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Abstract

Eocrinoids are scarce in the Guanshan Biota (Cambrian Series 2, Stage 4), Yunnan Province, southwest China. Here, we introduce a
new gogiid: Kunmingeocrinus cupuliformis n. gen. n. sp. which is characterized by a short stalk and a well-developed attachment disc.
Preservation may indicate a weakly biomineralized body for the new taxon. Morphological similarities between the new taxon and other
eocrinoids with attachment discs from Cambrian Lagerstätten of Guizhou Province (Series 2, Stage 4 and Miaolingian, Wuliuan) might
suggest a similar mode of life. The eocrinoids from the Guanshan Biota possibly utilized different attachment modes.
� 2021 Elsevier B.V. and Nanjing Institute of Geology and Palaeontology, CAS. All rights reserved.
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1. Introduction

Eocrinoids, with more than 20 genera, are a group of
primitive echinoderms which are mainly found in Cam-
brian and Ordovician strata from Europe, North America,
Siberia, Australia, North Africa and China (Robison,
1965; Ubaghs, 1968; Sprinkle, 1973, 1976, 1992; Zhao et
al., 1994, 2007; Parsley and Zhao, 2006, 2010; Lin et al.,
2008; Zamora et al., 2013; Allaire et al., 2017; Deline et
al., 2020). Articulated eocrinoids have been described from
the Cambrian Kaili (Miaolingian, Wuliuan) and Balang
(Series 2, Stage 4) biotas of southwest China (e.g., Zhao
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et al., 2007, 2011), the Wuliuan Mantou Formation of
northeast China (Huang, 2012), and the Furongian Guole
Formation of south China (Chen and Han, 2014). These
occurrences have greatly expanded the paleogeographic
and geochronologic distributions of eocrinoids..

Compared with those from Guizhou Province, Cam-
brian articulated eocrinoids from Yunnan Province are
scarce in abundance and diversity. Wudingeocrinus rarus
Hu and Luo in Luo et al., 2008 was the first and the only
eocrinoid hitherto known from the Guanshan Biota in
Yunnan Province (Luo et al., 2008; Hu et al., 2013). In this
study, we describe and discuss a new eocrinoid genus and
species, which is different from Wudingeocrinus in some
morphological aspects, notably with a short stalk and a
well-developed attachment disc. The new material not only
ntology, CAS. All rights reserved.
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provides additional data on the early evolution of echino-
derms, but also shows that eocrinoids from the same biota
had possibly developed different attachment modes.

2. Material and methods

All described fossils come from the Gaoloufang section
(102.80539�E, 24.95916�N), Kunming, Yunnan Province,
southwest China. Wudingeocrinus rarus Hu and Luo in
Luo et al., 2008 (specimens YKLP 13388 and YKLP
13389) was collected in 2013 and the new form (specimens
YKLP 13387 and CJHMD 00035) was collected in 2020.
All specimens were prepared using a needle under a Nikon
SMZ 800N microscope, revealing parts covered by matrix.
Digital photographs were taken using a Canon EOS 5D SR
camera with a Canon MP-E 65 mm (1–5�) macro lens,
under cross-polarized light and processed in Adobe Photo-
shop CS 5. Line drawings were made using Adobe Illustra-
tor CS 5. Terminology follows Parsley and Zhao (2006)
and Lin et al. (2008). YKLP 13387, YKLP 13388 and
YKLP 13389 are housed at the Yunnan Key Laboratory
Fig. 1. Kunmingeocrinus cupuliformis n. gen. n. sp. (A) Overall profile of CJHM
the theca; yellow arrow points to the black coelom. (B) Overall profile of YK
for Palaeobiology, Yunnan University (YKLP), and
CJHMD 00035 is housed at the Chengjiang Fossil Museum
of the Management Committee of the Chengjiang Fossil
Site World Heritage, China.

3. Systematic palaeontology

Phylum Echinodermata Klein, 1734
Subphylum Blastozoa Sprinkle, 1973
Class Eocrinoidea Jaekel, 1918
Order Gogiida Broadhead, 1982
Family Eocrinidae Jaekel, 1918 emend.

