales, Musée Royal de l’Afrique Centrale, 
tervuren, Belgique, 56, 1–121.

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

Duan, W.W. (1978) Conchostraca. In: Institute of Geological 
Sciences of Southwestern China (Ed.), Paleontological atlas 
of Southwestern China, Sichuan Province, 2. Geological 
Publishing House, Beijing, pp. 448–460 [In Chinese].

Gallego, O.F. & Covacevich, V. (1998) Conchóstracos triásicos de 
las Regiones de Antofagasta, Atacama y Coquimbo, Chile. 
Revista Geológica de Chile, 25, 115–273.

 https://doi.org/10.4067/S0716-02081998000200001

Gallego, O.F., Martins-Neto, R.G. & Nielsen, S.N. (2005) 
Conchostracans and insects from the Upper Triassic of the 
Biobío River (‘Santa Juana Formation’), south-central Chile. 
Revista Geológica de Chile, 32 (2), 293–311.

 https://doi.org/10.4067/S0716-02082005000200007
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. (2020a) 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
Gallego, O.F., Monferran, M.D., Zacarías, I.A., Jiménez, V.C., 

Buscalioni, A.D. & Liao, H.Y. (2020b) Clam shrimp fauna 
(Diplostraca-Spinicaudata and Estheriellina) from the Lower 
Cretaceous of Las Hoyas, Cuenca (Spain). Cretaceous 
Research, 110, 104389.

 https://doi.org/10.1016/j.cretres.2020.104389
Gerstaecker, A. (1866) Crustacea (Erste Halfe). In: Bronn, H.G. 

(Ed.), Die Klassen und ordnungen der thier-Reichs, 5 (Part 1 
Arthropoda). C.F. Winter, Leipzig, 1320 pp.

Hasegawa, H., Ando, H., Hasebe, N., Ichinnorov, N., Ohta, T., 
Hasegawa, T., Yamamoto, M., Li, G., Erdenetsogt, B.O. & 
Heimhofer, U. (2018) Depositional ages and characteristics 
of Middle–Upper Jurassic and Lower Cretaceous lacustrine 
deposits in southeastern Mongolia. Island Arc, 27 (3), 
e12243. 

 https://doi.org/10.1111/iar.12243
Hong, Y.C., Yang, T.Q., Wang, S.T., Wang, S.E., Li, Y.G., Sun, M.R., 

Sun, X.J. & Du, N.Q. (1974) Stratigraphy and palaeontology 
of Fushun Coal-Field, Liaoning Province. Acta Geologica 
Sinica, 48, 113–158 [In Chinese with English summary].

Kapel’ka, V.I. & Novojilov, N.I. (1962) Tip Arthropoda 
Chlenistonogiye Klass Crustacea Rakoobraznyye Podklass 
Branchiopodoidea (=Gnathostraca). In: Halfina, L.L. (Ed.), 
Biostratigrafiya Paleozoya Sayano-Altayskoy Gornoy 
Oblasti,Том III, Verkhniy Paleozoy [Biostratigraphy of the 
Paleozoic of the Sayano-Altai Mountain Region. Volume III, 
Upper Paleozoic] SNIIGGIMS, Novojivirsk, pp. 184–187, 
379–388 [In Russian].

Kobayashi, T. (1954) Fossil Estherians and allied fossils. Journal of 
the Faculty of Science, University of tokyo, 9, 1–192.

Kozur, H.W. & Seidel, G. (1983) Revision der Conchostracen-
Faunen des unteren und mittleren Buntsandsteins. Teil I. 
Zeitschrift für Geologische Wissenschaften, 11, 295–423.

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, 315–417. 

 https://doi.org/10.1144/SP334.13
Li, G. (2017a) Revision of fossil clam shrimp taxonomy and a 

case study on palaobiogeography of Jurassic clam shrimps in 
China. Journal of Environment and Bio Research, 1 (1), 1–6.



CLAM SHRIMP PoLYGRAPtA CHAtANGENSIS Palaeoentomology 003 (4) © 2020 Magnolia Press   •   373

Li, G. (2017b) SEM plays an important role in the study of fossil 
clam shrimps. Journal of Environmental Geology, 1 (1), 22–
23.

 https://doi.org/10.4172/2591-7641.1000006
Li, G. (2020) New spinicaudatan species of Late Jurassic Linglongta 

Phase of Yanliao Biota from western Liaoning, China. 
Zoological Studies, 59, 36. 

Li, G. & Batten, D.J. (2004a) Cratostracus? cheni, a new 
conchostracan species from the Yixian Formation in western 
Liaoning, north-east China, and its age implications. 
Cretaceous Research, 25 (4), 577–584.

 https://doi.org/10.1016/j.cretres.2004.05.005
Li, G. & Batten, D.J. (2004b Revision of the conchostracan genera 

Cratostracus and Porostracus from Cretaceous deposits in 
north-east China. Cretaceous Research, 25 (6), 919–926. 

 https://doi.org/10.1016/j.cretres.2004.09.004
Li, G. & Batten, D.J. (2005) Revision of the conchostracan genus 

Estherites from the Upper Cretaceous Nenjiang Formation 
of the Songliao Basin and its biogeographic significance in 
China. Cretaceous Research, 26 (6), 920–929. 

 https://doi.org/10.1016/j.cretres.2005.06.006
Li, G. & Matsuoka, A. (2012) Jurassic clam shrimp (“conchostra-

can”) faunas in China. Science Report of Niigata University 
(Geology), 27, 73–88.

