cepted dogmas of protein evolution. The
trouble is, of course, as Ambler points
out, that our concepts of protein evolu-
tion are so much tied up with the suppo-
sition that more ancient extant orga-
nisms have ‘‘perpetuated themselves un-
changed since early times’’ that we tend
to ignore the high probability that macro-
molecular similarities between different
prokaryotes are due to a continual but
sporadic natural genetic transfer of infor-
mation. This is suggested by R. R. Eady
in a chapter on the structure and evolu-
tion of nitrogenase in which he discusses
the artificial construction of new N,-fix-
ing bacteria by episomal transfer of the
nif genes from Klebsiella pneumoniae to
several other bacteria and the ability of
the two proteins (Mo-Fe protein and Fe
protein) responsible for overall nitrogen-
ase activity from different sources to
cross-react. Unfortunately we know
little of the amino acid sequence homolo-
gy of these moieties, or of the required
oxygen depletion systems, without
which both proteins are quickly inacti-
vated.

The fourth chapter on proteins, on
homology in protein structures by J.
Williams, is somewhat idiosyncratic,
for it discusses the subject in the light of
the old ideas of protein families based
on considerations of structure rather
than sequence. The author also appears
to be somewhat confused about homol-
ogy and analogy in the evolutionary
sense. Nevertheless, the questions he
raises about the wisdom of assuming
that evolution is always parsimonious
are valid and should not be overlooked.

The other two chapters, on the evolu-
tion of metal-binding sites in proteins
by T. G. Blundell and on the structure
and evolution of superoxide dismutases
by C. J. Brock and J. I. Harris, address
the subject of metal binding in proteins.
Blundell deals with zinc binding by most
insulins to give hexamers and with its
probable importance in the storage
of these peptides in pancreatic B cells.
Changes in the amino acid sequences
in certain insulins (guinea pig) and re-
lated proteins, insulin-like growth fac-
tors and relaxins, which have similar
confirmations to the zinc-binding moi-
eties, prevent the formation of such
hexamers. Brock and Harris draw atten-
tion to the overall evaluation of the two
diverse superoxide dismutases, those
containing either manganese or iron and
those having both copper and zinc. The
latter enzymes are only present in higher
eukaryotes (animals, fungi, and plants).
Here again, the authors suggest that the
unexpected occurrence of superoxide
dismutase in anaerobes could be a result
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of genetic transfer, but it seems equally
likely that the enzymes could act as a
guard against any superoxide in the envi-
ronment.

All in all, this is a useful collection of
work in progress, with enough informa-
tion to give food for thought but little
really new. It is reasonably well pro-
duced, but there are many spelling mis-
takes (none of them ‘‘fatal’’), and pp. 111
and 112 are in the wrong order. My only
real quibble is that most of the authors
refer to details published elsewhere, of-
ten in rather difficult-to-obtain reports of
other symposia. I hope that in the future
they will be encouraged to include essen-
tial data in the chapters they write even if
it means some repetition.

ToNY SWAIN
Department of Biology,
Boston University,
Boston, Massachusetts 02215

Ecology of the Carabidae

Carabid Beetles in Their Environments. A
Study on Habitat Selection by Adaptations in
Physiology and Behaviour. HaNs-ULRICH
THIELE. Translated from the German. Spring-
er-Verlag, New York, 1977. xviii, 372 pp., il-
lus. $44.20. Zoophysiology and Ecology, vol.
10.

The holometabolous insect family
Carabidae includes about 40,000 de-
scribed species, with more being de-
scribed almost daily. The group probably
originated in the early Mesozoic, and in
the course of time it has managed to oc-
cupy most of the ice-free areas of the
world. Structural differences within the
family are numerous, but not striking: it
is easy to recognize a carabid as such,
and difficult to identify taxa of less in-
clusive rank. This moderate structural
divergence and marked diversity are ac-
companied by striking ecological diver-
gence. Because of these features, along
with the ease of sampling carabid faunas
of fields and forests by means of pitfall
trapping and the potential usefulness
of carabids in biological control of
noxious insects and as indicators of envi-
ronmental quality, the group has at-
tracted a substantial amount of work.
Nonetheless, fewer than 100 species
have been studied in detail, and most of
these are western European.

Foremost among those investigating
the ecological aspects of carabids is the
author of this book. The book was writ-
ten because the author believed it was
time to integrate the information that has
accumulated about the way of life of cara-
bids. (His bibliography includes 595 pub-

lications, 88 percent of which were writ-
ten during the past 18 years, mostly in
German and English.) Because the book
is comparative both in method and inter-
pretation, it is a contribution to system-
atics as well as to ecology.

