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Abundant and diverse spinicaudatans are important components of the well-known Linglongta phase

of the Yanliao Biota from the lower Upper Jurassic Tiaojishan Formation at the village Daxishan of
Linglongta, Jianchang County, western Liaoning, north-eastern China. Herein a new spinicaudatan species
Linglongtaestheria daxishanensis gen. and sp. nov. is described. It shows distinct carapace ornamentation
patterns: (1) growth bands near the umbo ornamented with polygonal small-diameter reticulation; (2)
growth bands in the middle part of the carapace ornamented with evenly distributed puncta; (3) growth
bands in the ventral part of the carapace ornamented with punctate reticulation and radial lirae.
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BACKGROUND

During recent years many well-preserved
vertebrate fossils of evolutionary importance have
been recovered from the non-marine lower Upper
Jurassic Tiaojishan Formation in the Linglongta area
of Jianchang County, western Liaoning, north-eastern
China (Fig. 1), including articulated skeletons of
Archaeopteryx-like feathered theropod dinosaurs (Hu et
al. 2009) (Anchiornis huxleyi Xu et al., 2009, Xiaotingia
zhengi Xu et al., 2011), transitional, long-tailed
pterosaurs with a pterodactyloid skull (Darwinopterus
modularis Li et al., 2009, D. robustodens LU et
al., 2011), a multituberculate mammal (Rugosodon
eurasiaticus Yuan et al., 2013), and the earliest placental
eutherian mammal (Juramaia sinensis Luo et al., 2011).
These important fossil discoveries have not only shed
additional light on the evolutionary biology of birds
or on the mosaic (or modular) evolution of pterosaurs,
but also have precisely calibrated the mammalian
divergence age of eutherians from metatherians.

Extensive stratigraphic investigations on the

Tiaojishan Formation exposed at Linglongta have
revealed abundant spinicaudatans (clam shrimp,
“conchostracans”) (Duan et al. 2009; Wang et al. 2013;
Wang 2014; Liao et al. 2017). Spinicaudatans are small,
bivalved branchiopod crustaceans with a chitinous
(Tasch 1969) or chitin-mineral complex carapace
(Astrop and Hegna 2015), which are abundant and
widely distributed in sediments that accumulated in
quiet, freshwater environments (Li 2004 2017a; Li and
Matsuoka 2012 2013; Zhang et al. 2017). As a result,
they are very useful index fossils for biostratigraphic
subdivision and correlation of fossiliferous non-marine
successions (Chen et al. 2007; Stigall and Hartman
2008; Li et al. 2009a 2010 2015 2017; Gallego et al.
2013; Boukhalfa et al. 2015; Tassi et al. 2015; Schneider
and Scholze 2016; Teng and Li 2017 2018 2019;
Hasegawa et al. 2018). On the other hand, their distinct
mode of ecdysis and ecological behavior help us to
understand the probable rate of growth of the animal
(Li et al. 2009b), to decipher their phyletic evolution,
and further to reconstruct the palaecoenvironmental
conditions (Li et al. 2014 2016). Presented herein is
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a systematic description of a new clam shrimp taxon
from the Tiaojishan Formation near Daxishan village of
Linglongta (Fig. 1).

MATERIALS AND METHODS

The spinicaudatan specimens were collected
from the Tiaojishan Formation during a field survey
supported by a National 973 Project in 2014 at the
Daxishan village of Linglongta, Jianchang County.
The described well-preserved clam shrimp specimens
were collected from two horizons (L1 and L2) of the
lacustrine shale and claystone beds in the lower and
upper parts of the studied section, respectively (Fig. 2).

A LEO 1530 VP scanning electron microscope
(SEM) of the State Key Laboratory of Palaecobiology
and Stratigraphy was used for detailed observation
of the carapace surface microstructure (Li and Batten
2004a b 2005; Li 2017b c¢) and a Zeiss V20 light
microscope was used to document general morphology
of the studied specimens.

