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bstract

The Ediacaran Weng’an Biota provides a unique window on marine diversity during the interval in which the fundamental animal body plans
ere being established. Here we describe a previously unreported component of the assemblage, millimeter-scale encysted spheres that exhibit

 characteristic but simple slit-shaped excystment mechanism (Sporosphaera  guizhouensis  n. gen. n. sp.), reminiscent of acritarchs. The cysts
ontain a large inner body or numerous small discrete membrane-bounded bodies. It is possible that the inner bodies represent disaggregated cells
f a multicellular body, like an embryo, but there is no evidence to support this interpretation and the occurrence of the excystment structure
s not readily compatible with an embryo interpretation. Rather, we interpret the encysted organisms as multicellular stages within the lifecycle
f otherwise probably unicellular eukaryotes. The developmental mode exhibited by Sporosphaera, incorporating a resting stage, implies an
daptation to adverse environmental conditions. This parallels the appearance of Large Ornamented Ediacaran Microfossils (LOEMs) which have

een interpreted as diapause stages in the embryology of early animals. Sporosphaera  is distinct from LOEMs by ornamentation instead of size,
hich may implicate that not all LOEMs are animal embryos, if any.

 2019 Elsevier Ireland Ltd Elsevier B.V. and Nanjing Institute of Geology and Palaeontology, CAS. Published by Elsevier B.V. All rights reserved.
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.  Introduction

The 609 million-year-old Weng’an Biota (Zhou et al., 2017) is
mong the most exquisite of fossil lagerstätte (Xiao et al., 2014;
unningham et al., 2017b), preserving in calcium phosphate

he three-dimensional remains of unicellular and multicellular
rganisms to a subcellular (Hagadorn et al., 2006) and even
rganelle level of fidelity (Yin et al., 2017). However, the great

ignificance of the exceptionally preserved Weng’an biota is
ooted in its temporal context, by providing a unique window
o look at marine biodiversity long before the appearance of
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ncontroversial animal fossils but within the interval of geolog-
cal time in which the fundamental lineages of bilaterian phyla
ere estimated to have diverged base on molecular clocks (dos
eis et al., 2015; Cunningham et al., 2017a).

The Weng’an Biota is dominated by millimeter to submil-
imeter scale embryo-like remains attributed to Megasphaera,
arapandorina, Megaclonophycus, and Tianzhushania.  They
ave been the focus of research because of their debated ani-
al affinity (Xiao et al., 1998, 2007; Hagadorn et al., 2006;
ailey et al., 2007; Chen et al., 2014; Zhang and Pratt, 2014; Yin
t al., 2016), leaving the remaining fossils in the Weng’an biota
argely understudied. Here we describe a previously unreported
omponent of the Weng’an Biota encompassing millimeter-

cale encysted spheres that exhibit a characteristic but simple
lit-shaped excystment mechanism, reminiscent of acritarch
ysts, with evidence of a multicellular structure. We establish

gy and Palaeontology, CAS. Published by Elsevier B.V. All rights reserved.
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 new genus and species, Sporosphaera  guizhouensis  n. gen.
. sp. based on the specimens presented herein and explore the
aphonomy, biology, affinity, evolutionary and environmental
mplications of these fossils.

.  Materials  and  methods

The specimens were recovered from the Upper Phospho-
ites of the Doushantuo Formation in the ‘54 Quarry’, Weng’an
ounty, Guizhou Province, Southwest China (Cunningham
t al., 2017b). Rock samples were subjected to dissolution in
–10% acetic acid, dissolving the calcium carbonate cement
nd matrix to leave an insoluble residue of phosphates, silicates
nd pyrite. This residue was sorted manually under a binoc-
lar stereomicroscope. Selected specimens were subjected to
icrotomography at the TOMCAT (X02DA) beamline of the
wiss Light Source (SLS), Paul Scherrer Institute (Villigen,
witzerland) or the BM5 beamline of the European Synchrotron
adiation Facility (ESRF, Grenoble, France). X-Ray projections
ere obtained at 1501 or 1800 stepwise increments through a
80◦ rotation of the specimen, at beam energies ranging from
9–21 KeV, exposure times of 110–1000 milliseconds and using
cintillators composed of lutetium, aluminium and garnet. The
-Ray projections were rearranged into dark- and flatfield-