The objectives of the book are to de-
scribe how species are adapted to their
environments and how the adaptations
have evolved; to determine what factors
limit species to particular microhabitats;
to document the principle that the first
step in the differentiation of a species is
physiological; and to show to what ex-
tent the study of carabids can contribute
to the more inclusive fields of ecology,
ethology, and evolutionary biology.

By examining genetically determined
responses to environmental factors,
which he classifies as abiotic (temper-
ature, humidity, light, and chemical and
physical attributes of the substrate) and
biotic (competition, parasites, predators,
and so on), and behavioral—that is, en-
dogenous—factors (especially circadian
and annual rhythms), the author demon-
strates the varied ways of life of carabid
beetles and establishes that these basi-
cally structurally generalized animals as
a group are highly adaptable. Further, he
suggests that the basis for their adapt-
ability is threefold: a generally flexible
system of response to abiotic factors (for
example, of 47 central European species
studied in detail for preference with re-
spect to light, humidity, and temper-
ature, more than half were eurytopic for
at least one of these parameters; only 36
percent were stenotopic for all three); a
generally omnivorous diet; and a combi-
nation of marked dispersal capability in
adults of many species with the tendency
to form populations that remain for ex-
tended periods following colonization of
new areas.

On the basis of field observations and
limited laboratory experiments, Thiele
concludes that abiotic factors determine
the microhabitat a given species occu-
pies and that competition is not a limiting
factor. His analyses of adaptations form
the basis for consideration of evolution-
ary processes.

Thiele’s pragmatic approach to the lat-
ter topic produces only a very general
model, and no group of species is fitted
to it in detail. Simply described, Thiele’s
model is based on allopatric speciation,
with a recently dispersed isolate in a new
area facing new environmental condi-
tions and undergoing physiological
change to meet the new circumstances.
Survival in the new area is made possible
by the flexibility of physiological re-
sponses to abiotic factors. Eventually
change takes place, and with it speci-
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ation. Subsequently, a new wave of dis-
persal brings a segment of the new spe-
cies into contact with other, similarly
adapted species. Although the author
does not so state, the model implies that
communities of carabids are built up by
random accumulation of species with
similar tolerances for the abiotic factors
that are prevalent in their particular envi-
ronment.

Thiele is unable to fit his model to a
group of carabids because he does not
make use of other powerful explanatory
models provided by phylogenetic analy-
sis, with its emphasis on identification of
sister groups and reconstructions of hy-
pothetical ancestral character combina-
tions. Without such reconstructions, one
cannot postulate directions of change or
formulate a very satisfactory notion of
the pathways of evolution.

Another model that Thiele could have
used to good advantage is the taxon
cycle, as applied by P. J. Darlington, Jr.,
to the evolution of carabids and their
communities. In essence the model calls
for the origin of dominant, freely dis-
persing species in tropical lowlands, with
spread from these areas made possible
by local adaptations. Later, other domi-
nant groups arise in the same centers and
follow and displace the surviving stocks
of the earlier waves, which either be-
come extinct or withdraw from lowlands
to other habitats. This model is consis-
tent with the general orderliness seen in
patterns of diversity of carabid commu-
nities and associated ecological and mor-
phological divergence. In not discussing
the model—perhaps because it postu-
lates competition as one of the main driv-
ing forces, or perhaps because it seems
too speculative—Thiele forgoes the use
of a set of principles with the potential to
unify his ecological data.

Another difficulty is thatin his enthusi-
asm for what has been accomplished,
Thiele has not emphasized sufficiently
how restricted a base of data underlies
our conceptions of environmental rela-
tionships of Carabidae. For example,
knowledge of responses of carabids to
chemicals is fragmentary, and the adapt-
ive significance of slight differences in
body form between closely related but
ecologically different carabid species is
not understood. By not accentuating
such deficiencies the author overlooks
some promising questions for further re-
search. For example, the ecological sig-
nificance of body size classes in different
communities, environmental partition-
ing, and r and K selection are not men-
tioned, and the possibility of sympatric
speciation by differentiation in response
to abiotic factors is not considered.
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Carabids would be excellent for study of
such matters.

In short, the book would be of more
value to biologists in general if more seri-
ous consideration had been given to re-
cently developed ecological-evolution-
ary theory, and it would be of more use
to carabid specialists if the author had
pointed out some directions for future re-
search.

Overall, however, the book is a fine
synthesis of current knowledge of
homeostatic aspects of ecological rela-
tionships of carabids, and it is a fitting
tribute to the man to whom it is dedi-
cated: Carl H. Lindroth, who was instru-
mental in formulating the approaches
and techniques that are commonly used
in ecological research on these fine
beetles. The material is well organized
and the text is easily readable, thanks to
the clarity of thought and expression of
the author and to the skill of an able
translator.

GEORGE E. BALL
Department of Entomology,
University of Alberta,
Edmonton, Alberta T6G 2E3, Canada
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