The Terminal P-Tr Events

The Great Paleozoic Crisis. Life and Death in
the Permian. DOUGLAS H. ERWIN. Columbia
University Press, New York, 1993. xii, 327 pp.,
illus. $55 or £42.50; paper, $26 or £20. Critical
Moments in Paleobiology and Earth History
Series.

The apparently sudden extinction of the
dinosaurs, together with a host of marine
taxa, during the terminal Cretaceous (K-T)
mass extinction has captured the public’s
interest and continues to stimulate exten-
sive research on the causes and effects of
mass extinction. Yet the K-T pales in com-
parison to the great Permo-Triassic (P-Tr)
mass extinction, 250 million years ago.
Approximately 57 percent of the Earth’s
extant marine families, 83 percent of the
marine genera, and perhaps as many as 95
percent of the marine species disappeared at
the end of the Permian. By taxonomic
measures, the impact of the P-Tr extinction
exceeded that of any other known mass
extinction by at least a factor of two. These
numbers are inexact, but there is no disput-
ing that this was animal life’s greatest crisis.
(Curiously, plants were rather less affect-
ed.) No wonder Erwin has labeled the
Permo-Triassic the “Mother of Mass Ex-
tinctions.” But beyond counts of extinct
taxa, the enduring legacy of mass extinc-
tions is the permanent elimination of com-
munities and ecosystems that had persisted
for millions of years. The P-Tr extinction
did exactly that; the benthic marine com-
munities of the Paleozoic, dominated by
brachiopods, bryozoans, and crinoid echi-
noderms, disappeared and were replaced by
the mollusk-dominated communities of the
Mesozoic and Cenozoic.

This book is an ambitious attempt to
review the broad range of physical and
biological events of the late Permian and
early Triassic. Erwin examines, evaluates,
and synthesizes a tremendous volume of
research, much of it new. For example, new
correlations based on conodonts greatly im-
prove temporal resolution in marine sec-
tions. A large amount of information on
boundary sections in China is now avail-
able; these data complicate our interpreta-
tion of the extinction. Erwin integrates
these and other new paleontological data
with recent contributions in isotope
geochemistry, paleoceanography, tecton-
ics, and other disciplines to produce the
first synoptic treatment of late Permian
history.

The salient question addressed in Er-
win’s book, and in most other analyses of
mass extinction, is the nature of the mech-
anism responsible for mass extinction. Too

often, our search for simple solutions to
complex problems leads only to simplistic
hypotheses. There are surely situations
where the answer is simple; perhaps a rock
fell out of the sky 65 million years ago and
(indirectly) killed the dinosaurs. But the
Earth’s physical and biological systems are
so complex as to defy comprehension, and
the major features of life’s history are un-
likely to have such simple causes.

Refreshingly, Erwin embraces the com-
plexity of the Permian world in his quest to
understand the processes responsible for the
P-Tr extinction. It was a dynamic world
then: the continents were completing the
assembly of the Triassic supercontinent,
Pangea; a major glaciation gripped the
world in the late Carboniferous and Permi-
an; volcanic eruptions formed the Siberian
traps, the most extensive flood basalts of
the past 600 million years, in the late
Permian; atmospheric concentrations of
CO, increased rapidly; and sea level
dropped by more than 200 meters at the
end of the Permian. Each of these events
influenced other aspects of the physical and
biological world. Erwin carefully examines
and weighs these factors and their intimate
interrelationships in constructing his inter-
pretation of the extinction’s causes.

The Great Paleozoic Crisis might be diffi-
cult for the nonspecialist. Erwin’s use of
time/stratigraphic nomenclature is inconsis-
tent and confusing. The sources of data and
the data themselves are sometimes unclear.
Different values for the extinction’s impact
are given throughout the book: 83 percent
(p- 16), 70 percent (p. 86), and 78 to 84
percent (p. 88) of the genera, to cite a few
examples. More important, one is some-
times left wondering what Erwin really be-
lieves. At one point (p. 111) he refers to
the putative susceptibility of reef ecosys-
tems to mass extinctions as a “canard,”
with little empirical support. He reverses
himself later (p. 264), without explanation,
pronouncing that reefs “are consistently
decimated by mass-extinction events” and
that “the end-Permian mass extinction was
no exception to this rule.” Similarly, Paleo-
zoic gastropods (Erwin’s specialty) first are
described as limited in their ecological
range to herbivory, scavenging, and suspen-
sion-feeding (p. 20); six pages later they
approach modern gastropods in their eco-
logical breadth (p. 26). Perhaps minor in-
dividually, these cases are symptomatic of
occasionally careless writing or inconsistent
thinking that frustrate the reader.