Li, G. & Matsuoka, A. (2015) Searching for a non-marine Jurassic/
Cretaceous boundary in northeastern China. Journal of 
Geological Society of Japan, 121, 109–122. 

 https://doi.org/10.5575/geosoc.2015.0001
Li, G., Boukhalfa, K., Teng, X., Soussi, M., Ben Ali, W., Ouaja, 

M. & Houla, Y. (2017) New Early Cretaceous clam shrimps 
(Spinicaudata) from uppermost Bouhedma Formation 
of northern Chotts range, southern Tunisia: Taxonomy, 
stratigraphy and palaeoenvironmental implications. 
Cretaceous Research, 72, 124–133. 

 https://doi.org/10.1016/j.cretres.2016.12.014
Li, G., Hirano, H., Kozai, T., Sakai, T. & Pan, Y.H. (2009) Middle 

Jurassic spinicaudatan Shizhuestheria from the Sichuan Basin 
and its ontogenetic implication. Science in China Series D: 
Earth Sciences, 52 (12), 1962–1968. 

 https://doi.org/10.1007/s11430-009-0161-5
Li, G., Hirano, H., Batten, D.J., Wan, X.Q., Willems, H. & Zhang, 

X.Q. (2010) Biostratigraphic significance of spinicaudatans 
from the Upper Cretaceous Nanxiong Group in Guangdong, 
South China. Cretaceous Research, 31 (4), 387–395. 

 https://doi.org/10.1016/j.cretres.2010.05.003
Li, G., Ohta, T., Batten, D.J., Sakai, T. & Kozai, T. (2016) 

Morphology and phylogenetic origin of the spinicaudatan 
Neodiestheria from the Lower Cretaceous Dalazi Formation, 
Yanji Basin, north-eastern China. Cretaceous Research, 62, 
183–193. 

 https://doi.org/10.1016/j.cretres.2015.09.019
Li, G., Shen, Y.B. & Batten, D.J. (2007) Yanjiestheria, Yanshania 

and the development of the Eosestheria conchostracan fauna 
of the Jehol Biota in China. Cretaceous Research, 28 (2), 

225–234. 
 https://doi.org/10.1016/j.cretres.2006.07.002
Li, G., Wang, S.E. & Shen, Y.B. (2006) Revision of the genus 

Abrestheria (Crustacea: Conchostraca) from the Dabeigou 
Formation of northern Hebei, China. Progress in Natural 
Science, 16 (Special Issue), 284–291.

Liao, H.Y., Shen, Y.B. & Huang, D.Y. (2019) Pemphilimnadiopsis 
cheni sp. nov. (Branchiopoda: Diplostraca: Spinicaudata) 
from the Upper Carboniferous of East Hebei, China and its 
biostratigraphic significance. Palaeoentomology, 2 (4), 381–
389. 

 https://doi.org/10.11646/palaeoentomology.2.4.12
Lipatova, V.V. & Lopato, A.U. (2000) triasovyye listonogiye 

rakoobraznyye Yevrazii i ikh stratigraficheskoye znacheniye 
[triassic Phyllopoda (Crustacea) of Eurasia and their 
stratigraphic significance]. Geos, Moscow, pp. 1–124 [In 
Russian].

Liu, S.W. (1985) An SEM study on the conchostracan genus 
Polygrapta. Acta Palaeontologica Sinica, 24, 625–628 [In 
Chinese with English abstract].

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 with English 
abstract].

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 & 
Science Bulletin, 3, 277–278.

Molin, V.A. (1966) Novyye nizhnetriasovyye listonogiye 
rakoovraznyye Pechory i Mezeni. In: Stratigrafiya i 
paleontologiya severo-vostoka yevropeyskoy chasti SSSR. 
Izdatel’stvo NAUKA Moskva, pp. 62–73 [In Russian].

Molin, V.A. (1978) Novyye pozdnepermskiye konkhostraki severa 
Russkoy plity (Basseyn R.Sukhony) [New Late Permian 
conchostracans from the north of the Russian Plate (R. 
Sukhony Basin)]. trudy Instituta Geologii Komi Filiala 
Akademii Nauk SSSR, 25, 22–28 [In Russian].

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

Novojilov, N.I. (1954) Upper Jurassic and Cretaceous conchostra-
cans from Mongolia. transactions of the Palaeontological 
Institute, USSR Academy of Sciences, 48, 7–124.

Novojilov, N.I. (1958) Conchostraca du Permien et du Trias du 
littoral de la mer des Laptev et de la Toungouzka inférieure. 
Annales du Service D’Information Géologique du B.R.G.G.M. 
Paris, No. 26, 15–80.

