introduction to a number of topics. One
general criticism I have of such efforts,
which also applies here, is that figures
are usually lifted from other publications
and are not adequately captioned. The
Sanibel volume contains 50 papers (of an
average length of eight typewritten
pages), and at $47.50 it can barely be ex-
pected to be bought by individuals or
even by many libraries. This is especially
true in view of the considerable com-
petition from a large number of other
books and reviews on 3He that have ap-
peared recently. In my opinion pro-
ceedings such as these are more appro-
priate in a journal, where more flexibility
exists as to the length of each contribu-
tion.

P. C. HOHENBERG
Bell Laboratories,
Murray Hill, New Jersey 07974

Ecology of Ants and Termites

Production Ecology of Ants and Termites. M.
V. Brian, Ed. Cambridge University Press,
New York, 1977. xviii, 410 pp., illus. $41. In-
ternational Biological Programme 13.

On most occasions the national com-
mittees of the International Biological
Program, which were active from 1964 to
1974, gave their principal support to ma-
jor biome studies. They placed much less
emphasis on individual groups of orga-
nisms, even those that exert a heavy in-
fluence on the ecosystem. An exception
was made in 1966 when the IBP section
concerned with productivity of terrestri-
al communities decided to devote a spe-
cial project to social insects because ‘‘in
semi-arid savannah, steppe, prairie and
heath habitats (particularly those in the
tropics) both ants and termites abound
and are unquestionably of great impor-
tance in ecosystem functioning.”” The re-
sults, reported in the book under review
here, represent one of the more solid
achievements of the IBP.

The confidence of the organizers in the
ants and termites was without doubt well
placed. Some of the facts cited by Brian
and his coauthors will be startling even
to those already inured to the prodigious
qualities of these insects. In most habi-
tats, in most parts of the world, there are
on the order of 1 to 100 million ants and
termites per hectare. They constitute 1
to 15 percent of the animal biomass in
various grassland localities in North
America, Europe, and Africa and over
20 percent in the single site in the Ama-
zon rain forest thus far subjected to
quantitative study. It is difficult to take
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more than a few steps anywhere in the
world without treading on an ant; a mois-
tened sugar cube thrown onto the ground
at random in warm weather will usually
attract foragers from one or more colo-
nies within minutes. The impact of these
insects on their ecosystems is corre-
spondingly great. In their studies of a
typical Polish meadow, A. Kajak and his
co-workers found that 32 percent of new-
ly emerged flies, 43 percent of leafhop-
pers, and 49 percent of lycosid spiders
were captured and eaten by the ants be-
longing to the single genus Myrmica. In
some places much of the biomass is orga-
nized into small numbers of virtual su-
perstates. Single colonies of fungus-
growing ants (Atta) and termites (Macro-
termes) contain over a million workers.
One colony of driver ants (Dorylus) was
estimated to have 21 million workers.
The highest recorded reproductive po-
tential among insects is held by queens
of the termite Odontotermes obesus , the
single progenitrices of very large colo-
nies. Two independent counts yielded
oviposition rates of 26,208 and 86,400
eggs per day (one egg every one to three
seconds), a production that presumably
continues for years.

Production Ecology of Ants and Ter-
mites 1s strongly oriented toward meth-
odology and facts: the mensuration tech-
niques and data of species diversity,
population size, dispersion pattern, pop-
ulation dynamics, metabolism, and ener-
gy flow. Because of the great diversity in
natural history among their individual
species, ants and termites affect virtually
every kind of multicellular organism in
terrestrial habitats, making even a com-
plete outline of their ecology an impos-
sible task. The authors, however, have
selected certain appropriate features for
close attention. One is the elaborate
symbiosis between the attine ants and
macrotermitine termites and their re-
spective fungi. Both kinds of insects
gather leaves or other cellulose-bearing
materials and permit the fungi to digest
them in subterranean gardens. The ter-
mite mutualism receives the greater at-
tention in the present volume and is es-
pecially well reviewed in a chapter by J.
P. La Fage and W. L. Nutting. The ter-
mites utilize the fungi at least in part to
degrade lignin and hence to expose
larger quantities of cellulose for their
own use. This symbiosis has permitted
the macrotermitines to exploit a greater
variety of plant materials, an adaptation
that appears to be a principal source of
their great numerical success in the Old
World tropics. (The mycological side of
the relationship has been presented in an
elegant monograph by Roger Heim, Ter-

mites et Champignons: Les Champig-
nons Termitophiles d’Afrique Noire et
d’Asie Meéridionale, Société Nouvelle
des Editions Boubée, Paris, 1977. Heim,
who holds the chair of cryptogamic bot-
any at the Muséum National d’Histoire
Naturelle, Paris, has for the first time
laid out in detail the phylogeny, classifi-
cation, and life cycles of the fungi, all of
which belong to the agaricaceous genus
Termitomyces. His book will serve as a
valuable aid to further research by en-
tomologists on the biology of macroter-
mitines.)

Production Ecology of Ants and Ter-
mites is one of the indispensable guides
for future studies on these social insects.
Yet despite its large bibliography—ap-
proximately 1000 titles, of which more
than 80 percent were published in the
past 20 years—the work it summarizes is
no more than a modest beginning. Only a
tiny fraction, much less than 1 percent,
of the more than 10,000 ant and 2000 ter-
mite species have been considered in any
detail. And, as the authors themselves
are clearly aware, little effort has been
made to relate the raw numbers pro-
duced by the ecosystems studies to the
idiosyncrasies of social behavior and en-
vironmental adaptations of individual
species. Thus the behavioral ecology of
social insects stands as one of the most
promising special fields of study for the
immediate future.

EpwARD O. WILSON
Museum of Comparative Zoology
Laboratories, Harvard University,
Cambridge, Massachusetts 02138

Mathematical Ethology

Quantitative Methods in the Study of Animal
Behavior. BRIAN A. HAZLETT, Ed. Academic
Press, New York, 1977. x, 222 pp., illus.
$12.50.

Ethologists interested in evolution
have emphasized modal patterns of be-
havior; behaviorists interested in mecha-
nisms have minimized variability with
precisely controlled experiments. Only
recently have there been concerted at-
tempts to develop a methodology for an-
alyzing behavioral variability in animals
interacting with each other and their en-
vironment.

The present volume consists of six pa-
pers each of which expounds a different
mathematical approach to behavioral
variability. Two concerns permeate the
papers: the meaning of variability around
modal patterns, and the formulation of
models to pose new questions. The au-
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