The figured specimens are deposited in the
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Fig. 1. Sampling locality at Daxishan village, Linglongta, Jianchang
County, western Liaoning Province, China.
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Fig. 2. Stratigraphic column of the Tiaojishan Formation exposed
near Daxishan village, Linglongta, Jianchang County, showing the
fossil clam shrimp sampling horizons (after Duan et al. 2009).
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collections of the Nanjing Institute of Geology
and Palaeontology, Chinese Academy of Sciences
(NIGPCAS).

RESULTS

Traditionally, the carapace size of 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 and Shen
1985). Recently, Scholze and Schneider (2015, table
1) proposed another terminology to describe the size
of clam shrimp. The author finds that the tripartite
category of Chen and Shen (1985) is easy to follow for
describing the carapace size.

Order Diplostraca Gerstaecker, 1866
Suborder Spinicaudata Linder, 1945
Superfamily Eosestherioidea Zhang and Chen
in Zhang et al., 1976
Family Aquilonoglyptidae Novojilov, 1958

Discussion: Novojilov (1958, fig. 53a) proposed
the family Aquilonoglyptidae including only one species
with fish scale pit ornamentation on growth bands. Wang
and Liu (1980) described three additional species from
Triassic of China and demonstrated aquilonoglyptids
having punctate ornamentation. Recently, the author
checked the type specimen of Aquilonoglypta and
found small-diameter reticulation on the dorsal part of
the carapace. In this paper the author includes the new
genus in the family Aquilonoglyptidae concerning the
occurrence of fine reticulation on growth bands near the
umbo and the punctate ornamentation on growth bands.
It is clear that the herein described new genus could
not be allocated in the family Triglyptidae Wang, 2014
because of the lacking of fine reticulation ornament in
the dorsal part of the carapace in triglyptids.

Genus Linglongtaestheria gen. nov.
urn:lsid:zoobank.org:act:861FB496-4F6E-407E-8D69-
CE183E7C38A0

Etymology: From Linglongta, a small town in
the north-east of Jianchang County, western Liaoning
Province.

Type species: Linglongtaestheria daxishanensis
gen. and sp. nov., from the lower Upper Jurassic
Tiaojishan Formation, Daxishan village, Linglongta,
Jianchang County.

Diagnosis: Carapace small or moderate to the
lower end in size; oval or elliptical in outline; growth
bands near the umbo ornamented with small-diameter
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(8—15 pum) polygonal reticulation; growth bands in
the middle part of the carapace ornamented with
evenly distributed puncta (2-5 um in diameter); the
ornamentation gradually transforms to small-diameter
(1627 pm) reticulation or radial lirae in the lower part
of the carapace, puncta occurring within reticulation or
radially aligning between radial lirae.

Discussion: The new genus is similar to Triglypta
Wang, 1984 and Tianzhuestheria Shen et al., 2002 in
growth band ornamentation in the ventral part of the
carapace, such as the occurrence of evenly distributed
puncta, small-diameter punctate reticulation and radial
lirae with intercalated radially aligned puncta. But, it
differs from the latter two taxa in having small-diameter
polygonal reticulation on growth bands near the umbo.

The new genus differs from Liaoxiestheria Liao
et al., 2017 in that the latter lacks the reticulation and
radial lirae ornament on growth bands in the ventral part
of the carapace.

Linglongtaestheria daxishanensis gen. and sp.
nov.
(Figs. 3, 4)
urn:lsid:zoobank.org:act:03DAF083-4D79-4FB6-BAES-
1B8A17268873

Material examined and dimensions: Holotype,
displaced carapaces, NIGPCAS 163667 (L1-1); a
right valve, NIGPCAS 163668 (L2-1); a broken right
valve, NIGPCAS 163669 (L2-2); displaced carapaces,
NIGPCAS 163670 (L2-3). Carapace measurements:
number of growth lines, > 16, 24, 23, 17; length (mm),
4.6,5.2, 3.6, 3.7; height (mm), 2.9, 3.3, 2.3, 2.5.

Etymology: From Daxishan, a village located in
the south-west of Linglongta.

