work, and by the sloppy execution and
reproduction of some figures, especially the
range charts.

There are also needless flights of ideologi-
cal fervor. Chapter 1 (Hopson) dedicates
the volume to Leonard B. Radinsky, a verte-
brate paleontologist at the University of
Chicago who contributed extensively to our
knowledge of perissodactyl evolution and
systematics, and who died tragically of can-
cer in 1985 at the age of 48. But dedications
wilt quickly under doctrinaire attitudes. In
swiping at past errors, some of the contribu-
tors appear to divide systematists into Swif-
tian houyhnhnms (that is, themselves) and
yahoos (that is, others), tossing into “oth-
ers” Radinsky, R. E. Sloan, L. Van Valen,
G. G. Simpson, and other paleontologists
who happen to have published on perisso-
dactyl systematics in the dark days before
cladistics. These authors forgot that: (i)
cladistics will not deliver us from error; and
(ii) respect for historical context is one
prerequisite for accurate history and intelli-
gent criticism. Schoch tells us that “until
recently there has been little, if any, concern
among investigators, as to whether these
groups [five superfamilies of perissodactyls]
were natural.” Really. Odd, then, that most
of the perissodactyl groups and subgroups
put together by the yahoos stand up fairly
well to the gauntler of systematic and cladis-
tic analyses in this volume.

LEONARD KRISHTALKA

Section of Vertebrate Paleontology,
Carnegie Museum of Natural History,
Pittsburgh, PA 15213

A Death in the Pleistocene

Frozen Fauna of the Mammoth Steppe. The
Story of Blue Babe. R. DALE GUTHRIE. Universi-
ty of Chicago Press, Chicago, 1990. xiv, 323 pp.,
illus. $40; paper, $16.95.

“The Story of Blue Babe™ is about a bison
bull that was killed 36,000 years ago by an
Alaskan lion, and then, during the past
decade, was reborn as the first complete
frozen mummy exhibited in North America.
This story, from the moment we spy the
forelegs in the placer mine above Pearl
Creck to the final stretching of the skin,
when the lion’s carnassial tooth fragment
appears, is a true detective thriller, replete
with astonishing clues (for example, the
bison’s blue color) that are gradually
gleaned from the beast and the surrounding
silts.

Yet it is the larger story of the frozen
fauna of the mammoth steppe, cleverly wo-
ven around the inner tale of Blue Babe, that
the author really strives to get across. For a
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quarter century Guthrie, a mammalian pale-
ontologist at the University of Alaska, has
pursued this subject. In 1966 he introduced
the term “Mammoth Steppe” to characterize
the cold, dry, grassy plain that supported the
Pleistocene megafauna including horses,
mammoths, and abundant bison. In this
book, he expands and defends that charac-
terization. He reanalyzes the late Pleistocene
pollen evidence from Alaska, thus carrying
the battle to the palynologists, some of
whom have challenged the central concept
of extensive Pleistocene grass cover. The late
Pleistocene biota of the far north extended
far beyond Beringia (that is, the exposed
area of the sea and adjacent parts of Alaska
and Siberia), reaching from the Yukon west-
ward across most of Eurasia into the British
Isles. As Guthrie notes, reconstructions of
late Pleistocene ecosystems are not simply
questions of “how to paint a large panel of
stage scenery.” They lie at the root of cur-
rent urgent concerns about where global
change is going to lead civilization as we
know it. As Guthrie further states, “The
pulls and tugs of ideas in this debate involve
fundamental questions of ecological theory,
for example, how species and communities

react to different climatic changes.”

Another area of significant new theory
concerns the ethology of horned ungulates.
Guthrie deduces not only from the case of
Blue Babe, but also from Mousterian cave
paintings of steppe bison (which he clearly
demonstrates had the same color, hair,
horns and hump as “Blue Babe”), that these
bison fiercely attacked their predators, in-
cluding humans. He also develops diverse
clues (including the “missing hump”) that
intraspecific contests between horned males
could be lethal. As he now sees it, ungulate
ethologists of the 1960s (including himself)
placed undue emphasis on ritualized defen-
sive aspects of agonistic behavior and tended
to ignore the specially adapted offensive
structures that most horned and antlered
ungulates use to injure, or even kill, their
rivals.

This book is a wonderful tour de force,
indicating the incredible range of detective
work that a good paleontologist can accom-
plish over a period of two sabbaticals. It is
also a well-told and well-illustrated tale for
professional and amateur alike. The book is
dedicated to two Russian and two Finnish
paleontologists who have been Guthrie’s

“The necropsy. Blue Babe was taken out of the freezer, and we began to carefully clean the carcass,
looking for clues to the bison’s death and mode of preservation.” [From Frozen Fauna of the Mammoth
Steppe; photo by Don Borchardt; Institute of Arctic Biology, University of Alaska]
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“closest comrades and colleagues in pursuit

of the Arctic’s frozen fauna.” At the end of

the Blue Babe project, the latter two enjoyed

a bison stew in Fairbanks, despite its “strong
Pleistocene aroma.”

S. Davip WEBB

Florida Museum of Natural History,

University of Florida,

Gainesville, FL 32611

Muller’s Ratchet

Sex and Death in Protozoa. The History of an
Obsession. GRAHAM BELL. Cambridge Universi-
ty Press, New York, 1989. xiv, 199 pp., illus.
$44.50.

