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Abstract. The late Early to early Middle Ordovician is a key interval for chitinozoan macroevolution, during
which chitinozoans diversified significantly, reaching their first enormous radiation later in the Darriwilian. The
South China palaeoplate is one of the classical regions for Ordovician palacontological research; however, pub-
lished chitinozoan data for this interval remain insufficient. This study presents new data from the Gudongkou
section, western Yichang, western Hubei Province, in the central part of the South China palaeoplate. A to-
tal of 13 genera and 31 species are recognised, including three new species: Conochitina clavatus sp. nov.,
Conochitina tenellensis sp. nov., and Lagenochitina yangtzensis sp. nov. Systematical remarks on some taxa are
provided, including Conochitina decipiens, C. ordinaria, and the group of Sagenachitina oblonga, S. striata, S.
dapingensis, and Cyathochitina? dispar. Network analysis is applied based on the data from the Dawan For-
mation and its contemporaneous units on the Yangtze Platform to test whether chitinozoan assemblages vary
among different lithological units that represent different palacoenvironments. The result shows that chitinozoan
assemblages may have palacogeographical significance. The chitinozoan assemblage from the Dawan Formation
at the Gudongkou section seems to be a more independent community compared with those from the Meitan and
Zitai formations. However, shared taxa, including the zonal species Bursachitina maotaiensis and Sagenachitina
dapingensis, and some other widely distributed, characteristic taxa, such as C. decipiens and C. poumoti, are
well-preserved in almost all sections. The biostratigraphical significance of the Dawan chitinozoans, discussed
herein, indicates an age ranging from the latest Floian to the earliest Darriwilian, consistent with prior under-
standing of this formation.

dovician research, chitinozoan data from the Early-Middle

The Early and Middle Ordovician represent a critical inter-
val in chitinozoan evolutionary history, when chitinozoans
underwent their first biodiversification following their first
undoubted appearance in the early-middle Tremadocian (e.g.
Elaouad-Debbaj, 1988; Wang et al., 2013; Liang et al., 2017);
the three phosphatised specimens from the Cambrian Wuli-
uan Stage (Shen et al., 2013) are debated and require further
study. Following their appearance, chitinozoans underwent
a rapid geographical expansion and taxonomical diversifica-
tion, achieving their first global acme in late the Darriwilian
(Achab and Paris, 2007). However, as a classical area for Or-

Ordovician in South China remain poorly constrained due
to insufficient systematical studies. During this interval, the
Upper Yangtze Platform was dominated by deposition of the
Dawan, Meitan, and Zitai formations under different palaeo-
geographical settings, with several small areas developing
characteristic lithostratigraphical units, e.g. the Hungshi-
hyen, Daguanshan, and Yingpan formations (Fig. 1d; Chen
and Zhan, 2006; Wu et al., 2007; Liang et al., 2019a) in the
provinces of northern Yunnan, southern Sichuan, and north-
ern Chongqing, respectively. Pioneering chitinozoan studies
in this region were mainly conducted by Xiaohong Chen, Xi-
aofeng Wang, and their colleagues. Most data are presented
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in a comprehensive monograph published in Chinese, which
documents chitinozoan assemblages from about 10 sections
spanning the Dapingian to the lower Darriwilian (Chen et
al., 2009a). Some data were also published earlier or later
as journal articles (Wang and Chen, 1994; Chen et al., 2002,
2003, 2009b; Chen and Zhang, 2005; Wang et al., 2005a,
b). Additional early reports include brief documentation of
chitinozoans from the Dawan Formation at the Huaqiao sec-
tion (Changyang, Hubei; Chen, 1994) and the Meitan For-
mation at the Longjinpo section (Wuchuan, Guizhou; Wang
and Luo, 1990). Recent contributions have expanded the
known record from the Meitan and Zitai formations (Liang
and Tang, 2016a; Liang et al., 2018, 2019a). Nevertheless,
all available data on chitinozoan assemblages from the Up-
per Yangtze Platform during this crucial interval remain frag-
mentary, underscoring the need for more comprehensive and
systematic taxonomic studies to fully elucidate the assem-
blages and evolutionary patterns in this region. Previous stud-
ies on chitinozoans from the Dawan Formation have pri-
marily focused on the Global Stratotype Section and Point
(GSSP) for the base of Dapingian at the Huanghuachang
section (Chen et al., 2009a, b) and the Chenjiahe section,
about 5 km north of the former (Wang et al., 2005a, b; Chen
et al., 2009a, b). These works documented a diverse as-
semblage comprising 29 species of eight genera (Chen et
al., 2009b), decoding the chitinozoan assemblage and estab-
lishing a preliminary framework for chitinozoan biostratig-
raphy in the region. To assess whether the known assem-
blage of this time interval is fully captured, new data from
the Dawan Formation at the Gudongkou section, located ap-
proximately 60km north of the Huanghuachang GSSP sec-
tion, are presented herein. This study aims to do the follow-
ing: (1) further decode the chitinozoan assemblage from the
Dawan Formation based on data from Gudongkou, expand-
ing the palaeontological record of this key interval; (2) test
the chitinozoan biostratigraphical framework previously es-
tablished for the Yangtze Platform, facilitating regional and
global correlations for the Early-Middle Ordovician; and (3)
apply network analysis to test the inter-similarities and inter-
differences of chitinozoans from the Dawan and its contem-
poraneous lithological units. By integrating these new find-
ings with existing data, this work will enhance our under-
standing of the chitinozoan biodiversity and biostratigraphy
on the Upper Yangtze Platform, providing new insights into
their palacobiogeographical significance during this critical
period.

2 Geological setting and section

South China represents one of the world’s most significant
regions for Palaeozoic palaeontological research, preserv-
ing a diverse sedimentary environment from the late Pre-
cambrian to the Middle Ordovician (Chen and Rong, 1992).
From northwest to southeast, the block exhibits a series of
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western oldlands (erosional uplifts), the Yangtze Platform
(mainly shallow marine carbonate-dominated settings), the
Jiangnan Slope (transitional zone), and the Zhujiang Basin
(deep-water siliciclastic deposits). During the late Early to
early Middle Ordovician, the upper part of the Yangtze
Platform was characterised by distinct lithofacies reflect-
ing a depth-related environmental gradient (Fig. 1d), includ-
ing the near-shore settings, represented by the Hungshiy-
hen (mainly sandstone and silty mudstone) and the Daguan-
shan (siltstone, silty mudstone, and mudstone) formations;
the inner-shelf environments, represented by the Meitan For-
mation (siltstone, silt mudstone, and muddy siltstone) and
the Yingpan Formation (shales intercalated with carbonates);
and the shallow outer shelf close to the Yangtze Platform
margin, comprising the Dawan Formation (argillaceous car-
bonate with calcareous mudstone) and the Zitai Formation
(purple argillaceous carbonate and carbonate). Geographi-
cally, the Dawan Formation is widely deposited and well-
outcropped in the vast area of Hubei Province and in part of
Sichuan Province on the Upper Yangtze Platform. It also ex-
tends to the Lower Yangtze Platform, e.g. Nanjing of Jiangsu
Province and central Anhui Province. This widespread distri-
bution makes the Dawan Formation a critical unit for regional
biostratigraphical and palaeoenvironmental reconstructions.

The studied section, the Gudongkou section
(31°24/38.73” N, 110°447'24.87"E), is located about
2.6 km north of Xingshan Town, northwest of Yichang City,
western Hubei Province, Central China (Fig. 1). This section
exposes well-developed Cambrian to Ordovician strata
along the Guzhao Road near the Gudongkou water reservoir.
Previous research at this locality has established it as an
important stratigraphical reference section. Jianbo Liu and
his colleagues from Peking University conducted extensive
work on the Cambrian—Lower Ordovician sequences, focus-
ing on both sedimentary and palaeontological investigations
(Dang et al., 2009; Liu, 2009; Yuan et al., 2009; Liu et al.,
2011; Liao et al., 2013; Yuan and Liu, 2013; Ding et al.,
2014; Sun and Liu, 2017). Subsequent studies have further
refined our understanding of this section, including investi-
gations into the Early Ordovician acritarchs and chitinozoans
(Liang and Luan, 2019; Shan et al., 2019), detailed lithofa-
cies, and environmental analysis of the Dawan Formation
(Luan et al., 2023). The section’s continuous exposure and
well-documented stratigraphy make it particularly suitable
for high-resolution biostratigraphical studies of the Dawan
Formation, complementing previous work conducted at the
Huanghuachang and Chenjiahe sections.

