es, the nature of decomposition process-
es, and the nutrition and role of detritus
feeders. There are many discrepancies in
the results of studies of these subjects
owing to differences in techniques or to
geographical variation among salt
marshes. More critical assessment of the
discrepancies could have been included
in most of the chapters.

Although this could have been a longer
book, it is a good summary of progress
achieved so far on Sapelo Island with a
thorough survey of the literature on re-
search done in other locations. It will be
useful to the advanced student intending
to do research in coastal environments
as a source of information on what has
been done.

IvaN VALIELA
Boston University Marine Program,
Marine Biological Laboratory,
Woods Hole, Massachusetts 02543

Movement of Animals

Vertebrate Locomotion. Proceedings of a sym-
posium, London, March 1980. M. H. Day,
Ed. Published for the Zoological Society of
London by Academic Press, New York, 1981.
xviii, 472 pp., illus. $89.50. Symposia of the
Zoological Society of London, No. 48.

Vertebrate Locomotion is the pro-
ceedings of a symposium celebrating the
tercentenary of the first edition of Borel-
li’'s De Motu Animalium. It should not be
confused with a 1961 symposium of the
Zoological Society with the same title.

The current volume is divided into
four sections covering swimming (five
papers), flight (three papers), walking
and running (five papers), and primate
arborealism (four papers). Most of the
contributions are comparative summa-
ries, although a few are detailed analyses
of locomotion in a single species. In the
latter category, Videler examines swim-
ming in cod, Batty uses the new tech-
nique of silhouette cinematography to
observe locomotion in tiny, transparent
plaice larvae, and Blake presents an ex-
ceedingly complicated mathematical
model for paddling propulsion based on
analysis of an individual angelfish.

The 1961 symposium began with a
chapter on general principles of locomo-
tion by Sir James Gray. One of the
problems of the current effort is that it
lacks such a unifying force. Each paper
addresses its assigned topic without
much reference to the others. The most
obvious example of this is in the primate
section. Fleagle ef al. present a function-
ally based argument that vertical climb-
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ing is a biomechanical link between bra-
chiation and human-type bipedality and
that so-called brachiators (which often
spend much more time in vertical climb-
ing than in brachiating) are thus pre-
adapted for bipedality. Their electro-
myographic studies show that many of
the large shoulder muscles of apes are
actually more active during vertical
climbing than during brachiation, and
kinematic and force-plate analyses indi-
cate that during vertical climbing ape
hindlimb movement is more like that of
humans than any other primate. Rollin-
son and Martin examine primate locomo-
tion by means of gait analysis and allo-
metric regressions of limb elements.
They conclude that the allometric differ-
ences between living apes and humans
are so large that “‘evolution of human
bipedalism from any ancestral form with
definite brachiating characteristics is
highly unlikely”” (p. 413). Neither set of
authors addresses the arguments of the
other.

Several of the papers concern locomo-
tor physiology. Johnston reviews the
structure, physiological characteriza-
tion, innervation, and metabolic bio-
chemistry of fish muscle, a topic that
connects nicely with Roberts’s summary
of motor control by fish nervous sys-
tems. Much of Goldspink’s paper on
energy ‘conservation in locomotion has
been published in at least three other
symposium volumes. Armstrong, on the
other hand, presents an interesting and
timely review of fiber-type distribution
and recruitment in mammalian muscle.

Perhaps the paper that best combines
physiological and morphological con-
cerns is Alexander’s study on the econo-
my of tetrapod gaits. Comparing the cal-
culated power requirements of animals
using different gaits with actual force-
plate records, he is able to show why
turtles use a gait that at first would
appear to offer low stability and why
mammals switch gaits at the speeds they
do. Although some of these data have
been presented elsewhere, much of the
analysis is new. Other integrative papers
include those by Rewcastle (evolution of
stance and gait in tetrapods), Rayner
(flight adaptations), and Lanyon (loco-
motor loading of limb bones).

The current Vertebrate Locomotion
attempts to answer many of the same
kinds of questions as the earlier sympo-
sium in a somewhat more thorough man-
ner. Perhaps not surprisingly, the major
difference is in techniques, with the earli-
er dissections and relatively slow cine-
matography now supplemented by more
powerful mathematical analysis, faster
films, including x-ray cinematography,

and such new tools as electromyography
and microwave Doppler radar. The 1961
symposium presented several papers
that have been quite influential; those
interested in vertebrate locomotion will
find its 1981 descendant equally informa-
tive.

JaMmEs L. EDWARDS
Department of Zoology,
Michigan State University,
East Lansing 48824

An Excitatory Amino Acid

Glutamate. Transmitter in the Central Ner-
vous System. P. J. RoOBERTS, J. STORM-
MATHISEN, and G. A. R. JoHNsTON, Eds.
Wiley-Interscience, New York, 1981. xii, 226
pp., illus., + plates. $41.50.