Novojilov, N.I. (1960) Suborder Conchostraca. In: Fundamentals 
of Paleontology, vol. 8, chelenipods, trilabimoids and 
crustaceans. pp. 220–253 [In Russian].

Novojilov, N.I. & Kapel’ka, V. (1968) Nouveaux conchostracés 
de Sibérie. I.—Le genre nouveau Echinolimnadia de la 



LI374   •   Palaeoentomology 003 (4) © 2020 Magnolia Press

série de Korbountchana en Sibérie septentrionale. II.—Les 
conchostracés du Mésozoïque inférieur de l’Iénisséi (Sibérie 
Orientale). Annales de Paléontologie (Invertébrés), 54, 109–
129.

Okuyucu, C., Dimitrova, T.K., Göncüoglu, 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
Pacht, R. (1849) Der devonische Kalk in Livland: Ein Beitrag zur 

Geognosie der ostseeprovinzen, Dorpat, 52 pp.
Raymond, P.E. (1946) The genera of fossil Conchostraca—an order 

of bivalved Crustacea. Bulletin of the Museum of Comparative 
Zoology, 96, 217–307.

Robineau-Desvoidy, J.B. (1830) Essai sur les myodaires. Mémoires 
présentés par divers savants a l’Académie Royale des Sciences 
de l’Institut de France. Sciences Mathématiques et Physiques, 
2 (2), 1–813.

Rogers, D.C. (2020) Spinicaudata Catalogus (Crustacea: 
Branchiopoda). Zoological Studies, 59, 45.

Schneider, J.W. & Scholze, F. (2016) Late Pennsylvanian–Early 
triassic conchostracan biostratigraphy: A preliminary 
approach. Geological Society, London, Special Publications, 
450. 

 https://doi.org/10.1144/SP450.6
Scholze, F. & Schneider, J.W. (2015) Improved methodology of 

‘conchostracan’ (Crustacea: Branchiopoda) classification for 
biostratigraphy. Newsletter of Stratigraphy, 48 (3), 287–298. 

 https://doi.org/10.1127/nos/2015/0065
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., Golubev, V.K., Niedźwiedzki, G., Schneider, J.W. 

& Sennikov, A.G. (2019) Late Permian conchostracans 
(Crustacea, Branchiopoda) from continental deposits in the 
Moscow Syneclise, Russia. Journal of Paleontology, 93, 
72–97. 

 https://doi.org/10.1017/jpa.2018.58
Shen, Y.B. & Li, C.Y. (1986) On occurrence of Late Permian 

conchostracans from Liaoning. Acta Palaeontologica Sinica, 
25 (1), 30–36 [In Chinese with English abstract].

Shen, Y.B., Li, Z.W. & Chen, P.J. (2002) Some Jurassic and 
Cretaceous conchostracans from Gansu Province, NW 
China. Palaeoworld, 14, 123–135 [In Chinese with English 
abstract].

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

Straus-Dürckheim, H. (1837) Ueber Estheria dahalacensis Rüppell, 
neue Gattung aus der Familie der Daphniden. Abhandlungen 
Museum Senckenbergianum, 2, 117–128.

Tasch, P. (1969) Branchiopoda, in Moore, R.C., ed., treatise on 
invertebrate paleontology, part R, Arthropoda 4. Lawrence, 
Geological Society of America, Boulder, and University of 
Kansas Press, pp. R128–R191.

Teng, X. & Li, G. (2017) Clam shrimp genus ordosestheria from 
the Lower Cretaceous Dalazi Formation in Jilin Province, 
north-eastern China. Cretaceous Research, 78, 196–205. 

 https://doi.org/10.1016/j.cretres.2017.06.011
Teng, X. & Li, G. (2018) Morphological study of Linhaiella 

(Spinicaudata) from the Upper Cretaceous in Zhejiang, south-
east China. Cretaceous Research, 92, 184–194. 

 https://doi.org/10.1016/j.cretres.2018.08.008
Teng, X. & Li, G. (2019) SEM morphological study of the paratype 

of the spinicaudatan Feiyunella zhedongensis (Chen and 
Shen, 1977) from Cretaceous of Linhai, Zhejiang, South-East 
China. open Journal of Geology, 9 (10), 613–615. 

 https://doi.org/10.4236/ojg.2019.910055
Teng, X. & Li, G. (2020) Discovery of Iliestheria (Crustacea: 

spinicaudatan) from the Lower Jurassic Sangonghe Formation 
in Junggar Basin, northwestern China. Palaeoworld. 

 https://doi.org/10.1016/j.palwor.2020.04.004
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 with English abstract].

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-Gansu-
Ningxia Basin, Part 2. Geological Publishing House, Beijing, 
pp. 84–110 [In Chinese].

Zhang, W.T., Chen, P.J. & Shen, Y.B. (1976) Fossil Conchostraca of 
China. Science Press, Beijing, 325 pp., 138 pls. [In Chinese].