Diagnosis: Carapace of small or small moderate
size; ovate or elliptical in outline; growth lines
smooth, about 20 in total; growth bands near the umbo
ornamented with fine, polygonal reticulation (diameter
< 20 um); growth bands in the middle part of the
carapace ornamented with evenly distributed puncta
(diameter < 5 pm); in the ventral part of the carapace
each growth band is ornamented with puncta in the
upper part, which transfer into punctate reticulation in
the anterior part and radial lirae in the posterior part of
each band.

Description: Carapace small or moderate in size,
ovate or elliptical in outline; umbo small, located at
the anterior half of the slightly arched dorsal margin;
growth lines wide and smooth, about 20 in total; growth
bands near the umbo ornamented with polygonal small-
diameter reticulation, reticulum diameter is about
8—15 pm (Figs. 3.2 and 3.4; Figs. 4.4 and 4.7); growth
bands in the middle part of the carapace ornamented

© 2020 Academia Sinica, Taiwan



Zoological Studies 59:36 (2020) page 4 of 8

Fig. 3. 1-8. Linglongtaestheria daxishanensis gen. and sp. nov. 1, displaced carapaces, holotype, NIGPCAS 163667 (L1-1) (light microscopy). 2,
small-sized polygonal reticulation on growth bands near the umbo (SEM). 3, evenly distributed small puncta on growth bands in the middle part
of the carapace (SEM). 4, small-sized polygonal reticulation on growth bands in the antero-dorsal part of the carapace (SEM). 5,7, two kinds of
ornamentation pattern on growth bands in the postero-ventral part of the carapace, i.e., punctate ornamentation in the upper, radial lirae with two
rows of intercalated radially aligned puncta in the lower part of each growth band (SEM). 6, small-sized, polygonal reticulation transitions to radial
lirae with intercalated radially aligned puncta on growth bands in the antero-dorsal part of the carapace (SEM). 8, two kinds of ornamentation pattern
on single growth bands in the antero-ventral part of the carapace, i.e., puncta in the upper, punctate small-sized reticulation in the lower part of each
growth band (SEM). Scale bars: (1) = 1 mm; (2, 5) =20 pm; (4) = 50 pm; (3, 6-8) = 100 pm.
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Fig. 4. 1-8. Linglongtaestheria daxishanensis gen. and sp. nov. 1, a right valve, NIGPCAS 163668 (L2-1) (light microscopy). 2, a broken right
valve, NIGPCAS 163669 (L2-2) (light microscope). 3, displaced carapaces, NIGPCAS 163670 (L2-3) (light microscope). 4, small-sized polygonal
reticulation on growth bands near the umbo of the specimen in figure 4.1 (SEM). 5, evenly distributed puncta on growth bands in the middle part of
the carapace of the specimen in figure 4.1 (SEM). 6, two kinds of ornamentation pattern on growth bands in the postero-ventral part of the carapace
of the specimen in figure 4.1, i.e., puncta in the upper and radial lirae with intercalated radially aligned puncta in the lower part of each growth band
(SEM). 7, small-sized polygonal reticulation on growth bands in the antero-dorsal part of the carapace of the specimen in figure 4.3 (SEM). 8, two
kinds of ornamentation pattern on growth bands in the ventral part of the carapace of the specimen in figure 4.3, i.e., puncta in the upper part and
radial lirae with intercalated radially aligned puncta in the lower part of each growth band (SEM). Scale bars: (1-3) = 1 mm; (4) = 10 pum; (5) =
20 pm; (6-8) = 100 pm.
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with evenly distributed puncta, punctum diameter is
about 2-5 pum (Figs. 3.3, 4.5); growth bands in the
lower part of the carapace ornamented with puncta in
upper part (Figs. 3.5 and 3.8), and punctate reticulation
in lower part of each growth band in the antero-
ventral part of the carapace (Fig. 3.8), and radial lirae
intercalated with two rows of radially aligned puncta
in the ventral part of each growth band in the postero-
ventral part of the carapace (Figs. 3.5, 3.7, 4.8); near
the ventral margin, the punctuate zone is located in the
upper 1/4 to 1/5 of each growth band (Fig. 3.8).

