Book Reviews

Evolutionary Gradients

Biogeography and Adaptation. Patterns of Ma-
rine Life. GEERAT J. VERMEL. Harvard Uni-
versity Press, Cambridge, Mass., 1978. xvi,
332 pp., illus. $25.

Recreation for the Eyes and the Mind
by Filippo Buonanni, the first printed
book devoted to seashells, was pub-
lished 298 years ago. A survey of the
subsequent malacological literature in-
dicates that an inordinate amount of at-
tention has been devoted to the esthetic
delights of shells and rather little thought
has been given to the adaptive signifi-
cance of their remarkably diverse forms.
Vermeij’s fascinating personal explora-
tion of patterns in the size and shape of
marine organisms will do much to re-
store the balance implied in Buonanni’s
title. It is recommended to all biologists
concerned with evolution and biogeogra-
phy.

The pervasive theme of Vermeij's
book is that many of the intertidal, latitu-
dinal, and interoceanic gradients in size
and shape represent coevolutionary re-
sponses to gradients in predator and
grazing pressure. This well-illustrated
volume is packed with observations on
mollusks, sessile invertebrates, and
plants of the intertidal and shallow sub-
tidal world. Emphasizing the tropical
mollusks he knows best, Vermeij argues
that thicker, larger, elaborately sculp-
tured shells with modified apertures are
more resistant to predation by crusta-
ceans, fish, and other gastropods. He
speculates that much of the spatial and
temporal variation in mollusk shell form
is interpretable in terms of adaptation to
present and past gradients in predator
pressure.

Vermeij is careful to point out that
data are not available to prove the exis-
tence of the alleged gradients in pre-
dation pressure. Nevertheless, his spec-
ulations appear justified by the ample
empirical evidence and by the critical
discussions of the known exceptions. In-
deed, one of his most valuable contribu-
tions is the continual mention of para-
doxical ‘situations and phenomena ripe
for experimental investigation. The ques-
tions he raises range from the specific
(why is Sargassum spinier in the Pa-
cific than in the Atlantic?) to the general
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(why, as one moves toward the equator,
do the photosynthetic animals replace
the algae in significance?). In stressing
the need for data on the sources and in-
tensity of predation on single species
throughout their ranges and for informa-
tion on productivity as it relates to com-
petition and predation, he notes the
strengths of the comparative experimen-
tal approach as exemplified in recent
studies by Birkeland, Lubchenco,
Menge, and others.

The most ambitious section of this vol-
ume embodies Vermeij’s attempt to ac-
count for the development of the gradi-
ents in antipredator adaptations. He
notes that they are more highly devel-
oped in the biota of the Indo-West Pacif-
ic than elsewhere. Diversity is also high-
est there—two to four times higher (de-
pending on the group) than in the
Caribbean. He inquires whether the rela-
tionship is causal or fortuitous. Do orga-
nisms that differ in the expression of
predator-related traits differ in their sus-
ceptibility to speciation and extinction?
Abandoning the fashionable r- and K-se-
lected species-dichotomy, he follows Van
Valen and Grime in recognizing three
types of species (opportunistic, stress-
tolerant, and biotically competent) and
arguing that they will differ strikingly in
their adaptability. Biotically competent
(highly coevolved) species have the high-
est speciation rates because the destabi-
lizing influence of coevolution assures
that selection pressures are continually
changing. Thus, biotic factors are the
source of the greater evolutionary diver-
sification in the tropics in general, and in
the older and less disturbed (by Pleisto-
cene climatic events) Indo-West Pacific
in particular. Vermeij supports his ideas
with an analysis of the biota divided by
the emergence of the Panamanian land
bridge in the last three million years.
Those species pairs that have differ-
entiated from one another on either
side of the isthmus are far from a random
sample of the total biota; biotically com-
petent species have already evolved
more than stress-tolerant and opportun-
istic ones. These ideas and observations
will, of course, interest evolutionary bi-
ologists generally, for they bear on a
whole range of problems that have hith-
erto been confronted primarily with data
from terrestrial organisms.

Vermeij’s hypothesis has considerable
predictive value, as he shows in con-
cluding analyses of the biotic inter-
actions that occurred following the re-
moval of various barriers to marine dis-
persal. His thorough discussion of the
biological ramifications of the proposed
sea level canal in Panama are a highlight
of this volume.

As one of the first attempts to develop
an evolutionary ecology of marine orga-
nisms, Vermeij’s work deserves wide at-
tention. It is well written and will prove
an invaluable reference, as two-thirds of
the more than 900 references are to pub-
lications less than 10 years old. For mal-
acology (the term carries the stigma of
sounding like ‘‘bad ecology’’) the book
should prove invigorating: predator pres-
sures may be estimated directly, and the
relative importance of competition, envi-
ronmental factors, and biomechanical
considerations in determining shell form
in individual cases must now be as-
sessed. For other biologists the chal-
lenge of testing the generality of Ver-
meij’s ideas must be confronted.

