ods and is complete with sample prob-
lems and glossary, and the second illus-
trates the method with sample cases.
Fitch’s analysis has many biological im-
plications, and several of these are
treated directly (for example, the ques-
tion of whether nucleotide interchanges
are equally likely in all codons).

A number of authors deal with specific
problems in vertebrate evolution. Keast
examines the zoogeography of world-
wide bird and mammal faunas and at-
tempts to integrate approaches that are
frequently viewed as alternative. Szalay
is sharply critical of so-called phyloge-
netic taxonomic methods, and presents
his own higher-category classification of
the Eutheria. This is based on his inter-
pretation of cranial as well as postcranial
characters and on a fairly traditional evo-
lutionary approach to classification.
Luckett uses ‘‘sound principles of cladis-
tic analysis’’ to analyze the phylogeny of
amniote fetal membranes. The crux of
any such analysis is the determination of
character state transformations, and that
requires several important assumptions.
Marshall argues that the ecological roles
of terrestrial carnivores in South Ameri-
ca during the Cenozoic were shared by
reptiles, birds, and mammals and that a
“relay’ of various groups occurred. Ac-
tive competition between groups is pos-
tulated, with mammals of North Ameri-
can ancestry finally dominating. Other
papers include a discussion of the distri-
bution of the earliest tetrapods (Pan-
chen), treatments of the origin of tetra-
pods and their appendages (Szarski,
Schultze), a lengthy consideration of the
effect of insularity on mammalian evolu-
tion (Sondaar), a brief paper on the adap-
tations for terrestrial life of a viviparous
frog (Xavier), and a consideration of the
phylogenetic implications of chromo-
somal evolution (Moreschalchi).

A final group of papers involves explo-
rations in functional morphology in rela-
tion to phylogeny. Edwards discusses
the evolution of terrestrial locomotion on
the basis of his analysis of salamander lo-
comotion and concludes that the first ter-
restrial gait was likely a traveling wave
trot, rather than the slow walk that has
been postulated by several workers. Pir-
lot examines wing design and the origin
of bats, arguing that, unlike birds, bats
took up a flapping flight initially rather
than a running, jumping, and gliding pat-
tern, as has been postulated for ancestral
birds. Templin, Clark, and Smith add
brief notes relating to different aspects of
flying, mainly in bats. Dullemeijer and
Barel present a stimulating philosophical
discussion of the relation of functional
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morphology and evolution. They are
skeptical concerning the way in which
evolution is usually used to explain phe-
nomena of functional morphology and
argue that evolution is not essential for
understanding functional morphology.

The volume contains some weak pa-
pers and some that are rambling and re-
petitive, but the many effective presenta-
tions make it required reading for verte-
brate biologists interested in phyloge-
netic analysis.

Davibp B. WAKE

Department of Zoology and Museum
of Vertebrate Zoology, University
of California, Berkeley 94720

Geochronology

Precambrian of the Northern Hemisphere and
General Features of Early Geological Evolu-
tion. L. J. SaLop. Translated from the Rus-
sian edition (Leningrad, 1973). G. M. Young,
Transl. Ed. Elsevier, New York, 1977. x, 378
pp., illus., + tables. $59.25. Developments in
Palaeontology and Stratigraphy, 3.

In this book the author is aiming at
two targets. As the title indicates, he
has set out not only to describe the Pre-
cambrian of North America and Eur-
asia but to use this knowledge to tackle
the difficult problem of understanding
the early development of the earth.
Salop in fact has a still broader pur-
pose in mind, for, to quote his own
words, ‘‘Studies of Precambrian forma-
tions . . . are needed to elucidate the
general laws of geological evolution.”
This is a field he has pioneered. In the
early 1960’s, when Precambrian geo-
chronology was less well documented
than it is today, he made some of the
first attempts to rationalize Precambrian
history. Even at the present time we are,
I suspect, far from understanding gen-
eral laws, though it seems to be in-
creasingly clear that the processes at
work in the early Precambrian differ
from those at work in more recent times.

I found two features of the book par-
ticularly valuable. The first is the ex-
tensive account of the Precambrian of
eastern Europe and of Siberia. Salop has
picked out the highlights and provided an
account amply supported by age deter-
minations. The English translation pre-
pared under the aegis of G. M. Young is
excellent. Soviet readers of the original
edition in Russian no doubt found the ac-
counts of western Europe and North
America just as useful. Naturally one
can query points of detail and selection,
but the result is a working summary of

knowledge of the ancient rocks of the
Northern Hemisphere.