Distribution: Lower Upper Jurassic Tiaojishan
Formation at Daxishan, Linglongta, Jianchang, northern
China.

DISCUSSION

In contrast to other crustaceans, spinicaudatans
do not shed their dorsal carapaces during the ecdysis,
a new growth band is added peripherally to each valve
when they cast off a chitinous inner skeletal duplicature
(Tasch 1969). Thus, the information of the entire
ontogenetic development is preserved in the carapace of
the individual. This may contribute to understanding the
probable rate and mode of growth, and to decipher their
evolution (Stigall and Hartman 2008).

The carapace ornamentation of the described
new species shows clear evolutionary trend during
the ontogeny. The growth bands near the umbo are
ornamented with small-diameter polygonal reticulation
(Figs. 3.2, 4.4). In the middle part of the carapace,
growth bands are ornamented with evenly distributed
puncta (Figs. 3.3, 4.5). While in the ventral part of the
carapace, growth band ornamentation shows a mixed
ornamentation pattern: i.e. each band being ornamented
with evenly distributed puncta in its dorsal part, while
the radial lirae (Figs. 3.5, 3.7) and punctate reticulation
(Fig. 3.8) occurring in its ventral part. This carapace
ornamentation evolutionary trend may indicate that
Linglongtaestheria gen. nov. originated from an
ancestor with fine reticulate carapace.

CONCLUSIONS

Clam shrimp are important index fossils for the
subdivision and correlation of non-marine Mesozoic
strata. The ontogenetic information preserved in fossil
clam shrimp carapaces is helpful to decipher their
phylogenetic evolution. The detailed SEM imaging
method is a favorable tool for the fossil clam shrimp
taxonomy. Herein described new fossil species clearly
shows fine polygonal reticulation on growth bands in
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the dorsal part of the carapace. This may indicate that
the new genus has originated from an ancestor with
reticulate carapace.

Acknowledgments: This work, the new genus, and
the new species names have been registered with
ZooBank under urn:lsid:zoobank.org:pub:B455C88E-
9B1B-4099-B36F-9825DCF77EB4. This study was
supported by the Strategic Priority Research Program
of Chinese Academy of Sciences (XDB26000000),
by the National Natural Science Foundation of
China (41972007, 41572006, 41688103, 91514302,
41172010), and by Major Basic Research Projects of
the Ministry of Science and Technology, China (973
Project 2012CB822004). The field investigation was
fulfilled by the great help of Prof. SUN Ge (College of
Palaeontology, Shenyang Normal University; Key-Lab
for Evolution of Past Life and Environment in Northeast
Asia, Ministry of Education, Jilin University), Vice
Director CHENG Shao-li (Fossil Resources Protection
Bureau of Liaoning Province), Mr. WANG Xue-bing,
Mr. XIANG Yong (Land Resources Bureau of Jianchang
County), Mr. SUN You-li, Mr. MA Lian-hui (Linglongta
Land Resources Institute), Prof. JI Qiang (Institute
of Geology, Chinese Academy of Geosciences), Prof.
DONG Hai-liang and Dr. HUANG Yong-jian (China
University of Geosciences, Beijing). Many thanks go
to Dr. M Hethke (Free University of Berlin) and an
anonymous reviewer for constructive comments. This
manuscript is a contribution to IGCP 679.

Authors’ contributions: GL collected the material
and wrote the manuscript. Laboratory preparation and
SEM imaging were conducted by GL.

Competing interests: GL declares that he has no
conflict of interests.

Availability of data and materials: Available type
materials of the new species are described in the text.

Consent for publication: Not applicable.

Ethics approval consent to participate: Not
applicable.

REFERENCES

Astrop TI, Hegna TA. 2015. Phylogenetic relationships between living
and fossil spinicaudatan taxa (Branchiopoda Spinicaudata):
reconsidering the evidence. J Crustacean Bio 35(3):339-354.
doi:10.1163/1937240X-00002317.

