the sound spectrograph: that the vocal
tract of the nonhuman primate is similar
to that of the human newborn in not
being able to generate the range of for-
mant frequencies characteristic of an
adult human being.

Implicit, at this point, is a resurrection
of the principle that ontogeny recapitu-
lates phylogeny. Although most scien-
tists stopped thinking this way decades
ago, the principle is occasionally heuris-
tic, and Lieberman, perhaps with it in
mind suggests that a development similar
to the descent of the larynx in human on-
togeny must have taken place during the
evolution of the hominids. At this point
the book turns to an investigation of the
development, in the hominid lineage, of
a supralaryngeal vocal tract capable of
fully articulate speech.

Lieberman describes reconstructions,
based on the positions of anatomical fea-
tures on the basicranium, of the vocal
tracts of various fossil hominids. Mea-
surements of the reconstructions provide
data for the computer-implemented ana-
log, which Lieberman then claims can re-
veal the articulatory capacity for the fos-
sil in question. Here Lieberman’s meth-
od is both at its most exciting and at its
weakest. It is probably one of the most
interesting developments of the last dec-
ade in the study of the evolution of the
communication capacities of the Homin-
idae. For the vertebrate paleontologist,
who is already reluctant to reconstruct
soft body parts from fossil bone, it is un-
thinkable to reconstruct such parts when
the bone is absent. Nevertheless, the
method is useful as one source of evi-
dence among many. Even if the recon-
structions are not completely accurate,
they can indicate a trend toward an in-
crease in capacity for generating formant
frequencies in the last 300,000 years of
human evolution.

To this point the book is fun. It is an
instructive, very useful introduction to
the kinds of problems that must be dealt
with if we are to understand the origins
of human language. It is packed with in-
formation and demonstrates, in places
elegantly, the appropriateness of an inter-
disciplinary approach.

Some of the book’s conclusions are
less useful. Using whether or not a fossil
hominid had a vocal tract suitable for the
production of fully articulate speech as a
taxonomic indicator, Lieberman tries to
unscramble the classification of archaic
Homo sapiens. He concludes that ‘‘fos-
sils like Es-Skahl V and Djebel Kafzeh
are functionally distinct from Neandertal
fossils; they exhibit the anatomical spe-
cializations necessary for human speech.
Neandertal fossils lack these special-
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izations.”” He surmises, then, that some
archaic hominids could speak articulate-
ly while others could not.

On the morphological criteria Lieber-
man uses, the fossils he discusses do clus-
ter into the two groups he postulates.
But it is not clear how anatomy relates to
function here. For instance, if the recon-
structed formant frequency data for
Neandertal vowel production found on
p. 141 are compared with the data Lieber-
man cites from a sample of modern hu-
man beings, it is found that the range of
formant frequencies for Neandertal fits
into the modal class of the modern
sample. Following Lieberman’s logic,
one could say that the modern human
population falls into two taxonomic
groups.

This anomaly calls attention to the fact
that production of speech sound is not
the sole function of the anatomical re-
gion in question. The structure of the
head and neck, particularly the com-
ponents of the basicranium and craniofa-
cial skeleton, is a compromise among a
number of functions: speech, respira-
tion, mastication, and others. The ap-
proach based on production of speech
sound is appealing because it tends to
quantify shape. But it is useful only to
the extent that conclusions reached are
integrated with the total functioning of
the head and neck. Though Lieberman
recognizes functions other than speech,
he does not undertake such an in-
tegration. The research he reports is,
nevertheless, well worth considering,
and the book is important for anyone in-
terested in the evolution of the more re-
cent hominids.

M. F. GiBBONS, JRr.
Department of Anthropology,
University of Massachusetts, Boston

Richard Courant

Courant in Géttingen and New York. The Sto-
ry of an Improbable Mathematician. CoN-
STANCE REID. Springer-Verlag, New York,
1976. iv, 314 pp. + plates. $12.80.

Courant the man is at least as inter-
esting as Courant the mathematician.
That is fortunate, for the author of this
book is strongest in the biographical line.

Courant was born in 1888 to German
Jewish parents in Silesia. His father
failed in several businesses, including
selling obscene postcards; Richard cut
himself adrift financially at the age of 16,
when his family moved to Berlin. He re-
mained at Breslau, studying for the final
gymnasium examination and tutoring
others for his living.

After trying other universities, Cou-
rant settled at Gottingen, capital of the
mathematical world. His ambition, soon
realized, was to become the assistant of
David Hilbert, for which he received 50
marks (perhaps $100 in present purchas-
ing power) and access to the prince of
European mathematicians. Reid is at her
best in describing the inner circle of pro-
fessors and favorite students, the con-
duct of the seminars and the various'stim-
ulants to mathematical work.

Courant was caught up in World War [
before he could obtain a regular academ-
ic position. Like many of the best edu-
cated on either side, he worried that the
conflict would end before he saw action.
A little time in the trenches satisfied him.
He got out by inventing a rudimentary
earth telegraph. Soon he was behind the
lines consulting scientists and also indus-
trialists, for whom he had an inordinate
respect, and even subservience. Al-
though perhaps not an attractive quality,
it proved valuable in setting up mathe-
matical institutes.

Courant returned to Géttingen as assis-
tant to his prospective father-in-law,
Carl Runge. (An earlier marriage ended
in divorce during the war.) He soon suc-
ceeded to the professorship once held by
Felix Klein. From this base he edited the
important series of monographs on math-
ematics known as the yellow books (or
yellow peril), worked on his own sub-
jects, prepared the first volume of the in-
comparable Courant-Hilbert Methods of
Mathematical Physics, and obtained
money from the International Education
Board to build a mathematics institute at
Gottingen. The institute flourished until
1933, when the racial laws rooted out the
Jews, including Courant. He seems to
have felt the blow more as a good Ger-
man and former soldier than as a Jew.