The second feature I particularly ap-
preciated is Salop’s approach to the
question of the Precambrian evolution of
the earth. He sets out his conclusions as
‘‘empirical generalizations.’” As I under-
stand this expression, these are con-
clusions based on an understanding of
the older stratigraphical successions in
three continents—successions summa-
rized in valuable tables that must repre-
sent many years’ work. These lead to a
proposed geochronological scheme for
the subdivision of the Precambrian, and
bring out many similarities in coeval
rocks from various stages in the Pre-
cambrian record. Here are two valuable
concepts. The book is worth reading for
these alone. Salop knows very well that
he has not written the last word on these
subjects, and quotes with appreciation
Sederholm’s comparison of Precambrian
stratigraphy to Penelope’s weaving.
What is woven by day is unraveled
every night. There is much in this book
to ponder, and I would not be surprised
if time vindicates many of Salop’s con-
clusions—just as Penelope’s patience
was in the end rewarded.

-J. SutTOoN
Department of Geology, Royal School
of Mines, Imperial College of Science and
Technology, London SW7 2BP, England

Emanations from the Sun

The Solar Output and Its Variation. Papers
from a workshop, Boulder, Colo., Apr. 1976.
Colorado Associated University Press, Boul-
der, 1977. x, 526 pp., illus. $8.95.

One might say that solar astronomy
has been caught with its pants down.
Suddenly there is widespread concern
about changes in the earth’s atmosphere
and hence climate. The sun is the princi-
pal driving source of the global-scale at-
mospheric winds that carry warmth and
cold into our daily lives. Climate is char-
acterized by extreme variability, and it is
difficult to separate internal and external
influences. But more and more from sev-
eral quarters comes the question, how
constant is the solar output? Climate
models suggest that a change of only 1
percent in the solar output, if extended
over several decades, could produce sig-
nificant change in global temperatures.
Unfortunately, compared to other phys-
ical measurements, radiometry is impre-
cise, attaining a precision of only about 1
percent even in the laboratory. So deter-
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mining the constancy of solar radiation
over decades is a difficult task with little
short-term reward (such as makes for
grant renewals).

But solar astronomers have scrambled
to get their act together. First there was
the Big Bear conference on the solar
constant in June 1975. This was followed
by the Solar Output Workshop in April
1976, which enlarged the scope of in-
quiry to include all emanations from the
sun: radiation, particles, and fields. The
Solar Output and Its Variations is a
product of that workshop. It brings us an
up-to-date, authoritative account of the
historical and paleontological evidence
for solar variability, the status of the
spectral measurements, and the theory
that might predict variation.

John Eddy’s convincing paper ques-
tions the immutability of the 11-year so-
lar cycle. From records such as the sight-
ings of naked-eye sunspots and aurora he
deduces the suppression of solar activity
coincident with cooling periods, or
““little ice ages.”” In spite of the skimpy
evidence Eddy has done such a thorough
job that his historical detective work has
gained wide acceptance. New to me, as
an astronomer, is the history of the
earth’s climate over the past billion
years, which is discussed in the paper by
James Hays. The role of continental drift
so dominates this picture that the in-
solation factor is almost lost. Intriguing
is the concept that the earth might adapt
to an increase of several percent in solar
luminosity, say as a result of cloud-in-
duced albedo change, but that a reduc-
tion in the sun’s output might prove fa-
tal.

Douglas Gough searches the solar in-
terior theories for possible causes of lu-
minosity variation. Standard models re-
quire a 50-percent rise in energy output
since the earth was formed, a con-
sequence of hydrogen burning. Such a
change is not supported by geologic evi-
dence, nor can Gough find other causes
that cannot be questioned.

The subject of radiometry divides nat-
urally on the basis of wavelength and is
discussed by the respective experts.
Charles Abbot’s work remains a hall-
mark of what can be done in the wave-
lengths visible from the ground. Abbot
believed that he had found climatic
changes related to variations in the sun’s
total radiant output, but Claus Frohlich’s
summary, in this book, of 44 years of
Smithsonian measurements is that
““changes of more than 1 percent were
not seen and changes of less than 1 per-
cent were not capable of being seen.”’
Now the hope of the observationalists to
attain accuracies of 0.1 percent lies in the
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shuttle era, with its opportunity for pre-
and post-flight calibration.