Boukhalfa K, Li G, Ben Ali W, Soussi M. 2015. Early Cretaceous
spinicaudatans (“conchostracans”) from lacustrine strata of


https://academic.oup.com/jcb/article/35/3/339/2547852

Zoological Studies 59:36 (2020)

the Sidi Aich Formation in the northern Chotts range, southern
Tunisia: Taxonomy, biostratigraphy and stratigraphic implication.
Cret Res 56:482—490. doi:10.1016/j.cretres.2015.06.006.

Chen PJ, Li G, Batten DJ. 2007. Evolution, migration and radiation
of late Mesozoic conchostracans in East Asia. Geol Jour 42(3-
4):391-413. doi:10.1002/gj.1064.

Chen PJ, Shen YB. 1985. An Introduction to Fossil Conchostraca.
Science Press, Beijing. (in Chinese)

Duan Y, Zheng SL, Hu DY, Zhang LJ, Wang WL. 2009. Preliminary
report on Middle Jurassic strata and fossils from Linglongta area
of Jianchang, Liaoning. Global Geol 28:143-147 (in Chinese,
English abstract)

Gallego OF, Monferran MD, Astrop TA, Zacarias IA. 2013.
Reassignment of Lioestheria codoensis Cardoso (Spinicaudata,
Anthronestheriidae) from the Lower Cretaceous of Brazil:
systematics and paleoecology. Revista Bras Paleont 16(1):47—-60.
doi:10.4072/rbp.2013.1.04.

Gerstaecker A. 1866. Crustacea (Erste Halfe). /n: Bronn, H.G.
(Ed.), Die Klassen und Ordungen der Thier-Reichs, 5 (Part 1:
Arthropoda) (p. 1320), 49 pls.

Hasegawa H, Ando A, Hasebe N, Ichinnorov N, Ohta T, Hasegawa
T, Yamamoto M, Li G, Erdenetsogt BO, Heimhofer U, Murata
T, Shinya H, Enerel G, Oyunjargal G, Munkhtsetseg O,
Suzuki N, Irino T, Yamamoto K. 2018. Depositional ages and
characteristics of Middle-Upper Jurassic and Lower Cretaceous
lacustrine deposits in southeastern Mongolia. Island Arc
27(3):e12243. doi:10.1111/iar.12243.

Hu DY, Hou LH, Zhang LJ, Xu X. 2009. A pre-Archaeopteryx
troodontid theropod from China with long feathers on
the metatarsus. Nature 461(7264):640—643. doi:10.1038/
nature08322.

Li G. 2004. Discovery of Qinghaiestheria from the Upper Jurassic
Penglaizhen Formation in Sichuan, southwestern China. J Asian
Earth Sci 24(3):361-365. doi:10.1016/j.jseaes.2003.12.006.

Li G. 2017a. Revision of fossil clam shrimp taxonomy and a case
study on palaobiogeography of Jurassic clam shrimps in China. J
Environment Bio Res 1(1):1-6.

Li G. 2017b. SEM morphological study of the type species of
Ordosestheria Wang, 1984 (Spinicaudata) from Ordos Basin
of mid-west China. Cretaceous Res 75:1-6. doi:10.1016/
j.cretres.2017.03.006.

Li G. 2017c. Morphological restudy of the type species of
Xibeiestheria (Spinicaudata) from the lower Aptian,
northwestern China. Cretaceous Res 80:31-37. doi:10.1016/
J.CRETRES.2017.08.008.

Li G, Ando H, Hasegawa H, Yamamoto M, Hasegawa T, Ohta T,
Hasebe N, Ichinnorov N. 2014. Confirmation of a Middle
Jurassic age for the Eedemt Formation in Dundgobi Province,
southeast Mongolia: constraints from the discovery of new
spinicaudatans (clam shrimps). Alcheringa 38(3):305-316. doi:1
0.1080/03115518.2014.870834.