The Dawan Formation at the Gudongkou section, as in all
other localities, is tripartite, comprising the Lower, Middle,
and Upper members (Fig. 2). The Lower Member is mainly
composed of 18 m of nodular limestone and calcareous mud-
stone interbedded with thin-bedded skeletal limestone. The
Middle Member, about 3.5 m thick, consists of medium- to
thick-bedded skeletal limestone and nodular limestone. The
Upper Member is approximately 12 m in thickness and fea-
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Figure 1. (a—c) Geographic location of the Gudongkou section in western Hubei Province. (d) General palacogeographic distribution of
the Dawan Formation and its contemporaneous sedimentary units (adapted from Wu et al., 2007) across the Yangtze Platform during the
Early—Middle Ordovician. The red triangle indicates the location of the Dawan Formation at the Gudongkou section. The yellow triangles
refer to localities with exposure of the Dawan Formation and its contemporaneous units, from which the chitinozoan assemblages used in the
network analysis were documented. More information about these sections is presented in Table 4.

tures thin-bedded nodular limestone and skeletal limestone
interbedded with calcareous mudstone.

3 Materials and methods

3.1 Sample collection

At the Gudongkou section, for this chitinozoan study, 19
samples, ranging from YXG-19 to YXG-35, were system-
atically collected from the calcareous mudstone horizons
throughout the section; i.e. all samples were from the Lower
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and the Upper members’ fine-grained clastic rocks, while the
Middle Member’s limestone was not sampled in this study
(Fig. 2). Unlike the three-dimensionally preserved chitino-
zoans extracted from limestones in Baltica and North Amer-
ica (e.g. Liang et al., 2019b, 2020b), limestones or lime-
dominated strata on the Yangtze Platform are not preferred
for chitinozoan research, given that they are commonly re-
garded as barren or produce poorly preserved chitinozoans.
The controlling factors of chitinozoan preservation still re-
quire further study, however, which is beyond the scope of
this study.

J. Micropalaeontology, 45, 73-93, 2026
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Figure 2. Lithology and chitinozoan stratigraphical ranges at the Gudongkou section. The conodont biozones are based on unpublished
data provided by Jianbo Liu at Peking University. Black rectangles represent certain occurrences, while the white ones represent possible

occurrences due to poor preservation or limited specimens.

3.2 Lab work

About 50 g of rock from each sample was processed based
on the standard palynology procedures as illustrated by Paris
(1981). Notably, all samples have relatively high lime. There-
fore, the concentration of hydrochloric acid (HCI) used in the
first step to dissolve the rocks starts at 3 %—5 % and gradu-
ally increases to 10 %, ensuring that all of the limes are fully
removed while not destroying the specimens due to strong
reactions. In the lab, only 38 % of hydrofluoric (HF) is ap-
plied. Thus, compared to the high-concentration HF (up to
ca. 80 %) used in Estonia, the reaction with HF here in China
lasted for 2 weeks or longer, depending on the environmen-
tal temperature. After the HF reaction, the washed residues
were boiled with about 40 % HCI for about 10 min to half an
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hour to further purify the residues, which makes the follow-
ing picking process easier.

In total, about 2060 individuals were picked out, and all
of the specimens were observed under an Olympus infrared
biological microscope (BX53). Selected specimens were ex-
amined (about 550 specimens) and photographed (about 180
specimens) under a field emission scanning electron micro-
scope (Tescan Maia 3 GMU). All of the samples and speci-
mens were deposited at the Nanjing Institute of Geology and
Palaeontology, Chinese Academy of Sciences.

3.3 Data analyses

Network analysis (NA), a direct and efficient way to present
and analyse the inter-connections of data, has been more and
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more frequently applied in palaeontological investigations in
recent years, especially in palacogeography and palaeoecol-
ogy, and in identifying fauna communities and decoding their
evolutions (e.g. Sidor et al., 2013; Huang et al., 2017; Mus-
cente et al., 2018, 2019; Sun et al., 2022). This method is
applied in this study and tries to test the relationship be-
tween sections and chitinozoan taxa (nodes) and occurrences
(edges). In the NA, the average degree, graph density, and
modularity are important parameters to evaluate the relation-
ships between the nodes and edges. In short, in palaeogeo-
graphical analysis, more shared taxa lead to a higher graph
density and average degree and a lower modularity. More
detailed information about the principles and usage of the
NA can be found in Newman (2010) and Wang and Huang
(2020).

There are many ways and/or tools with which to conduct
NA nowadays. In this study, R project, a free and open-source
programming language, which is extensively used in data
analysis, is adopted. It incorporates a diverse range of built-in
layout and modularity algorithms, which enables convenient
analysis under varying conditions (Wang and Huang, 2020).
To improve the precision and accuracy of NA, we select a
variety of widely applied distribution algorithms and modu-
larity algorithms (Song et al., 2025). To present the results,
one of the most concise layouts, the Fruchterman—Reingold
algorithm, and two representative modularity algorithms, the
leading eigenvector and edge betweenness, are chosen. The
version of the R programming language used in this study is
4.5.0.

4 Results

All 19 samples from the Dawan Formation at Gudongkou
yielded relatively abundant chitinozoans, ranging from 0.23
to 6.92 specimens per gram of rock, with an average abun-
dance of 2.26 specimens per gram. Chitinozoans are well-
preserved. Although all specimens are flattened, most of the
morphologies are clearly presented. Following the latest clas-
sification system (Paris et al., 1999), 31 species of 13 genera
were recognised (Fig. 2, P1. 1-5), including the South China
biozonal index species Bursachitina maotaiensis (Chen in
Chen et al., 2009a; P1. 3, figs. 1-5) and Sagenachitina dapin-
gensis Chen in Chen et al., 2009b (PL. 5, figs. 1-11), as
well as biostratigraphical markers like Belonechitina pellif-
era (Eisenack, 1959; PL. 3, figs. 16-21), Belonechitina zhe-
jiangensis Tang in Tang et al., 2007 (P1. 3, figs. 11-13), and
Conochitina decipiens Taugourdeau and de Jekhowsky, 1960
(PL. 4, figs. 8-16). Three new taxa, Lagenochitina yangtzen-
sis sp. nov. (PL. 1, figs. 1-16), Conochitina clavatus sp. nov.
(PL. 2, figs. 10-16, 18), and Conochitina tenellensis sp. nov.
(PL. 2, figs. 1-7), are systematically described below.

https://doi.org/10.5194/jm-45-73-2026

Systematic descriptions of new taxa

Incertae sedis Group Chitinozoa Eisenack, 1931

Order Prosomatifera Eisenack, 1972

Family Conochitinidae Eisenack, 1931 emend. Paris, 1981
Subfamily Lagenochitininae Paris, 1981

Genus Lagenochitina Eisenack, 1931 emend. Paris, Grahn,
Nestor and Lakova, 1999

Lagenochitina yangtzensis sp. nov.
Pl 1, figs. 1-16, PL. 5, fig. 26?

Etymology. The word “Yangtze” refers to the region where
the taxa is proposed.

Diagnosis. A slender taxon of distinct lagenochitinids with
a maximum diameter in the lower—middle part of a pyriform
or drop-shaped chamber.

Holotype. Plate 1, fig. 14 (repository no. NIGPAS25-C01).

Paratype. Plate 1, fig. 6 (repository no. NIGPAS25-C02).

Locality and horizon. Lower Member of the Dawan For-
mation at Gudongkou (samples YXG-19 to YXG-26), Xing-
shan County, Yichang City, Hubei Province, Central China.

Materials and dimensions. The dimensions of Table 1
are based on 19 specimens measured with scanning elec-
tron microscopy (SEM) from YXG-19 to YXG-26 at the
Gudongkou section.

