science is, above all, a human enterprise,

shaped by personalities, communities, and
institutions, as well as ideas.
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Weatherwatchers

Meteorology in America, 1800-1870. JaAMEs
RODGER FLEMING. Johns Hopkins University
Press, Baltimore, MD, 1990. xxiv, 264 pp., illus.
$52.

It has been hard for historians to take
meteorology seriously. Those who study the
history of physics, for instance, find weather
science wanting in great men, mathematical
rigor, and theoretical complexity. To them it
has seemed the perfect example of the Baco-
nian method, a would-be science with only
masses of data to recommend it.

In this new book, James Fleming argues
strongly otherwise, and in the process he
provides us with a new appreciation of
leading American meteorologists in the
emerging stage of the discipline, as well as
fresh insights into the relations of science
and American culture.

Meteorology proved of more than usual
interest to the European migrants to Amer-
ica because summers and winters were so
much hotter and colder here. Many of them
also assumed that as deforestation and tillage
altered the landscape, the weather would be
changed too, a notion that encouraged
record-keeping activities. But it was the
frequent occurrence of sudden, violent
storms and, as Bemjamin Franklin noted,
their typically northeastward track that drew
special attention to the study of meteorolog-
ical phenomena in North America.

What stands out in the early phases of
meteorological work in America is the dom-
inant role of individuals—successive sur-
geons general concerned to discover the
relation between climate and health; the
head of the General Land Office who saw in
the geographic dispersion of land agents a
mechanism for collecting data about weath-
er, flora, and fauna; William C. Redfield, a
New York businessman passionately at-
tached to his own theory of storms; James P.
Espy, another storm theorist who artfully
managed to make a career in meteorology
out of a string of government appointments;
and the Smithsonian’s first Secretary, Joseph
Henry, whose position made him a central
figure in the development of weather study.
Yet paradoxically, it was the ability of indi-
viduals like these to stimulate collective ac-
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tion that speeded the emergence of meteor-
ology as a scientific discipline.

One of the interesting things Fleming
demonstrates is the way theorizing ener-
gized data collection. The utility of a system
of volunteer observers—widely scattered,
properly equipped, and consistent in their
methods of reporting—was obvious from
the 18th century. The prevailing easterly
movement of the weather clearly suggested
that regularly collected data might yield
predictability. But the impetus to the suc-
cessful formation of such observational sys-
tems came from the debate over storm the-
ory that boiled into public controversy in
the 1830s. Redfield, who had a kinetic
theory, Espy, with a thermal explanation of
storms, and the University of Pennsylvania
chemist Robert Hare, who believed they
were caused by electrical effects, all strenu-
ously competed—in the halls of Congress as
well as in the public press—for the primacy
of their views. Espy emerged the most adept
in enlisting volunteer observers, first in a
group organized by a joint committee on
meteorology of the Franklin Institute and
the American Philosophical Society, then
later in a system coordinated at the Smith-
sonian, and consequently saw his views most
widely accepted.

The controversy over storm theories
proved vital both to the popularization of
meteorology and to the professionalization
of American science. Ministers, educators,
farmers, and physicians working in the small
rural communities of the country—on the
periphery of the nation’s intellectual life—
could still feel connected to its center
through their observations and reports. This
broad popular base also clearly explains why
American public support for meteorology
was higher than in any European country.
Furthermore, the application of telegraphy
to weather reporting not only made possible
simultaneous observation but brought
weather forecasting into the realm of prac-
tical reality.

Years ago, Hunter Dupree observed that
if American scientists were to secure profes-
sional careers of their own and gain interna-
tional standing for their country’s science,
they had first to seize control of the Ameri-
can phenomena. That proved as true for
meteorology as for botany. In the two dec-
ades before the Civil War, and primarily
through the efforts of Espy and Henry,
meteorologists worked out successful meth-
ods of data collection, revised their theoret-
ical analysis, and created an institutional
structure that essentially defined subsequent
government policy.