Li G, Batten DJ. 2004a. Cratostracus? cheni, a new conchostracan
species from the Yixian Formation in western Liaoning, north-
east China, and its age implications. Cretaceous Res 25(4):577—
584. doi:10.1016/j.cretres.2004.05.005.

Li G, Batten DJ. 2004b. Revision of the conchostracan genera
Cratostracus and Porostracus from Cretaceous deposits in
north-east China. Cretaceous Res 25(6):919-926. doi:10.1016/
j.cretres.2004.09.004.

Li G, Batten DJ. 2005. Revision of the conchostracan genus Estherites
from the Upper Cretaceous Nenjiang Formation of the Songliao
Basin and its biogeographic significance in China. Cretaceous
Res 26(6):920-929. doi:10.1016/j.cretres.2005.06.006.

Li G, Boukhalfa K, Teng X, Soussi M, Ben Ali W, Ouaja M, Houla

page 7 of 8

Y. 2017. New Early Cretaceous clam shrimps (Spinicaudata)
from uppermost Bouhedma Formation of northern Chotts
range, southern Tunisia: Taxonomy, stratigraphy and
palacoenvironmental implications. Cretaceous Res 72:124-133.
doi:10.1016/j.cretres.2016.12.014.

Li G, Chen PJ, Wang DY, Batten DJ. 2009a. The spinicaudatan
Tylestheria and biostratigraphic significance for the age of
dinosaur eggs in the Upper Cretaceous Majiacun Formation,
Xixia Basin, Henan Province, China. Cretaceous Res 30(2):477—
482. doi:10.1016/j.cretres.2008.09.002.

Li G, Hirano H, Batten DJ, Wan XQ, Willems H, Zhang XQ. 2010.
Biostratigraphic significance of spinicaudatans from the Upper
Cretaceous Nanxiong Group in Guangdong, South China.
Cretaceous Res 31:387-395. doi:10.1016/j.cretres.2010.05.003.

Li G, Hirano H, Kozai T, Sakai T, Pan YH. 2009b. Middle Jurassic
spinicaudatan Shizhuestheria from the Sichuan Basin and its
ontogenetic implication. Sci China Ser D Earth Sci 52(12):1962—
1968.

Li G, Matsuoka A. 2012. Jurassic clam shrimp (“conchostracan”)
faunas in China. Sci Rep Niigata Uni (Geology) 27:73-88.

Li G, Matsuoka A. 2013. Revision of clam shrimp (“‘conchostracan”)
genus Tylestheria from Late Cretaceous deposits of China. Sci
Rep Niigata Uni (Geology) 28s:51-63.

Li G, Matsuoka A, Willems H. 2015. SEM morphological study of the
clam shrimp type specimens of Eosestheria sihetunensis from
the Lower Cretaceous Yixian Formation in western Liaoning,
northeastern China. Sci Rep Niigata Univ (Geology) 30:27-37.

Li G, Ohta T, Batten DJ, 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 Res 62:183—-193. doi:10.1016/
j.cretres.2015.09.019.

Liao HY, Shen YB, Huang DY. 2017. Conchostracans of the Middle-
Late Jurassic Daohugou and Linglongta beds in NE China.
Palaeworld 26(2):317-330. doi:10.1016/j.palwor.2016.11.001.

Linder F. 1945. Affinities within the Branchiopoda with notes on some
dubious fossils. Ark Zool 37A:1-28.

Lii JC, Unwin DM, Jin XS, Liu YQ, Ji Q. 2009. Evidence for modular
evolution in a long-tailed pterosaur with a pterodactyloid
skull. Proc R Soc B, Bio Sci 227:383-389. do0i:10.1098/
rspb.2009.1603.

Li JC, Xu L, Chang HL, Zhang XL. 2011. A new darwinopterid
pterosaur from the Middle Jurassic of western Liaoning,
northeastern China and its ecological implications. Act
Geol Sin (English Ed) 85(3):507-514. doi:10.1111/j.1755-
6724.2011.00444 x.