The obsession to which Graham Bell re-
fers in the subtitle of this book is that of
protozoologists, who, from about 1900 to
1930, collectively produced a great volume
of work secking to determine whether pro-
tozoan lineages are potentially immortal or
inevitably senesce, as do individual metazo-
ans. Bell (p. xiii) states that his initial reac-
tion was that this work indicated “the futili-
ty of research unguided by adequate theoret-
ical understanding.” It is also fair to say that
present-day evolutionists are obsessed with
sex, in particular with identifying the pro-
cesses responsible for the origin and mainte-
nance of sexual recombination, or mixis.
Although there exists a wealth of alternative
theories, which are discussed in The Evolu-
tion of Sex: An Examination of Current Ideas
(R. E. Michod and B. R. Levin, Eds.,
Sinauer, 1987), there is a dearth of empirical
data suitable for choosing among them.

Bell brings these two obsessions together
in his book, which provides a stimulating
blend of theory and experiment. He clearly
presents the essential elements of ciliate re-
production and sexuality, as well as the
technique of isolation culture, which allows
an investigator to follow an asexual line of
descent consisting of only one to a few of
these unicellular organisms. Bell then ana-
lyzes the temporal trends in rates of fission
in these lines, some maintained for thou-
sands of generations, which he has compiled
from dozens of old papers. His analyses
indicate that isolated protozoan lineages do
indeed typically decline in vitality, with ex-
tinction often resulting.

But Bell argues forcefully that this loss of
vitality has little to do with somatic senes-
cence in multicellular organisms; instead, it
indicates the decay of the germ line in the
absence of mixis between lines of descent.
Again using data from these old papers, he
shows that occasional conjugation (which,
in ciliates, involves the reciprocal exchange
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of haploid “gametic pronuclei”) permits in-
definite maintenance of the lines.

Without mixis, deleterious mutations can-
not be removed from a line of descent, but
instead will accumulate in a ratchet-like
manner first described by H. J. Muller. In
large asexual populations, consisting of
many different lines of descent, selection
against those lines with the greatest load of
deleterious mutations can be effective in
opposing Muller’s ratchet. However, in
small asexual populations, such as protozoan
lines maintained by isolation culture, ran-
dom genetic drift causes the fixation of
deleterious mutations and the ratchet ad-
vances inexorably. Mixis between lines of
descent produces variation in the genetic
load carried by individual organisms. While
some sexual recombinants will carry more
than the expected number of deleterious
mutations, others will have fewer, thereby
reversing the ratchet. Thus, Bell (p. 117)
concludes that “conjugation rejuvenates cili-
ate lineages [by] bringing together deleteri-
ous mutations that have arisen in different
lines of descent, so that the death of a few
heavily-laden scapegoats can cleanse a whole
community of its sins.”

The rate at which Muller’s ratchet ad-
vances is highly sensitive to population size
because each advance reflects the subordina-
tion of natural selection to random genetic
drift. The loss of vitality in isolation cultures
of protozoans over mere hundreds of gener-
ations is therefore an extreme illustration of
the effect of the ratchet, since “real” popula-
tions do not normally consist of only one to
a few individuals. But Bell argues from
theoretical models and scant data that, over
much longer time scales, the accumulation
of deleterious mutations presents a serious
problem for any asexual organisms, except
those with enormous population sizes or
very small genomes (such as bacteria).

Bell admits, however, that the effect of
mixis in opposing the ratchet could not
casily account for the origin of sexual recom-
bination, because the selective advantage
accrues to a group, in the form of differential
extinction of sexual and asexual populations;
the individual protozoan apparently experi-
ences a short-term reduction in fitness due
to mixis (p. 132), and reciprocal genetic
exchange is just as likely to increase an
individual’s mutational load as to decrease it.
Nor does Bell suggest that the maintenance
of sexuality is due solely to its beneficial
effects in opposing Muller’s ratchet. Rather,
he observes that the ecological distribution
of sexuality also supports the more tradi-
tional view that mixis is advantageous be-
cause the resulting genetic variation permits
more efficient exploitation of variable envi-
ronments.

In summary, Bell has presented compel-
ling experimental evidence that occasional
mixis is necessary to avoid extinction due to
the accumulation of deleterious mutations,
at least in extremely small populations. It
remains to be seen whether this advantage of
mixis is as ubiquitous as he asserts. I hope
that this book will stimulate further experi-
ments on the evolution of genetic systems in
protozoa. In any case, Bell has clearly shown
that a senescent body of data can be rejuve-
nated when it is mixed with fresh new ideas.

RicHARD E. LENSKI
Department of Ecology and
Evolutionary Biology,
University of California,
Irvine, CA 92717

Feathered Models

American Warblers. An Ecological and Behav-
ioral Perspective. DougLass H. MORSE. Harvard
University Press, Cambridge, MA, 1989. xiv, 406
pp., illus. $30.

In a recent issue of Science (246, 465—472
[1989]), Konishi et al. documented the
many ways in which studies of birds have
contributed to the understanding of biologi-
cal processes and concepts. One group of
birds in particular that has influenced the
development of ecological, behavioral, and
evolutionary theory is the Parulinae (family
Emberizidae)—the New World warblers.
Starting largely with the contributions of
Robert H. MacArthur and his associates,
studies of warblers have provided insight
into topics such as species diversity, niche
partitioning, habitat selection, mating sys-
tems, territoriality, population regulation,
vocal and display repertoires, and speciation
patterns.

In this book, Douglass H. Morse, a long-
term student of the Parulinae, provides an
interesting and often penetrating review of
the ecology and behavior of this group of
birds. On the basis of his own research and
thorough and critical analysis of the litera-
ture, Morse considers warbler distribution
and evolutionary history, breeding biology,
migration, and wintering season ecology. In
addition, he covers special topics such as
predators and parasites, population limita-
tion, plumages, and hybridization. Al-
though his emphasis is on species that breed
in the temperate zone and winter in the
neotropics, Morse also devotes a chapter
to species that are continuously resident
in the tropics. He compares the Parulinae
with Old World sylviine warblers and other
passerine birds to illustrate important dif-
ferences that provide insight into the evolu-
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