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Phosphatized univalves, recovered from the Lower Cambrian (~530 million years old)
Qiongzhusi Formation in southern China, are recognized as early instars belonging to
bradoriid ostracodes whose later instars are bivalved. The univalved form is the primitive
larval character for shell-secreting crustaceans, although most post-Cambrian ostracodes
bypassed this developmental phase. The univalved-bivalved transition during early on-
togeny represents an important evolutionary event in ostracodes, with implications for
crustacean classification, and implies that the ostracode ancestor achieved this bivalved
capacity before the appearance of mineralized skeletons during the “Cambrian explosion.”

The Ostracoda are small crustaceans that
widely inhabit marine, brackish, hypersa-
line, and freshwater environments. As fos-
sils, the earliest bradoriid ostracodes are
associated with the oldest redlichiid trilo-
bites near the base of the Cambrian in
China (I1). Phosphatized Cambrian Bra-
doriida and Phosphatocopida that have pre-
served delicate appendages and soft body
parts show no departure from the basic
ostracode Bauplan (2-5). However, such
extraordinary preservation is confined to
just a few Lagerstétten within the long geo-
logical range of this group. Most fossil
ostracodes are merely calcareous or phos-
phatized carapaces, which show a greater
diversity than all other crustacean groups
but shed little light on their early ontogeny,
especially how they developed from an.egg
through the nauplius larval stage to a bi-
valved juvenile. This lack of information is
likely a result of the tiny size of the initial
larvae and the fact that the juvenile cara-
paces were too poorly mineralized to with-
stand post-ecdysial disintegration. None-
theless, it has long been accepted that a
bivalved nauplius is common to both fossil
and extant ostracodes (5-7). Here, we
show that at least some Early Cambrian
bradoriid ostracodes had univalved larval
and juvenile instars before the youngest
bivalved ones.

By dilute (~5%) acetic acid digestion of
thin-bedded limestones of the Qiongzhusi
Formation from two sections exposed 760
km apart in Zhenping, Shaanxi (8), and
Jinyang, Sichuan, China, we extracted sec-
ondarily phosphatized carapaces that repre-
sent rare univalved instars of two bradoriid
taxa and abundant bivalved later instars.
The rocks are fine-grained and were depos-
ited in a deep-water environment. The two
ostracode assemblages consist of different
bradoriid taxa: Kunmingella douvillei (Man-
suy 1912) occurs in Jinyang and many other
places in southern China but not in Zhen-
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ping, whereas Duibianella sp. nov. is re-
stricted to Zhenping. In addition, both
assemblages contain inarticulate brachio-
pods, sponge spicules, and small shelly fos-
sils but have so far yielded neither trilobite
protaspides nor meraspides. Many adult
redlichiid trilobites, preserved in the same
strata with their original calcareous exo-
skeletons, indicate that both faunas belong
to the Lower Cambrian Eoredlichia-Wutin-
gaspis zone, Qiongzhusi (Chiungchussu)
stage, approximately equivalent to the up-
per Atdabanian of Siberia.

The small univalved carapaces recov-
ered from Zhenping (Figs. 1 and 2) and
Jinyang (Fig. 3) can be linked to co-
occurring larger bivalved bradoriid cara-
paces that belong to subsequent ontoge-
netic stages; they each represent at least
one of the earliest instars preceding the
youngest bivalved ones. The univalved
instar may therefore be equivalent to the

Fig. 1. Duibianella sp. nov. from
the Lower Cambrian Qiongzhusi
Formation of Zhenping, Shaanxi,
China. Scale bars, 0.1 mm. (A)
Dorsal view of the smallest (young-
est) univalved carapace (ZP
0001), which is circular in outline,
moderately convex, and surround-
ed by a narrow rim along which
developed fine denticles and a
pair of backward-directed posteri-
or spines. The exterior surface of
the carapace is covered with a
reticulate network of fine ridges
that produce an ornament of irreg-
ular but equant polygons. (B) Dor-
sal view of a later univalved instar
(ZP 0002). The carapace extends
more laterally than sagittally, be-
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nauplius or metanauplius larva of extant
Crustacea.

The purported pre-protaspid larva of a
Lower Ordovician trilobite (9) is similar in
shape and ornament to our bradoriid larvae.
However, the early protaspis of trilobites
commonly bears paired border spines, and
although some taxa may be domical (10),
most exhibit variably distinct furrows as
evidence of the axial lobe. The axial fur-
rows and paired eye ridges develop during
subsequent growth, but no such furrows and
ridges could be seen on the external surfaces
of the univalved carapaces we isolated
(Figs. 1, A to C, and 3A). These basic
features are the main criteria that distin-
guish univalved ostracode instars from tri-
lobite protaspides.

The first naupliar instar of almost all
extant ostracodes, whose ontogenies are

Fig. 2. Reconstruction of Duibianella sp. nov.,
showing the transformation from a univalved
carapace (A through C) to a bivalved one (D);
d, duplicature; r, marginal rim; s, posterior
spine; and t, tubercle. Scale bars, 0.1 mm.

coming strongly convex transversely. The posterior spines become more prominent and separated
from the rim. The reticulate ornament has more polygons, and several symmetrically paired
tubercles appear on either side of the carapace (arrows). (C) Dorso-lateral view of a later univalved
instar (ZP 0003). The carapace becomes more curved transversely and expands ventrally to
develop a nascent bivalved shape, leaving a gape along the free margin. The hinge is still invisible,
and the dorsal margin remains moderately arched. The dorsally directed posterior spines increase
in size and advance farther from the margin, and more fine tubercles appear in the reticulate
surface. (D) Lateral view of a pre-adult left valve (ZP 0004), showing the appearance of the truly
bivalved structure. The paired posterior spines shift somewhat toward the anterior.
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Fig. 3. Kunmingella douvillei
(Mansuy 1912) from the Lower
Cambrian Qiongzhusi Formation
of Jinyang, Sichuan, China. Scale
bars, 0.1 mm. (A) Dorso-lateral
view of the only univalved cara-
pace (JY 0006), which resembles
the univalved instar of Duibianella
Sp. nov. but is more convex trans-
versely and bears a straighter an-
terior margin. We assign it to K.
douvillei, whose bivalved juve-
niles and adults are common in
the same bed. Its youngest bi-
valved instar shares certain fea-
tures that appear to have been
derived from the domical uni-
valved form: (i) The smallest bi-
valved carapace bears a pair of posterior spines that still project from the narrow marginal rim;
and (i) the exterior surface is similarly covered with a reticulate ornament. (B) Right view of a
juvenile bivalved carapace (JY 0007). The appearance of a hinge made it possible for the
carapace to close tightly along the free margin, but the dorsal margin is still arched. (C) Right
view of a further growing juvenile carapace (JY 0008), showing the straightened hinge, posterior
spine, and indistinct anterior node and posterior lobe. (D) Dorso-lateral view of a bivalved
pre-adult carapace (JY 0009) with a prominent anterior node and posterior lobe. In addition, a

because the univalved naupliar stage is
only a symplesiomorphic (shared primi-
tive) character and the geological interval
between the known occurrences of the
two groups is very long. It is still unknown
whether the bradoriids formed the stem
group for all later ostracodes or a sister
group derived from a generalized crusta-
cean ancestor. Bradoriids may comprise a
polyphyletic group (I, 15). The classifica-
tion of ostracodes is further unsettled be-
cause of the possibility that the Phos-
phatocopida were secondarily phosphatic
in composition; their limb structure dif-
fers from that of other ostracodes and
suggests a closer affinity to barnacles (6,
19), but this may simply be the result of
convergence.
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the ancestor of bradoriids to adapt to
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