orrected sinograms, after which they were reconstructed using
 gridding procedure and a highly optimized routine based
n the Fourier transform method (Marone et al., 2010). The
esulting datasets of reconstructed tomographic slices have a
oxel resolution of 0.74 �m (10×  objective) and 0.36 �m (20×
bjective) at SLS, or 0.75 �m (10×  objective) at ESRF. The
tudied specimens are deposited in the Nanjing Institute of
eology and Palaeontology, Chinese Academy of Sciences.
ollowing best practice for digital morphology (Davies et al.,
017), our tomographic datasets and models are available from
ttps://doi.org/10.5523/bris.3sxs2in77ois323881yvhxwa71.

.  Results

.1.  External  morphology

The fossils are all spheroidal, approximately 1 mm in diame-
er, smooth, unornamented and otherwise featureless apart from

 shallow ambital slit that varies between 50–60 �m in depth
nd 158–445 �m in width, representing half to two-thirds of the
ircumference at its greatest extent (Figs. 1–3). The radial angle
elative to the margins of the slit varies between 7.4◦ (Fig. 1) and
6.7◦ (Fig. 2) in different specimens. The slits with small radial
ngles look like narrow, arcuate troughs when observed from the
urface (Fig. 1A-G, K-Q, T, V), while those with broader radial
ngles are rounded in outline, and the resulting trough does not
xtend far (no more than 60 �m in depth) with a rounded base
Fig. 2A-C, F-H). In some specimens, the original cyst walls
re not preserved, or were lost through laboratory processing

Fig. 2A-C, F-H), and so there is no preserved structure at the
lit margins. In contrast, the specimen with the broadest slit
Fig. 2K-N) preserves the slit margins of the cyst curled inward
Fig. 2K, L) and a crescentic mass of small spheres, cemented
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y a phosphatic matrix, protruding from the slit (Fig. 2K-N). A
umber of these small spheres appear to have been preserved
hile being released to the external environment (Fig. 2L, M).
he retention of the crescentic mass of small spheres with this
pecimen suggests that it may have possessed an outer envelope
hat has not been preserved, preventing the release of the small
pheres.

.2.  Internal  structure

Specimens can be attributed to three broad categories of
nternal preservation. In general, most specimens preserve no
iscernable biological structure (Fig. 3) and most of the interior
olume of the fossils is comprised of a granular matrix (grains
pproximately 2 �m in diameter), permeated with micrometer
cale pores and cross-cut by fine cracks (Fig. 3A-C), or inter-
ally they exhibit anastomosing layers of void-filling linings
e.g., Fig. 3D-F). The specimens are principally composed of
alcium phosphate, but there is some subtle variation in compo-
ition as reflected by differences in contrast and, therefore, X-ray
ttenuation, which reflects the atomic number of the material.
ome voids are filled with a high contrast, low attenuation phase
f calcite or dolomite.

More rarely, distinct inner-bodies are preserved that vary in
ize and number (Figs. 1E-H, O-R, T-W, 2 C, H, L, M). A few
pecimens contain only one large internal body (e.g., Fig. 2A-J).
ome of these are irregular but the most distinct is approximately
pherical (Fig. 2C-E, H-J; shortest diameter 265.4 �m, longest
iameter 290.6 �m). The large inner body is either filled with
oid-filling cement (Fig. 2C-E) or else exhibits a distinct outer
ne-grained mantle and void-filling core (Fig. 2H-J). In such
ircumstances, the rest of the fossil is comprised of a porous
ineral phase in which the texture is dominated by small voids

r dark mineral microspheres, all of approximately the same
iameter (∼2 �m) (Fig. 2I, J). The inner body is slightly off-
enter in one specimen (Fig. 2H-J), and it is about 30% of the
iameter of the whole specimen. It has a distinct mineralogy,
ith an outer dense layer, approximately half its radius (some
ores) and an equally distinct bright, low-attenuating core that
ay be a void-fill (Fig. 2H-J). Another specimen also includes

