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Abstract: Meiofaunas are important ecological players in modern marine ecosystems, but their Cam-
brian fossil record is rather poor, even in some of the best-known Lagerstätten, such as the Burgess 
Shale biota, which are typically dominated by macroscopic animals. In this regard, the Upper Cam-
brian Wangcun Lagerstätte in South China is unusual in its richness in meiofaunal animals. Here, we 
described new material of three-dimensionally phosphatized meiofaunal bivalved arthropods from 
a single horizon in the Paibian Stage, Furongian Series of Wangcun section, Western Hunan, South 
China. New bivalved arthropods include Albrunnicola bengtsoni (bradoriid), Mengdongella elliptica 
gen. et sp. nov., and an indeterminate phosphatocopine Gen. et sp. indet. The new discovery extends 
the stratigraphic and geographic ranges of A. bengtsoni, which was previously only known from Lower 
Cambrian strata of Australia and Antarctic. The shield of A. bengtsoni bears pits that might have 
facilitated respiration or sensing. Mengdongella elliptica is a new bivalved arthropod of uncertain 
affinity, with antero-dorsal spines functioning as sensory organs. These new findings highlight the 
importance of the Orsten-type taphonomic window in revealing the diversity of meiofaunal ecdyso-
zoans in Cambrian oceans.

Key words: Orsten-type preservation, bivalved arthropods, meiofauna, Paibian Stage, Furongian 
Series, Wangcun Lagerstätte, South China.

1. Introduction

Ecdysozoan animals (Aguinaldo et al. 1997) have a 
reasonably good fossil record because of their recal-
citrant cuticles that are resistant to taphonomic decay. 
In Cambrian Konservat-Lagerstätten with exception-
ally preserved fossils, for example Burgess Shale-type 
Lagerstätten, ecdysozoan animals are with no doubt 
the most abundant and diverse (Conway morris 1986; 
Zhao et al. 2010, 2014). In typical Burgess Shale-type 
Lagerstätten, such as the Early Cambrian Chengjiang 
biota (Hou et al. 2004; Chen 2004) and the Middle 
Cambrian Burgess Shale biota (Gould 1989; Briggs et 
al. 1994), macroscopic animals are dominant and they 
are typically preserved in flattened two-dimensional 

manners (Gaines et al. 2008). In contrast, Orsten-type 
Lagerstätten tend to preserve microscopic (generally 
between 100 µm and 2 mm) and cuticle-bearing ec-
dysozoans in three dimensions through the impregna-
tion or encrustation of cuticles by calcium-phosphate 
(Müller & Walossek 1985, 1991; Maas et al. 2006). 
Hence, Orsten-type fossils, along with small carbo-
naceous fossils (SCFs; Harvey & Butterfield 2008, 
2016; Butterfield & Harvey 2011; Harvey & Pedder 
2013; Harvey et al. 2012a, b), complement typical Bur-
gess Shale-type Lagerstätten and provide a rare win-
dow onto meiofaunal ecdysozoans in Cambrian oceans.

Orsten-type Lagerstätten are important because 
they capture microscopic ecdysozoans that are rare 
in classical Burgess Shale-type Lagerstätten. For ex-
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ample, there are no convincing crustaceans in classical 
Burgess Shale-type Lagerstätten, although meiofaunal 
crustaceans are abundant and diverse in the Orsten-
type Lagerstätten (Maas et al. 2006) and small car-
bonaceous fossil assemblages (Harvey & Butterfield 
2008; Butterfield & Harvey 2011; Harvey & Ped-
der 2013; Harvey et al. 2012a, b). As another example, 
some of the oldest known cycloneuralian fossils are 
found in Orsten-type preservation (Liu et al. 2014; 
Zhang et al. 2015; Shao et al. 2016), and these fossils 
provide key insights into the origin and early divergence 
of cycloneuralians and ecdysozoans. Thus, Orsten-type 

Lagerstätten (or, in general, three-dimensionally phos-
phatized biotas) need to be scrutinized very closely to 
uncover the Cambrian diversification of ecdysozoans, 
particularly if many early ecdysozoans may have been 
meiofaunal (Harvey & Butterfield 2016).

Here, we describe new three-dimensionally phos-
phatized bivalved arthropods from Paibian Stage (Up-
per Cambrian) of Wangcun section in Western Hunan 
Province of South China. The new material represents 
part of a Cambrian meiofauna dominated by ecdyso-
zoans and inarticulate brachiopods.

