
age and quality and more is claimed than is 
delivered, but this volume deserves the at- 
tention of anyone interested in broad-scale 
evolutionary questions for the clarity with 
which it presents the issues and the laudable 
attempts to test competing theories. 

C. R. C. Paul leads off the volume with a 
defense of the adequacy of the fossil record 
for testing theories about the evolutionary 
process. The fossil record is, of course, an 
incomplete and biased record of the history 
of life, but, as Paul points out, incomplete- 
ness in coverage does not necessarily imply 
inadequacy for testing theories if predictions 
are sharp and questions are carefully drawn. 
The following paper by R. A. Fortey is a 
careful analysis of the punctuated equilibri- 
um vs. gradualism dichotomy (addressed by 
about half of the papers in this volume). 
Fortey's paper alone is worth the price of 
this volume, for not only does he analyze the 
predictions of these competing theories of 
the "normal" mode of species-level evolu- 
tion, he goes on to explore the nature of 
acceptable evidence for each theory. Punctu- 
ated equilibrium, the hypothesis that most 
morphological change is concentrated in 
rapid "punctuated" events separated by long 
periods of stasis, deals primarily with quali- 
tative characters, whereas its antithesis, 
gradualism or the postulation of slow, con- 
tinuous acquisition of morphological 
changes, concentrates primarily on quantita- 
tive characters; proponents of each theory 
can find what they expect in the fossil record 
simply by discounting certain kinds of data. 
This point is beautifully (if inadvertently) 
illustrated by the contribution by R. C. 
Whatley on the evolution of two genera of 
benthic marine ostracods, where stasis is 
seen in the ornamentation of the valves 
(qualitative characters) and a prolonged 
trend toward increased body size (a quanti- 
tative character) is simultaneously seen. 
Whatley's conclusion that punctuated equi- 
librium is the normal mode of evolution in 
these genera is based solely on his willing- 
ness to discount the importance of body size 
while emphasizing the taxonomic impor- 
tance (but unknown functional significance) 
of valve ornamentation. Unfortunately the 
other major contribution made by Fortey's 
paper-the observation that if punctuated 
lequilibrium and gradualism can be observed 
in different faunas in the same formation 

"unequivocal evidence for the existence of 
both mechanisms exists and an estimate of 
their relative importance can be made-is 
not echoed elsewhere in this volume. 

Although all of the contributions in this 
volume are of interest, if only for the fossil 
data themselves and the ways they can be 
used, the impact of many is muted by ques- 
tionable assumptions or erroneous asser- 

tions. For example, Smith and Paul assume 
without evidence that the morphological 
shifts they see in a species of fossil urchins 
represent ecophenotypic variation and con- 
clude that the changing morphology really 
represents stasis; Johnson assumes a popula- 
tion bottleneck in a lineage of Jurassic scal- 
lops and invokes genetic drift to explain a 
morphological shift when the populations 
involved are far too large for drift to be a 
significant factor; and Skelton's paper on 
rudists is rife with untested and unsupport- 
ed assumptions on the functional morpholo- 
gy of these bizarre bivalves. On the other 
hand, Kemp's discussion of the modes of 
macroevolution is excellent, and examples of 
each model can be found elsewhere in this 
volume. Skelton's paper on rudists, despite 
the shortcomings mentioned above, is nota- 
ble for his presentation of a null hypothesis 
(stochasticity) and four alternative hypothe- 
ses. Banner and Lowry's contribution on 
globigerine foraminiferans shows just how 
good the fossil record can be; Banner and 
L w r y  not only address changes in develop- 
mental timing as an evolutionary mechanism 
but offer excellent evidence demonstrating 
that it has in fact occurred. 

Purists will argue that this volume is 
limited in scope, and it does indeed ignore 
many of the evolutionary controversies ex- 
tant today. The volume would have been 
much improved by better cornmunicatioq 
among the authors and free criticism of each 
other's contributions. However, what it 
lacks is less important than what it offers- 
the chance to see how evolutionary models 
fare against the only record available of how 
evolution proceeds, the fossils themselves. 

MICHAEL LABARBERA 
Depamnent of Anatomy, 

University of Chicago, 
Chicago, IL 60637 

Seismology in Japan 

Earthquake Predlctlon. KIYOO MOGI. Aca- 
demic Press, Orlando, FL, 1985. xii, 355 pp., 
illus. $58. 