The dimensions of the holotype are 422um (L, total
length)-278 um (Lc, chamber length)-87/61 um (Dn/Dn?,
neck diameter)-154/123 um (Dc/DcP, chamber diameter).

Description. Test medium to large, ranging from 238 to
501 um, with an average value of 352 um in length. Necks
cylindrical, taking up about one-fifth to two-fifths of the to-
tal test length. The aperture could be slightly flaring or nar-
rowed. Flexure is obvious but broad, and shoulders are usu-
ally not developed. The chamber looks pyriform or drop-
shaped in flattened specimens, with flanks that are nearly par-
allel at the middle part of the chamber. The base is convex
to flat with an inconspicuous margin. Mucron could be ob-
served in some specimens (e.g. PL. 1, figs. 1, 3, 15, and 16);
however, sometimes it was not visible (e.g. Pl. 1, figs. 2 and
7). The largest diameter is located at the two-thirds part of
the chamber. The test length is about 3 times the test diam-
eter after applying the coefficient factor provided in Paris et
al. (2015). The test surface is glabrous.

Remarks. This species shares a quite distinctive outline
with the lagenochitinids. It somewhat resembles the North
American index species Lagenochitina pirum (Achab, 1982),
the Darriwilian taxon Lagenochitina praepirum Tang in Tang
et al., 2007, and the Early Ordovician taxon Lagenochitina
lata Taugourdeau and de Jekhowsky, 1960, in terms of test
size and general outline. However, the largest diameter of
L. lata is located at the middle part of the chamber, while
Lagenochitina yangtzensis sp. nov. shares a pear-shaped

J. Micropalaeontology, 45, 73-93, 2026
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Plate 1. A new chitinozoan taxon, Lagenochitina yangtzensis sp. nov., erected from the Dawan Formation at the Gudongkou section.
Specimens are from sample YXG-19 (9), sample YXG-20 (1, 11), sample YXG-21 (7, 12, 15, 16), sample YXG-22 (3, 13), sample YXG-23
(5), sample YXG-25 (8, 10, 14), and sample YXG-26 (2, 4, 6). The symbol * refers to the holotype appointed in this study. Figures (14a)
and (6a) are enlargements of the holotype and paratype, respectively. The scale bar of each black-and-white line segment represents 100 um,
except for that of 6a, which represents 50 pm.

Table 1. Biometric data (um) for Lagenochitina yangtzensis sp. nov. from the Gudongkou section. The abbreviations used are for total length
(L), chamber length (Lc), chamber diameter (Dc), and neck diameter (Dn). The correction factor of flattened tests follows Paris et al. (2015),
with a coefficient of 0.7 for the neck (marked by ) and 0.8 for the chamber (marked by b).

N=19 L Lc Dn Dn® Dc D Le/L L/De  L/DcP

Min. 238 164 67 47 107 85 0.62 2.14 2.67
Max. 501 340 108 75 203 163 0.79 2.83 3.54
Ave. 352 241 86 60 149 119 0.69 2.39 2.99
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Plate 2. Chitinozoans from the Dawan Formation at the Gudongkou section. (1-7) Conochitina tenellensis sp. nov., from samples YXG-19a
(1, 2, 7) and YXG-20 (3-6); (8-9) Lagenochitina sp. 4, from samples YXG-23 (8) and YXG-26 (9); (10-16, 18) Conochitina clavatus sp.
nov., from samples YXG-24 (18), YXG-26 (13), YXG-29A (10, 12), YXG-31 (14), YXG-33 (15), YXG-34 (16), and YXG-35 (11); (17)
Conochitina clavatus? sp. nov., from sample YXG-21; (19-21), Conochitina changyangensis Chen, 1994, from samples YXG-21 (19), YXG-
26 (20), and YXG-30 (21); (22) Conochitina exilis Bockelie, 1980, from sample YXG-33; (23-24, 27) Rhabdochitina gallica Taugourdeau,
1961, from samples YXG-29A (23, 27) and YXG-35 (24); (25, 26) Conochitina poumoti Combaz and Péniguel, 1972, from samples YXG-
33 (25) and YXG-34 (26). The asterisks refer to the holotypes appointed in this study. The scale bar for each black-and-white line segment

represents 100 um.

chamber, usually with the largest diameter at the lower part
of the chamber. L. yangtzensis sp. nov. differs from L. pirum
and L. praepirum mainly by occupying a smooth test, while
L. pirum is characterised by its cones or granules, which
have been further demonstrated by the nomenclature author
in Achab (1983), and L. praepirum is distinguished by its
micro-corrugated to felt-like ornamentations on the test. Be-

https://doi.org/10.5194/jm-45-73-2026

sides this, compared with L. yangtzensis sp. nov., L. pirum
shares a similar test size but has a shorter neck and a larger
chamber diameter, while L. praepirum shares a similar out-
line but with a slightly smaller test, ranging from 180 to
321 um in length (Tang et al., 2007). Notably, there are tran-
sitional specimens between L. pirum and L. yangtzensis sp.
nov. if the test ornamentation is ignored. For example, the

J. Micropalaeontology, 45, 73-93, 2026
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specimen presented at the type locality of L. pirum (fig. 4 in
pl. 3 in Achab, 1982) highly resembles the holotype desig-
nated for L. yangtzensis sp. nov. (PL. 1, fig. 14) in both test
outline and size. The slightly broken specimen of fig. 13 in
PL. 1 seems to share a relatively wider chamber with and,
therefore, has a similar outline to the holotype of L. pirum.
These two taxa share similar test outlines, and L. yangtzen-
sis sp. nov. appearing earlier in the uppermost Floian to early
Dapingian, while L. pirum is adopted as an index fossil for
the early Darriwilian (Achab, 1989; Webby et al., 2004); they
may have some affinities that are waiting to be recovered.
Some of the smaller specimens of L. yangtzensis sp. nov.
(PL. 1, figs. 1-5) also resemble some of the Lagenochitina
chonggingensis Chen in Chen et al., 2009a recovered in the
Lower Ordovician at the type locality (e.g. fig. 11 in pl. 1,
fig. 3 in pl. 2, and fig. 13 in pl. 24) in the general outline.
However, L. chonggingensis has a significantly smaller test
and generally has a shorter neck.

Occurrence. Lower and Middle members of the Dawan
Formation at Gudongkou, Yichang area, Central China.

Subfamily Conochitininae Paris, 1981

Genus Conochitina Eisenack, 1931 emend. Paris, Grahn,
Nestor and Lakova, 1999

Conochitina tenellensis sp. nov.
PL 2, figs. 1-7

Etymology. The Latin prefix “tenell-” means tender, refer-
ring to this taxon’s slender and thin test.

Diagnosis. Slender, medium-sized conochitinids with an
ogival base and a neck/chamber length of around 0.5.

Holotype. Plate 2, fig. 4 (repository no. NIGPAS25-C03).

Paratype. Plate 2, fig. 7 (repository no. NIGPAS25-C04).

Locality and horizon. Bottom part of the Dawan Formation
at Gudongkou (samples YXG-19a and YXG-22), Xingshan
County, Hubei Province, Central China.

Materials and dimensions. The dimensions shown in Ta-
ble 2 are based on 11 specimens measured with SEM images
from YXG-19a and YXG-20 at the Gudongkou section.

The dimensions of the holotype are 245 um (L)-174 um
(Lc)—42/30 um (Dn/Dn?)—66/53 um (Dc/DcP).

Description. Medium-sized test from 210 to 327 um. Test
slender, with a corrected L /Dc of around 4.4. Neck cylindri-
cal, flaring slightly towards the apertural. Chamber subcylin-
drical (Pl. 2, figs. 1, 7) to elongated ovoid (Pl. 2, figs. 2-6),
with a slightly convex flank. Flexure is obvious and wide,
and the neck is well differentiated from the chamber. The
chamber length is about twice that of the neck. The largest
width is located in the middle part of the chamber, about 1.6
times larger than the neck width after correction. The base
margin is inconspicuous, and the base is strongly convex to
ogival in shape (Pl. 2, fig. 4). Due to the preservations, some
of the bases seem to be flat (Pl. 2, figs. 5, 6) or truncate (Pl. 2,
fig. 3). Mucron could be observed at the base (Pl. 2, figs. 3,
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4). The test surface could be smooth (Pl. 2, figs. 1, 2, 6, 7)
or with felt-like structures (Pl1. 2, figs. 3-5). Around the base
margin, some specimens develop spongy-like structures (e.g.
PL. 2, fig. 3) and could be like discontinuous concentric striae
(e.g. PL 2, fig. 5).