n inner body of approximately the same relative volume, but it
s positioned off-center and is distinguished by more void-filling
ement (Fig. 2C-E). The surrounding mineral is more compact,
ith fewer, larger pores associated with secondary void-filling
ineralization (Fig. 2D, E).
A number of specimens (Fig. 1) preserve numerous (20–60)

mall spheroidal vesicles disseminated discretely throughout
heir interior, ranging in size from 25 to 121 �m in diameter, with

 membrane thickness of 3.9 to 5.3 �m. The vesicle membrane
tself has a distinct, homogeneous fabric and X-Ray attenuation
rofile while the outer mineral matrix is more variable (Fig. 1H-
, R, S, U, W-Y). The vesicles are usually at least partially or
lse completely filled with a bright (low attenuation) mineral

hase that is largely homogeneous and appears to represent a
ate void-filling cement (Fig. 1R, S, U, W-Y); this interpretation
s supported by the observation that in some specimens, some
esicles are empty (Fig. 1I, J, S, X). High resolution imaging

https://doi.org/10.5523/bris.3sxs2in77ois323881yvhxwa71
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Fig. 1. Volume renders of Sporosphaera fossils with narrow slits. (A–D) 3-D surface renderings of the specimen NIGP 170566 from different view angles, showing
the narrow slit. (E–G) Transparent models of (A–C), respectively, showing distribution of small inner bodies (yellow spheres). (H) An orthoslice of (D), showing
inner bodies. (I, J) Close-up views of inner bodies from (H), showing preservation detail. (K–N) 3-D surface renderings of the specimen WA B3 H03E from different
view angles, showing the narrow slit. (O–Q) Transparent models of (K–M), respectively, showing distribution of small inner bodies (pink spheres). (R) An orthoslice
of (N). (S) A close-up view of (R), displaying inner bodies. (T, V) Surface renderings of specimen ZY1216 21 and ZY1709 11. (U, W) Orthoslices of (T, V),
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espectively. (X, Y) Close-up views of (T, V), respectively, showing the inner bo
eferred to the web version of this article).

eveals the vesicle membranes to have been among the first struc-
ures being mineralized since they have been preserved as a dark

ineral phase with a much higher X-Ray attenuation than the
atrix (Fig. 1I, J, S, X, Y). Many, but not all of the specimens

reserve evidence of a distinct surface layer as a more highly
ttenuating mineral phase (e.g., Fig. 3D-F).

.  Discussion

.1.  Distinguishing  geology  from  biology
Differences in the structure of the fossils reflect a combination
f geological and biological factors. Differences in the number
f internal structures could reflect differences in the biological

v
M
m

For interpretation of the references to colour in this figure legend, the reader is

ffinity of the fossils, but the consistency in size, shape, and the
ature of the slit suggests that they represent a taxonomically
oherent assemblage. The fossils differ principally in the lon-
itudinal extent and breadth of the slit, which we interpret to
eflect developmental differences. The fossils also differ signif-
cantly in terms of their internal structures, which we interpret
rincipally as a consequence of biostratinomy.

The biostratinomy of the Weng’an Biota has been consid-
red previously (Cunningham et al., 2012; Schiffbauer et al.,
012; Yin et al., 2014, 2017), discriminating early phases of
ineralization which preserve biological structure from later
oid-filling mineralization and late diagenetic mineral phases.
ineral phases preserving biological structure are invariably
icrocrystalline and randomly oriented, reflecting growth on
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Fig. 2. Volume renders and SEM images of Sporosphaera fossils with broad slits. (A, B) 3-D surface renderings of specimen ZY1216 13. (C) Orthoslice of (B),
showing a large inner body. (D, E) Close-up views of the inner body shown in (C) from different depth. (F, G) 3-D surface renderings of specimen ZY1216 20.
(H) Orthoslice of (G), showing a large inner body. (I, J) Close-up views of the inner body shown in (H) from different depth; the dotted circles in (J) indicate the
boundaries of the mantle and core. (K, L) SEM images of specimen WA B1 D02. (M, N) Close-up views of the center area in (L), showing details of the small
spheres and slit margins.
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ig. 3. Volume renders of Sporosphaera specimens without internal biological
f ZY1709 05, showing internal diagenetic structures. (D, E) 3-D surface ren
iagenetic structures.