- - - - - - - 

Earthquake prediction, which was a small, 
barely credible branch of seismology two 
decades ago, has become a major discipline 
in its own right, drawing results from fields 
as diverse as applied physics, geodesy, and 
field geology. During this period, progress 
has been considerable. Large earthquakes 
along many of the earth's major tectonic 
plate boundaries (including those in Califor- 
nia and Alaska) can now be predicted with 
considerable precision over timescales of 
decades or longer. Shorter-term prediction 

has proven to be more difficult, but it is a 
subject of active research, with intensive 
monitoring experiments being undertaken 
in regions of the United States, Japan, Chi- 
na, and the Soviet Union where large earth- 
quakes are anticipated within the next 30 
years or where the societal impact of large or 
moderate shocks may be great. Research to 
date has uncovered several ~ersuasive exam- 
ples of precursory seismic activity or crustal 
movements operating over intermediate or 
short time intervals (years to hours) prior to 
large earthquakes. However, no single, uni- 
versal precursory signal has yet been found; 
it may well be that precursory activity varies 
considerablv from event to event and is 
absent in some cases. This evident variability 
suggests the importance to earthquake pre- 
diction of well-documented case histories of 
many earthquake sequences. In this respect 
the contributions from Japanese seismology 
are particularly valuable. Japan's seismic his- 
tory is very long, extending back to the 7th 
century A.D., its instrumental seismic re- 
cord dates back almost a centurv, and its , , 
current earthquake prediction program, be- 
gun in 1965, is the most extensive and best 
supported in the world. 

Kiyoo Mogi is one of Japan's leading 
scientists, and his work has had an impor- 
tant impact throughout the field of seismol- 
ogy. The book under review is a very per- 
sonal account of Japan's earthquake predic- 
tion program, drawing on Mogi's many 
research papers and emphasizing his impor- 
tant early work on spatial and temporal 
patterns of seismicity as well as his labora- 
tory simulations of earthquake faulting. The 
book has two major themes, structural het- 
erogeneity in the earth's crust and its influ- 
ence on earthquake activity and seismic qui- 
escence as a precursory signal. Mogi concen- 
trates on intermediate and short-term pre- 
diction and emphasizes, in my view 
correctly, the primary importance of seis- 
micity data and geodetic and borehole mea- 
surements of crustal deformation as con- 
straints on pre-failure processes. 

The chief strengths of the book are its 
observational orientation and the extensive 
discussion of several well-studied earth- 
quake sequences. The rather complete docu- 
mentation of observations made during the 
1974-1985 seismic e~isode  on the Izu Pe- 
ninsula in central Honshu is especially infor- 
mative. Mogi's discussion of the daunting 
problem of attempting to predict all poten- 
tially destructive earthquakes in the intensely 
urbanized Tokyo metropolitan area is also 
interesting. 

However, the book's scope is rather re- 
stricted and directly reflects its author's own 
research interests, presenting only his inter- 
pretations and concentrating almost exclu- 
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sively on Japanese observations. Though 
Mogi includes chapters on the physical ba- 
sis, methods, and strategy of earthquake 
prediction, coverage of these topics is nei- 
;her systematic no; complete. ~ l t h o u ~ h  few 
seismologists reading this book can fail to be 
offended by at least one cutting omission or 
idiosyncrauc interpretation, thk work has a 
clear value in a developing field where no 
consensus has yet emerged. It should be of 
interest to all~specialis~s wishing to learn 
about Japanese seismology and that coun- 
uy's progress in the field of earthquake 
prediction. 

WAYNE THATCHER 
U.S. Geolyical Survey, 

Menlo Park, CA 94025 

Heavy-Ion Collisions 

Frontiers in Nuclear Dynamics. R. A. BROG- 
LLA and C. H. D~sso,  Eds. Plenum, New York, 
1985. xii, 402 pp., illus. $69.50. Ettore Majorana 
International Science Series, Physical Sciences, 
vol. 25. From a symposium, Erice, Sicily, July 
1984. 

A major theme of modern nuclear re- 
search is the study of nuclear matter under 
extremes of temperature, density, and spin. 
These studies bear on the nature of the 
hdamenta l  strong interaction, on the 
physics of quantal many-body systems, and 
on the properties of neutron stars and super- 
novae. Much recent progress can be attrib- 
uted to experiments that make use of accel- 
erated beaks of large nuclei. In constrast to 
the gentler interactions associated with 
"light ions," collisions with a "heavy ion" 
projectile can severely stress a target nucleus. 
Analysis of the debris, in combination with 
models of the collision process, offers an 
otherwise unattainable glimpse of the nucle- 
ar material. Frontien in Nuclear Dynamics 
surveys the diverse and evolving field of 
heavy-ion physics through a set of lecture 
notes prepared for an international school. 

