way? Caste determination may well be
‘‘coarse-tuned”’—two or three castes
constitute a very blunt instrument to be
adjusted to the numerous environmental
contingencies, even with the finer tuning
provided by age-related responses and
individual differences in pace. I doubt
whether caste determination is unique in
this bluntness.

The questions that we can ask about
strategies are necessarily myopic: we
cannot say anything about what might
evolve in the long term or know much
about the problems that have been solved
and are no longer problems. To ask
about optimization at all is to presuppose
that the necessary genetic variability is
available to carry the species to at least a
local optimum. But suppose the capacity
is simply not there and the solutions we
see are only workable ones? Fitnesses
are relative, not absolute, and as long as
no better competitor appears the sub-
optimal may survive perfectly well.
Competitive exclusion would never hap-
pen in nature if all species were the best
(rather than just good or average) at
doing what they are supposed to do.
More than any other book I have read,
Caste and Ecology in the Social Insects
lays bare the problems of applying opti-
mality theory to ecology and evolution-
ary biology, devoting the whole of chap-
ter 8 to explicit and penetrating self-criti-
cism. The authors are clearly optimists;
otherwise, knowing what was to appear
in the eighth chapter, they would never
have written the previous seven. It is far
too early to tell whether this optimism is
justified; but without doubt they have
created some mighty and fascinating
problems where before there were only
ants.

JouN H. LawToN
Department of Biology,
University of York,
York YOI 5DD, United Kingdom

Chemical Coevolution

Biochemical Aspects of Plant and Animal Co-
evolution. Proceedings of a symposium, Read-
ing, England, Apr. 1977. J. B. HARBORNE,
Ed. Academic Press, New York, 1978. xviii,
436 pp., illus. $50.90. Annual Proceedings of
the Phytochemical Society of Europe, No. 15.

This symposium volume reviews as-
pects of an exciting and rapidly ex-
panding subject that is already finding
important applications in agriculture and
silviculture and promises to do so to a
much greater extent in the future. During
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the last 20 years there has been a grow-
ing realization that many of the chemical
constituents of plants function not so
much in basic metabolism as in ecologi-
cal interactions with plant enemies and
mutualists. These ‘‘secondary sub-
stances,’’ previously the province of nat-
ural products chemists and pharmacolo-
gists, appear to constitute the main de-
fense of plants against herbivores,
pathogens, and other plants and also are
of great importance in attracting pollina-
tors and seed dispersers.

I found all the chapters in the book in-
teresting. They contain much new infor-
mation, and there is a healthy prolifera-
tion of new hypotheses and attacks upon
old ones. T. Swain assails the ecological
selectionists, claiming they have mistak-
enly assumed that a description of bio-
chemical or other aspects of present-day
ecological interactions can explain
changes that have taken place in the re-
mote past. In fact, most selectionists
have so far not concerned themselves
with the remote past but have attempted
to discover the underlying principles
maintaining patterns in contemporary
plant and animal interactions and have
used them to create testable predictions
concerning related present-day interac-
tions. When these basic principles have
been discovered they will, one hopes,
prove useful in understanding the course
of evolution in the remote past, since
it is reasonable to assume that selective
influences maintaining contemporary
patterns have also been important in
their evolution. The cast may change but
the plot should be similar.

Swain and other contributors to the
book champion the historical approach
to understanding biochemical coevolu-
tion, with an emphasis on phylogeny that
borrows heavily from the techniques of
paleontology and chemotaxonomy. Un-
fortunately, there is little fossil evidence
concerning plant and animal coevolu-
tion, particularly, and not surprisingly,
in the case of chemical aspects. Thus the
schemes developed by historical co-
evolutionists have themselves been
largely based on properties of living spe-
cies thought to be similar to ancestral
forms, and Swain is guilty of the same
shortcoming he attributes to selection-
ists. While one school has highlighted
the importance of selective influences in
evolution the other has highlighted an-
cestry. It is a truism that both are inti-
mately involved. We now need a combi-
nation of the two approaches. Swain’s
scenario of plant defensive chemical
evolution from the Paleozoic onward is
fairly plausible, but its authoritative air

belies its speculative nature. There is a
great need for further fossil chemical evi-
dence.