Fig. 1. Location map and stratocolumn of the Wangcun section in Western Hunan, South China. The key fossil horizon yield-
ing the present material is denoted by an arrow, about 650 m above the base of the Huaqiao Formation. Ao, Aoxi Formation; 
Sh, Shenjiawan Formation. Revised from Dong et al. (2005a).
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Fig. 2. A-F – Albrunnicola bengtsoni Hinz-Schallreuter, 1993 from the Upper Cambrian of Wangcun section. A, 
NIGP160499, left lateral view; B, NIGP165204, left lateral view; C, NIGP165191, left lateral view, area in rectangle is 
enlarged in Fig. 3A; D, NIGP165192, left lateral view, area in rectangle is enlarged in Fig. 3B; E, NIGP165189, left lateral 
view, areas in rectangles 1 to 5 are enlarged in Fig. 3C-G; F, NIGP165190, right lateral view. Scale bar applies to all images.
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2. Materials and methods

The specimens illustrated in this paper are housed at Nan-
jing Institute of Geology and Palaeontology (NIGP), Chinese 
Academy of Sciences. They were recovered from the Bitiao 
Formation at Wangcun section, Western Hunan, South China 
(Fig. 1). The key horizon yielding the present specimens is 
a thin-bedded and dark gray limestone that occurs 650 m 
above the base of the Huaqiao Formation (Fig. 1). Based on 
conodont biostratigraphy (Dong & Zhang 2017), this horizon 
is part of the conodont Westergaardodina cf. calix-Proone-
otodus rotundatus Zone, belonging to the Paibian Stage of 
the Furongian Series (Peng et al. 2012). This horizon has 
previously yielded abundant fossil embryos of Markuelia hu-
nanensis (Dong et al. 2004, 2005b, 2010; Dong 2007, 2009), 
trunk fragments of palaeoscolecids (Duan et al. 2012; Duan 
& Dong 2013), and a single Type-A larva in Orsten-type 
preservation (Zhang et al. 2016).

Rock samples from the key horizon at Wangcun section 
(Fig. 1) were collected and processed in NIGP. The rock 
samples were first crushed into walnut-sized pieces (2-3 cm 
in diameter), and then dissolved in acetic acid following pro-
cedures described by Müller (1985). Rock fragments were 
immersed in diluted acetic acid (~10%), and residues were 
retrieved regularly after three days of reaction in summer 
(environment temperature around 40 °C). The residues were 
dried naturally, and microfossils were handpicked under an 
Olympus SZ binocular microscope. We obtained abundant 
three-dimensionally phosphatized ecdysozoans, including 
fossil embryos assignable to Markuelia, cuticular fragments 
of palaeoscolecids, and bivalved arthropods, together with 
other microfossils such as sponge spicules and abundant 
inarticulate brachiopods. The current paper focuses on the 
bivalved arthropods only.

Selected microfossils were mounted on aluminum stubs 
for observation under an LEO1530VP field-emission envi-
ronmental scanning electron microscope (SEM) at NIGP, 
and the figures were processed using Adobe Photoshop CS5.

3. Systematic palaeontology

Arthropoda sensu lato sensu Maas et al., 2004
Phylum Arthropoda v. siebold, 1848

Class uncertain
Order Bradoriida Raymond, 1935

Family Hipponicharionidae Sylvester-Bradley in 
Benson, 1961

Genus Albrunnicola Martinsson, 1979,

Type species: Longispina oelandica Andres 1969.

Albrunnicola bengtsoni Hinz-Schallreuter 1993
Figs. 2, 3

1986 Hipponicharion sp. – Gazdzicki & Wrona, fig. 7e.
1990 Hipponicharion sp. – Bengtson in Bengtson et al., 

p. 325, fig. 207A.
1993 Albrunnicola bengtsoni n. sp. – Hinz-Schallreuter, 

p. 424.
2001 Albrunnicola bengtsoni. – Melnikova in Gravestock 

et al., p. 210, fig. 26a, b.
2006 Albrunnicola bengtsoni. – Skovsted et al., p. 26, fig. 

10A-H.
2007 Albrunnicola bengtsoni. – Topper et al., p. 85, fig. 

10A-K.
2009 Albrunnicola bengtsoni. – Wrona, p. 357, figs. 5A, B, 

6A-D, 7A-D, 8A, B, 9A, B.
2016 Albrunnicola bengtsoni. – Betts et al., p. 198, fig. 

