one of the very few accounts of the
limnology of a river in the tropics, and
a very complete and up-to-date bibli-
ography. I hope that it will serve as
an example to biologists in other trop-
ical lands where streams are just as
threatened by man’s activities as are
temperate ones. May they also be in-
spired to go out and find out about
their own rivers and from what they
need protection.

H. B. N. HyNES
Department of Biology,
University of Waterloo,
Waterloo, Ontario

Determination of Sex

Genetics of Sex Differentiation. URsuLA
MirtwocH. Academic Press, New York,
1973. xiv, 254 pp., illus. $16.50.

While there are numerous theories
on the mechanism of sex differentia-
tion, particularly in mammals, no single
hypothesis has gained general accept-
ance. Ursula Mittwoch, who has made
important contributions in the past in
her studies of nuclear sexing, here pre-
sents a distillation of her current ideas
on the role of the sex chromosomes in
development. She suggests that it may
be the mitotic regulatory effects of the X
and Y chromosomes that determine go-
nadal differentiation. She further argues
that the differential growth of XX and
XY cells is mediated by specific chro-
mosomal regions as well as by intra-
uterine environmental factors. Mittwoch
has obviously come to the conclusion
that simple genic determination of the
sexual phenotype is invalid.

Fortunately, Mittwoch has developed
her arguments in a way that gives the
book merit well beyond that of its
underlying thesis. She has, for example,
provided an incisive review of the clas-
sical concepts of sex determination and
discussed the possible role of hetero-
chromatin in sex differentiation. She
points out that the sex chromosomes
contain an inordinate amount of facul-
tative, as opposed to constitutive (or
structural), heterochromatin, with the
best example of facultative heterochro-
matinization being the genetic inactiva-
tion of one of the two homologous X
chromosomes in the mammalian female
cell. The critical nature of the largely
heterochromatic Y chromosome in sex-
ual differentiation has long been recog-
nized, but the mechanism of Y chro-
mosome action is still not clear.
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Mittwoch argues against several hypoth-
eses that have been proposed in
recent years as alternatives to the clas-
sical idea of large numbers of male-
and female-determining genes. For
example, Hamerton has hypothesized
that the Y bears a controlling center
that activates a specific gene located
on the X chromosome. This X-linked
gene is said to produce an inducer
which stimulates the medulla of the
primitive gonad with subsequent dif-
ferentiation of that gonad into a testis.
As Mittwoch suggests, while the Y is
indeed the primary sex determiner,
there is no evidence for an inducer
gene, let alone for its location on the
X chromosome.

The sex differentiation hypotheses of
Boczowski and Ohno are also dis-
cussed—Boczowski’s idea requiring hy-
pothetical genes on the X (a gonadal
inhibitor gene) and Y (a repressor-
producing gene which is specific for
the X-linked inhibitor gene), and
Ohno’s requiring an X-linked regulator
of testosterone production.

The reader interested in mechanisms
of sex determination will find this a
superb review not only of the tradi-
tional concepts of sexual differentiation
but also of several of the more recent
hypotheses. As Mittwoch admits, how-
ever, her own hypothesis is formulated
as yet only in broad terms. While her
hypothesis is thought-provoking, it, like
the hypotheses she criticizes, is not
totally acceptable. In support of the
idea of chromosomal regulation of
growth, Mittwoch cites the relationship
of chromosomal volume to mitotic
activity and the relationship of chro-
mosomal size to the duration of the
cell cycle. These observations are
generally valid, but it is difficult, in-
deed, to see how the longer generation
time of triploid and tetraploid nuclei
may be compared with possible XX
and XY replication differences. One
can readily concur with Mittwoch’s
assessment of the limitation of viewing
sex determination as the result of
simple Mendelian gene control; but it
is difficult to accept the notion that
sex determination takes place on the
basis of preferential growth of XY
cells. Mittwoch’s fundamental argument
is that, in males, the testicular gonadal
tissue grows faster than the primitive
ovarian tissue because of the presence
of a Y chromosome. She may be cor-
rect in this, but further proof is needed.
With formation of the testis, androgens
are secreted and masculinization of the

reproductive tract is the result. The
normal female reproductive tract is
viewed as being produced simply in
the absence of the masculinizing effect
of fetal androgens.