Remarks. This new species has a relatively restricted bios-
tratigraphical range at the Gudongkou section, all from the
bottom part of the Dawan Formation. It co-occurred with
Conochitina decipiens in two samples. However, it is dis-
tinguished from the typical C. decipiens by its shorter and
slender form, and the quite distinctive ogival base. Its slender
and claviform test also resembles that of some of the previ-
ous conochitinids. However, the differences are also recog-
nisable. For instance, Conochitina redouanei Oulebsir and
Paris, 1993, has a more slender form with a ratio of L /Dp > 5
and a long neck that takes over half the total length. Cono-
chitina havliceki Paris and Mergl, 1984, shares a very similar
base with C. fenellensis sp. nov., but the latter has a slightly
shorter test and a significantly longer chamber and lacks the
minute fovea on the surface. C. havliceki reported from the
contemporaneous strata, i.e. the Meitan and the Zitai forma-
tions (pl. 9, fig. 10; pl. 20, fig. 6; pl. 22, fig. 17; pl. 37, fig. 12
in Chen et al., 2009a), shows a smaller test and a shorter neck
compared to the specimens reported from the type locality
in Bohemia. Conochitina changyangensis Chen, 1994, dif-
fers from C. tenellensis sp. nov by having a more cylindrical
chamber and a flat base. Conochitina sp. 2 reported in the
Kunda Regional stage in the Baldone drill core, Latvia (N&l-
vak et al., 2022), also shows a slender test and an ogival base,
resembling C. tenellensis sp. nov highly. It differs from the
latter by having an even slender form, with a corrective L /Dc
of around 6.

Occurrence. Lower Member of the Dawan Formation at
Gudongkou, Yichang area, Central China.

Conochitina clavatus sp. nov.
Pl 2, figs. 10-16, 18, 17?

Etymology. The Latin prefix “clavatus” means claviform,
referring to the test outline of this taxon.

Diagnosis. Medium to large slender conochitinids with a
claviform test outline and a diagnostic ogival base.

Holotype. Plate 2, fig. 12 (repository no. NIGPAS25-C05).

Paratype. Plate 2, fig. 16 (repository no. NIGPAS25-C06).

Locality and horizon. Almost reaches through the Dawan
Formation at Gudongkou and is more certain in the Middle
and Upper members of the formation (sample YXG-24 and
YXG-35), Xingshan County, Yichang area, Central China.

Materials and dimensions. The dimensions of Table 3
are based on eight specimens measured with SEM from the
Gudongkou section.

The dimensions of the holotype are > 397 um (L)-320 um
(Lc)-63/63 um (Dn/Dn?)—105/105 um (Dc/DcP).

Description. Claviform test, usually around 300-600 pum
in length. Flexure inconspicuous; therefore, it is not easy
to precisely distinguish the neck and chamber. Neck almost
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Table 2. Biometric data (um) for Conochitina tenellensis sp. nov. from the Gudongkou section. The abbreviations used are for total length
(L), chamber length (Lc), chamber diameter (Dc), and neck diameter (Dn). The correction factor of flattened tests follows Paris et al. (2015),
with a coefficient of 0.7 for the neck (marked by #) and 0.8 for the chamber (marked by b).

N=11 L Lc Dn Dn® Dc Dc® Le/L L/De L/DcP
Min. 210 132 42 30 64 51 059 274 3.42
Max. 327 215 63 44 88 71 074  4.00 5.00
Ave. 263 174 54 38 75 60 066  3.50 438

Table 3. Biometric data (um) for Conochitina clavatus sp. nov. from the Gudongkou section. The abbreviations used are for total length (L),
chamber length (Lc), chamber diameter (Dc) and neck diameter (Dn). The correction factor of flattened tests follows Paris et al. (2015), with
a coefficient of 0.7 for the neck (marked by ) and 0.8 to 1.0 for the chamber (marked by b).

N =8 L Lc Dn Dn* Dc D L¢/L L/De L/Dcb
Min. >273 234 41 41 64 64 070 331 3.48
Max. 558 491 107 97 157 128 089 507 5.05
Ave. =412 329 71 64 110 98 079  3.90 4.19

cylindrical and collar not preserved. Chamber claviform with
an inconspicuous basal margin and a distinctive ogival base.
Maximum diameter at the lower to lower—middle part of the
chamber, ranging from 64 to 128 um, about one-fifth to one-
quarter of the total length. Mucron could be well-preserved
in some specimens (e.g. PL. 2, figs. 11, 12). However, some-
times, it could not be observed (e.g. Pl. 2, figs. 14-16). The
surface is glabrous in general, but sometimes it could be
foveolate or felt-like, for example, the ornamentations on the
lower part of the chamber of fig. 16 in P1. 2.

Remarks. The preservation of this new taxon recovered
from the Dawan Formation at Gudongkou is not so good;
however, the main morphological features are presented and
are distinct enough for a new taxon. Despite the neck being
broken, the specimen (PL. 2, fig. 12) was designated as the
holotype because of its almost three-dimensional preserva-
tion, a middle-sized test, a relatively complete chamber, and
a well-preserved base with a mucron.

Conochitina clavatus sp. nov. shares a similar outline with
Conochitina langei Combaz and Péniguel, 1972, but differs
in terms of its diagnostic ogival base. Compared with Cono-
chitina changyangensis Chen, 1994, which is characterised
by its long conical test with a flat base, C. clavatus sp. nov.
is characterised by its claviform chamber and ogival base.
Conochitina tenellensis sp. nov. shows a similar ogival base
but has a smaller test and a longer neck. The specimen pre-
sented in fig. 17 in P1. 2 shows a similar outline and size to
that in fig. 18 in P1. 2; however, the diagnostic base could not
be observed due to the preservation. Conochitina havliceki
Paris and Mergl, 1984, also shows an ogival base but could
be easily distinguished by its significantly longer neck. The
nomenclature adopted for Conochitina clavatus sp. nov. re-
sembles that for Conochitina claviformis Eisenack, 1931,
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based only on its claviform test outline; no further relation
between the two taxa is suggested.

Occurrence. It reaches through the Dawan Formation at
the Gudongkou section.

5 Discussions

5.1 Systematical remarks

5.1.1 Morphological remarks on chitinozoans with

spines

The morphological features of spines appear in the upper part
of the Dawan Formation, from samples YXG-31 and YXG-
33. The spines recovered in sample YXG-31 are poorly pre-
served. As shown in the figures (Pl. 4, figs. 1-7), most spines
are broken, and only a few short, simple spines near the aper-
ture are fully presented. Most spine roots are longitudinally
arranged (PL. 4, figs. 1-5). The test outline could be classi-
fied into two groups: one with a distinct flexure and an ovoid
chamber, identified as Ramochitina sp. 1 (Pl. 4, figs. 1-2),
and another characterised by a broad flexure and a rod-like
chamber (PL. 4, figs. 3-5), more identical to hercochitinids
but differing by occupying an inconspicuous margin and a
convex base; a name of Hercochitina? sp. 1 is proposed tem-
porarily. The other group, presented in figs. 6 and 7 in Pl. 4,
shares a rod-like test, a longer neck, and an ogival base.
Moreover, the test is distinguished by evenly distributed sim-
ple spines. These are temporarily identified as Belonechitina
sp. 1. Notably, the test outline of Belonechitina sp. 1 resem-
bles Conochitina redouanei Oulebsir and Paris, 1993, highly
but differs in terms of the developing spines.

