
In the opening chapter, on ocean vol- 
ume, Schopf summarizes the evidence 
for the proposition that degassing oc- 
curred early in the earth's history (4.6 to 
2.5 billion years ago) during rapid conti- 
nental and oceanic evolution and was 
followed by slow recycling of the earth's 
crust and oceans. Factors governing 
changes in sea level are considered and 
an up-to-date, if somewhat less than 
comprehensive, summary of the seismic 
stratigraphic studies by Vail and others 
is given. 

The various factors applicable to the 
interpretation of (paleo)bathymetry 
(such as grain size distribution, lithic, bi- 
ologic, geochemical, and mineralogic cri- 
teria, backtracking, and carbon com- 
pensation depth) are discussed in chap- 
ter 2. Schopf takes note of the use of 
backtracking and the hypsometric curve 
in giving paleobathymetry a firm scien- 
tific base. The chapter concludes with an 
interesting analysis of two contrasting 
models for continental platforms: epeiric 
seas and marginal seas. 

The chapter on water studies includes 
a discussion of tides, currents, and (par- 
ticularly well treated, I thought) circula- 
tion. The chapter concludes with the ob- 
servation that no aspect of paleocean- 
ography has as promising or immediate a 
future as does the determination of an- 
cient ocean circulation, an observation 
with which many of us working at ocean- 
ographic institutions and engaged in his- 
torical oceanographic studies can agree. 

The chapter on temperature includes a 
consideration of the methods-geologic, 
biologic (taxonomic, faunal, and floral 
gradients and so on), and chemical (in- 
cluding isotopic)--used in determining 
ancient temperatures. Schopf discusses 
the effect of changes in the sun (solar 
constant) and atmosphere (increase in 
CO2 and H20) in the past and succumbs 
to the temptation to link decrease in tem- 
perature with increase in magnetic field 
intensity. Whether such a link can be 
made is a controversial issue among pa- 
leoclimatologists and geophysicists, but 
the idea of the link appears to have been 
essentially discredited lately. 

In the chapter on chemistry Schopf 
treats a variety of topics ranging from sa- 
linity and methods for assessing it in an- 
cient deposits (involving measurement of 
boron, interstitial fluids and porosity, 
sedimentary phosphates, siderite, and so 
on) to ocean and atmospheric chemistry 
(including an analysis of the earliest 

In the opening chapter, on ocean vol- 
ume, Schopf summarizes the evidence 
for the proposition that degassing oc- 
curred early in the earth's history (4.6 to 
2.5 billion years ago) during rapid conti- 
nental and oceanic evolution and was 
followed by slow recycling of the earth's 
crust and oceans. Factors governing 
changes in sea level are considered and 
an up-to-date, if somewhat less than 
comprehensive, summary of the seismic 
stratigraphic studies by Vail and others 
is given. 

The various factors applicable to the 
interpretation of (paleo)bathymetry 
(such as grain size distribution, lithic, bi- 
ologic, geochemical, and mineralogic cri- 
teria, backtracking, and carbon com- 
pensation depth) are discussed in chap- 
ter 2. Schopf takes note of the use of 
backtracking and the hypsometric curve 
in giving paleobathymetry a firm scien- 
tific base. The chapter concludes with an 
interesting analysis of two contrasting 
models for continental platforms: epeiric 
seas and marginal seas. 

The chapter on water studies includes 
a discussion of tides, currents, and (par- 
ticularly well treated, I thought) circula- 
tion. The chapter concludes with the ob- 
servation that no aspect of paleocean- 
ography has as promising or immediate a 
future as does the determination of an- 
cient ocean circulation, an observation 
with which many of us working at ocean- 
ographic institutions and engaged in his- 
torical oceanographic studies can agree. 

The chapter on temperature includes a 
consideration of the methods-geologic, 
biologic (taxonomic, faunal, and floral 
gradients and so on), and chemical (in- 
cluding isotopic)--used in determining 
ancient temperatures. Schopf discusses 
the effect of changes in the sun (solar 
constant) and atmosphere (increase in 
CO2 and H20) in the past and succumbs 
to the temptation to link decrease in tem- 
perature with increase in magnetic field 
intensity. Whether such a link can be 
made is a controversial issue among pa- 
leoclimatologists and geophysicists, but 
the idea of the link appears to have been 
essentially discredited lately. 