Can one have too much information
about a neurotransmitter? This question
is prompted by the latest of several
books published in recent years dealing
with glutamate and related amino acids.
The book arose from a symposium orga-
nized at the September 1979 Internation-
al Society for Neurochemistry meeting
in Jerusalem. In contrast to earlier vol-
umes, it is more than just a summary of
papers presented at the symposium, and
it includes some thorough and well-writ-
ten reviews—for example, Cotman and
Nadler on biochemical and pharmaco-
logical evidence that glutamate and as-
partate are transmitters in the hippocam-
pus and Abdul-Ghani, Coutinho-Netto,
and Bradford on studies of the release of
glutamate in vivo. The latter is an impor-
tant topic because the release of gluta-
mate is an essential aspect of glutamate-
mediated transmission, about which
there is a marked dearth of reliable infor-
mation.

Glutamate uptake is far better under-
stood, for it has been studied since the
pioneering work of Krebs and his collab-
orators more than 30 years ago. But does
the presence of even high-affinity uptake
provide incontrovertible enough evi-
dence that glutamate is a transmitter to
justify devoting two papers to the topic,
as is done in the book? According to the
paper by G. A. R. Johnston, carriers of
high-affinity uptake of excitatory amino
acids are only poorly selective and
blockers of uptake appear to have no
effect on synaptic potentials. Moreover,
as was first proposed by Quastel and by
van den Berg, glutamate appears to be
taken up principally by glia, being there
transformed to glutamine, which, having
minimal excitatory actions, can be safely
released into the extracellular medium

SCIENCE, VOL. 216



for uptake by nerve endings, where it is
the most efficient substrate for the pro-
duction of releasable glutamate (as is
described by Cotman and Nadler).

It was to be expected that studies of
glutamate binding would flourish as soon
as a sufficiently radioactive marker be-
came available. The studies are reviewed
in the book by P. J. Roberts. There is
indeed much binding in the cerebral
mash, but we are left with the old prob-
lem: what is functionally significant
binding—and in the context of which
function—and how does one explain
contradictory observations, such as that
N-methyl-p-aspartate does not bind? On
the other hand, a marked stereospecifici-
ty of glutamate binding is not in contra-
diction with electrophysiological data,
though the author surprisingly states that
it is. It seems to me that binding studies
are illuminating only when junctional re-
ceptors have been clearly identified (as
at peripheral sites of cholinergic and
aminergic transmission) or when a corre-
lation can be made with extensive and
reliable pharmacological data (for exam-
ple, with central receptors for dopa-
mine).

That we are far from this kind of
situation with glutamate is made espe-
cially clear by a review of the relevant
pharmacology by J. C. Watkins. Though
late in coming round to the idea that
glutamate might be a transmitter, the
author has been involved in studies of
these amino acids longer than anyone
else. He authoritatively reviews studies
of the possible amino acid antagonists,
the number of which is rapidly increas-
ing. So far, none of the compounds has
proved very potent or reliable. Although
Watkins makes a brave attempt at a
systematic survey, the story is very con-
fusing; it is therefore unfortunate that his
is the only paper with neither conclu-
sions nor a summary to help a bemused
reader.

A newcomer to the field might well
wonder why glutamate was ever pro-
posed (and is now so widely held) to be a
major central nervous system transmit-
ter. The reason is that, acting in minimal
amounts and in a signally rapid manner,
it is a surprisingly effective exciter of
nearly all central neurons. After nearly a
quarter of a century of central nervous
system iontophoresis, no other sub-
stance naturally present in the brain in
more than trace amount has been discov-
ered consistently to show such ‘‘trans-
mitter-like” properties. What is distress-
ing about the present situation—and
should be a major point of any survey of
glutamate—is that we still know very
little about its action and whether it is
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identical to that of the natural transmitter
presumably released at excitatory synap-
ses.

There is only a hint of this in the book,
in a very brief survey of glutamate action
in the hippocampus, by P. Andersen.
Andersen wonders whether glutamate
action is quick enough to explain the
short latency of excitatory postsynaptic
potentials observed in the hippocampus,
and he would like to know more about
conductance changes and reversal po-
tentials (and so on). These are the kinds
of questions that need to be asked, and
until they have been systematically
looked into and answered we are unlike-
ly to progress much further toward de-
ciding whether glutamate is or is not a
major excitatory transmitter.

K. KrNJEVIC
Department of Physiology,
McGill University, Montreal,
Quebec H3Q 1Y6, Canada
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