The longitudinally arranged spines disappear in sample
YXG-33. All of the spines are also poorly preserved, but the
roots show that they are randomly arranged. Three groups
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are recognised, including Belonechitina zhejiangensis Tang
in Tang et al., 2007 (Pl. 3, figs. 11-13), Belonechitina we-
senbergensis (Eisenack, 1959; Pl. 3, figs. 14-15), and Be-
lonechitina pellifera (Eisenack, 1959; PI. 3, figs. 16-20). B.
zhejiangensis, recognised at the Gudongkou section, highly
resembles the type materials reported from the Ningkuo For-
mation on the Jiangnan Slope, South China, which is char-
acterised by a tiny test with a rounded-square chamber and
a long neck (ca. two-fifths to one-half of the total length).
The specimens are partly filled with pyrite particles; there-
fore, the spines are not well-presented. However, the evenly
distributed simple spines could be clearly observed on the
test. B. wesenbergensis , recovered at the Gudongkou sec-
tion, is identical to those short forms of the group, i.e. B. we-
senbergensis brevis (Eisenack, 1972), as presented by Eise-
nack (1972) and Paris (1978). It differs from B. zhejian-
gensis by developing a slightly shorter neck and a larger
chamber. B. pellifera, recovered from the Gudongkou sec-
tion, highly resembles the holotype and the materials recov-
ered at the type locality. Both share a tiny rod-like test, with
a test length of around 150 um. The largest test diameter is
located in the lower part of the bulged chamber. The spines
of the Gudongkou specimens are not well-preserved due to
the filled pyrite particles. However, the spine remains could
show that these are, most probably, simple and bushy spines,
as in the type material.

5.1.2 Conochitina decipiens and Conochitina ordinaria

Conochitinids, one of the most common genera from the Or-
dovician to Silurian, are also one of the most challenging
groups to identify due to a lack of distinct morphological
features. In the Dawan Formation, conochitinids are abun-
dant and diverse. Seven species have been identified, includ-
ing Conochitina changyangensis Chen, 1994 (P1. 2, figs. 19—
21); Conochitina decipiens Taugourdeau and de Jekhowsky,
1960 (PL. 4, figs. 8-16); Conochitina poumoti Combaz and
Péniguel, 1972 (Pl. 2, figs. 25, 26); Conochitina exilis Bock-
elie, 1980 (Pl. 2, fig. 22); two new species, namely Cono-
chitina tenellensis sp. nov. (Pl. 2, figs. 1-7) and Cono-
chitina clavatus sp. nov. (Pl. 2, figs. 10-16, 18); and one
taxon in open nomenclature, Conochitina cf. decipiens (Pl. 4,
figs. 17-22).

Conochitina decipiens was first established from Sahara
drill cores, characterised by its large subcylindrical test with
a more or less convex flank in the lower part of the cham-
ber and with a flat base. The materials from the type locality
are distinguished by their medium to large test, about 350-
500 um in length, with the exception of a stout specimen
(pl. 4, figure 54 in Taugourdeau and de Jekhowsky, 1960),
which requires further discussion on its taxonomy. Some of
the subsequent reports show a more significant morpholog-
ical variation in terms of both test size and outlines within
the species (Rauscher, 1968; Chen et al., 2009b). Some of
the reports share a similar outline but with a smaller test size,
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around 300 um in length, such as the material from South
China (Chen and Zhang, 2005; Liang and Luan, 2019) and
northwestern Argentina (Achab et al., 2006; de la Puente
and Rubinstein, 2013). Here, at the Gudongkou section, the
Lower Member of the Dawan Formation, from sample YXG-
19 to YXG-23, yielded specimens identical to the type mate-
rials in terms of both size and outline (PL. 4, figs. 8—12). How-
ever, from the upper part of the Lower Member to the lower
part of the Upper Member for samples YXG-25 to YXG-31,
some short forms were obtained, with a test length of around
200 um (P1. 4, figs. 17-22). Both forms are characterised by
their conical test with a broad flexure, a convex chamber in
the lower part, and a flat base. Those short forms also highly
resemble Conochitina maclartii Combaz and Peniguel, 1972,
in terms of test outline and size. C. maclartii differs slightly
in having a less-rounded to blunt basal margin. At present,
Conochitina cf. decipiens is adopted for those short forms,
and further studies are required to explore the relationships
among those taxa.

Another medium to large conochitinid, Conochitina or-
dinaria Achab, 1980, established from the Levis Formation
in Quebec (Achab, 1980), shares quite similar morphologies
with Conochitina decipiens. The type material of C. ordi-
naria was defined as having a smaller size, a narrower neck,
and a narrower chamber to distinguish it from C. decipiens.
The holotypes of the two species are different; that is, the
holotype of C. ordinaria shows a more significant flexure
and a shorter neck than the holotype of C. decipiens. How-
ever, some of the other type materials (i.e. figs. 2, 4, and 6
in pl. 1 in Achab, 1980) develop a less differentiated neck,
which shows great morphological similarities to the type ma-
terials of C. decipiens. Besides, some representatives of C.
decipiens could have an even slender form (e.g. fig. 52 in
pl. 4 in Taugourdeau and De Jekhowsky, 1960), while some
individuals of C. ordinaria could also develop a relatively
wider chamber (e.g. fig. 6 in pl. 1 in Achab, 1980). Materials
from the Gudongkou section present all of those morpholo-
gies and morphotypes, i.e. forms identical to that of the typi-
cal C. decipiens (Pl. 4, figs. 8-9, 11) and forms of a more C.
ordinaria type (Pl. 4, figs. 10, 12). Moreover, the type mate-
rials from the two species all share a similar test length and
are almost from coeval strata. Therefore, these two species
seem to show more significant similarities than differences,
considering the morphological variations. Further revisions
are required to verify the relationship among those conochi-
tinids.

5.1.8 Sagenachitina dapingensis, S. oblonga, and
Cyathochitina? dispar

Sagenachitina dapingensis Chen in Chen et al., 2009b, is
characterised by its perforated carina below the margin. It
can be distinguished from Sagenachitina oblonga Benoit and
Taugourdeau, 1961, by its slender test with a longer neck. S.
dapingensis is widely recorded in the uppermost Floian to
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Plate 3. Chitinozoans from the Dawan Formation at the Gudongkou section. (1-5) Bursachitina maotaiensis Chen in Chen et al., 2009a,
with specimens from sample YXG-23 (1, 4, 5), sample YXG-20 (2), and sample YXG-19a (3); (6) Sphaerochitina sp. 1, from sample YXG-
29a; (7) Laufeldochitina sp. 1, from sample YXG-23; (8) Desmochitina minor Eisenack, 1931, from sample YXG-34; (9) Desmochitina
ornensis Paris, 1981, from sample AFI-1045a (PZ 167485); (10) Desmochitina? cf. erinacea Eisenack, 1931, from sample YXG-34; (11-13)
Belonechitina zhejiangensis Tang in Tang et al., 2007, from sample YXG-33; (14-15) Belonechitina wesenbergensis (Eisenack, 1959), from
sample YXG-33; (16-21) Belonechitina pellifera (Eisenack, 1959), from sample YXG-31 (21) and YXG-33 (16-20). The scale bar for each

black-and-white line segment on the left represents 100 um.

lower Darriwilian on the Yangtze Platform, as well as on the
Jiangnan Slope in South China (see the discussions in Liang
et al., 2019a). Specimens recovered from the Dawan Forma-
tion at the Gudongkou section are not perfectly preserved. As
shown in Pl. 5, figs. 1-11, the general morphology could be
quite different due to the carina being broken to differing de-
grees and due to the varying test size. Only a few specimens
are well-preserved, with a nearly complete and distinctive
perforated carina (e.g. PL. 5, fig. 1). Most of the specimens
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have a broken carina (e.g. PL. 5, figs. 3, 5, 10, 11) or only have
narrow carina remains on the margin (e.g. PL. 5, figs. 2, 4, 6,
7-9). Those broken specimens without any perforated carina
could be more like a cyathochitinids rather than a sagena-
chitinids if the intraspecific morphological variation and the
preservation have been overlooked.