In the chapter on chemistry Schopf 
treats a variety of topics ranging from sa- 
linity and methods for assessing it in an- 
cient deposits (involving measurement of 
boron, interstitial fluids and porosity, 
sedimentary phosphates, siderite, and so 
on) to ocean and atmospheric chemistry 
(including an analysis of the earliest 
ocean and atmosphere, the origin of oxy- 
gen, and banded iron formation). The 
general picture that emerges is of an es- 
sentially steady-state oceanic and atmo- 
spheric chemistry over the past 2 billion 

18 APRIL 1980 

ocean and atmosphere, the origin of oxy- 
gen, and banded iron formation). The 
general picture that emerges is of an es- 
sentially steady-state oceanic and atmo- 
spheric chemistry over the past 2 billion 

18 APRIL 1980 

years following an early degassing of the 
earth's interior, an early equilibration 
with volatiles, and the development of an 
oxidizing environment. 

In the chapter on climatology Schopf 
covers latitudinal zonation of climatic 
zones, patterns of sediment yield, and 
storms. Latitudinal control of shelf, 
slope, and oceanic sediment types is ade- 
quately treated, as are the influence of 
topography and climate on total river 
runoff and the rate of mechanical denu- 
dation. Storms are shown to be of great 
geologic significance as major agents of 
short-period sediment transport. 

The final chapter, on biology, consid- 
ers productivity, patterns of taxonomic 
change, and biogeography. Various ex- 
planations (such as sampling bias, in- 
crease in diversity within an adaptive 
zone, and changes in biogeography) are 
considered in accounting for observa- 
tions about species diversity. Temper- 
ature per se is shown to have played an 
insignificant role in faunal extinctions. 
Rather, density-dependent changes (in 
temperature, salinity, and oxygen con- 
centration, for example) are shown to 
provide the background against which 
important causes of extinction operate. 

The treatment of biogeography is con- 
cerned with the prediction of faunal equi- 
librium and of the number and size of 
faunal provinces and with relating these 
predictions to observed changes in fau- 
nal diversity. Changes in the diversity of a 
faunal province are shown to be more 
likely to be a function of the number of 
provinces than of the size of the prov- 
ince. The role of ocean currents in deter- 
mining the boundaries of faunal prov- 
inces is important, and thus species pro- 
vinciality is seen as a function of the 
confinement of species by currents to 
given regions. The delineation of past 
faunal provinces will hinge on the ability 
of paleontologists to reconstruct ancient 
current systems. Schopf applies the con- 
cepts developed in the chapter to an 
analysis of changing biotic diversity 
through geologic time, in particular of 
the Permo-Triassic extinctions and of 
Silurian patterns. 

Schopf has covered a large amount of 
ground in the book, and it should serve 
both as an excellent textbook for a grad- 
uate course in paleoceanography and as 
a source of reference for those working 
in the field. My main, and perhaps my 
only, criticism of the book is the lack of 
a sequential narrative dealing with the 
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book, with the result that a sense of the 
historical continuity of paleoceanog- 
raphy is diluted. A final chapter might 
have provided a synthesis of this infor- 
mation. The interested reader can, in 
fact, find a narrative approach of this 
sort in the recently published Climates 
throughout Geologic Time by L. A. 
Frakes. The two books are perfect com- 
plements in providing an overview of the 
rapidly developing field of paleocean- 
ography. 
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To appreciate the constraints under 
which students of whale behavior labor 
other behaviorists might try spending 
some time restricted to observation of 
the tails of the animals they study. The 
popularity of studies of the acoustical be- 
havior of whales is due to the fact that 
this is the one kind of behavior that can 
be observed with comparative ease and 
predictability. Knowledge of other as- 
pects of their behavior often depends on 
incidental observations made in the 
course of studies concerned with other 
matters or on inference from other fac- 
tors. 

The editors of the present volume ac- 
knowledge the difficulties of studying 
whale behavior and yet go bravely to the 
task. The papers in the volume fall into 
three general categories: accounts of 
methodologies, natural histories, and re- 
ports of work on vocalization. 

The methodological papers include a 
good review by S. Leatherwood and W. 
E. Evans of radio tagging and tracking 
efforts. Successful radio tracking of most 
species appears possible, but there are 
no "off the shelf' systems available. 
Early results of efforts to identify indi- 
vidual humpback whales by means of 
fluke photographs, reported by S. Ka- 
tona et al., indicate that this method may 
be used for studying migration and social 
relationships in this species. 