It has been proposed that the amount
and type of defense evolved in various
plants should be related to the risk plants
face from enemies. S. McNeil and T. R.
E. Southwood think that a major defen-
sive adaptation against insects in high-
risk (long-lived, common) plants may be
to render their nitrogen unavailable, as
has been previously suggested. D. H.
Janzen, himself a confirmed selectionist,
warns against applying the risk hypothe-
sis to interactions between seeds and seed
predators because we do not yet know
enough about the natural history of seed
predators. He apparently believes that
an assessment of resource risk must take
enemy properties into account. I believe
that the definition of risk should exclude
reference to particular enemy properties
in order to avoid circular reasoning in
unraveling coevolution.

E. A. Bernays and R. F. Chapman find
that feeding by two species of acridoid
insects, both of which naturally eat only
grasses, is much less inhibited by grass
extracts than by extracts of nonhost-
plant species. Surprisingly, they inter-
pret this to mean that grasses are rela-
tively free of defensive substances and,
on the basis of this dubious assumption,
propose a scheme of evolutionary
change in the feeding habits of Acridoi-
dea from polyphagous ancestors. Using
analogous methods it might easily be
concluded that any chosen group of
plants is free of defensive substances. H.
F. van Emden concludes from his stud-
ies of aphids, which tend to be mobile,
reproductively prolific, and host-specif-
ic, that most insect species with restrict-
ed host range may be ‘‘r’’ selected and,
conversely, that insects with many hosts
may be ‘K’ selected, which seems un-
likely.

D. A. Jones, R. J. Keymer, and W. M.
Ellis find only limited support for the hy-
pothesis that polymorphism for cy-
anogenesis in clover and birdsfoot trefoil
populations is maintained by a combina-
tion of selective grazing on acyanogenic
individuals when herbivores are present
and lower fitness for cyanogenic plants
when herbivores are absent. Their re-
sults can be explained if the plants are
also polymorphic, or exhibit variance,
for other defensive systems and both
plant species contain candidate sub-
stances. Similarly, W. C. Burnett, S. B.
Jones, and T. J. Mabry report that a ses-
quiterpene lactone added to an artificial
diet deterred feeding and depressed
growth and survival of insects but that in
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field tests plants containing this com-
pound experienced heavier grazing than
a member of the same genus depauper-
ate in sesquiterpene lactones, suggesting
the presence of another defensive system
in the lactone depauperate plant.

Taxonomically dissimilar animals deal
with dietary toxins by remarkably simi-
lar metabolic pathways (P. Millburn).
Disappointingly, differential mechanisms
or detoxification potencies among co-
evolutionarily relevant groupings, such
as herbivores versus nonherbivores or
host-restricted herbivores versus gener-
alized herbivores, are not discussed, and
resistance mechanisms other than those
involving chemical modification of the
toxin are not covered.

M. Rothschild has so far obtained little
evidence for her hypothesis that dietary
carotenoids may potentiate olfactory and
auditory perception and hormonal
changes in animals. Ophrys orchid fra-
grances attract male insects, which
transfer pollen while endeavoring to cop-
ulate with the flower, but attempts to as-
sociate the fragrances with insect sex
pheromones have proved unsuccessful
(G. Bergstrom). Bergstrom believes that
the interaction probably evolved from a
stage in which the orchids produced nec-
tar to one in which the insects benefit by
collecting volatile secretions from the
flowers for use in swarming behavior.
Seed toxins and insect carotenoids are
discussed by E. A. Bell and J. Feltwell,
respectively, to conclude the section on
plant-animal interactions.

E. I. Newman concludes that allelopa-
thy occurs, but he thinks this effect may
be merely fortuitious, not due to natural
selection acting on competing plants,
and that allelopathy is not the primary
function of the substances involved.
Doubtless, these conclusions will be
challenged. According to J. B. Harborne
and J. L. Ingham, postinfectional pro-
duction of phytoalexins is the most im-
portant mechanism by which plants re-
sist fungal infection. Harborne and In-
gham compare phytoalexins produced
by various plant taxa, but unfortunately
no comparisons are made among eco-
logically relevant groups such as trees,
shrubs, and herbs.

Evidence has been accumulating to
suggest that many plants, perhaps most,
can actively increase their levels of de-
fensive substances over time periods
ranging from hours to years in direct re-
sponse to attack by herbivores, analo-
gously to their responses against patho-
gens. This effect may be of great impor-
tance as an analytical tool in herbivore
population dynamics and, potentially,

13 APRIL 1979

for pest control. The absence of any
reference to this phenomenon is a fail-
ing in a book claiming to cover the most
significant developments in ecological
biochemistry of the last five years. The
book should be read by all those in the
field, but more complete and condensed
introductory summaries are available for
the general reader.