Kunmingeocrinus n. gen.
Etymology: From the city of Kunming, Yunnan Province,
southwest China, where the specimens were collected.
Type species: Kunmingeocrinus cupuliformis n. gen. n. sp.
Diagnosis: Eocrinoid composed of brachioles, a theca, a
stalk and an attachment disc. At least six brachioles, coiled.
Theca sac-like or in an inverted-cone shape, plates
polygonal (irregular in the holotype and mostly hexagonal
D 00035; white arrow points to a notch-like structure on the left margin of
LP 13387; yellow arrow points to the black coelom. Scale bar = 5 mm.
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in the paratype). Stalk short and polyplated. Attachment
disc large and flat, having seven circlets of polygonal
platelets.
Remarks: Kunmingeocrinus n. gen. (Fig. 1) differs from
Wudingeocrinus Hu and Luo in Luo et al., 2008 (Fig. 4),
the first-known eocrinoid from the Guanshan Biota,
mostly in the stalk morphology and presence of a basal
attachment disc. Wudingeocrinus has a slim and elongated
stalk, the length of which could be as twice that of the theca
(Wu et al., 2017, fig. 1A), while the stalk of the new genus is
rather short (Figs. 1, 4). A well-developed and polyplated
attachment disc is present in the new genus (Figs. 1, 4),
but absent in Wudingeocrinus.

Three genera with four species of Gogiida have been
documented from the Cambrian Series 2, Stage 4 and
Miaolingian, Wuliuan, Guizhou Province: Sinoeocrinus

lui Zhao et al., 1994, Globoeocrinus globulus Zhao et al.,
2008 from the Kaili Biota; Guizhoueocrinus yui Zhao et al.,
2007 and Globoeocrinus zhaoyuanlongensis Yang et al., 2015
from the Balang Fauna. Kunmingeocrinus n. gen. is assigned
to the order Gogiida based on overall profile, including bra-
Fig. 2. Kunmingeocrinus cupuliformis n. gen. n. sp. (A) Detail of brachioles in
brachioles in YKLP 13387 (position marked by frame d in Fig. 1B). (C) Interpr
(D) Interpretive line drawing of (B); black arrows point to the plates on one b
chioles, theca, stalk and attachment disc. It is the first repre-
sentative of gogiid discovered from the Guanshan Biota
(Cambrian Series 2, Stage 4), Yunnan Province.

In the detailed morphologies of brachioles, theca, stalk
and attachment disc, Kunmingeocrinus shows the following
differences from Sinoeocrinus, Globoeocrinus and
Guizhoueocrinus: brachioles of Sinoeocrinus are not clearly
coiled; theca plates are regularly arranged on the theca sur-
face; the size of theca plate relative to that of theca is much
larger than that of Kunmingeocrinus; an anal pyramid is
present on Sinoeocrinus, but absent from Kunmingeocrinus;
the stalk of Sinoeocrinus is much elongated and the size of
stalk plate relative to that of stalk is larger than that of
Kunmingeocrinus; compared to that of Kunmingeocrinus,
the attachment disc of Sinoeocrinus is smaller in size
(Zhao et al., 2011, figs. 206–209); the theca of Globoeocri-
nus is spherical in shape and covered by regularly arranged
plates; compared to Kunmingeocrinus, the size of theca
relative to that of the body is much smaller, while the size
of theca plates relative to that of the theca is bigger (Zhao
et al., 2011, figs. 210–214); the stalk of Guizhoueocrinus is
CJHMD 00035 (position marked by frame a in Fig. 1A). (B) Detail of
etive line drawing of (A); black arrows point to the plates on one brachiole.
rachiole. Scale bar = 0.5 mm.



Fig. 3. Kunmingeocrinus cupuliformis n. gen. n. sp. (A) Detail of the theca plates in CJHMD 00035 (position marked by frame b in Fig. 1A). (B) Detail of
the theca plates in YKLP 13387 (position marked by frame e in Fig. 1B). (C) Interpretive line drawing of (A); black arrow points to a polygonal theca
plate; blue arrows point to an epispire; yellow arrows point to a fragmentary theca plate. (D) Interpretive line drawing of (B); black arrow points to a
hexagonal theca plate; yellow arrow point to a fragmentary theca plate. Scale bar = 0.5 mm.
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much elongated, and the attachment disc is much smaller;
furthermore, the size of theca plates relative to that of theca
is bigger (Zhao et al., 2007, figs. 5–7).
Kunmingeocrinus cupuliformis n. sp.
(Figs. 1–4)



Fig. 4. Kunmingeocrinus cupuliformis n. gen. n. sp. (A) Detail of the stalk and attachment disc in CJHMD 00035 (position marked by frame c in Fig. 1A).
(B) Detail of the stalk and attachment disc in YKLP 13387 (position marked by frame f in Fig. 1B). (C) Interpretive line drawing of (A); black arrow
points to a polygonal imprint of a stalk plate; blue arrow points to a polygonal ornament on the attachment disc; yellow arrow points to the possible
transitional zone. (D) Interpretive line drawing of (B); black arrow points to a polygonal imprint of a stalk plate; blue arrow points to a polygonal
ornament on the attachment disc; yellow arrow points to the possible transitional zone; 1–7 indicate the seven circlets of polygonal ornaments on the
attachment surface. Scale bar = 5 mm.