Almost half the book concerns Cou-
rant’s life in the United States, his ap-
pointment at New York University, his
efforts to place emigré scholars, his at-
tempts to build a new institute. These at-
tempts failed until world war again gave
scope to Courant’s entrepreneurism.
The applied mathematics cultivated un-
der his protection at NYU came into de-
mand; and the resultant expansion was
consolidated in peacetime by govern-
ment contracts and the capture of the
Atomic  Energy Commission’s UNI-
VAC, which brought with it the promise
of a building.

As portrayed by Reid, Courant was an
ambiguous man, indecisive yet con-
fident, nondescript but authoritative, ir-
ritating and reassuring, subservient,
commanding, cautious, speculative.
Although she does not resolve these
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ambiguities, Reid deserves praise and
thanks for bringing them out. Profession-
al historians may object that she does not
make clear the source and reliability of
her information and that she has nothing
useful to say about the history of mathe-
matics. But Reid has been where histo-
rians have not, in the private papers of
Courant, which include letters from his
student days and his wartime diaries,
and she has used them sensibly if not ex-
haustively. She has done the same with
the many interviews she conducted with
Courant’s friends and colleagues. The re-
sult is excellent journalism, informative
and engaging if not deep, an appropriate
successor to Reid’s well-regarded book
on Hilbert (reviewed in Science 170, 965
[1970)).

J. L. HEILBRON
Office for History of Science
and Technology,
University of California, Berkeley

Caves

The Science of Speleology. T. D. Forp and C.
H. D. CuLrLiNnGFORD, Eds. Academic Press,
New York, 1976. xiv, 594 pp., illus. $29.50.

Once a field for the gentleman natural-
ist, speleology has been metamorphosed
into a legitimate science as a result of the
recent emphasis on the environment, pol-
lution, and endangered wildlife. Still,
however, the cooperation of the amateur
caver with the professional scientist is re-
sponsible for many new speleological
data. Speleology is also a multi-
disciplinary field. A plethora of recent
volumes have attempted to summarize
this new science, but most are either re-
stricted to one subject, such as karst, or
technically limited by virtue of being
written by a single author.

The Science of Speleology attempts to
surmount these two limitations. The sub-
ject matter is reviewed by about a dozen
authorities, most of them British, and it
encompasses the entire scope of speleol-
ogy: geology, biology, and other, less ob-
viously related fields.

Of the geological topics covered, the
discussion of the chemistry of cave wa-
ters is particularly innovative. The solu-
tion reactions involving limestone are
summarized along with the pertinent
variables controlling them, and the tech-
nical level of the discussion is such that
any professional would benefit from it.
An ‘“‘advanced discussion’ follows this
in which the equilibrium reactions are
quantified with their respective con-
stants, the values for the constants are
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evaluated, and tables of applicable val-
ues are calculated. Reaction rates and
rate-limiting factors are also treated, as
are the effects of foreign materials in so-
lution. The final section of the chapter
discusses practical techniques of water
analysis, describing the various methods
and listing the necessary reagents and
glassware. Various analytical techniques
are compared and evaluated, and the
reader is referred to the original publica-
tions for details. This latter section is
aimed at the amateur scientist or caver:
“For studies in limestone areas much
useful work can be done using relatively
inexpensive equipment and techniques
which can be mastered quite readily”” (p.
249).

Several of the topics covered in the
book are not frequently treated else-
where. An interesting chapter on the
physics of caves discusses both cave me-
teorology and the geophysical detection
of caves. One does not normally think of
plants growing in the total darkness of a
cave, but a brief chapter on cave flora
discusses the bacteria and fungi found in
caves, particularly the chemosynthetic
autotrophs, bacteria that derive their en-
ergy from chemical reactions in the ab-
sence of sunlight. The application of the
computer to speleology, both in data
storage and retrieval and in complex
chemical or physical calculations, re-
ceives coverage in the concluding chap-
ter.

The need for careful conservation of
the unusual biological and mineralogical
features of caves is an integral part of the
caving ethic around the world. A strong
conservation plea is made in the dis-
cussion of bats. It is mentioned, for ex-
ample, that Mexican free-tailed bats in
Texas consume about 6600 tons of in-
sects annually and that the handling of
bats during their hibernation period may

. cause them to use up their fat supplies

prematurely and die of starvation before
spring. ‘‘Speleologists and other readers
of this chapter may or may not be able to
reverse the trend towards a declining bat
population, but at least they can refrain
from contributing to it’” (p. 491). It is un-
fortunate that only in the chapter on bats
and that on paleontology and archeology
does a conservational attitude openly
manifest itself in this book. Conservation
is mentioned fleetingly in the chapter on
cave faunas and ignored completely in
the chapter on cave minerals, although in
both cases flagrant amateur sample col-
lecting is a major problem.

Although the editors have managed to
overcome the prevalent drawbacks to a
good speleological text, they are restrict-
ed in that The Science of Speleology is

distinctly British. For instance, the bio-
logical coverage hinges on British Isles
distribution, and orders that are domi-
nant in other areas, such as the tropics,
may scarcely be mentioned here. Chem-
istry escapes this fate by virtue of the
basics included, but the coverage of geol-
ogy, geomorphology, paleontology, and
archeology is similarly restricted.

This should not be taken as a criticism
of the editors, for this volume was obvi-
ously intended primarily for a British au-
dience. Certainly the coverage is broad
and the technical detail provided is of
high quality, and, for the reader inter-
ested in the science of speleology, the ex-
cellent discussions of research in another
geographical context may stimulate new
ideas in his own area.

BArrY F. BEck
Department of Natural Resources,
State of Georgia, Atlanta
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