phological or behavioral phenotypes, he
has argued strongly that it should be aban-
doned at the molecular level.

In The Causes of Molecular Evolution,
John Gillespie presents a radically different
case. Whereas the neutral theory asserts
that changes in DNA and protein se-
quences are due to the same evolutionary
mechanism (drift), Gillespie argues that
drift is important only for the so-called
“silent” changes in DNA sequences, that
is, those not affecting the amino acid se-
quences of proteins. Differences in protein
sequences are claimed to be predominantly
under the control of natural selection. The
obvious objection, that attempts to observe
selection on naturally occurring protein
variants have mostly been inconclusive, is
met by noting that very small selection
coefficients are sufficiently large to allow
selection to take control but would be
undetectable experimentally.  Gillespie
points out, however, that amino acid vari-
ants segregating in natural populations, and
amino acid differences between species, fre-
quently have effects on physiologically rel-
evant properties of the proteins concerned
and suggests that it is plausible that such
differences can be subject to natural selec-
tion. In some cases, the evidence for selec-
tion is convincing. But these are compara-
tively rare. The link between the relatively
frequently observed kinetic differences be-
tween different forms of the same enzyme
and fitness is not secure, since the effect of
the activity of a single enzyme in a pathway
may be greatly dampened by the properties
of the pathway as a whole. This line of
argument thus seems inconclusive to me.

Gillespie’s review of information on
variation and evolution at the DNA level
indicates that the notion that silent nucle-
otide changes follow the neutral model
stands up well to rigorous scrutiny. The
lower levels of variation and slower rates of
evolutionary change for nucleotide site
changes that alter protein sequences make
sense if these often cause deleterious chang-
es in protein function, resulting in their
prompt elimination by selection. The
amount of variation between different lin-
eages in the rate of evolution over long time
periods for silent sites is approximately in
line with the classical neutral expectation.
In contrast, Gillespie’s analysis suggests
that there is often a highly significant ex-
cess variance in rates of evolution for amino
acid replacements. Overall the variance is
about eight times that expected on neutral-
ity. His interpretation is that the evolution
of a given protein follows an “episodic
clock”—that is, millions of years without
change are interspersed with brief bursts of
evolution, in which two to four amino acid
substitutions occur.

The core of the book is an attempt to

interpret this pattern in terms of the math-
ematical theories of selection that Gillespie
has developed over the past 20 years. This
involves over 100 pages of abstruse deriva-
tions. Two models of the episodic clock are
produced. The “mutational landscape”
model imagines that an environmental
challenge to a population can be met by the
fixation of new mutations at a given locus.
Given a finite set of possible alleles that can
be ordered with respect to their fitness in
the new environment, the population re-
sponds by successively substituting alleles
with higher fitnesses, until a state is reached
when further change would require more
than one mutational step for a higher level
of fitness to be reached, whereupon change
at the locus ceases. The other model as-
sumes that allelic variation is maintained by
environmental fluctuations affecting fitness.
Occasionally a large change causes a partic-
ular allele to become fixed, which may
differ from the initial allelic state by several
mutations. Either process ensures that each
episode of change involves only a limited
number of substitutions, consistent with
the results of the sequence analyses.

My overall verdict, as an evolutionary
biologist who is not intimately involved in
research in this area, is that the case for
selection is persuasive but not conclusive.
Two difficulties occur to me. First, the
episodic-clock interpretation is consistent
with, but not demanded by, rate variation.
Rates could vary over time but in a steadier
fashion. If this were the case, then the
interpretation of rate variation as a conse-
quence of neutral substitutions changing
the selective constraints operating on a
protein might seem plausible. Second, the
selection models themselves do not neces-
sarily lead to the episodic clock: there is no
guarantee that the pattern of environmen-
tal variation in selection pressures is episod-
ic on the long time scale that Gillespie’s
interpretation requires. It is thus not clear
that a strong case for selection can be built
on rate variation alone. A weakness of the
book is that no research program is offered
for further testing of the rival theories.

John Gillespie has thought harder than
anyone else about the subtleties of the ways
in which natural selection can bring about
variation and evolution at the molecular
level, and he has an enviable command of
the theoretical and empirical literature on
molecular evolution. His book therefore
deserves the careful attention of everyone
interested in this field. The sections review-
ing the data are well written and informa-
tive. Readers should be warned, however,
that the theoretical sections are extremely
demanding. They assume considerable fa-
miliarity with technicalities of population
genetics theory, and there is a tendency to
develop the theory first and tell the reader
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of its relevance later. The connection be-

tween the data and many of the details of

the models is tenuous, and a more effective

book could probably have been written if
these details had been pared down.

Brian Charlesworth

Department of Ecology and Evolution,

University of Chicago,

Chicago, IL 60637

Astronomical Oddities

Unusual Telescopes. PETER L. MANLY.
Cambridge University Press, New York, 1992.
xviii, 221 pp., illus. $39.95.

Amateur and professional observational as-
tronomers alike maintain a strong interest
in the design and development of tele-
scopes, for they are the means by which
celestial objects are detected. Without tele-
scopes, the appreciation of the objects of
the universe would be subject to the limi-
tations of the human eye; with them, the
heavens are revealed in increasing refine-
ment as the power of the telescope and
detector increases.