Luo ZX, Yuan CX, Meng QJ, Ji Q. 2011. A Jurassic eutherian
mammal and divergence of marsupials and placentals. Nature
476(7361):442—-445. doi:10.1038/nature10291.

Novojilov NI. 1958. Conchostraca du Permien et du Trias du littoral
de la Mer des Laptev et de la Toungounzka inférieure. Ann Serv
Inf Géol BRGGM Paris 26:15-80.

Schneider JW, Scholze F. 2016. Late Pennsylvanian—Early Triassic
conchostracan biostratigraphy: a preliminary approach.
Geological Society, London, Special Publications 450:SP450—
456. doi:10.1144/SP450.6.

Scholze F, Schneider JW. 2015. Improved methodology of
‘conchostracan’ (Crustacea: Branchiopoda) classification for
biostratigraphy. Newslett Stratigr 48(3):287-298. doi:10.1127/
n0s/2015/0065.

Shen YB, Li ZW, Chen PJ. 2002. Some Jurassic and Cretaceous
conchostracans from Gansu Province, NW China. Palacoworld
14:123-135. (in Chinese with English abstract)

Stigall AL, Hartman JH. 2008. A new spinicaudatan genus

© 2020 Academia Sinica, Taiwan


https://www.sciencedirect.com/science/article/pii/S0195667115300100?via%3Dihub
https://onlinelibrary.wiley.com/doi/abs/10.1002/gj.1064
https://www.sbpbrasil.org/revista/edicoes/16_1/04_Gallego_et_al.pdf
https://onlinelibrary.wiley.com/doi/full/10.1111/iar.12243
https://www.nature.com/articles/nature08322
https://www.sciencedirect.com/science/article/pii/S1367912004000070?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0195667117300125?via%3Dihub
https://www.semanticscholar.org/paper/Morphological-restudy-of-the-type-species-of-from-Li/0154900e0c0730be190da32bd8ba72d26ee70281
https://www.tandfonline.com/doi/abs/10.1080/03115518.2014.870834
https://www.sciencedirect.com/science/article/pii/S0195667104000588?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0195667104000965?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0195667105000911?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0195667116302300?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0195667108001195?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0195667110000248?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S019566711530077X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1871174X16301275?via%3Dihub
https://royalsocietypublishing.org/doi/10.1098/rspb.2009.1603
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1755-6724.2011.00444.x
https://www.nature.com/articles/nature10291
http://mr.crossref.org/iPage?doi=10.1144%2FSP450.6
https://www.schweizerbart.de/papers/nos/detail/48/84967/Improved_methodology_of_conchostracan_Crustacea_Br?af=crossref

Zoological Studies 59:36 (2020)

(Crustacea: ‘Conchostraca’) from the Late Cretaceous of
Madagascar. Palaeont 51(5):1053-1067. doi:10.1111/j.1475-
4983.2008.00799.x.

Tasch P. 1969. Branchiopod. /n: Moore, RC (ed) Treatise on
Invertebrate Paleontology (Part R, Arthropoda 4(1)). The
Geological Society of America and the University of Kansas,
Boulder, CO and Lawrence, KS, pp. R128-R191.

Tassi LV, Zavattieri AM, Gallego OF. 2015. Triassic spinicaudatan
fauna from the Cerro de Las Cabras Formation (Cuyo Basin),
Mendoza Province (Argentina): description of new species
and revision of previous records. Ameghiniana 52(2):241-265.
doi:10.5710/AMGH.29.11.2014.2823.

Teng X, Li G. 2017. Clam shrimp genus Ordosestheria from the
Lower Cretaceous Dalazi Formation in Jilin Province, north-
eastern China. Cretaceous Res 78:196-205. doi: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. Cre
Res 92:184-194. doi: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
Jour Geol 9(10):613-615. doi:10.4236/0jg.2019.910055.