The large nuclear fragments emerging 
from a heavy-ion collision can be spinning 
rapidly, often enough to cause dramatic 
changes in their internal structure. The 
study of such "high spin" states through the 
energies and angular distributions of the 
many photons emitted during their de-exci- 
tation has been very fruitful, and numerous 
connections to nuclear structure under more 
prosaic circumstances have been made as a 
result of such studies. Lectures by D. 
Schwalm et al. and by F .  Stephens s&a- 
rize what can be learned with large arrays of 
  hot on detectors that surround the colli- 
sion, with much welcome detail on design 
and data analysis. The story is one in which 

steadv im~ravements in instrumentation are 
, L  

constantly refining the physics, and the next 
generation of experiments should signifi- 
cantly advance our understanding of how 
nuclei respond to rotation. 

The nature of the collision process itself 
can be more elusive. Lectures by A. Winther 
and W. von Oertzen review grazing colli- 
sions, from which the nuclei emerge rela- 
tively intact. These interactions are under- 
stood in terms of the quantal properties of 
the target and projectile and a semiclassical 
analysis of their relative motion. However, 
more central collisions reauire consideration 
of the dynamical properties of the nuclear 
material, as is discussed in lectures by C. 
Ngd and G. Bertsch. Bertsch presents the 
formalism and results of the time-dependent 
mean-field method appropriate to low-ener- 
gy collisions, as well as a very promising 
approach to intermediate energies, simula- 
tion of the Uehling-Uhlenbeck equation. 

Measurement of the nuclear equation of 
state and the detection of new phases of 
nuclear matter, two of the field's holy grails, 
are discussed in D. Scott's lectures. Prere- 
quisites are the attainment of approximate 
equilibrium in the small systems (less than 
about 100 nucleons) occurring in the colli- 
sion and a demonstrated sensitivity of ex- 
perimental observables to the equation of 
state. Though there is some circumstantial 
evidence that the former takes place, the jury 
is certainly not in yet, and the complexity of 
the latter makes firm statements about it 
difficult. However, there has been progress 
in these matters since Scott's lectures, and 
there is now considerable optimism about 
ultimately deducing an equation of state 
from the data. 

Heaw-ion collisions at ultrarelativistic en- 
ergies are perhaps foremost among the 
"frontiers" that will be explored in the com- 
ing years. This regime offers the possibility 
of "melting" the nucleons and creating a 
novel plasma of quarks and gluons. The 
Dresent book is deficient onlv in not con- 
taining an exposition of this subject of a 
quality commensurate with its other cover- 
age. 

The 11 lecturers. all experts in their fields. 
have generally taken their pedagogy serious- 
ly. The resultant material exemplifies the 
diversitv of heaw-ion ~henomena and the 
arsenal of experimental and theoretical tools 
used to understand them. The lectures will 
serve well either to introduce a graduate 
student to the field or to provide more 
experienced scientists with useful reviews. 

STEVEN E. KOONIN 
Divhwn of Physics, Mathemaha, 

and Rrtronumy, 
Cal fmia Institute of Technology, 

Pmadena, CA 91 125 

Books Received 
Alcohol and the Developing Brain. Ulf Rydber et 

al., Eds. Raven, New York, 1985. xviii, 221 pp., ifius. 
$55.50, From a s mposium, Stockholm, Sept. 1984. 

Alzheimer's &mentla. Dilemmas in Clinical Re- 
search. Vijaya L. Melnick and Nancy N. Dubler, Eds. 
Humana, Clifton, NJ, 1985. xuii, 312 pp. $34.50. 
Contemporary Issues in Biomedicine, Ethics, and Socie- 

tY'~mericium and Curium Chemistry and Technolo- 
gy. Norman M. Edelstein, James D. Navraul, and Wal- 
lace W. Schulz, Eds. Reidel, Dordrecht, 1985 (U.S. 
distributor, Kluwer, Hingham, MA). viii, 339 pp., illus. 
$44.50. Topics inf-Element Chemistry. From a sympo- 
sium, Honolulu, Dec. 1984. 