Both Sagenachitina oblonga (Benoit and Taugourdeau,
1961) and Cyathochitina dispar Benoit and Taugourdeau,
1961, were established from the Middle Ordovician strata
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Plate 4. Chitinozoans from the Dawan Formation at the Gudongkou section. (1-2) Ramochitina sp. 1, from sample YXG-31; (3-5) Herco-
chitina? sp. 1, from sample YXG-31; (6-7) Belonechitina sp. 1, from sample YXG-31; (8-16) Conochitina decipiens Taugourdeau and de
Jekhowsky, 1960, from sample YXG-19 (13, 16), YXG-19a (12), YXG-21 (8, 9, 11, 14, 15), and YXG-23 (10); (17-22) Conochitina cf.
decipiens Taugourdeau and de Jekhowsky, 1960, from sample YXG-23 (19), YXG-25 (18), YXG-26 (22), YXG-28 (20), and YXG-30 (17,
21); (23-25) Rhabdochitina gallica Taugourdeau, 1961, from samples YXG-19 (24), YXG-20 (23), and YXG-21 (25). Each black-and-white

line segment on the left side represents 100 um.

in the Sahara. These two taxa are highly similar in terms
of both test size and outlines. The only difference between
them is that one has a distinctive perorated carina, while the
other develops a narrow carina, the same situation as ob-
served here for Sagenachitina dapingensis, for instance, the
look-so-different carina in figs. 1 and 2 in PI. 3. Noteworthy
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is that Sagenachitina striata (Benoit and Taugourdeau, 1961)
and S. striata elongata (Benoit and Taugourdeau, 1961) were
also reported from the same samples as S. oblonga but dif-
fer in terms of the developing longitudinal ridges around the
flexure. S. striata elongata is erected due to its even elon-
gated chamber. Similar morphological variation could also
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Plate 5. Chitinozoans from the Dawan Formation at the Gudongkou section. (1-11) Sagenachitina dapingensis Chen in Chen et al., 2009b,
from sample YXG-29a (3), sample YXG-32 (1, 7-10), sample YXG-34 (5, 11), and sample YXG-35 (2, 4, 6); (12-15, 27, 28). Cyatho-
chitina? dispar Benoit and Taugourdeau, 1961, from sample YXG-30 (14, 15) and sample YXG-31 (12, 13, 27); (16-18) Cyathochitina
campanulaeformis (Eisenack, 1931), from sample YXG-29a (16) and sample YXG-32 (17, 18); (19-21) Lagenochitina ovoidea Benoit and
Taugourdeau, 1961, from sample YXG-19a (21) and sample YXG-26 (19, 20); (22) Lagenochitina sp. 1, from sample YXG-19; (23-24)
Lagenochitina obeligis Paris, 1981, from sample YXG-23 (24) and sample YXG-27 (23); (25) Lagenochitina sp. 3, from sample YXG-26;
(26) Lagenochitina yangtzensis sp. nov.?, from sample YXG-21; (29) Lagenochitina sp. 2, from sample YXG-23 (31); (30) Euconochitina
lepida (Jenkins, 1967), from sample YXG-31; (31) Lagenochitina sp. 4?, from sample YXG-23. The scale bar for each black-and-white line

segment represents 100 um.

be observed in S. dapingensis , as well as in some other
groups. Therefore, we agree with Paris (1981) that S. stri-
ata, together with S. striata elongata, should be treated as a
junior synonym of S. oblonga.

Sagenachitina dapingensis differs from S. oblonga in its
development of a slender test with a longer neck. However,
with more data accumulated and the morphological variation
decoded, there are relatively stout forms in S. dapingensis,
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e.g. fig. 4 in Pl. 5, taken from the Dawan Formation at the
Gudongkou section; fig. 5B and D, taken from the Meitan
Formation at the Honghuayuan section (Liang et al., 2019a);
and figs. 20 and 21 in pl. 5, taken from the Meitan Forma-
tion at the Songlin section (Chen et al., 2009a). At the same
time, the relatively slender forms of S. oblonga, originally
nominated as S. striata elongata (Benoit and Taugourdeau,
1961), shows a highly similar morphology to that of typical
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S. dapingensis. A panorama of the morphological variation
at the type locality of S. oblonga could be useful in further
figuring out whether they belong to one taxon.

In summary, Sagenachitina striata, as well as S. striata
elongata, should belong to the same taxon as Sagenachitina
oblonga. Therefore, the usage of S. striata should be aban-
doned. It is most probable that Cyathochitina dispar also be-
longs to S. oblonga. Sagenachitina dapingensisi may, most
probably, also be a junior synonym of S. oblonga; however,
a re-study of the type material of S. oblonga is required be-
fore making the final decision.

5.2 Biostratigraphical remarks on the chitinozoans from
the Dawan Formation

As a classical and widespread lithological unit, the Dawan
Formation has a relatively solid research foundation regard-
ing its geographic distribution and lithology (Chen and Zhan,
2006, and references therein). Palaeontological studies on the
main marine groups, such as brachiopod, trilobite, grapto-
lites, conodonts, acritarchs, and chitinozoans, from this for-
mation have already been published (e.g. Tongiorgi et al.,
1998; Chen et al., 2003, and references therein; Chen and
Zhan, 2006; Zhou and Zhou, 2019). In 2009, based on pio-
neer works and a series of detailed biostratigraphical stud-
ies on the Lower Member of the Dawan Formation at the
Huanghuachang section, the GSSP for the base of the Middle
Ordovician Series and the Dapingian Stage had been ratified
by ISOS and ICS at the horizon 10.57 m above the base of
this formation, consistently with the first appearance datum
(FAD) of the conodont species Baltoniodus triangularis.

The chronostratigraphy of the Dawan Formation at the
Gudongkou section is mainly based on unpublished con-
odont data provided by Jianbo Liu at Peking University,
whose team has conducted extensive work at this sec-
tion. In total, five conodont biozones are recognised in the
Dawan Formation and are listed here in ascending order: the
Oepikodus evae, the Baltoniodus triangularis, the Baltonio-
dus navis, the Baltoniodus norrlandicus, and the Lenodus an-
tivariabilis biozones (Fig. 2). These are consistent with the
general understanding of the age of the formation, ranging
from late Floian to early Darriwilian.

Two index chitinozoans, Bursachitina maotaiensis (Chen
in Chen et al., 2009a) and Sagenachitina dapingensis Chen in
Chen et al., 2009b, were recovered from the Gudongkou sec-
tion. However, there is a gap between the ranges of the two
species, which requires further studies to fill the gap by col-
lecting more data. Discussions on some other chitinozoans
which have relatively restricted stratigraphical distributions
and distinct morphologies, such as Conochitina decipiens,
Belonechitina zhejiangensis, and Belonechitina pellifera, are
also briefly presented.
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5.2.1 Bursachitina maotaiensis

Bursachitina maotaiensis (Chen in Chen et al., 2009a) was
erected as a desmochitinids in its original description and
later was reassigned to Bursachitina by Liang et al. (2019a)
due to its conical chamber. It has been recorded in the upper
Lower Member and Middle Member of the Meitan Forma-
tion, the Lower Member of the Zitai Formation, and the lower
part of the Hungshihyen formations (Liang et al., 2019a,
and references therein; Liang and Luan, 2019; Liang et al.,
2020a), mainly corresponding to the late Floian. Notably, it
also extends into the Upper Member of the Meitan Formation
at Songlin (Chen et al., 2009a), and so it may require further
study to confirm its validity. It was put forward as a zonal
taxon for this interval by Liang and Tang (2016b), above the
Euconochitina symmetrica Biozone and an unnamed interval
and just below the Sagenachitina dapingensis Biozone.

At the Gudongkou section, Bursachitina maotaiensis is
recorded in the Lower Member of the Dawan Formation,
with limited occurrences in samples YXG-19a, YXG-20, and
YXG-23. It corresponds to the upper part of the Oepiko-
dus evae Biozone and the lower part of the Baltoniodus tri-
angularis Biozone, indicating the latest Floian to the earli-
est Dapingian age. Notably, chitinozoans from the Dawan
Formation in three other sections have been investigated
(Chen et al., 2009a; also listed in Liang et al., 2019a); how-
ever, B. maotaiensis has not been recorded previously. At
Gudongkou, it co-occurred with some widely distributed
Early to early Middle Ordovician chitinozoans, such as
Conochitina decipiens; Desmochitina ornensis Paris, 1981;
Lagenochitina ovoidea Benoit and Taugourdeau, 1961; L.
obeligis Paris, 1981; and two newly established taxa, Cono-
chitina tenellensis sp. nov. and Lagenochitina yangtzensis sp.
nov.