20G, H.

Material: Six specimens, NIGP160499, 165189–165192, and 
165204.

Description: Bivalved bradoriids. Shields are inverted tri-
angular in lateral profile. The dorsal line is straight (Fig. 
2A, C, F), with a single dorsal furrow demarcating the right 
and left valves. The shield has slight anterior and posterior 
swings, thus it is longest slightly ventral to the dorsal line. 
The valves are highest at or slightly anterior to the anterior-
posterior midline (am-plete or slightly pre-plete). The ante-
rior lobe is strong (Fig. 3C), with the inflation extending first 
postero-ventrally and then postero-dorsally. The marginal 
rim is weak (Fig. 3A, B), and the duplicature is relatively 
narrow and extends along the whole inner margin of the 
valves (Fig. 3A, B). The valve surface is ornamented with 
imbricated pits with lateral wings (Fig. 3). The pits are more 
concentrated at the anterior, posterior, middle, and dorsal 
parts of the valves (Fig. 3C, D, E, G), and relatively sparse at 
the ventral part (Fig. 3F). The angular bisectors of the angles 
of the two lateral wings point mainly to the mid-dorsal part 
of the shield (Fig. 3A, B, E, F, G). Internal soft-part anatomy 
was not preserved.

Measurements: The current specimens are more or less of 
equal size, possibly representing the same instar. The shield 
is about 1.7 mm long and 1.4 mm high. Anterior lobe is 450 
µm in size. The pits are about 2.8 µm in diameter, and each 
lateral wing is about 6.7 µm long. The lateral wings form an 
angle of about 150°.

Fig. 3. A-G – Close-up views of Albrunnicola bengtsoni Hinz-Schallreuter, 1993 from the Upper Cambrian of Wangcun 
section. A, NIGP165191 (Fig. 2C); B, NIGP165192 (Fig. 2D); C-G, NIGP165189 (Fig. 2E). Scale bar between A and B applies 
to A and B, scale bar below C applies to C, D, and F, and scale bar to the right of G applies to E and G.
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Fig. 3.
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Fig. 4. A-D – Mengdongella elliptica gen. et sp. nov. from the Upper Cambrian of Wangcun section. A, holotype, NIGP165196, 
left lateral view, area in rectangle is enlarged in Fig. 5A; B, NIGP165205, right lateral view, right valve partly missing; C, 
NIGP165194, left lateral view; D, NIGP165206, areas in rectangles 1, 2, and 3 are enlarged in Fig. 5B, C, and D, respectively. 
Scale bar above B applies to A and B, and sclae bar between C and D applies to C and D.

Fig. 5. A-E – Close-up views of Mengdongella elliptica gen. et sp. nov. from the Upper Cambrian of Wangcun section. A, 
NIGP165196 (Fig. 4A); B, C, E, NIGP165206 (Fig. 4D); D, NIGP165193 (Fig. 6A).
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Fig. 5. 
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Class, Order, and Family uncertain
Genus Mengdongella nov.

Etymology: With reference to Mengdong River, along which 
the Wangcun section is exposed.

Type species: Mengdongella elliptica gen. et sp. nov.

Diagnosis: As for the type species.

Occurrence: Conodont Westergaardodina cf. calix-Proone-
otodus rotundatus Zone, Bitiao Formation, Furongian (Up-
per Cambrian); Wangcun section, Yongshun County, Western 
Hunan, South China.

Mengdongella elliptica gen. et sp. nov.
Figs. 4, 5, 6A-D, 7

Etymology: With reference to the elliptic profile of the 
shield.

Holotype: NIGP165196 (Fig. 4A).

Material: Eight specimens, NIGP165193-165196, 165205-
165208.

Diagnosis: Bivalved arthropods with a shield of elliptic 
profile; shield slightly pre-plete; duplicature narrow; dor-
sal line arched; a pair of spines at antero-dorsal position 
of the valves; spines long, internally hollow, with regularly 
arranged conical or scale-like structures on the surface.