J. Zhao et al. / Palaeoworld 31 (2022) 185–193 189



190 J. Zhao et al. / Palaeoworld 31 (2022) 185–193
Etymology: From the Latin word cupuliformis, cup-shaped,
referring to the overall profile of this species.
LSID: urn:lsid:zoobank.org:pub:136A27F3-75D1-4A4F-B
278-3DF453BFFD94.
Holotype: CJHMD 00035. The holotype was collected in
Cambrian Series 2, Stage 4, Wulongqing Formation,
Palaeolenus biozone, Gaoloufang section, Kunming City,
Yunnan Province, southwest China.
Paratype: YKLP 13387. Its location and horizon are the
same with the holotype.
Diagnosis: As for genus (monotypic).
Description: The new eocrinoid has a cup-shaped body,
composed of, from top to base, brachioles, theca, stalk
and attachment disc (Fig. 1). The holotype measures ca.
22 mm in height (excluding brachioles) and 14 mm in max-
imum width (on upper part of theca), while the paratype is
ca. 11 mm in height and ca. 5 mm in maximum width. At
least six unbranched and coiled brachioles with tiny brachi-
olar plates can be recognized (Fig. 2). Theca is sac-like or
inverted cone-shaped, with upper surface slightly arched.
Theca plates are polygonal: sprocket-shaped in the holo-
type (Fig. 3A, C) and mostly hexagonal in paratype
(Fig. 3B, D). Epispires and fragments of theca plates are
present in the holotype, and only fragments of theca plates
are present in the paratype (Fig. 3). Black patch (Fig. 1)
covering middle part of theca is interpreted as coelom (as
in Wudingeocrinus rarus, e.g., Wu et al., 2017, fig. 5). Stalk
is short, subcylindrical in profile (Figs. 1, 3). The width of
the stalk is about one-fifth of maximum width of theca, and
the height is 1/11 of that of body (excluding brachioles).
There are imprints of polygonal plates (Fig. 4) on the stalk
surface, but no clear pattern is discernible. Attachment disc
is suboval, situated at base of stalk (Fig. 4). The width is ca.
three-fifths of maximum width of theca, and the heights are
1/22 and 1/11 of body height in the holotype and paratype
respectively. Circlets (seven in paratype) of tiny polygonal
ornaments are discernible on attachment disc surface
(Fig. 4), interpreted as imprints of platelets (cf. those
described in Globoeocrinus globulus Zhao et al., 2008;
e.g., fig. 2.3 in Zhao et al., 2008 and fig. 6.6 in Yan et al.,
2010). Margin of attachment disc is fringed by yellow stripe
(Fig. 4), which possibly corresponds to the transitional
zone discerned in Globoeocrinus globulus (Yan et al.,
2010, fig. 4), based on location and morphology.
Remarks: The holotype shows a curve on the left margin of
the theca, forming a notch-like structure (Fig. 1A), but no
crack can be observed nearby; the stalk and the attachment
disc of the holotype and paratype are preserved deflected
from the longitudinal midline of the theca, particularly in
the paratype (Fig. 1B). Both suggest that the main body
of Kunmingeocrinus cupuliformis n. gen. n. sp. is weakly
biomineralized.

4. Discussion

The holotype of Kunmingeocrinus cupuliformis n. gen. n.
sp. is two times longer and ca. three times wider than the
paratype. Numerous epispires can be observed clearly on
the theca surface of the holotype, while epispires are absent
in the paratype. Compared to the holotype, the attachment
disc of the paratype is bigger relative to the size of the
body. All these characteristics suggest that the holotype is
at a mature ontogenetic stage, while the paratype repre-
sents a juvenile stage, which correspond respectively to
the epispire bearing phase and the pre-epispire bearing
phase proposed by Nohejlová and Fatka (2016).