In Unusual Telescopes, Peter Manly goes
beyond the fundamentals of the history,
principles, and basics of telescope design
and construction to present a potpourri of
designs he considers unusual—telescopes
that are nonstandard in at least one aspect.
This book is aimed principally at amateur
astronomers familiar with the principles
and practice of the construction of tele-
scopes of modest aperture, but because of
the variety of telescopes described and the
engaging nature of the descriptions the
book should appeal to a broader audience as
well. Engineers involved in projects of
modest to large scale will find interesting
ideas and approaches here, along with
sketches of designs that have or have not
received widespread adoption and the rea-
sons why. Professional astronomers like my-
self may be drawn to the descriptions of
several interesting or unique designs in use
at professional observatories, perhaps un-
derstanding for the first time why a partic-
ular telescope is as productive (or as expen-
sive) as it is.

Manly describes an extremely broad as-
sortment of telescopes, including over 150
designs. These vary from the bentwood
telescope of Weyman Reams, an 8-inch,
/8.3 telescope that looks “more like furni-
ture than the scientific instrument it really
is,” to telescopes mounted on the roofs of
cars for easy portability to dark sites (in one
case arranged so that the observer sits in
comfort inside the car and views through an
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“Portable telescope mounted on a lawnmower
chassis. Photo courtesy of Dr. Clyde Tom-
baugh. Note the curved secondary mirror hold-
er which minimizes the apparent effects of the
diffraction spikes.” [From Unusual Telescopes)

eyepiece extending inward through the
open sunroof), to Sandia National Labora-
tories’ array of solar sensors, which occa-
sionally have been pointed at night toward
bright celestial sources. In degree of serious-
ness, Manly’s discussions range from an
account of a telescope made from a beer can
by David Levy (whose primary is a ladies’
compact mirror and whose sighting device
is the pull tab from the can) to an extended
evaluation of the designs of solar telescopes
on the summits of Mt. Wilson near Los
Angeles, Kitt Peak in Arizona, and Sacra-
mento Peak in New Mexico. The apertures
of the telescopes he describes vary from a
1-inch, Schmidt-type telescope by Wesley
Lindsay (a telescope without an eyepiece
that is used as a finder for larger instru-
ments) to the largest professional telescopes
in the world. In time and space his coverage
is also extensive and includes telescopes
operating throughout the United States and
Europe as well as in more remote locations
such as Indonesia and Kenya. He treats
quite a few historical designs as well, in-
cluding the Paris Refractor of 1900, which
was made for public viewing during the
Paris Exhibition and dismantled shortly
thereafter, and classics such as the 72-inch
Leviathan telescope of Lord Rosse, made in
the 1840s.

An amateur astronomer with profession-
al affiliations, background in small comput-
ers, and publications in various magazines,
Manly communicates a strong sense of fa-
miliarity and a firsthand appreciation of the
telescopes he discusses. The book is also
enhanced greatly by the large number of
illustrations, more than 150 in all, pictur-
ing the majority of designs discussed. An
index is included which, along with the list
of illustrations, greatly assists in locating
the information pertinent to a particular
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telescope. Manly has grouped the tele-
scopes rather loosely, using a prominent
unusual feature, rather than size or applica-
tion, as the focal point. The most attention
naturally is paid to the optics and the
mount, topics discussed in the first two
chapters of the book. Subsequent chapters
point out the mount and optics designs in
relation to other features, including the
position of the eyepiece and the mobility of
the telescope.

This is not the book from which to learn
about the principal types of telescope opti-
cal and mounting designs, however. Except
in passing, or in rare exceptions (such as
the schiefspiegler optical path and the
Gregory-Maksutov double-field telescope),
Manly does not detail or depict the specific
principles that pertain to a particular mount
or optical train. This is probably appropri-
ate for an amateur audience, for which a
knowledge of a Dobsonian mount may le-
gitimately be presumed, but it does force the
non-—telescope-building audience to work a
little harder. Largely beyond the scope of the
book are aspects of telescope performance
such as solid-state detectors, including
CCDs, and the computerization of much
astronomical data taking, data analysis, and
scientific results, which are occasionally
mentioned. While citations of the scientific
astronomical literature are largely omitted,
there are many references for further reading
to the popular amateur journal Sky and
Telescope, to several books describing the
history of the telescope, and occasionally to
engineering reports or publications.

With such a diversity of telescopes in-
cluded, it is understandable that a few
errors have crept into the text. For exam-
ple, the Multiple Mirror Telescope at Mt.
Hopkins, Arizona, which is operated joint-
ly by the Smithsonian Institution and the
University of Arizona, is mistakenly re-
ferred to and indexed as the Fred Lawrence
Whipple Multiple Mirror Telescope. How-
ever, the author invites corrections, addi-
tions, and suggestions and provides an ad-
dress (but not a telephone number until
1996, “when the youngest [teenager] will be
away in school”).

All in all, Unusual Telescopes provides
interesting and often amusing descriptions
of what makes some telescopes stand out
from the rest. With an informal style and
a wide familiarity with telescopes, Manly
has written a book with an appeal not only
to the principal audience of amateur ob-
servational astronomers but to a broader
group of engineers and professional astron-
omers with an interest in system design or
telescope performance.

Ruth Peterson
Lick Observatory,
University of California,
Santa Cruz, CA 95064
17 JULY 1992
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