Natural history papers on the northern 
right whale dolphin by Leatherwood and 
W. A. Walker, Dall's porpoise by G. V. 
Morejohn, and the bottle-nosed whale by 
T. Benjaminsen and I. Christensen are 
good contributions to understanding of 
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the general biology of these species but 
have little in the way of behavioral con- 
tent. Papers on social organization in 
humpback dolphins by G. S. Saayman 
and C. K. Tayler and in sperm whales by 
P. B. Best are excellent and illustrate 
well the heroic inferential efforts re- 
quired to study the behavior of ceta- 
ceans. 

With respect to acoustic behavior, P. 
Beamish reports on vocalizations in sev- 
eral entrapped baleen whales and re- 
marks on the production of pulsed 
sounds that may be suitable for echo- 
location. Graded whistle repertoires of 
North Atlantic pilot whales are de- 
scribed by A. G. Taruski as varying little 
over several behavioral and environmen- 
tal conditions. D. W. Morgan reports 
variable vocal and behavioral reactions 
by wild and captive belugas to playbacks 
of conspecific vocalizations. M. C. and 
D. K. Caldwell present a good descrip- 
tion of the ontogeny of whistles in Atlan- 
tic bottle-nosed dolphins. Whistles in the 
young dolphin are variable in structure 
and acquire stereotyped individual fea- 
tures only after the first year. Finally T. 
J. Thompson et al. give a brief review of 
mysticete sounds and discuss the pos- 
sible social and orientation functions of 
known vocalizations. 

There is some that is new in the pres- 
ent volume but little that is exciting for 
behaviorists. The volume does not at- 
tempt to give general reviews or direc- 
tions for future work and is far from a 
general or balanced coverage of cetacean 
behavior. It is a disappointment com- 
pared with earlier volumes in the series. 

JON LIEN 
Department of Psychology, 
Memorial University of Newfoundland, 
St. John's AIB 3X9, Canada 

Astrophysics 

the general biology of these species but 
have little in the way of behavioral con- 
tent. Papers on social organization in 
humpback dolphins by G. S. Saayman 
and C. K. Tayler and in sperm whales by 
P. B. Best are excellent and illustrate 
well the heroic inferential efforts re- 
quired to study the behavior of ceta- 
ceans. 

With respect to acoustic behavior, P. 
Beamish reports on vocalizations in sev- 
eral entrapped baleen whales and re- 
marks on the production of pulsed 
sounds that may be suitable for echo- 
location. Graded whistle repertoires of 
North Atlantic pilot whales are de- 
scribed by A. G. Taruski as varying little 
over several behavioral and environmen- 
tal conditions. D. W. Morgan reports 
variable vocal and behavioral reactions 
by wild and captive belugas to playbacks 
of conspecific vocalizations. M. C. and 
D. K. Caldwell present a good descrip- 
tion of the ontogeny of whistles in Atlan- 
tic bottle-nosed dolphins. Whistles in the 
young dolphin are variable in structure 
and acquire stereotyped individual fea- 
tures only after the first year. Finally T. 
J. Thompson et al. give a brief review of 
mysticete sounds and discuss the pos- 
sible social and orientation functions of 
known vocalizations. 

There is some that is new in the pres- 
ent volume but little that is exciting for 
behaviorists. The volume does not at- 
tempt to give general reviews or direc- 
tions for future work and is far from a 
general or balanced coverage of cetacean 
behavior. It is a disappointment com- 
pared with earlier volumes in the series. 

JON LIEN 
Department of Psychology, 
Memorial University of Newfoundland, 
St. John's AIB 3X9, Canada 

Astrophysics 

the general biology of these species but 
have little in the way of behavioral con- 
tent. Papers on social organization in 
humpback dolphins by G. S. Saayman 
and C. K. Tayler and in sperm whales by 
P. B. Best are excellent and illustrate 
well the heroic inferential efforts re- 
quired to study the behavior of ceta- 
ceans. 

With respect to acoustic behavior, P. 
Beamish reports on vocalizations in sev- 
eral entrapped baleen whales and re- 
marks on the production of pulsed 
sounds that may be suitable for echo- 
location. Graded whistle repertoires of 
North Atlantic pilot whales are de- 
scribed by A. G. Taruski as varying little 
over several behavioral and environmen- 
tal conditions. D. W. Morgan reports 
variable vocal and behavioral reactions 
by wild and captive belugas to playbacks 
of conspecific vocalizations. M. C. and 
D. K. Caldwell present a good descrip- 
tion of the ontogeny of whistles in Atlan- 
tic bottle-nosed dolphins. Whistles in the 
young dolphin are variable in structure 
and acquire stereotyped individual fea- 
tures only after the first year. Finally T. 
J. Thompson et al. give a brief review of 
mysticete sounds and discuss the pos- 
sible social and orientation functions of 
known vocalizations. 

