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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." 

T h e  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 (I  ) . 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 Lagerstiitten 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 Earlv 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 douviUei (Man- 
suy 1912) occurs in Jinyang and many other 
places in southern China but not in Zhen- 
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ping, whereas Ouibianella 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 Emedlichia-Wutin- 
gaspis zone, Qiongzhusi (Chiungchussu) 
stage, approximately equivalent to the up- 
Der 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- 
ietic stages; they each represent at least 
one of the earliest instars ~recedinn 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- 

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 (lo), 
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 
(Mansuv 19121 from the Lower I 
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bars, - 0 . i  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 (ii)  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 
pair of dorsal pores (possible gland exits) is present in all instars (arrows). 

known, is bivalved and resembles the adult 
fonn (I 1, 12). The only known exception to 
this is the punciid Manawa staceyi (Swanson 
1989), whose nauplius and metanauplius 
carry single carapaces. In this species, the 
univalved-bivalved transformation results 
from the development of the sagittal hinge 
during early ontogeny (1 3), which thus in- 
dicates that this species exhibits a growth 
history similar to that of our Cambrian 
bradoriids. The transition shown by bra- 
doriid and punciid ostracodes is more or less 
a progressive, gradual process rather than 
one involving abrupt changes. This devel- 
opment history argues against the possibility 
that the transition from univalves to bi- 
valves is a metamorphosis linked to changes 
in life habit. Adult carapaces of Lower Cam- 
brian Phaseoklla dimorpha (Zhang 1987) from 
China (14) and Middle Cambrian Svealuta 
sp. A from Australia (15) vary from this 
process in that they achieved an overall 
bivalved shape but retained the single shell 
and never developed a hinge at all. There- 
fore, we regard the univalved phase as the 
primitive character, an inheritance from a 
single-shelled ancestor, rather than as a spe- 
cial feature that arose in early instars as an 
adaptation to unusual ecological conditions. 
The primitive nature of the univalved phase 
is supported by other crustacean groups like 
the Cirripedia and Branchiopoda, whose 
larvae also carry a single carapace regardless 
of whether it originated from the naupliar 
head, akin to a specialized head shield (1 6), 
or from the thoracic region (1 7). 

The transition from a univalved to a 
bivalved shape represents an important 
event in ostracode evolution, because it 
may have been motivated by the need of 

the ancestor of bradoriids to adapt to 
complex surroundings. For example, one 
of the selection pressures that is thought to 
have played an important role in the 
earliest phases of evolution of animal skel- 
etons is predation (1 8). Because this tran- 
sition during ontogeny is displayed by 
some of the earliest known bradoriids, the 
advantage of a bivalved carapace may 
have been realized before the onset of 
mineralization near the beginning of the 
Cambrian. 

The smallest bivalved instars of those 
Recent ostracodes that have been studied, 
as well as those of phosphatized Creta- 
ceous Pattersoncypris micropapillosa (Bate 
1972) from Brazil (4), are considerably 
larger than their corresponding egg cases. 
The smallest bivalved instar of Upper 
Cambrian Falites sp. from Sweden is sphe- 
roidal in shape like the first instar of 
Recent cyprid ostracodes (I I)  and was 
therefore interpreted as the first molt stage 
(2). Nevertheless, it remains possible that 
other young instars of extant and fossil 
ostracodes with a univalved shell might be 
uresent but still await discoverv. 

The absence of the univalved phase in 
most post-Cambrian ostracodes suggests 
that development of the organism was 
accelerated while it was still in the egg 
stage. If so, the bivalved ostracode nau- 
plius can then be regarded as an autapo- 
morphy that unites members of this class 
as a divergent group, whereas bradoriid 
and punciid ostracodes bearing univalved 
carapaces would be separate branches in 
the class. However, the phylogenetic re- 
lation between Recent ~unciid and Cam- 
brian bradoriid ostracodes is uncertain, 

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 (1, 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. 

REFERENCES AND NOTES 

1. S. Huo, D. Shu, Z. Cui, Cambrian Bradoriida of 
China (Geological Publishing House. Beijing, 
1991). 

2. K. J. Muller, Lethaia 12, 1 (1979). 
3. , in Fossil and Recent Ostracods. R. H. 

Bate, E. Robinson. L. M. Sheppard, Eds. (Ellis 
Horwood, Chichester. UK. 1982). pp. 276-304; 1. 
Hinz, Palaeontogr. Abt. A 198, 1 (1987). 

4. R. H. Bate, Palaeontology 15. 379 (1972). 
5. K. G. McKenzie, K. J. Muller, M. N. Gramm, in 

Crustacean Phylogeny, F. R. Schram, Ed. 
(Balkema, Rotterdam, 1983), pp. 29-46. 

6. R. V. Kesling, in Treatise on Invertebrate Paleon- 
tology (Q) Arthropoda 3, R. C. Moore. Ed. (Geo- 
logical Society of America and University of Kan- 
sas Press, Lawrence, 1961), pp. 19-20. 

7. F. R. Schram, in The Biologyof Crustacea 1, L. G. 
Abele. Ed. (Academic Press, London. 1982), pp. 
93-147. 

8. The six bradoriid species, which were initially 
thought to be of Middle Cambrian age [C. D. 
Walcott, Proc. U.S. Natl. Mus. 29, 1 (1905)], were 
collected from a stream boulder 1.6 km south of 
Chon-p'ing-hien, Shensi (Zhenping, Shaanxi) 
and are probably from the same horizon [L. 
Xiang et a/.. The Cambrian System of China 
(Geological Publishing House, Beijing, 1981), 
pp. 175-1 771. 

9. R. A. Fortey and S. F. Morris. Palaeontoloa~ 21, -. 
823 (1978): 

10. R. P. Tripp and W. R. Evitt, ibid. 29. 705 (1986); S. 
E. Speyer and B. D. E. Chatterton, Hist. Biol. 3.27 
(1 989). 

11. R. V. Kesling, 111. Biol. Monogr. 21, 1 (1951). 
12. H. Munro Fox, Proc. Z o d  Soc. London 142, 165 

(1963); L. S. Kornicker and I. G. Sohn. Smithson. 
Contrib. Zool. 219, 1 (1976). 

13. K. M. Swanson, Cour. Forschunginst. Senckenb. 
113. 11 (1989); ibid., p. 235; ibid. 123, 11 (1990). 

14. X.-g. Zhang, Alcheringa 1 1. 1 (1 987). 
15. P. J. Jones and K. G. McKenzie, ibid. 4, 203 

(1 980). 
16. F. R. Schram, Crustacea (Oxford Univ. Press, 

New York. 1986). 
17. E. Dahl. Philos. Trans. R. Soc. London Ser. 6 334, 

1 (1991). 
18. S. Bengtson and Z. Yue. Science257,367 (1992). 
19. E. Landing. J. Paleontol. 54, 752 (1980). 
20. Supported by the National Sciences and Engi- 

neering Research Council of Canada (operating 
grant to B.R.P.) and National Sciences Founda- 
tion of China (NSFC 49070073 to X.-g.Z.). Speci- 
mens are housed in the Chengdu Institute of 
Geology and Mineral Resources. We thank S. 
Wang for aiding field work in Zhenping and W. 
Braun and two referees for comments on the 
manuscript. 

7 June 1993; accepted 5 August 1993 

94 SCIENCE VOL. 262 1 OCTOBER 1993 