Mittwoch’s book is valuable, then,
in two ways: First, it presents an ex-
cellent, updated review of fundamental
aspects of sex determination, with the
discussions of the formation and the
function of X and Y heterochromatin
being especially well done. Mittwoch
ranges over a wide portion of the evo-
lutionary tree in her discussion, which
enhances the appeal of this book to
biological scientists, Second, she re-
views the major theories of sex deter-
mination and adds her own. While no
one theory seems able as yet to explain
sex determination in a totally satisfac-
tory way, the ideas that are presented
here are clearly among the best at-
tempts.

ARTHUR D. BLooM
Department of Human Genetics,
University of Michigan Medical School,
Ann Arbor

Activity of the Thymus

Thymic Hormones. T. D. Luckey, Ed.
University Park Press, Baltimore, 1973,
xviii, 376 pp., illus. $19.50.

Scientific interest in the thymus was
awakened anew in 1960 when Good,
Miller, and soon thereafter a host of
other investigators demonstrated the
critical role the thymus played in the
development of the immune system. As
so often happens when such a break-
through occurs, the past is temporarily
forgotten as the new concept coupled
with new technology leads to a cascade
of data’and insights.

Thymic Hormones, edited by T. D.
Luckey and authored by many of the
old-timers in the thymus business,
brings together a past and present per-
spective that should now be again in-
corporated into our thoughts regarding
the role of the thymus. The subject of
thymic hormones was, and in some re-
spects remains, a very controversial
one. Early work in this area was con-
ceptually sound and fascinating, but
the data resulting from much of the
experimental work were thin and often
failed to support the hypotheses con-
vincingly. Thymic Hormones presents a
thorough review of past as well as new
work in this area. Much of the infor-
mation is not readily available else-
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where, and thus this review serves a
useful purpose. The recent studies re-
ported avail themselves of new tech-
nology and the knowledge gained from
the 1960 cascade, thus creating an im-
portant link between the cellular and
the humoral concepts of how the thy-
mus influences the body.

The bibliography is extensive and
valuable. This book should prove stim-
ulating and useful, especially to those
persons engaged in studying the role
of the thymus from a cellular rather
than a humoral point of view.

RAYMOND D. A. PETERSON
Department of Pediatrics, :
University of South Alabama Medical
School. Mobile

The Biston Affair

The Evolution of Melanism. The Study of
a Recurring Necessity. With Special Ref-
erence to Industrial Melanism in the
Lepidoptera. BERNARD KETTLEWELL. Clar-
endon (Oxford University Press), New
York, 1973. xxiv, 424 pp., illus. 4+ plates.
$33,

This is the masterwork of an extraor-
dinary biologist. Twenty-five years ago,
H. B. D. Kettlewell abandoned 15
years of medical practice to return per-
manently to the study of the Lepidop-
tera. As Nuffield Foundation Research
Fellow at the University of Oxford, the
amateur was converted to professional.
Thus we have been treated to yet an-
other spectacle of highly successful un-
orthodoxy in British science. Where else
in the world do such things happen?

The short title is somewhat mislead-
ing. On first reading it I thought per-
haps Kettlewell was going to deal broad-
~ly with blackness in nature. But, as the
second subtitle suggests, the book cen-
ters on the author’s. principal research
interest, the evolution of industrial
melanism in moths. Perhaps this is for
the best. The reader is led through 50
pages of an introductory . nature, fol-
lowing a complex outline which deals
with concepts, attributes, examples,
functions, and classifications of mel-
anism. The approach is pedantic and
the style turgid, but coverage of in-
dividual topics is fortunately brief. I
have the impression that the author felt
obliged to introduce the subject in this
broad way but his heart was not in it.