Description: Mengdongella elliptica is a bivalved arthro-
pod. The two valves are demarcated from each other by a 
single dorsal furrow (Figs. 4A, 6D). The dorsal line is arched 
(Figs. 4C, 6A, D), and the valves are thus elliptic in lateral 
profile. The shield is longest slightly ventral to the dorsal 
line, and highest slightly anterior to the anterior-posterior 
midline (pre-plete). The valves are smooth without any struc-
tures or ornaments (Fig. 6A, B, D). The duplicature is narrow, 
extending along the whole inner margins of the valves (Figs. 
4B, 6A). A pair of spines are situated at the antero-dorsal po-
sition of the valves. The spines are long, exceeding the length 
of the shield (Figs. 4A, 6D). The surface of the spines is 
ornamented with small conical (Figs. 5A-E, 7A, B) or scale-
shaped (Fig. 7C, D) structures. The conical or scale-shaped 
structures have slender tips directed adapically 45 degrees to 
the spines. They are distributed uniformly on the surface of 
the spines (Figs. 5E, 7A). These structures appear internally 
hollow (Figs. 5, 7D), but this might be due to secondary coat-
ing. The soft-body anatomy within the bivalved shield is not 
preserved (Fig. 4B).

Measurements: The material of Mengdongella elliptica 
includes specimens of different sizes and at different onto-
genetic stages. Their shields range in length from 640 µm 
(Fig. 4A) to 970 µm (Fig. 6D). The spines of the smallest 
specimen (Fig. 4A) are at least 680 µm long, a little longer 
than the shield length, and those of the largest specimen (Fig. 

6D) are at least 1.1 mm, also a little longer than the shield 
length. The scale-shaped structures of the largest specimen 
(Fig. 7C) are about 3.5 µm wide at base and 6.5 µm long, and 
the conical structures on the smallest specimen (Fig. 5A) are 
about 6.7 µm wide at base and 8.8 µm long.

Comparisons: Mengdongella elliptica gen. et sp. nov. bears 
arched dorsal line, and thus differs from bradoriids, phos-
phatocopines, and Cambrolongispina Zhang et al. 2014 that 
have straight dorsal lines. As bivalved shields convergently 
evolved among arthropods of distant affinities, the phylo-
genetic affinity of M. elliptica is currently unknown. The 
antero-dorsal spines can be oriented antero-dorsally (Fig. 
6A, B), anteriorly (Fig. 6D), or postero-dorsally (Fig. 4A), 
probably due to taphonomic distortion of the valves. We in-
fer, on the basis of NIGP165194 (Fig. 4C), that these spines 
were directed antero-dorsally when alive. Cambrolongispina 
reticulata Zhang et al. 2014 also has antero-dorsal spines 
that are ornamented, but these ornaments are paddle-shaped 
structures aligned in a single row along the posterior edge of 
the spines. In contrast, the conical or scale-shaped structures 
on the spines of M. elliptica are distributed uniformly on the 
entire surface of the spines.

Class and Order uncertain
Suborder Phosphatocopina Müller, 1964

Gen. et sp. indet.
Fig. 6E

Material: One specimen, NIGP165197.

Description: The bivalved shield, with one end missing, is 
estimated to be about 800 µm long and 350 µm high. The 
completely preserved end is assumed to be anterior. The 
shield is longest at its dorsal line, and highest slightly ante-
rior to the anterior-posterior midline (pre-plete). The valve 
surface is smooth without any lobes, spines, or other orna-
ments.

Remarks: Gen. et sp. indet. lacks key bradoriid characters 
such as valve lobes. Its shield with smooth valve surface 
and straight dorsal line is reminiscent of phosphatocopines. 
Phosphatocopines are abundant in the Upper Cambrian of 
Sweden (Maas et al. 2003). At Wangcun, phosphatocopines 
were also reported from a single horizon about 100 m below 
the current horizon (Dong et al. 2005a; Zhang et al. 2010). 
In the current horizon, phosphatocopines are relatively rare. 
The orientation of Gen. et sp. indet. is somewhat ambiguous. 
The completely preserved end is interpreted to be anterior, 
consistent with the general orientation of most phosphato-
copines, because phosphatocopines generally have am-plete 
(highest position at anterior-posterior midline) or pre-plete 
(highest position anterior to anterior-posterior midline) 
shields (Maas et al. 2003), while bradoriids generally have 
post-plete (highest position posterior to anterior-posterior 
midline) shields (Zhang 2007).
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Fig. 6. A-D – Mengdongella elliptica gen. et sp. nov. from the Upper Cambrian of Wangcun section. A, NIGP165193, left 
lateral view, area in rectangle is enlarged in Fig. 5D; B, NIGP165207, left lateral view, area in rectangle is enlarged in Fig. 7A; 
C, NIGP165208, a fragment, dorsal view, area in rectangle is enlarged in Fig. 7B; D, NIGP165195, dorsal view, area in small 
rectangle is enlargd in Fig. 7C, and area in large rectangle is enlarged in Fig. 7D. E – Gen. et sp. indet., same provenance, 
NIGP165197, right lateral view. Scale bar between A and B applies to A-D, and scale bar to the right of E applies to E only.
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4. Discussion