Analog-Digital Conversion Handbook. Daniel H .  
Sheingold, Ed. Prentice-Hall, En lewood Cliffs, NJ, 
1986. xhii, 671 p illus. $32.85. Analog Devices 
Technical Handboogi: 

Basics of Communications and Coding. W i a m  
G. Chambers. Clarendon (Oxford University Press), 
New York, 1985. xvi, 240 p $29.95. 

Behavioral Analysis of &ug Dependence. Steven 
R. Goldber and Ian P. Stolerman, Eds. Academic Press, 
Orlando, a, 1986, xiv, 414 pp., illus. $65; paper, 
$34.95. 

Biotechnoiogy. An Industry Comes of Age. Steve 
Olson. National Academy Press, Washin on, DC, 
1986. viii, 120 pp., illus., + plates. Pa er, $%5. 

Bird Conservation 2. Stanley A. ?Pemple, Ed. Pub- 
lished for the International Council for Bird Preserva- 
tion, United States Section, by University of Wisconsin 
Press, Madison, 1985. vi, 181 pp. $17.50; paper, 
$12.95. 

Cell Biology of the Major Histocompatibility 
Complex. Benvenuto Pernis and Henry J. Vogel, Eds. 
Academic Press, Orlando, FL, 1985. xxii, 324 pp., illus. 
$75; paper, $39.95. P & S Biomedical Sciences Sympo- 
sia Series. From a symposium, New York, June 1984. 

Cerebral Cortex. Vol. 4, Association and Auditory 
Cortices. Alan Peters and Edward G. Jones, Eds. Ple- 
num, New York, 1985. xvi, 359 p., illus. $55. 

Changing Conceptions of R o w d  Mlhd and B e  
havior. Carl F. Graumann and Serge Moscovici, Eds. 
Springer.Verlag, New York, 1986. xii, 281 pp. $27. 
Springer Series in Social Psychology. 

Control of Animal Cell Proliferation. Vol. 1. Alton 
L. Boynton and H;am,L. Leffert, Eds. Academic Press, 
Orlando, FL, 198 xviu, 557 pp., illus. $68.50. 

Countryside Conservation. The Protection and 
Mina ement of Amenity Ecosystems. Bryn Green. 2nd 
ed. d e n  and Unwin, Winchester, MA, 1985. xii, 253 
pp., illus. $35; paper, $17.95. Resource Management 
Series, no. 3. 

Current Topics in Cellular Regulation. Voi. 27, 
Modulation b Covalent Modification. Shmuel Shaltiel 
and P. Boon (!hock, Eds. Academic Press, Orlando, FL, 
1985. niv,  545 pp., illus. $89.95. Based on a sympo- 
sium, May 1984. 

Dangerousness. Probabili and Prediction, Psychi. 
atry and Public Policy. Christoser D. Webster, Mark H. 
Ben-Aron, and Stephen J. Hucker, Eds. Cambridge 
University Press, New York, 1985. xiv, 236 pp., illus. 
$23 I;n ---.I "., 

The Darwinian Heritage. David Kohn, Ed. Prince- 
ton Universi Press (in association with Nova Pacifica), 
Princeton, 3 1986. xii, 1139 pp., illus. $95; until 30 
April 1986, $79.50. Based on a symposium, Florence, 
June 1982. 

The Dosimetry of ionizlng Radiation. Vol. 1. Ken- 
neth R.  Kase, Bengt E. Bjirngard, and Frank H.  At&, 
Eds. Academic Aess, Orlando, FL, 1985. x, 416 pp., 
illus. $69.50; aper, $34.95. 

The ~volutyon of Genome Size. T. Cavalier-Smith, 
Ed. Wiley-Interscience, New York, 1985. x, 523 pp., 
illus. $59.95. 

Faraday Rediscovered. Essays on the Life and 
Work of Michael Faraday, 1791-1867. David Gooding 
and Frank A. J. L. James, Eds. Stockton, New York, 
1985. xiv, 258 pp., illus. $70. 

Genetic Control of Host Resistance to Infection 
and Malignancy. Emil Skamene, Ed. Liss, New York, 
1985. m i v ,  848 p., illus. $98. Progress in Leukocyte 
Biology, vol. 3. i rom a symposium, Montreal, May 
1985. 

Genetic Flux in Piants. B. Hohn and E. S. Dennis, 
Eds. S ringer-Verlag, New York, 1985. xii, 253 pp., 
illus. $!9 Plant Gene Research. 

The Genus Coeiomyces. John N. Couch and 
Charles E. Bland, Eds. Academc Press, Orlando, FL, 
1985. xvi, 399 pp., illus. $84.50. 
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