5.2.2 Sagenachitina dapingensis

Sagenachitina dapingensis, a quite distinct taxon in terms
of morphology and stratigraphy, was designated as a zonal
taxon by Chen et al. (2009a). It was originally assigned to
the late Dapingian to the latest middle Darriwilian according
to composite ranges by applying graphic correlation based
on 83 species of 16 genera from seven Lower and Middle Or-
dovician sections in South China. However, the estimated age
for the biozone is inconsistent with the stratigraphical ranges
of Sagenachitina dapingensis, which are mainly reported
from the Upper Member and sometimes appear in the upper
Middle Member of the Meitan, Dawan, and Zitai formations
and the upper parts of the contemporaneous Ningkuo Forma-
tion (Liang et al., 2019a, and references therein), mainly cor-
responding to the lower Dapingian to the lower Darriwilian.
Stratigraphically, S. dapingensis could reach into the lower
part of the Shihtzupu Formation, overlying the Meitan For-
mation at the Honghuayuan section (Liang et al., 2018).
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At the Gudongkou section, Sagenachitina dapingensis ap-
pears near the bottom of the Upper Member of the Dawan
Formation and reaches to the top of this formation, cor-
responding to the upper Baltoniodus navis to the upper
Lenodus antivariabilis conodont biozones, ranging from the
middle Dapingian to the lower Darriwilian, which is slightly
younger than previously known (Liang et al., 2016b, 2019a).
However, this is due to the age assignment of the Mid-
dle Member of the formations. Moreover, the Middle Mem-
ber is restricted than previously published in Liang et al.
(2019a), and therefore the FAD of S. dapingensis slightly
moved upward into the bottom of the Upper Member. At the
Gudongkou section, S. dapingensis co-occurred with chiti-
nozoans more common in the Middle to the lower Upper
Ordovician, such as Belonechitina pellifera, Belonechitina
wesenbergensis, Belonechitina zhejiangensis, Conochitina
poumoti, and Desmochitina? cf. erinacea Eisenack, 1931.

5.2.3 Conochitina decipiens

Conochitina decipiens was first reported from the Sahara
drill core (Taugourdeau and de Jekhowsky, 1960), which
failed to give out a lithological unit and only provided a
rough age ranging from Ordovician to Gotlandien (late Sil-
urian). According to Paris and Mergl (1984), the sample,
which is 18 m below Conochitina decipiens, yielded Eucono-
chitina symmetrica (Taugourdeau and de Jekhowsky, 1960);
Lagenochitina esthonica Eisenack, 1955; and Eremochitina
pellucida (Benoit and Taugourdeau, 1961), which suggests
an age of Arenig (Floian to early Darriwilian). In South
China, C. decipiens is widely recorded in the Lower and
Middle members of the Meitan, Dawan, and Zitai forma-
tions, suggesting an age of early Floian to early Dapingian
(Liang et al., 2019a). Notably, it sometimes extends into the
upper part of the underlying Hunghuayuan Formation (Liang
et al., 2018), above the occurrence of the index fossil Eu-
conochitina symmetrica.

Here, at the Gudongkou section, the large and typical
forms of C. decipiens (Pl. 4, figs. 8-12) were recovered
from the Lower Member of the Dawan Formation from sam-
ples YXG-19 to YXG-23. Two samples, YXG-17 and YXG-
18, have been studied at Gudongkou from the underlying
Hunghuayuan Formation; however, no C. decipiens has been
reported (Liang and Luan, 2019). Future studies could be
conducted on the upper part of the formation, above the
strata yielding E. symmetrica, to further test the FAD of
the taxa. The chronostratigraphical range of C. decipiens at
Gudongkou is consistent with previous records, suggesting a
late Floian to early Dapingian age. Its FAD coincides with
the FAD of Lagenochitina yangtzensis sp. nov. and Rhabdo-
chitina gallica Taugourdeau, 1961, and is slightly earlier than
that of Bursachitina maotaiensis, Conochitina tenellensis sp.
nov., Conochitina clavatus sp. nov., Conochitina changyan-
gensis, Desmochitina ornensis, and Lagenochitina obeligis.
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5.2.4 Belonechitina zhejiangensis and Belonechitina
pellifera

Belonechitina zhejiangensis was first reported in the Ningkuo
Formation on the Jiangnan Slope, South China (Tang et al.,
2007), corresponding to the Undulograptus austrodentatus
graptolite Biozone in the lower Darriwilian. The specimens
recovered from Gudongkou share almost the same morpho-
logical features and the same test size as the type materials.
Here, at the Gudongkou section, it is reported from only one
sample in the Upper Member of the Dawan Formation.

Belonechitina pellifera was first erected from the Schroe-
teri limestone in Oland and the Echinosphaeriten limestone
in Estonia (Aseri to Uhaku regional stages, middle to upper
Darriwilian; Eisenack, 1959, 1968) and was later reported in
the Seby to the Dalby limestone (upper Darriwilian to Sand-
bian) in Oland, Sweden (Grahn, 1981); the uppermost Aseri
to Lasnamagi (middle Darriwilian), with a possible record
in the middle Uhaku (uppermost Darriwilian) in the Kerguta
drill core of Estonia (Nodlvak and Bauert, 2006); and in the
upper Lasnamagi (upper Darriwilian) in southern Lithuania
(Stouge et al., 2016). The disappearance of abundant B. pel-
lifera is suggested to be a marker to trace the lower boundary
of the Uhaku Regional Stage (topmost Darriwilian) in NW
Estonia (Tammekind et al., 2010). At the Gudongkou sec-
tion, it was recovered from sample YXG-33 in the Upper
Member of the formation, co-occurring with Belonechitina
zhejiangensis. It becomes the oldest record, with an age of
the latest Dapingian, compared with its common distribution
in the Middle and Upper Ordovician in Baltica.

5.3 Remarks on palaeogeographical significance

Chitinozoans have been adopted as one of the useful bios-
tratigraphical markers in the Ordovician to Devonian sys-
tems (Gradstein et al., 2012, 2020). However, in the Ordovi-
cian System, the most widely adopted biozonal sequences
vary among different palaeoplates. For instance, there are
24, 17, and 18 chitinozoan biozones during the entire Or-
dovician in North Gondwana, Baltica, and North America,
respectively (Achab, 1989; Paris, 1990; Nolvak and Grahn,
1993; Paris et al., 2004; Cooper et al., 2012; Goldman et
al., 2020). None of the biozonal species is shared among
the three major continents. Two index species (Lagenochitina
destombesi, Lagenochitina dalbyensis) are adopted in North
Gondwana and Baltica, two (Spinachitina taugourdeaui, Be-
lonechitina gamachiana) are adopted in Baltica and North
America, and only one (Euconochitina symmetrica) is shared
between North America and North Gondwana. It seems that
chitinozoans do have some palaeobiogeographical signifi-
cance; however, no specific studies have been carried out,
and little is known about them. Until quite recently, a study
carried out on the Yangtze Platform showed that some chiti-
nozoan taxa seem to have environmental preferences (Liang
et al., 2019a). In order to further test their significance
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Figure 3. Network analysis of chitinozoan assemblages from the Dawan Formation and its contemporaneous units on the Yangtze Platform.
D1 to D3 refer to the Dawan Formation at the Huanghuachang, Chenjiahe, and Gudongkou sections, respectively; M1 to M3 refer to the
Meitan Formation at the Songlin, Yanjinhe, and Honghuayuan sections, respectively; Z1 to Z3 refer to the Zitai Formation at the Moshiao,

Wangjiazhai, and Xiangshuidong sections, respectively.

in palaeoenvironments, the network analysis is introduced
herein, for the first time, to test the inter-similarities and
inter-differences of the chitinozoan assemblages recovered
from different palacoenvironments.