There is some that is new in the pres- 
ent volume but little that is exciting for 
behaviorists. The volume does not at- 
tempt to give general reviews or direc- 
tions for future work and is far from a 
general or balanced coverage of cetacean 
behavior. It is a disappointment com- 
pared with earlier volumes in the series. 

JON LIEN 
Department of Psychology, 
Memorial University of Newfoundland, 
St. John's AIB 3X9, Canada 

Astrophysics 

Nonradial Oscillations of Stars. WASABURO 
UNNO, YOJI OSAKI, HIROYASU ANDO, and 
HIROMOTO SHIBAHASHI. University of Toyko 
Press, Tokyo, 1979 (U.S. distributor, ISBS, 
Forest Grove, Ore.). x, 324 pp., illus. $32.50. 

Nonradial Oscillations of Stars. WASABURO 
UNNO, YOJI OSAKI, HIROYASU ANDO, and 
HIROMOTO SHIBAHASHI. University of Toyko 
Press, Tokyo, 1979 (U.S. distributor, ISBS, 
Forest Grove, Ore.). x, 324 pp., illus. $32.50. 

Nonradial Oscillations of Stars. WASABURO 
UNNO, YOJI OSAKI, HIROYASU ANDO, and 
HIROMOTO SHIBAHASHI. University of Toyko 
Press, Tokyo, 1979 (U.S. distributor, ISBS, 
Forest Grove, Ore.). x, 324 pp., illus. $32.50. 

As the authors of this book point out, 
recent observations have revealed that 
nonradial oscillations "are inherent to 
most of the stars that are the main con- 
stituents of the universe." This is there- 
fore a timely book. 

Fundamental advances in our under- 
standing of nonradial oscillations have in 
recent years been made by a number of 
Japanese astrophysicists (most of whom 
are among the authors of the book). In 
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addition to summarizing much of the 
work on the subject, the book also pro- 
vides information and details that usually 
cannot be found in research papers. 

Chapter 1 is masterly and should be re- 
quired reading for every astronomer or 
astrophysicist. In less than 20 pages, it 
gives a brief history of the subject, sum- 
marizes the reasons for studying non- 
radial oscillations in stars, discusses the 
kinds of objects in which nonradial oscil- 
lations are suspected and some of the 
physics involved, and gives some inkling 
of the mode classification problem and 
its difficulties. 

Chapter 3, on adiabatic oscillations, 
gives an excellent and thorough dis- 
cussion of "trapping" of nonradial oscil- 
lations in certain portions of a stellar in- 
terior. The concept of trapping is rela- 
tively new and was first applied to 
nonradial oscillations in stellar interiors 
by Unno and Osaki. The chapter also 
contains a good, thorough discussion of 
boundary conditions; surface boundary 
conditions are also considered in chap- 
ter 4. 

A number of specific features of the 
book are attractive. Particularly wel- 
come to this reviewer were three helpful 
drawings illustrating spherical harmonics 
for various values of f and m, a detailed 
application of perturbation theory to 
slow rotation and a weak magnetic field, 
the application of perturbation theory to 
a general small perturbing force, a de- 
tailed and careful treatment of the E- 
mechanism, and an analysis of the one- 
zone model of fully nonadiabatic oscilla- 
tions. This reviewer also found useful 
the physical derivation of an equation 
expressing the growth rate of the most 
unstable modes as a function of surface 
gravity and effective temperature and 
discussions of the stability of rotating 
stars and of tidal forced oscillations in 
stars. There are even brief discussions of 
the Lin-Shu density wave theory of spi- 
ral galaxies and of toroidal modes. 

There appears to be little on the debit 
side. However, a few criticisms should 
be mentioned. Perhaps of most impor- 
tance is the attempt to include a dis- 
cussion of the interaction between pul- 
sation and convection. The subject is 
discussed at some length, but the 
conclusions and equations derived are 
not especially convincing. Our theoreti- 
cal understanding of convection (particu- 
larly time-dependent convection) is in a 
rudimentary state, as the authors admit. 
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either nonlinear effects in general or 
about mode coupling in particular. 
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