tasks, providing another window to preven-

tion through psychomotor training (2). Fi-

nally, with the use of methods that build on

those of Manuca and Savit and the team at

the University of Michigan, we have found

that more than half of epileptic crises can be

anticipated by a brief window and are ame-

nable to electrical intervention of the kind
described in Glanz’s article (3).
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Glanz quotes one investigator to the effect
that neural noise does not have clinical ap-
plication as yet. But three decades ago, it
was discovered that the pupil motor re-
sponse has a neural noise component (I).

We uncovered a signal processing method
to isolate this noise from the rest of the pupil
response and found that the noise variance
had a significant clinical application in that
it could accurately (90% confidence) distin-
guish individuals with attention deficit dis-
order (narcoleptics) from normal (control)
individuals (2). In memory experiments, we
also observed that neural noise has a dra-
matic impact on cognitive performance. We
believe that the reticular activating system
controls the noise we measure and, if so,
there should be more clinical applications
for attention deficit disorders in the future.
William D. O’Neill
Department of Bioengineering,
University of Illinois,
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E-mail: oneill@eecs.uic.edu
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Haeckel’s Embryos

A recent paper that we authored with several
colleagues challenges the idea that there is a
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single, highly conserved embryonic stage in
the vertebrates (1). Principally because of our
conclusions regarding the inaccuracies of
drawings made by the 19th-century natural-
ist-philosopher Emst Haeckel, our paper re-
ceived considerable coverage in the popular
and scientific press (2), including an article
by Elizabeth Pennisi (“Haeckel’s embryos:
Fraud rediscovered,” Research News, 5 Sept.,
p. 1435). Regrettably, in the resulting debate
over Haeckel and the reality of the vertebrate
“phylotypic” stage, what we regard as one of the
main implications of our results for contem-
porary studies of the developmental basis of
evolutionary change has been largely over-
looked.

The idea that there is an identical em-
bryonic stage (the phylotypic stage) com-
mon to all vertebrates implies that changes
in development that underlie the consider-
able variation in adult morphology of these
animals appear only later in ontogeny. In
this sense, the concept of the phylotypic
stage is an explicit statement, or hypothesis,
about the temporal deployment of evolution-
ary changes in development. Yet we show that
at least some significant differences in adult
morphology, involving characters as funda-
mental to the vertebrate body plan as limbs
and somites, begin to appear before, and are
apparent at, the putative phylotypic stage.
These and similar observations (3) seriously
diminish the validity and applicability of
the phylotypic stage concept for the verte-
brates. More important, they remind us of
the potential significance of earlier develop-
mental events to the determination of ani-
mal form, and that these too are frequent
targets of evolutionary perturbation.

James Hanken
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Secretion of Thiols and
Disulfide Bond Formation:
Retraction

In our report “Cysteine and glutathione se-
cretion in response to protein disulfide bond
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