Specimens of articulated eocrinoids are rather scarce in
Cambrian Lagerstätten of Yunnan Province, but relatively
abundant in Guizhou Province (Zhao et al., 1994; Parsley
and Zhao, 2006; Yan et al., 2010; Parsley, 2012). The rele-
vant research findings from Guizhou Province, we believe,
could be used to discuss the eocrinoids from the Guanshan
Biota. Previously reported specimens showed that
Globoeocrinus globulus Zhao et al., 2008 could attach
directly to the sediment (e.g., fig. 4.2 in Zhao et al., 2008
and fig. 3.7 in Yan et al., 2010) or to hard objects lying
on the sediment, such as the trilobite fragments (Yan
et al., 2010, fig. 3.5) or branchiopod shells (Yan et al.,
2010, fig. 3.3). Kunmingeocrinus cupuliformis was attached
directly to the sediment (Fig. 1), but the platelets on the
attachment disc are clearly smaller and arranged more
intensively than the theca plates. Similar morphologies
were also found in Globoeocrinus globulus, and thus the
possibility of Kunmingeocrinus cupuliformis being attached
to hard substrates cannot be excluded. Parsley and Prokop
(2004) proposed that eocrinoids could extrude ‘bioglue’ to
help anchor their bodies, which was supported to some
extent by a transitional zone between the matrix and the
attachment disc, first noted by Yan et al. (2010, fig. 4). A
possible transitional zone can also be discerned on the
specimens described here (Fig. 4), and morphological sim-
ilarities may indicate a similar function had been developed
by Kunmingeocrinus cupuliformis from Cambrian Series 2,
Stage 4.

Yan et al. (2010) described and discussed the holdfasts
of Cambrian eocrinoids (Series 2, Stage 4 and Miaolingian,
Wuliuan) from Guizhou Province, and divided them into
two categories based on the size of the attachment disc rel-
ative to the stalk: a long stalk with a small attachment disc
and a short stalk with a relatively big attachment disc. Rep-
resentatives of the former are Sinoeocrinus lui Zhao et al.,
1994 from the Kaili Biota (Cambrian Miaolingian, Wuli-
uan) and Guizhoueocrinus yui Zhao et al., 2007 from the
Balang Biota (Cambrian Series 2, Stage 4), whereas the lat-
ter is represented by Globoeocrinus globulus from the Kaili
Biota. Yang et al. (2015) described a species of Globoeocri-
nus from the Balang Biota, which was the first report of an
eocrinoid with a short stalk and big attachment disc from
Cambrian Series 2, Stage 4 of Guizhou Province. This sug-
gests that Cambrian eocrinoids (Series 2, Stage 4) from
Guizhou Province had already developed different kinds
of holdfast. According to the criteria proposed by Yan
et al. (2010), Kunmingeocrinus n. gen. falls into the second
category, while the holdfast of Wudingeocrinus from the
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same biota is an elongated stalk which tapers distally, and
no attachment disc can be discerned (Hu et al., 2013). The
stalk of Wudingeocrinus is often covered by matrix (Fig. 5)
(Wu et al., 2017, fig. 1A) and the extension of the stalk is
preserved deeper into the matrix than the theca and brachi-
oles during preparation of the specimens. This might be the
result of rapid deposition, with the individual trapped in
turbidity or storm currents after a short distance of trans-
portation, or from in situ smothering of a living individual
by suspended mud. Alternatively, this may indicate that
Wudingeocrinus implants its stalk into the sediment rather
Fig. 5. Wudingeocrinus rarusHu and Luo in Luo et al., 2008. (A) YKLP 13388;
white arrows point to the bent stalk; scale bar = 5 mm.
than attaches its body to the sediment surface. Some spec-
imens show that the long stalk ofWudingeocrinus was obvi-
ously bent (Fig. 5) or even cracked (Wu et al., 2017, fig. 8A)
during entombment, which indicates a relatively high rigid-
ity of the stalk. A stalk with high rigidity would be fragile
and vulnerable to breakage by water currents. Therefore,
we suggest that Wudingeocrinus might embed most of its
stalk into the sediment, by which the adhesion to adjacent
sediment could be promoted to resist the drag forces gener-
ated by currents. Eocrinoids from the Guanshan Biota
have possibly developed different attachment modes: one
white arrow points to the long stalk; scale bar = 10 mm. (B) YKLP 13389;



Fig. 6. Life reconstruction of eocrinoids from the Guanshan Biota. (A) Kunmingeocrinus cupuliformis n. gen. n. sp. (B) Wudingeocrinus rarus Hu and Luo
in Luo et al., 2008.
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attached itself directly to the sediment surface or hard
objects lying on the sediment surface, the other attached
by implanting its long stalk into the sediment (Fig. 6).

5. Conclusions

In this paper we describe a new Cambrian eocrinoid,
Kunmingeocrinus cupuliformis n. gen. n. sp., based on two
specimens from the Guanshan biota. The new taxon is
weakly biomineralized, featured foremost by a short stalk
terminated by a well-developed attachment disc. It supple-
ments the attachment modes of eocrinoids from Cambrian
Series 2, Stage 4 in the fossil record and leads to a better
understanding of early evolution of echinoderms.
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