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Response to Comment on
“A New Species of Yunnanozoan
with Implications for
Deuterostome Evolution”

T'he combination of complex taphonomies and
bizarre anatomies in Chengjiang fossils can
lead to radical divergences of opinion concern-
ing phylogenetic placements. Yunnanozoans
exemplify this difficulty, but the proposal by
Mallatt et al. (1) that they represent some sort of
protovertebrate is difficult to substantiate. Their
arguments revolve around six key claims: The
presence of eyes, a large brain, an agnathan-like
anterior, a notochord, segmented myomeres
with muscle fibers, and a postanal tail—of
which the first three would be specifically
congruent with vertebrate affinities. None of
these arguments is persuasive. Although this
discussion centers on our recent description of
Haikouella jianshanensis (2), our interpreta-
tions are also based on abundant material from
the two related species Yunnanozoon lividum
and H. lanceolata.

Fossilized eyes are well documented in
the Chengjiang material, notably in a number
of arthropods (3) and the undoubted agnathan
fish Haikouichthys (4, 5) and Zhongjianich-
thys (5). In contrast, the purported eyes iden-
tified by Mallatt et al. are remarkably indis-
tinct. Unfortunately, Mallatt et al. give no
details of how many of their specimens show
the supposed eyes. In more than 1000 of our
specimens, many of which show a well-
preserved anterior division, none show equiv-
alent structures. The radically different
shapes of the two so-called eyes in figure 1A
in (/) should also be noted, as well as our
observation that the putative eye in figure 1B
in (/) is adjacent to the first (unlabeled) gill
and is strikingly similar to the gill arch
terminations that we documented (2). It
therefore appears to form the dorsal attach-
ment. We welcome this evidence in support
of our conjecture (2) that the gills were
attached at either end, contrary to earlier
suppositions (6).

We also question (7, 8) the notion that
yunnanozoans possessed either myomeres or
a notochord. The recognition of muscle fibers
would in itself be unremarkable. We note,
however, that such “muscle fibers” are also
visible in some vetulicolians. This fact, in
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conjunction with consideration of their size
and sinuous disposition as illustrated by Mal-
latt et al., suggests that they may more likely
be compressional folds in a cuticular cover-
ing. Even if these structures represented some
type of muscle fibers, which are restricted to
the dorsal-most region [figure 1C in (7)], they
have no direct bearing on whether the muscle
blocks are arranged in the diagnostic cone-
in-cone configuration of myomeres. Thus, the
dorsal segments of yunnanozoans show no
evidence for the diagnostic “V” or “W” out-
line of myomeres, and in contrast to verte-
brates (and amphioxus), the purported yun-
nanozoan notochord is in a ventral position
where it could not act as an antagonist.

The remaining claims of Mallatt et al. can be
addressed more cursorily. Although we are
pleased that they agree with us about the nature
of the anterior skirt, in contradistinction to ear-
lier work (6), we fail to see how this compares
in any detailed way with the anterior of either
Haikouichthys (4) or the larval lamprey. Con-
cerning the position of the gill arches, we reit-
erate the evidence for an external position (2)
based on careful examination of the relative
levels of fossil preservation, and note that this is
consistent with earlier illustrations (6). Mallatt
et al. identify a large brain [previously interpret-
ed as “tripartite” in (6)], but we doubt this
identification, for two reasons. First, it finds no
counterpart in any of our material and is incon-
sistent with our identification of possible paired
nerve cords (2). Second, even if yunnanozoans
were protovertebrates, which we emphatically
contest, it would be difficult to imagine that
they were more derived than amphioxus.
The latter animal has a very simple and
small brain, and even divisions between
hind- and mid-brain are cryptic (9). The
claim for a postanal tail is based on the
questionable identification of the posterior
termination of the gut, while the attenuated
“tail” is a very inconstant feature and most
likely a product of folding and compression.

The conjectures of Mallat er al. are based
not only on questionable interpretations of
fossil material, but also presuppose a deutero-
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stome phylogeny that fails to take into ac-
count the related vetulicolians (/0). Con-
sidering vetulicolians and yunnanozoans as
stem-group deuterostomes reopens many
questions concerning both their early
evolution and the origin of the various apo-
morphies. Despite reconstructions of vetu-
licolians being equipped with eyes and an-
tennae (//), neither these features nor any
other structure (e.g., jointed legs) that
would in turn be consistent with an ar-
thropodan affinity, can be identified in the
thousands of vetulicolians fossils. We agree
with Mallatt ez al. that the origins of many
deuterostome characters need further ex-
ploration, but we suggest that treating
yunnanozoans (and vetulicolians) as deu-
terostome stem-groups will reinvigorate
various unresolved problems, including the
origin of the pharyngeal openings.

Degan Shu

Early Life Institute and

Department of Geology

Northwest University

Xi'an 710069, China and

School of Earth Sciences and Resources
China University of Geosciences
Beijing 100083, China

E-mail: elidgshu@nwu.edu.cn

Simon Conway Morris
Department of Earth Sciences
University of Cambridge
Downing Street

Cambridge CB2 3EQ, UK

References and Notes
1. J. Mallatt, J. Chen, N. D. Holland, Science 300, 1372c
(2003);  www.sciencemag.org/cgi/content/full/300/
5624/1372c.
. D. Shu et al., Science 299, 1380 (2003).
3. X. Hou et al., The Chengjiang Fauna: Exceptionally
Well-Preserved Animals From 530 Million Years Ago
(Yunnan Science and Technology Press, Kunming,
China, 1999).
. D. Shu et al., Nature 421, 526 (2003).
. D. Shu, Chin. Sci. Bull. 48, 731 (2003).
. J. Chen, D. Huang, C. Li, Nature 402, 518 (1999).
. S. Conway Morris, Proc. Natl. Acad. Sci. U.S.A. 97,
4426 (2000).
. M. P. Smith, I. J. Sansom, K. D. Cochrane, in Major
Events in Early Vertebrate Evolution: Palaeontology,
Phylogeny, Genetics and Development (Taylor &
Francis, London, 2001), pp. 67—84.
9. W. R. Jackman, J. A. Langeland, C. B. Kimmel, Dev.
Biol. 220, 16 (2000).

10. D. Shu et al., Nature 414, 419 (2001).

11. J. Chen, Y-n. Cheng, H. v. Iten, Eds., Bull. Natl. Mus.
Nat. Sci. Taiwan 10 (1997).

12. This work was supported by MSTC (G2000077702),
NSFC (30278003 and 49972003), and the Royal
Society.

N

NO U A

o]

11 April 2003; accepted 28 April 2003

Downloaded from www.sciencemag.org on September 5, 2008

1372d


http://www.sciencemag.org