DaviD S. WOODRUFF
Department of Biological Sciences,
Purdue University,
West Lafayette, Indiana 47907

Neurochemistry

Amino Acids as Chemical Transmitters. Pro-
ceedings of a NATO Advanced Study Insti-
tute, Oslo, Aug. 1977. FRoDE FoNNUM, Ed.
Plenum, New York, 1978. xii, 748 pp., illus.
$49.50. NATO Advanced Study Institutes Se-
ries A, vol. 16.

Amino acids have at last come into
their own. Judging by the book under re-
view, they have been accepted into the
major league of transmitter neurochem-
istry and are attracting the kind of atten-
tion that has long been afforded the
monoamines.

This book is made up mostly of short
papers, with the emphasis on neuro-
chemical studies of excitatory and inhib-
itory amino acids: the localization, up-
take, metabolism, compartmentation,
and release of amino acids and the prop-
erties of tissue receptors. )

Some topics are discussed in several
papers. An example is the notable poten-
tiation by barbiturates and by the widely
used benzodiazepine tranquilizers of in-
hibition mediated by gamma-amino-
butyric acid (GABA). These drugs ap-
parently do not operate directly on the
GABA receptor, being particularly ef-
fective in antagonizing GABA antago-
nists rather than in enhancing the binding
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of GABA to receptors (Dray and Bow-
ery, Olsen et al.). On the other hand,
GABA binding is consistently increased
after freezing and thawing and after
treatment with Triton X-100 (Enna, Lloyd
and Dreksler, Olsen et al.). Accord-
ing to Johnston and Kennedy, these
procedures remove an endogenous in-
hibitor, probably phosphatidyl ethanol-
amine (though in even more recent stud-
ies by Costa and his colleagues, the in-
hibitor appears to be a protein, which is
competitively antagonized by benzodiaz-
epines). If the activity of receptors can
be modulated by such endogenous fac-
tors, we have an intriguing, ‘‘new’’ mode
of regulating the efficacy of synaptic
transmission.

GABA probably also plays a signifi-
cant role in primary afferent depolariza-
tion. As Curtis points out in his detailed
review of ‘‘pre- and non-synaptic’’ ac-
tions, it seems that GABA receptors are
present on all neurons, in both the pe-
ripheral and the central nervous system.
Since GABA also appears to be released
by between a quarter and a half of all
nerve endings in the brain, it may well be
the most important single transmitter in
the vertebrate nervous system.

It is surprising that so few studies of
GABA uptake have been set in the wider
context of cellular mechanisms of neu-
tral amino acid transport; according to
the generally accepted Schultz-Curran
scheme, amino acids are taken up in con-
junction with sodium ions and the ef-
fective driving force is the sodium elec-
trochemical gradient. Even the thought-
ful discussion of GABA transport by
Levi et al. fails to take this into consid-
eration. The essential role of the mem-
brane potential is explicitly stated only
by Henn et al., in a report on glial mech-
anisms of GABA uptake. Two other fea-
tures that may be of functional signifi-
cance are largely ignored: the uptake
process is potentially electrogenic and
may be reversible when the electrochem-
ical gradient is reversed.

The excitatory amino acids, glutamate
and aspartate, are now receiving almost
as much attention as GABA and glycine
(Aprison and Nadi contribute a full re-
view of glycine as a transmitter in the
spinal cord and medulla). According to
Fonnum, all efferent pathways from the
cerebral cortex probably operate by re-
leasing glutamate. Storm-Mathisen be-
lieves that several hippocampal afferent
and efferent pathways release glutamate,
aspartate, or both. Cotman and Ham-
berger provide particularly strong evi-
dence that the excitatory action of the
perforant pathway to the dentate gyrus is
mediated by glutamate.
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Several papers discuss the mode of re-
moval of glutamate released by activity
(Berl and Clarke, Van den Berg et al.,
Hamberger et al., and Bradford et al.).
The removal may occur principally by
uptake into glial cells, where glutamate is
transformed into glutamine. As an in-
active agent, glutamine can be safely re-
leased to the extracellular fluid (includ-
ing the cerebrospinal fluid), from which
it is taken up by nerve endings as re-
quired for reconversion to glutamate or
GABA. There is a clear parallel with the
recycling of acetylcholine via choline
at cholinergic junctions. Each system
seems to play its own variation on the
general theme. In this instance, the en-
zyme that converts the active transmitter
into the inactive intermediate is localized
in glia instead of being present at the re-
ceptor surface.

As is reemphasized here by Bradford
et al., amino acid transmitters appear to
be released from a cytoplasmic pool in
nerve endings rather than via vesicles.
One hopes that the experts on vesicle ki-
netics will take note of this challenge to
the hypothesis of vesicular release and
generate some much-needed morpholog-
ical evidence bearing on vesicle turnover
at central synapses.

Although the book has been put to-
gether commendably quickly, much of
the material is likely to be of only ephem-
eral value. Few of the papers are com-
prehensive reviews, and some impor-
tant topics—notably electrophysiological
studies of mechanisms of action, particu-
larly the puzzling and contradictory re-
sults obtained with excitatory amino
acids—are hardly covered. The price of
the book surely puts it beyond the re-
sources of most investigators. But as a
useful source of up-to-date information
and references it should be made avail-
able in libraries.

K. KrRNJEVIC
Department of Physiology,
McGill University,
Montreal, Quebec H3G 1Y6, Canada
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