Bradoriids are relatively rare in the Late Cambrian 
(Williams et al. 2007), but in our collection we have 
obtained numerous specimens of Albrunnicola bengt-
soni. A. bengtsoni was previously reported only from 
the Early Cambrian of South Australia and Antarctic 
(Wrona 2009), and the type horizon and locality of A. 
bengtsoni is the Lower Cambrian Parara Limestone, 
Kulpara Road section, Yorke Peninsula, South Austra-
lia (Bengtson et al. 1990). The current material shows 
that this species has a long stratigraphic range and wide 
palaeogeographic distribution. During the Cambrian 
Period, South China, Australia, and Antarctic were 
peri-Gondwana continents located around the palaeo-
equator. The common occurrence of A. bengtsoni on 
these three continents indicates a free exchange of ar-
thropod animals among them.

The pits with lateral wings on the valve surface of 
Albrunnicola bengtsoni were previously described as 
small pits (Skovsted et al. 2006), “small pits of U- to 
V-shaped identations” (Topper et al. 2007), or crescen-
tic pits (Wrona 2009). Sometimes, the lateral wings of 
these pits were developed into scales (Wrona 2009). 
The pits might have housed sensory setae (Topper et al. 
2007), or might have functioned to enlarge the surface 
area of the valves in order to facilitate respiration. This 
type of pits might be convergently evolved in bradoriids 
of distant affinities, for example, Quadricona madon-
nae Topper et al., 2011 (Topper et al. 2011, fig. 6J) and 
Parahoulongdongella bashanensis Shu, 1990 (Topper 
et al. 2011, fig. 7D). Thus, they are not phylogenetically 
informative.

We speculate that the spines of both Mengdon-
gella elliptica get. et sp. nov. and Cambrolongispina 
reticulata may have functioned as sensory organs. The 
antero-dorsal spines of M. elliptica resemble more or 
less the disassociated sclerites assigned to the form ge-
nus Mongolitubulus Missarzhevsky, 1977, and similar 
spines have also been reported from the Middle Cam-
brian Huaqiao Formation at the Wangcun and Paibi 
sections in Western Hunan (Zhu & Dong 2004). Recent 
studies suggested that Mongolitubulus-like sclerites are 
convergent rather than homologous structures (Li et al. 
2012). For example, some Mongolitubulus-like sclerites 
may be the spines of eodiscoid trilobites (Li et al. 2012), 

while others may be the spines of bradoriids (Skovsted 
et al. 2006; Topper et al. 2013), or of hallucigeniid lobo-
podians (Caron et al. 2013). It should be noted that the 
conical or scale-shaped structures of M. elliptica differ 
from the scaly sculptures of Mongolitubulus in that the 
latter are more densely spaced and more regularly dis-
tributed. Therefore, the spines of M. elliptica are better 
not assigned to the form genus Mongolitubulus.

5. Conclusions

Three-dimensionally phosphatized bivalved arthropods 
were recovered from the Paibian Stage, Furongian Se-
ries of the Upper Cambrian at the Wangcun section, 
Western Hunan, South China. These new arthropod 
fossils include Albrunnicola bengtsoni, Mengdongella 
elliptica gen. et sp. nov., and an indeterminate phospha-
tocopine Gen. et sp. indet. Bivalved arthropods from 
Wangcun are preserved with their shields only, and the 
lack of anatomic information about their soft-bodied 
structures hinders their phylogenetic assignment. The 
new discovery extends the occurrence of A. bengtsoni 
from the Lower Cambrian of Australia and Antarctic 
to the Upper Cambrian of South China. The pits on 
the shield of A. bengtsoni may have housed sensory 
setae, or functioned as respiratory organs to facilitate 
respiration and gas exchange through the shield. The 
antero-dorsal spines of M. elliptica may have func-
tioned as sensory organs to detect water currents and 
preys/predators nearby, and the conical or scale-shaped 
structures on the spines may also be related to the sen-
sory function.
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