nd within an organic template; later phases unrelated to the orig-
nal biological structure are usually more coarsely crystalline

nd polarized, reflecting centripetal and centrifugal void-filling
rowth relative to existing mineral substrates (Cunningham
t al., 2012).

n
f
r

tures. (A, B) 3-D surface renderings of specimen ZY1709 05. (C) Orthoslices
gs of specimen ZY1709 15. (F) Orthoslices of ZY1709 15, showing internal

The anastomosing palisade mineral structure of many of the
ossils is compatible with void-filling after most of the origi-

al internal biological structure had decayed away. Most of the
ossils otherwise exhibit a structureless and homogeneous inte-
ior which reflects mineralization of a structureless, extensively
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ecayed cyst interior (Fig. 3). The low contrast, low-attenuation
ineral microspheres that characterize the mineralization of

he interior of some cysts (e.g., Fig. 2H-J), is characteristic of
ineral-replicated biological structure in other Weng’an fos-

ils (Cunningham et al., 2012). Their consistent shape and
istribution is compatible with preservation of original bio-
ogical structure, as component cells as in Megaclonophycus
Cunningham et al., 2012), or as small lipid droplets (Hagadorn
t al., 2006; Raff et al., 2006). The microspheres are invariably
nveloped by centrifugally arranged layers of a brighter min-
ral phase (Fig. 2I, J; refer to Yin et al., 2017, fig. 1d, h); some
f the spheres are unmineralized, reflecting non-preservation of
tructures that remained physically intact while the void-filling
rocess proceeded.

The two classes of larger internal structures exhibit compat-
ble diagenetic records; the membranes of the small vesicles
nd the outer layer of the large singular structures, are both
haracterized by a dark, low X-Ray attenuation mineral phase,
ompatible with early mineralization of original unmineral-
zed biological structure, while their lumens are filled with a
right, high low X-Ray attenuation mineral phase, compati-
le with later void-filling mineralization in Weng’an fossils
Cunningham et al., 2012). This interpretation is corrobo-
ated by the occurrence of empty lumens in subsets of the
mall vesicles in some specimens (e.g., Fig. 1X, Y). The
yst walls themselves are often characterized by a thin bright,
igh X-Ray attenuation mineral phase, indicating that the
yst wall itself is preserved through late, void-filling dia-
enetic mineralization, and that the originally unmineralized
yst wall remained structurally intact while the interior was
ineralized, later lost through decay. This mirrors the preser-

ation of cell membranes associated with the embryo-like
ossils attributed variably to Tianzhushania, Megasphaera,
arapandorina, and Megaclonophycus  (Cunningham et al.,
012).

Thus, we discriminate the cyst walls, the large singular and
umerous smaller internal structures, and the microspheres as
riginal biological structures worthy of interpretation.

.2.  Palaeobiology:  large,  singular  internal  structures

The large, singular internal structures of the specimens shown
n Fig. 2A and F exhibit a strong resemblance, in terms of
ize and shape, as well as positional and preservational vari-
tion, to the ‘large intracellular structures’ described from the
mbryo-like fossils Tianzhushania  and Spiralicellula, from the
ame deposit (Hagadorn et al., 2006; Huldtgren et al., 2011;
chiffbauer et al., 2012; Yin et al., 2017). These structures
ere originally interpreted as ‘nuclei, spindle bundles, or other
rganelles’ (Hagadorn et al., 2006), constrained as nuclei based
n consistency of size, shape and topology, subsequently dis-
issed as degraded cytoplasmic remains (Schiffbauer et al.,