The tone of the book improves no-
ticeably when we come to a 50-page re-
view of “The phenomenon of industrial
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melanism.” But all this is still only
prologue and stage setting. Finally, the
classical case of melanism in the pep-
pered moth Biston betularia is adduced
and dealt with in all its fascinating de-
tails. What has made the Biston affair
an evolutionary classic is the wealth
of data that have been brought to bear
on it. Thus there is the history of the
blackening of the environment of the
English midlands, the knowledge of bird
predators and their habits, and the
genetic bases for the melanistic forms
of the species. The climax is reached
when Kettlewell recounts the actual de-
tails of his own ingenious experiments
on the action of natural selection. All
these things have made this the best-
known and most dramatic case of adap-
tive evolution in action. This same need
for documentation in breadth and
depth deprives most of the other cases
that Kettlewell reviews of the intense
interest that centers around Biston bet-
ularia. They seem of secondary im-
portance and beset with many of the
same uncertainties that once surround-
ed Biston. Nevertheless, the author suc-
ceeds in demonstrating that manifold
genetic melanisms exist quite apart from
those that have evolved as a genetic
response to industrial pollution. These
provide valuable comparative insight
into the Biston case. Especially useful
in this regard are the data on two other
moths, Amanthes glareosa in the Shet-
land Islands (“Northern melanism”)
and Lasiocampa quercus (‘“Recessive
melanic polymorphisms”) from north-
ern Scotland.

The book concludes with a miscel-
lany of melanisms including a brief ex-
cursion into polymorphism in butter-
flies. The chapter labeled “The synthe-
sis” is only six pages, and one is left
with the feeling that integration of
these cases into modern evolutionary
population genetics has yet to be satis-
factorily done.

Although there are several useful ap-
pendices, very little previously unpub-
lished material has been included, and
the mode of presentation follows very
closely that of Kettlewell's scientific
papers. In some instances verbatim
quotes are used, and many tables and
figures are slightly altered versions of
the original ones. What emerges, then,
is a compilation rather than a synthesis.
The usefulness of having all this ma-
terial between two covers is slightly
impaired by the fact that some repro-
ductions of black-and-white photo-
graphs are not up to the quality of the

original figures in the journals. There
are, however, a number of fine colored
plates.

Kettlewell’s rugged individualism per-
meates the book. Here are his work, his
impressions, his view of biology. His
name dominates the bibliography and
the index. I raise this point not in
criticism but as a reminder, in these
days of the “team effort” and the
“crash program,” of the importance of
individual dedication in intellectual en-
deavor. Science has its social aspects:
collaboration and communication are
necessary, and indeed every new fact
must be interpreted with regard to the
foundation laid by others. Throughout
Kettlewell’s book he is at pains to make
us aware of how much he has depend-
ed on the heritage of predecessors. For
example, mating behavior in Biston
betularia was first observed and studied
by John Ray on 29 May 1673! Al-
though 85 percent of the author’s cited
publications are without coauthors, he
has nevertheless carefully paid tribute
to those who have assisted and influ-
enced him. They range from amateur
collectors and observers to active field
associates and many of the major fig-
ures in evolutionary genetics and ecol-
ogy. Despite all this, however, it is the
individual enthusiasm, the personal
drive, and the fired curiosity that are
of the essence of Kettlewell’s work.

HampTON L. CARSON
Department of Genetics,
University of Hawaii, Honolulu

Hard Tissue

Mechanical Properties of Bone. F. Gay-
NoR Evans. Thomas, Springfield, I, 1973.
xiv, 322 pp., illus. $25.75. American Lec-
ture Series, No. 881.

Evans is well situated to write this
book. In 1957 he wrote the seminal
Stress and Strain in Bones; he works in
Ann Arbor, one of the world centers
of bone research; finally, most impor-
tantly, researchers on bone must con-
tinually quote his work because he has
started so many fruitful investigations
into this maddening tissue.

He does not try to update the earlier
book. He deals with bone as a tissue
rather than with whole bones, which
were the subject of Stress and Strain in
Bones. He adopts the tactic of consid-
ering, in turn, the effects of factors such
as drying, age, sex, and strain rate on
the measured mechanical properties.
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