Different lithological units in the same time interval rep-
resent different palaeogeographical settings and different
palaeoenvironments. A total of 110 species from the Dawan,
Zitai, and Meitan formations of nine sections (Table 4) on the
Upper Yangtze Platform are used in the network analysis. All
data are adopted without any systematical revision, except
for the data from the Zitai Formation in the Xiangshuidong
section, which has an extremely low abundance and diversity.
Brief systematic remarks are provided in Table 5.

The result shows that, except for the Xiangshuidong sec-
tion, the data volume of each section remains almost con-
sistent (Table 4), as also indicated by a similar size of those
central nodes in Fig. 3. The NA diagram without any modu-
lar algorithm based on all unsorted data (Fig. 3a) shows that
the average degree is 4.1008, and the graph density is 0.0348.
NA diagrams with the leading eigen and the edge between-
ness modular algorithms cluster the chitinozoans into four
communities (Fig. 3b, ¢), and D3 is recognised as a relatively
independent community. D1 and D2 could be recognised as
a single community or merged together with Z1, Z2, M1, and
M2. M3 and Z3 could be classified as separate communities
or taken as one group under different modular algorithms.
A dataset, which only includes determined taxa, with a total
number of 71 species, is also built for network analysis and
shows more interesting results (Fig. 3d—f). With the leading
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eigen modular algorithm, chitinozoans from the three litho-
logical units published by Chen et al. (2009a, b) are well-
differentiated from each other; however, D3 and M3, system-
atically identified by another group, are classified as a sin-
gle community. In the edge betweenness modular algorithm,
D3 and M3 are recognised as two independent communities,
while the rest are grouped as one. For Z3, which has a low di-
versity, the location changes with different datasets and mod-
ular algorithms (Fig. 3b, d, e, f).

Here, there are at least three points worthy of being paid
attention to: (1) it seems that the chitinozoan assemblages are
more likely to be closely related when identified by the same
group, and these differences could weigh even more heav-
ily than those resulting from different palacoenvironments.
(2) The data volume is vital for quantitative analysis. The
location of the chitinozoans from the Zitai Formation at Xi-
angshuidong (Z3) varies quite a lot in the NA diagram, most
likely due to its limited dataset. (3) Both the distribution and
the chitinozoans of the Zitai Formation require further study,
especially in the transitional areas. The Youyang District,
where Z1 and Z2 are located, was thought to deposit the Mei-
tan Formation in Wu et al. (2007), but it seems to show more
similarities with the Zitai Formation in terms of both lithol-
ogy and chitinozoan assemblages. According to the litholog-
ical descriptions of the Zitai Formation at Moshiao (Z1) in
Chen et al. (2009a), the majority of the formation is of a
greyish-green siltstone interbedded with thin-bedded mud-
stone and nodular limestone, which is quite similar to the
Meitan Formation. However, purple strata, which are taken

https://doi.org/10.5194/jm-45-73-2026



Y. Liang et al.: Early—-Middle Ordovician chitinozoans from the Dawan Formation 89

Table 4. General information on previously published chitinozoan data from the Dawan Formation and its contemporaneous lithological

units.

Symbol  Locality Formation Reference Diversity Data process

D1 Huanghuachang, Yichang Dawan Chen et al. (2009a, b) 30 Adopted directly
D2 Chenjiahe Yichang Dawan Chen et al. (2009a, b) 23 Adopted directly
D3 Gudongkou, Yichang Dawan This study 31 Adopted directly
Ml Songlin, Zunyi Meitan Chen et al. (2009a) 31 Adopted directly
M2 Yanjinhe, Renhuai Meitan Chen et al. (2009a) 30 Adopted directly
M3 Honghuayuan, Tongzi Meitan Liang et al. (2018) 37  Adopted directly
Z1 Moshiao, Heishui Zitai Chen et al. (2009a) 29  Adopted directly
72 Wangjiazhai, Youyang Zitai Chen et al. (2009a) 25 Adopted directly
Z3 Xiangshuidong, Songzi Zitai Liang and Tang (2016a) 7 Minor revision

Table 5. Systematical remarks on the taxonomy of the Zitai Formation at Xiangshuidong, Songzi, South China. The chitinozoan lithological
ranges are provided in Liang and Tang (2016a), and some of the SEM images are presented in a PhD thesis (Liang, 2015).

Taxa listed in the text — fig. Sin ~ SEM images presented  Systematical remarks
Liang and Tang (2016a) in Liang (2015), PhD
thesis
Sagenachitina dapingensis pl. 7, figs. 14, 15 -
Conochitina raymondii? pl. 14, figs. 16, 17 Revised as Conochitina decipiens.
Conochitina sp. 2 pl. 16, figs. 11-14 Also reported in the Meitan Formation at Honghuayuan.
Ordochitina so. 2 pl. 15, fig. 9 -
Conochitina sp. 7 pl. 15, figs. 3, 8 Figure 8 might be broken pieces, not considered here.

Conochitina sp. 8 -
Ollachitina sp. 1 -

Resembles Conochitina cf. decipiens.

as one of the critical characters for the Zitai Formation, ap-
pear in the middle limestone member and the lower clastic
member. At the Wangjiazhai section (Z2), the 5.3 m thick
middle limestone member is mainly purple in colour, and
the clastic deposits of the Upper Member are also of mixed
colours with purple and yellowish-green. Moreover, the chiti-
nozoans show a closer relationship with the Meitan Forma-
tion (M1 and M2) than the Zitai Formation at Xiangshuidong
(Z3), where the lithology confirms a typical representative of
the Zitai Formation. In this study, no update to the distribu-
tion of the lithological units is made since the geographical
boundary of the two formations has not been fully settled.

To sum up, this trial tries to test whether network analysis
could be applied to chitinozoans and whether chitinozoan as-
semblages have palaeoenvironmental significance. The result
seems to be positive. However, further studies are required,
with a more complete and solid dataset, to reveal more infor-
mation about the palacogeography, palacoecology, and fauna
changes of chitinozoans.

6 Conclusions

This work targets chitinozoans from the Dawan Forma-
tion, of the topmost Lower to Middle Ordovician, at
the Gudongkou section in the Yichang area. Four main
new insights are achieved after a traditional systematic—
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biostratigraphical study on chitinozoans and the application
of network analysis to chitinozoan data from the Dawan For-
mation and its contemporaneous units.

1. A diverse and well-preserved chitinozoan assemblage
is documented, including 31 species and 13 genera,
amongst which three taxa are new: Conochitina clava-
tus sp. nov., Conochitina tenellensis sp. nov., and
Lagenochitina yangtzensis sp. nov. Since the system-
atical identification is highly subjective, five plates are
presented herein for all taxa recognised in this paper,
amongst which quite a few images show the morpho-
logical variation of some particular taxa.

2. Systematic remarks are provided for some morphologi-
cally similar groups, such as Conochitina decipiens—C.
ordinaria and Sagenachitina dapingensis—S. oblonga-
S. striata—Cyathochitina? dispar. Systematical work on
type material or on specimens from the type sections
of those taxa is required to further document their mor-
phology and, most probably, to make revisions if neces-
sary.

3. As useful biostratigraphical markers, the stratigraphical
distributions of some key taxa are summarised and dis-
cussed, allowing an age estimation for the Dawan For-
mation and its coeval rocks. The index fossils of two
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chitinozoan biozones, the Bursachitina maotaiensis and
the Sagenachitina dapingensis biozones, are recorded.
Despite a gap occurring between the two lithographical
ranges of the two taxa, the two biozones could be ap-
plied for general correlations.

4. Network analysis is introduced for the first time in
chitinozoan studies, with the goal of checking whether
there are significant differences in chitinozoan assem-
blages in different lithological units representing differ-
ent palaeoenvironments. The preliminary result shows
that chitinozoan communities vary among different
lithological units. However, it also shows that the sub-
jective identification weighs quite a lot and has a con-
siderable impact on the result. This attempt indicates
that exploring the palacogeography and palaeoecology
of chitinozoan communities could be a new research in-
terest, but it should be with the precondition of a solid
dataset.
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