Davip F. RHOADES
Department of Zoology,
University of Washington,
Seattle 98195

Techniques in Field Theory

Relativistic Quantum Fields. C. NASH. Aca-
demic Press, New York, 1978. x, 224 pp. $31.

Relativistic quantum field theory has
become a tool used daily by the high en-
ergy physicist. It is now widely believed
that non-Abelian gauge field theories
give the fundamental dynamics of the
strong interactions as well as furnishing
the framework for the unification of the
weak and electromagnetic interactions.
In particle physics the fundamental issue
of our time has centered on attempts to
understand the interaction of non-Abe-
lian color gauge fields with quark fields.
The application of quantum field theory
has not been limited to particle physics,
however. The great advances that have
recently been made in our understanding
of the scaling laws in second-order phase
transitions have come about through a
study of the long-distance behavior of
zero-mass quantum field theories.

There is a notable lack of books for
students dealing with modern quantum
field theory. This short volume by Nash
discusses a number of recently devel-
oped techniques in field theory in a man-
ner intended to be comprehensible to
postgraduate students. In particular the
book deals with functional integration,
dimensional regularization, infrared be-
havior in quantum electrodynamics
(QED), the Wilson expansion, and the
Callan-Symanzik equation. Each topic is
illustrated by many well-chosen ex-
amples, though there are hardly any
physical applications given. By and large
¢* theory and QED are the field theories
discussed, with some results quoted for
non-Abelian theories.

About a quarter of the book is devoted
to a discussion of dimensional regular-
ization. The examples in this section are
especially well chosen. A reader familiar
with the basic properties of Feynman
diagrams should be able to obtain a good

working knowledge of dimensional regu-
larization. I think this is the most suc-
cessful part of the book.

Renormalization of ¢* theory and
QED is done mostly by means of ex-
amples. A general subtraction proce-
dure, such as that of Bogoliubov, Para-
siuk, Hepp, and Zimmermann, is not giv-
en. This makes the discussion of the
Wilson expansion little more than the
statement of a set of rules. In deriving
the Callan-Symanzik equation the very
elegant method of Symanzik is used.
However, without a thorough knowledge
of a subtraction procedure this method is
virtually impossible to comprehend.

Relativistic Quantum Fields is written
in a crisp, lucid style. Many of the topics
discussed in the book are not covered in
any other book intended to be used by
students. If the reader is willing to refer
to some of the original papers while read-
ing this book, he or she should be able to
obtain a good foundation in modern
quantum field theory without an undue
amount of pain.

ALFRED MUELLER

Department of Physics,
Columbia University,
New York, New York 10027

Books Received and
Book Order Service

Books Received and the Book Order Ser-
vice are combined in issues in which there is
a Reader Service Card. To order any of the
Book Order Service books, circle the corre-
sponding number on the Reader Service
Card (pages 116A and 214A); the participat-
ing publisher(s) will ship the title(s) ordered
and send you a bill. Where no Reader Ser-
vice number is given, the publisher is not
participating in the Book Order Service; send
your order and check directly to the publisher.

Adaptive Optics and Short Wavelength
Sources. Papers from a summer school, Tel-
luride, Colo., Aug. 1977. Stephen F. Jacobs,
Murray Sargent III, and Marlan O. Scully,
Eds. Addison-Wesley Advanced Book Pro-
gram, Reading, Mass., 1978. xii, 213 pp., il-
lus. $24.50. Physics of Quantum Electronics,
vol. 6. To order circle 555 on Reader Service
Card.

Advances in Cancer Research. Vol. 28.
George Klein and Sidney Weinhouse, Eds.
Academic Press, New York, 1978. x, 410 pp.,
illus. $31.

Advances in Cryogenic Engineering. Vol.
23. Proceedings of a conference, Boulder,
Colo., Aug. 1977. D. K. Timmerhaus, Ed.
Plenum, New York, 1978. xviii, 748 pp., illus.
$49.50. A Cryogenic Engineering Conference
Publication.

Advances in Experimental Social Psycholo-
gy. Vol. 11. Leonard Berkowitz, Ed. Aca-
demic Press, New York, 1978. x, 344 pp. $21.

(Continued on page 214)
167