012; Xiao et al., 2012, 2014; Pang et al., 2013) based princi-

ally on incredulity that nuclei could be fossilized (Pang et al.,
013). The nucleus interpretation of these structures has since
een corroborated based on quantitative characterization of the
olumetric relationship between the ‘large internal structures’

o
v
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orld 28 (2019) 461–468 465

nd their host cells, across successive rounds of palintomy
epresented in the fossil assemblage (Yin et al., 2017). The
arge internal structures exhibit differences in the predominant
ode of preservation in Sporosphaera  versus Tianzhushania

nd Spiralicellula; in the former, the border is characterized
y early mineralization of a biological substrate, whereas in
he latter, the border is typically characterized by later dia-
enetic void-filling mineralization (Schiffbauer et al., 2012).
owever, the large internal structures exhibit an overlapping

ange of preservational modes such that in Sporosphaera  the
tructure has an irregular border and is characterized by void-
lling mineralization (e.g., Fig. 2D, E), presumably reflecting
reservation of decayed remains; in Tianzhushania  and Spi-
alicellula, an organic outer membrane can be preserved (Yin
t al., 2017). The large internal structures in Sporosphaera
lso exhibit variation in position within the cyst, mirroring
hat of the nuclei in Tianzhushania  and Spiralicellula  where
his might reflect the in vivo position of their nucleus, but
lso co-varies with the preservational state of the nucleus itself
nd, therefore, must reflect the role of intracellular degrada-
ion. The most poorly preserved large internal structure in
porosphaera  is positioned away from the center of the cyst
Fig. 2C).

Based on similarity in preservation, size and position to the
arge intracellular structures in Tianzhushania  and Spiralicel-
ula, the large, singular internal structures in Sporosphaera  can
lso be interpreted as preserved nuclei. However, it remains
ossible that the similarity does not extend beyond size and
reservational mode, and they could be the shrunken and
ecayed remains of a cluster of cells.

.3.  Palaeobiology:  small  vesicles

The small vesicles in the specimens shown in Fig. 1 do not
ompare well to the larger, singular internal structures, either in
erms of their preservation or their size, number and position
ithin the cyst. Both the ‘Parapandorina’ and ‘Megaclono-
hycus’ stages of Tianzhushania  preserve structures that are
omparable to the small vesicles; these structures are inter-
reted as lipid vesicles or yolk granules in ‘Parapandorina’
tages (Hagadorn et al., 2006; Cunningham et al., 2012), and as
he component cells in ‘Megaclonophycus’ stages (Cunningham
t al., 2012). In both cases, the structures are far more numer-
us and, consequently, densely packed than are the vesicles
n Sporosphaera. The style of preservation exhibited by the
esicles in Sporosphaera  is most comparable to that seen in
t least some specimens of ‘Megaclonophycus’ stages (e.g.,
unningham et al., 2012), where the membrane is preserved by
ark, low attenuation dense mineral phase, indicative of early
ineralization, replicating original biological structure. This

ikely reflects simply that the membranes have a similar preser-
ational style in Sporosphaera  and ‘Megaclonophycus’ stages

f Tianzhushania, providing support for the interpretation of the
esicles in Sporosphaera  as component cells; it is difficult to
onceive a credible alternative biological interpretation.
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.4.  Development

The internal vesicles of Sporosphaera  look very similar to
he small cells of ‘Megaclonophycus’ stages of Tianzhushania.
oth Sporosphaera  and Tianzhushania  are recovered from the

ame deposit and share similar morphology and size. These
uperficial similarities between them may lead to an argument
hat they represent different development stages of the same
axon or several closely related taxa. However, it is difficult
o reconcile the Sporosphaera  with the development pattern of

egasphaera–Parapandorina–Megaclonophycus  complex (or
ianzhushania  complex), because no slit or similar structures
ave been observed in any Tianzhushania  specimens, and
o evidence indicates that Sporosphaera  possesses an orna-
ented envelope similar to that of Tianzhushania. Following

he interpretation of the small vesicles in Sporosphaera  as cell
embranes, they might either represent individuals in an essen-