Fleming’s important contribution to our
understanding of science during its forma-
tive period in America is to show the extent

to which meteorology was shaped by cultur-
al values. The idea of a democratic science to
which anyone might contribute appealed to
Americans, who increasingly supported it
from the public purse. And the reasons for
their support, Fleming points out, went
beyond the obvious utility of weather pre-
diction to encompass an interest in the
theories as well as the processes of science.
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An Emergent Field

Fundamentals of Molecular Evolution. WeN-
Hsrung Lt and DaN GRAUR. Sinauer, Sunder-
land, MA, 1991. xviii, 284 pp., illus. Paper,
$22.95.

Over the past quarter-century the wealth
of information that has accumulated on the
molecular structure and organization of
genes and genomes has revealed processes of
genetic change that were completely unan-
ticipated and that have needed to be inte-
grated into evolutionary theory. The field of
molecular evolution, a synthesis of the dis-
parate areas of molecular biology and evo-
lutionary biology, has emerged to provide
this integration. Courses in molecular evo-
lution are beginning to appear in undergrad-
uate curricula, and there is a real need for a
concise yet authoritative elementary text-
book on the subject. Fundamentals of Molec-
ular Evolution fills that need admirably. It
provides a lucid account of this rapidly
expanding field and it is graced with an
attractive design, a glossary, a good index,
and well-chosen figures.

The book begins with the obligatory
chapter reviewing the structure of DNA, the
nature of the code, and the mechanisms of
mutation. The next three chapters give an
account of elementary population genetics
and of the evolutionary inferences that fol-
low from an analysis of patterns of nucleo-
tide substitution in genes. Population genet-
ics seeks to predict the trajectory of gene-
frequency change over time, when various
stochastic (gene-frequency drift) and deter-
ministic (natural selection and mutation)
forces are operating. The theory of popula-
tion genetics has recently expanded to con-
sider new problems posed by transposon
evolution, the concerted evolution of multi-
gene families, and the question of selfish
DNA. In addition, population genetics has
provided the statistical framework for the
analysis of molecular evolutionary data.
Thus, for example, methods for estimating
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numbers of gene substitutions and calculat-
ing genetic distances from gene sequence
data are derived from population-genetic
arguments. The molecular clock hypothesis,
based on a population-genetic theorem, pos-
its that neutral gene substitutions should
occur at a rate equal to the mutation rate,
which may be a linear function of time. This
result provides a basis for the estimation of
divergence times among major lineages in
the absence of an adequate fossil record.
Moreover, times of duplication of major
gene functions (for instance, divergence
times of members of the globin gene super-
family) can be estimated from sequence
data.

The fifth chapter of the book develops the
estimation of organismic relationships from
molecular data. If genetic distance increases
as a monotonic function of time then it
should be possible to estimate the pattern
(topology) of relationships from gene-se-
quence data (molecular phylogenies). This
application of molecular data has given rise
to a number of computational algorithms
that can seem complicated and confusing to
the novice. While molecular phylogenetics
has reinvigorated the study of systematics in
recent years, it has also yielded several con-
tentious schools of thought on computa-
tional methodology. Molecular phylogenies
are also providing an independent basis for
the analysis of morphological evolution and
for testing major issues like the hypothesis
that mitochondria and chloroplasts had an
endosymbiotic origin.

The remaining chapters deal with what
might be called molecular phenomonology.
For example, during the past quarter-centu-
ry we have learned that eukaryotic genomes
contain vast numbers of repeated DNA se-
quences whose functions are obscure; in-
trons were discovered, as were overlapping
genes; the molecular structure of transpos-
able elements was documented; and these
genetic entities were found to be ubiquitous
in nature. In addition, retroviruses and their
associated retrotransposons were described
and their occasional horizontal transfer
among species was documented. This
wealth of empirical information has pro-
duced a kind of natural history of the ge-
nome. As with classical natural history, the
natural history of the genome must be ac-
counted for within a unified theoretical
framework. The theory of evolution pro-
vides that framework. It is a testament to the
power of evolutionary theory that it can
easily accommodate observations that were
not imagined a quarter of a century ago.
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