
valuable and important document. Twenti- 
eth-century scholarship illuminates pages 
in which we may find a contemporary as- 
sessment of Copernicus and of the epoch in 
which he promulgated his great work. So 
much may have been expected. More unex- 
pected and remarkable are the parts of the 
symposium and collegia dealing with our 
present knowledge of and outlook on the 
universe and our projections into the fu- 
ture. 

The attempts to deal with the question 
whether science has a future, or what kind 
of future faces scientific investigation, are 
of especial interest. For example, in a re- 
markable lecture "Tradition in science" 
Werner Heisenberg maintains that we 
must abandon the 2500-year-old tradition 
extending from the time of Democritos 
that leads physicists to search for the fun- 
damental elementary particle: "Even if 
quarks could be found, for all we know 
they could again be divided into two 
quarks and one antiquark, etc., and thus 
they would not be more elementary than a 
proton.... We will have to abandon the 
philosophy of Democritos and the concept 
of fundamental elementary particles. We 
should accept instead the concept of funda- 
mental symmetries, which is a concept out 
of the philosophy of Plato." 

Indeed, the contributions of Heisenberg 
and John Wheeler, and the discussions in 
which they took part, raise the entire prob- 
lem of knowledge and of the relation of 
man to the universe in an acute sense. We 
have known for half a century that the Ein- 
stein equations of general relativity predict 
an evolutionary, expanding universe. We 
have been well aware of the observational 
evidence in support of the cosmological ex- 
pansion, but until recent years we have 
never faced directly the physical meaning 
of the singularity at the zero of time in the 
Einstein equations. The impossible concept 
of a physical interpretation in terms of a 
universe of infinite density and in- 
finitesimal size at a time zero has been 
evaded in the hope that the singularity 
would prove to be a mathematical diffi- 
culty. Now we have the apparently in- 
controvertible observational evidence from 
the microwave background radiation for 
the high-density, high-temperature state of 
the early universe, seconds after the begin- 
ning of the expansion. The world of physics 
and the nature of our understanding of the 
external world have quite suddenly moved 
to a crisis. The quantum theory led to a 
revolution in our understanding of the 
meaning of observation. We cannot ob- 
serve without influencing the object of our 
investigation, and the statistical nature of 
quantum mechanics is well understood. 
Apparently our observations of the uni- 

verse today imply that in the beginning the 
universe was a single entity of infinitesimal 
dimensions to which the application of 
quantum theory is inadmissible. Further, 
the homogeneity and the number of parti- 
cles and the forces between them in the em- 
bryonic universe narrowly determined that 
galaxies, stars, and eventually life could 
evolve in the universe. Are physics and as- 
tronomy returning us to a belief in the 
partnership of the mind of man in the 
foundation of the universe? It is a question 
asked and debated in this volume. Wheeler 
remarks that the three mysteries of the 
quantum, the universe, and the mind call 
out for clarification. He knows of none 
more deserving to be called "the heart of 
darkness." 

Will the human race survive to solve this 
problem? Where lies the foundation of eth- 
ics? Is ethics created by man for the sake of 
survival, or is there a fundamental ethic in- 
herent in our existence in the universe? 
Must there be ethical limits to scientific 
discovery if we are to survive? One ends 
this volume with these questions up- 
permost and with a feeling of entreaty and 
hope that man will survive so that the ge- 
nius of a future Copernicus can penetrate 
the heart of darkness. 

BERNARD LOVELL 
Nuffield Radio Astronomy Laboratories, 
Jodrell Bank, 
Macclesfield, Cheshire, England 

The Coastal Zone 

Estuarine Research. Papers from a confer- 
ence, Myrtle Beach, S.C., Oct. 1973. L. 
EUGENE CRONIN, Ed. Academic Press, 
New York, 1975. Two volumes. Vol. 1, 
Chemistry, Biology, and the Estuarine 
System. xiv, 738 pp., illus. $31.50. Vol. 2, 
Geology and Engineering. xvi, 588 pp., 
illus. $27.50. 

The most interesting and important as- 
pect of estuaries is their function in sup- 
port of the biota. The intricacies of life in 
estuaries have always fascinated scholars 
and will probably continue to do so as long 
as curiosity itself survives. But curiosity 
alone does not drive science. Economic in- 
terests, industrial development, and the 
surge in regulatory activities of govern- 
ments account for much of the current in- 
terests in estuaries. "Management" is the 
term that is used to encompass the contin- 
uous jostling and bargaining among cham- 
pions of the various mutually incompatible 
objectives in the use of coastal resources. 
Much of the science that is done is under- 
taken with at least the tacit understanding 

that it is likely to show that the seemingly 
mutually exclusive are in fact compatible 
and everyone can have his share of the 
coastal zone. Although these compromises 
are probably necessary to maintain stabili- 
ty in the political system, one wonders 
what has happened to truth and hopes that 
a book on research in estuaries will set 
forth the issues clearly. That rarely hap- 
pens, but this two-volume work evidences 
some progress. 

The 68 papers in these two volumes were 
delivered at a meeting of the Estuarine Re- 
search Federation, a conglomerate of 
small Atlantic Coast scientific societies 
that share an interest in estuaries. What do 
the papers have in common? Estuaries? 
Not that. They treat topics from marshes 
to the Peruvian upwelling, from geochem- 
istry to the effects of power plants. There 
are sections on chemistry, biology, and 
modeling. The second volume treats geol- 
ogy and has a section on vegetation as 
a tool in the management of coastal 
lands. The emphasis is on the East Coast, 
and the papers are research reports, not 
reviews. 

The program was arranged by a group 
of "conveners," who took individual re- 
sponsibility for segments of it. The seg- 
ments are of uneven quality and depth, and 
many appear to have been casually con- 
structed. Two of the more comprehensive 
treatments are papers on modeling by 
Kenneth Mann and by John Walsh. Mann 
challenges those who aspire to build com- 
plicated and detailed models of estuaries 
with the simple statement that such models 
are inappropriate because the data avail- 
able do not support the detail required by 
the models. One hopes that Mann's criti- 
cisms are overdrawn; with a few excep- 
tions, modeling seems to be taking its 
proper role as a tool rather than as either 
an end in itself or a panacea. 

The last comprehensive review of es- 
tuaries (G. H. Lauff, Ed., Estuaries, 
AAAS) was published in 1967, and this 
new collection, while hardly a review, is 
welcome. It is refreshing to find that most 
papers, including these by chemists, math- 
ematicians, and geologists, reveal an em- 
phasis on living systems. It is refreshing, 
too, to see progress being made by new, 
young scientists in interpreting estuaries as 
segments of the biosphere that must be 
managed as intact units. This book will 
soon be followed by a similar set of vol- 
umes reporting on the second conference 
of the Estuarine Research Federation, 
which promises to be a somewhat more 
comprehensive review. 

GEORGE M. WOOD WELL 
Marine Biological Laboratory, 
Woods Hole, Massachusetts 
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