ially unicellular organism, or else the disaggregated cells of a
ulticellular stage in the lifecycle of an otherwise unicellular or
ulticellular organism. Diverse unicellular eukaryotes exhibit a
ulticellular stage in otherwise unicellular organisms, including

ropagules of mesomycetozoans, sporangia of slime molds, and
reen algae. Alternatively, taphonomy experiments have shown
hat multicellular embryos of multicellular organisms can disag-
regate to yield loose assemblages of individual cells (Raff et al.,
006). The comparatively small number of vesicles in any one
porosphaera  and, critically, their comparatively small collec-
ive volume relative to that of the host cyst, speaks against their
nterpretation as the disaggregated components of a multicellu-
ar embryo. The slit in Sporosphaera  is not incompatible with
n embryo-interpretation; for example, animals that mechani-
ally escape their fertilization envelope often leave via a simple
lit-shaped rupture. However, this is a feature of embryos com-
rised of hundreds of cells; animal embryos comprised of small
umbers of cells tend to maintain cell adhesion post mortem
Raff et al., 2006) and in most other eukaryotes that have an
mbryonic stage, the component cells aggregate as a conse-
uence of incomplete cytoplasmic division (Green et al., 1981;
ensing, 2016; Cunningham et al., 2017b), a feature also seen in

ponges (Degnan et al., 2015). Neither is seen in Sporosphaera
nd there is no evidence that the cells are ever clustered. Thus,
e conclude that these multicelled stages of Sporosphaera  do
ot represent embryos but, rather, a stage in the life cycle of
omponent individual unicellular organisms.

Obviously, the extent of the slit, in terms of its width, is not
orrelated with the number of internal bodies that the speci-
en contains, since specimens with both very broad and narrow

mbital slits contain numerous small cells. However, the obser-
ation that the width and shape of the slit varies from narrow
nd acute to broad and rounded in different specimens leads
o interpretation as polarity in a developmental process, per-
aps associated with the progressive maturation and release of
he cells. However, it is difficult to rationalize the specimens

ith single large internal bodies and broad slits (Fig. 2A-J) in

his developmental pattern. That said, these two specimens are
aphonomic outliers, preserved as inner casts, suggesting that
he original cysts decayed out and the original width of the

E
e
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orld 28 (2019) 461–468

lits is difficult to constrain. Certainly a pattern of reduction
rom an encysted mother cell to numerous spores is compatible
ith vegetative phases in the life cycle of numerous unicellu-

ar eukaryotes (Mendoza et al., 2002; Schaap, 2012); no viable
nterpretation is compatible with a metazoan affinity.

.5.  Evolutionary  and  environmental  interpretations

While the affinity of Sporosphaera  is difficult to constrain
eyond that of a unicellular eukaryote, what can be gleaned
f its life cycle, undergoing episodic encystment, is informa-
ive on the nature of Ediacaran marine environments. Cohen
t al. (2009) have observed that large ornamented Ediacaran
acritarch’ cysts are the recalcitrant remains of metazoan dia-
ause embryos, an adaptation to widespread anoxia of marine
ottom conditions. Their argument is based on the observation
hat such cysts, including Tianzhushania, can be demonstrated
o have contained embryo-like fossils (Yin et al., 2007), are
omparable to modern diapause cysts in terms of their size,
hape, ornamentation, and ultrastructure, and disappear from
alynological assemblages in association with the oxygenation
f continental shelves. It is now known that temporal and spatial
ariation in the oxygenation of continental shelf bottom waters
ontinued into the Cambrian (Bowyer et al., 2017) and, though
he class of large ornamented microfossils interpreted as dia-
ause stages by Cohen et al. (2009) may well be limited to
he Ediacaran, this life history strategy continued into the Cam-
rian (Yin et al., 2018). Sporosphaera, too, appears to further
uance this general hypothesis in demonstrating that unorna-
ented equivalents of the large ornamented Ediacaran acritarchs

lso represent encysted developmental stages, albeit not of meta-
oans. This suggests that the prevalence of widespread marine
noxia impacted not only on the life history strategy of early
etazoans, but also on eukaryotes more generally.