Erwin’s book, on the positive side,
avoids an overly narrow focus on the paleo-
biology of the late Permian; he has crafted a
thorough and integrated review of a broad
range of physical and biological events from
that turbulent interval in life’s history. The
Great Paleozoic Crisis is a valuable reference
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for anyone interested in the phenomenon

of mass extinction and will undoubtedly

fuel many graduate seminars in the coming
year.

Philip W. Signor

Department of Geology and Center

for Population Biology,

University of California,

Davis, CA 95616

Remote Observations

Atmospheric Remote Sensing by Microwave
Radiometry. MICHAEL A. JANSSEN, Ed. Wi-
ley, New York, 1993. xx, 572 pp., illus. $95 or
£79. Wiley Series in Remote Sensing.

Microwave radiometry is concerned with
the measurement of thermally emitted mi-
crowave radiation. Although its wave-
length region is the same as that of radar, it
is distinct from radar in that a radiometer
has no transmitter; it is passive rather than
active. In essence, it is applied radio astron-
omy. Much of the early work in microwave
radiometry of the Earth was accomplished
within radio astronomy groups.

Microwave radiometry is now used in
making operational weather observations

"“Enhanced concentration of upper atmospher-
ic chlorine monoxide in northern latitudes, ob-
served on January 6, 1992 by the Microwave
Limb Sounder on the Upper Atmosphere Re-
search Satellite . . . The red color indicates CIO
in excess of ~1 part per billion by volume. CIO
is a chemically active form of chlorine whose
abundance is a measure of the rate at which
chlorine destroys ozone, and which, at compa-
rable abundances, is linked to the formation of
the ozone hole in the southern hemisphere. Its
appearance at these levels over populated
areas in the north is of major concern.” [From
the dust jacket of Atmospheric Remote Sensing
by Microwave Radiometry; courtesy of Joe W.
Wate -s]
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“Image of Saturn at 6 cm wavelength made at the National Radio
Astronomy Observatory's Very Large Array in New Mexico. The
banded structure is due to variations of ammonia concentration in
the subcloud Saturn atmosphere that are related to the general
circulation at deep levels. ... The rings are inherently faint at
microwave frequencies but are readily identified in the image.”
[From the dust jacket of Atmospheric Remote Sensing by Micro-
wave Radiometry; courtesy of Arie W. Grossman and Duane O.

Muhleman]

both from the ground and from satellites. It
is also employed extensively from various
platforms for a wide range of scientific
investigations. Atmospheric Remote Sensing
by Microwave Radiometry is a detailed treat-
ment of remote sensing by microwave tech-
niques of the atmospheres of Earth and
other planets.

Weighting functions are widely used in
the remote sensing community to describe
the information content of passive measure-
ments of temperature profiles. They are
often misused in measurements of constitu-
ent profiles. Westwater’s chapter, “Ground-
based microwave remote sensing of meteo-
rological variables,” contains a general dis-
cussion of weighting functions that provides
a common theoretical basis for both appli-
cations. This chapter should be required
reading for anyone involved in passive re-
mote sensing in any spectral region.

It is inevitable that in a book of this scope
any given reader will find shortcomings in
the coverage of his or her own specialty. In
this spirit I wish that Gasiewski, in his
chapter “Microwave radiative transfer in hy-
drometeors,” had illustrated his concepts
with an example in a portion of the spectrum
commonly used for rainfall measurements,
which would have provided a better back-
ground for the discussions of the measure-
ment of rainfall from satellites that appear
further on in the book. Also, in Grody’s
chapter “Remote sensing of the atmosphere
from satellites using microwave radiometry”
I was disappointed by the absence of any
discussion of the measurement of precipita-
ble water. It was clear from his treatment of
the measurement of water vapor profiles that
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he had not read Westwa-
ter’s discussion of weight-
ing functions.

Like many multiau-
thored compilations, the
book suffers from some
redundancy among the
chapters, although the
various authors’ different
approaches to the com-
mon themes can be in-
teresting and instructive.
All the chapters have sub-
stantial depth, but some
are more accessible than
others. Rosenkrantz’s con-
tribution (“Absorption of
microwaves by atmo-
spheric gases”) will be al-
most impossible reading
for anyone without some
background in quantum
mechanics.

This book belongs on
the desk of anyone work-
ing (or planning to work)
in the atmospheric appli-
cations of microwave radiometry. Those
working in other branches of remote sens-
ing will find many of the ideas presented
here useful as well. Those merely curious
about the field will find it rather slow going.

Thomas T. Wilheit

Department of Meteorology,
Texas A&M University,

College Station, TX 77843-3150
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Rotman. Stanford University Press, Stanford, CA,
1993. xviii, 203 pp. $39.50; paper, $12.95.
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