Wang LL, Hu DY, Zhang LJ, Zheng SL, He HY, Deng CL, Wang
XL, Zhou ZH, Zhu RX. 2013. SIMS U-Pb zircon age of
Jurassic sediments in Linglongta, Jianchang, western Liaoning:
Constraint on the age of oldest feathered dinosaurs (in
Chinese). Chinese Sci Bull (Chinese Ver) 58(14):1346-1353.
doi:10.1360/972012-535. (in Chinese)

© 2020 Academia Sinica, Taiwan

page 8 of 8

Wang SE. 1984. New Jurassic-Cretaceous conchostracans from
northern Hebei and Nei Mongol. Acta Palacont Sin 23(6):726—
737. (in Chinese with English abstract)

Wang SE. 2014. The Triglyptidae erected newly and its significances
for studying evolution of clam shrimps, stratigraphic subdivision
and correlation and mineral exploration. Acta Palaecont Sin
53(4):486—496. (in Chinese with English abstract)

Wang SE, Liu SW. 1980. Fossil Conchostracans. /n: Institute of
Geology, Chinese Academy of Geological Sciences (ed)
Mesozoic Strata and Palacontology of the Shanxi-Gansu-Ningxia
Basin, Part 2. Geological Publishing House, Beijing, pp. 84—110.
(in Chinese)

Xu X, You HL, Du K, Han FL. 2011. An 4rchaeopteryx-like theropod
from China and the origin of Avialae. Nature 475(7357):465—
470. doi:10.1038/nature10288.

Xu X, Zhao Q, Norell M, Sullivan C, Hone D, Erickson G, Wang XL,
Han FL, Guo Y. 2009. A new feathered maniraptoran dinosaur
fossil that fills a morphological gap in avian origin. Chinese Sci
Bull 54(3):430-435. doi:10.1007/s11434-009-0009-6.

Yuan CX, Ji Q, Meng QJ, Tabrum AR, Luo ZX. 2013. Earliest
evolution of multituberculate mammals revealed by a new
Jurassic fossil. Science 341(6147):779-783. doi:10.1126/
science.1237970.

Zhang WT, Chen PJ, Shen YB. 1976. Fossil Conchostraca of China.
Science Press, Beijing. (in Chinese)

Zhang YZ, Li G, Teng X, Wang LH, Cheng XS. 2017. New Jurassic
spinicaudatans from Xinjiang Uygur Autonomous Region
of northwestern China and their evolutionary implications.
Palacoworld 26(4):663—671. doi:10.1016/j.palwor.2017.04.004.


https://onlinelibrary.wiley.com/doi/full/10.1111/j.1475-4983.2008.00799.x
https://bioone.org/journals/ameghiniana/volume-52/issue-2/AMGH.29.11.2014.2823/Triassic-Spinicaudatan-Fauna-from-the-Cerro-de-Las-Cabras-Formation/10.5710/AMGH.29.11.2014.2823.full
https://www.sciencedirect.com/science/article/pii/S0195667117301234?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0195667118301873?via%3Dihub
https://www.scirp.org/journal/paperinformation.aspx?paperid=95239
http://engine.scichina.com/publisher/scp/journal/CSB/58/14/10.1360/972012-535?slug=abstract
https://www.nature.com/articles/nature10288
https://link.springer.com/article/10.1007%2Fs11434-009-0009-6
https://science.sciencemag.org/content/341/6147/779
https://www.sciencedirect.com/science/article/pii/S1871174X17300343?via%3Dihub

	BACKGROUND
	MATERIALS AND METHODS
	RESULTS
	Order Diplostraca Gerstaecker, 1866
	Suborder Spinicaudata Linder, 1945
	Superfamily Eosestherioidea Zhang and Chen in Zhang et al., 1976
	Family Aquilonoglyptidae Novojilov, 1958
	Genus Linglongtaestheria gen. nov.
	Linglongtaestheria daxishanensis gen. and sp.

	DISCUSSION
	CONCLUSIONS
	Acknowledgments
	Authors’ contributions
	Competing interests
	Availability of data and materials
	Consent for publication
	Ethics approval consent to participate
	REFERENCES