.  Conclusions

The fossils show similarity to features of the Tianzhushania
omplex, but they are clearly distinct. Some have argued that all
f the embryo-like fossils in the Weng’an Biota can effectively
e synonymized, but the similarity and differences exhibited by
hese fossils evidence a greater diversity of embryo-like fossils
ithin the Weng’an Biota. That they are consistently preserved

n cysts suggests that they may represent a resting stage within
 broader life cycle, perhaps an adaptation for the temporal and
patial variability of Ediacaran shallow marine environments.

.  Systematic  Palaeontology

ingdom Eukaryota

hylum Incertae Sedis

enus Sporosphaera  n. gen.
tymology:  The name is derived from Latin and named in ref-
rence to the spherical morphology of the fossils, and the ability
o produce spores.
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of precision in molecular timescales. Current Biology 25 (22), 2939–2950.
Green, K.J., Viamontes, G.I., Kirk, D.L., 1981. Mechanism of formation,

ultrastructure, and function of the cytoplasmic bridge system during mor-
E.N.U. Landon et al. / Pa

ype  species:  Sporosphaera  guizhouensis  n. gen. n. sp., by
onotype.

iagnosis:  As for the type species.

ccurrence:  ‘54 Quarry’ in Weng’an County, Guizhou
rovince, Southwest China; Doushantuo Formation, Upper
hosphorite Member, early Ediacaran.

porosphaera  guizhouensis  n. sp.

Fig. 1A-H)

tymology:  Reference to Guizhou Province, where the fossils
ere found.

olotype:  Reg. no. NIGP 170566 (Fig. 1A-H). The holotype has
een deposited in the collection of Nanjing Institute of Geology
nd Palaeontology (NIGP).

iagnosis:  A spheroidal unornamented cyst, 1 mm diameter,
ith an ambital excystment structure. Contains small, discrete,

pheroidal membranes.

ccurrence:  ‘54 Quarry’ in Weng’an County, Guizhou
rovince, Southwest China; Upper Phosphorite Member,
oushantuo Formation, early Ediacaran. More than 500 speci-
ens in total have been discovered.

escription:  A spheroidal unornamented cyst, 1 mm diame-
er, with an ambital excystment structure that varies between
0–60 �m in depth and 158–445 �m in width, representing half
o two-thirds of the circumference at its greatest extent. The
xtreme margins of the excystment structure are rounded in
utline and the resulting trough is shallow and has a rounded
ase. The radial angle relative to the margins of the excystment
tructure varies between 7.4◦ and 46.7◦.

In general, most of the interior volume of the fossils is com-
rised of a granular matrix, permeated with micrometer scale
ores and cross-cut by fine cracks. Most specimens preserve
o discernable biological structure; internally they are homoge-
eous or exhibit anastomosing layers of void-filling cement. A
maller number of specimens are generally homogeneous but
reserve a distinct clotted fabric of high and low attenuating
ineral phases at the margins of the slit in the surface of the fos-

il, and in some this clotted fabric comprises the entire volume
f the specimen. The best-preserved specimens contain between
ne and forty spheroidal internal structures, which vary between
5 and 290 �m in diameter.

emarks: The single large inner body preserved in some speci-
ens is reminiscent of the structures interpreted as nuclei in the

mbryo-like fossils Tianzhushania  and Spiralicellula  (Yin et al.,
017). The smaller spheroidal structures disseminated through-
ut the interior of some other specimens resemble structures
n the ‘Parapandorina’ stage of Tianzhushania  that have been
nterpreted as lipid droplets, possibly yolk granules (Hagadorn
t al., 2006; Cunningham et al., 2012). These structures also
ear some resemblance to the ‘Megaclonophycus’ stage of the

ianzhushania  complex, although in ‘Megaclonophycus’ stage
he structures are interpreted as cells and are much more closely
orld 28 (2019) 461–468 467

acked than the structures in Sporosphaera  guizhouensis, which
omprise far less of the internal volume and do not touch.
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