The book abounds with interesting and
diverse themes in its 35 papers. Its aim is
to present our current knowledge of the
sun’s energy output and its variation
over the complete range of the solar
spectrum. The editor has done an ex-
cellent job of assembling the book, and
Colorado Associated University Press is
to be thanked for pricing it under $10.
Many persons besides solar astronomers
will want to own a copy.

W. C. LIVINGSTON
Kitt Peak National Observatory,
Tucson, Arizona 85726

Theoretical Chemistry

Statistical Mechanics. BRUCE J. BERNE, Ed. In
two parts. Part A, Equilibrium Techniques.
xvi, 242 pp., illus. $39.50. Part B, Time-De-
pendent Processes. xvi, 262 pp., illus. $39.50.
Plenum, New York, 1977. Modern Theoreti-
cal Chemistry, vols. 5 and 6.

These volumes are part of a continuing
series devoted to recent developments in
the microscopic study of chemistry. Sev-
eral other volumes in the series deal with
electronic structure. Here the focus is on
small molecules, mostly classical and
mostly spherical.

Statistical mechanics and kinetic theo-
ry are unusual in that the fundamental
differential equations to be solved are
known exactly. Newton, Boltzmann,
Gibbs, and Schrodinger formulated
equations to describe the structure and
motion of matter in quantitative detail.
Analytic solution of these equations was
hampered by the large number of vari-
ables; now, fast computers are suited to
solving many-variable equations numeri-
cally. These computers are the principal
research tools motivating the work de-
scribed in these two volumes, which are
designed to assist the reader in under-
standing and using modern nonlinear
many-body techniques.

The research goal is to develop simple
but accurate approximations to the solu-
tions of the exact equations of statistical
mechanics and molecular dynamics. Ex-
act solutions are closely approximated
by the Monte Carlo and molecular dy-
namics simulations of systems of several
hundred atoms. These simulations are of
primary importance in constructing and
testing new approximate theories. Two
excellent chapters are devoted to the
strengths and weaknesses of modern
Monte Carlo methods. One strength is
the increasing number of schemes that
use importance sampling to favor micro-

states of particular physical significance.
A continuing weakness lies in the diffi-
culty of handling long-range forces in
small computer systems. An instructive
chapter treats molecular dynamics of
hard spheres. Studies of this simple sys-
tem have led to the understanding of
melting and to the ‘‘long-time-tail indus-
try,”” and they continue to provide unex-
pected glimpses of simplicity in a mature
and complicated field. The chapters
treating computer simulation provide
sufficient technical information for a
reader wishing to carry out calculations
of his or her own.

A chapter detailing the structure of
gas-phase kinetic theory comprehensive-
ly describes both the difficulties encoun-
tered in straightforward perturbation ap-
proaches and the success achieved in un-
derstanding intermediate-time dynamics.
A list of outstanding problems is includ-
ed in the chapter.

The remaining chapters on statistical
mechanics deal mainly with perturbation
approaches to the many-body problem.
The original low-density graph-theoreti-
cal approach of Mayer and Mayer has
led to an increasing variety of expan-
sions. The definitions and formal struc-
ture of these perturbation expansions are
covered. To gauge the success of these
methods, or to use them, the reader
would need to consult the reasonably
complete list of references. The new
memory function and mode-mode cou-
pling approaches are described in totally
different styles, so that it is difficult for a
reader to compare the limitations or the
power of the approaches. The chapter
on mode-mode coupling is written so as
to emphasize the physical ideas under-
lying the formalism. The weak features
are pointed out, as are the areas in which
progress is expected. The description of
the memory function approach follows
the logical structure of the I Ching and
is accordingly harder to follow.

The somewhat uneven nature of the
volumes can be seen in the lack of space
given to solids and to the new methods
for solving dynamic problems with poly-
atomic molecules and in the inclusion of
a chapter on nonsteady chemically react-
ing systems, which is not connected with
the other chapters. Because several sub-
jects are combined in these volumes,
their historical perspective is particularly
helpful. Helpful also is the inclusion of
article titles in the references. These fea-
tures would be welcome in future addi-
tions to the series.

WiLLiaM G. HooOVER
Computer Centre,
Australian National University,
Canberra 2600, Australia
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