make sure we are not arguing about the
wrong things.

There are all kinds of trends—trends in
variance, trends in the mean of a character-
istic, anagenetic trends (those taking place in
an unbranching evolutionary lineage), and
cladogenetic trends (those describing the
pattern and fates of branches in an evolu-
tionary tree)—and each type requires differ-
ent forms of measurement and analysis.
McKinney provides an introduction to the
measurement and classification of trends in
his chapter. He discusses serial correlation
among other techniques, but it is clear from
his discussion that existing methods require
assumptions that most empirical studies
probably cannot satisfy. The reader will
need to consult the cited literature in order
to gain a full understanding of the statistics
and their limitations.

How common are the various kinds of
trends? This is a question about relative
frequencies. It can be answered only if we
have available a systematically compiled set
of evolutionary patterns that can then be
classified according to type, cause, direction,
and so on. Among the empirical chapters in
the book, those by Fortey on trilobites and
Janis and Damuth on mammals stand out as
thorough, carefully crafted contributions in
which attempts are made to synthesize the
available information rather than to docu-
ment a few selected examples. I believe there
are other groups in which the information
required for a systematic survey—an abun-
dant fossil record, good stratigraphical con-
trol, well-documented ancestor-descendant
relationships, and a sufficiently long time
interval for the detection of patterns—exists
or is at least obtainable. Cretaceous and
younger foraminifers, Mesozoic am-
monoids, and Paleozoic graptolites and co-
nodonts come to mind as examples.

One of the editor’s requests to the con-
tributors was that they consider the role of
intrinsic as compared to extrinsic factors in
effecting trends. Extrinsic factors include
ecological agencies of selection—predation,
competition, the weather, and so on—
whereas intrinsic factors include those as-
pects of an organism’s body-plan or pattern
of development that channel change in par-
ticular directions. I believe that there is a
false dichotomy here. Phenotypic change in
response to selective agencies is accom-
plished within the established genetic and
developmental system of the organism. To
me, heterochrony (the change in relative
timing of developmental events) and the
incorporation of new traits within the estab-
lished developmental framework are mecha-
nisms by which change is achieved, not
causes of it. Seen in this light, extrinsic and
intrinsic factors are complementary rather
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than mutually exclusive. In order to under-
stand how phenotypic change is channeled
along particular pathways by heterochrony,
it is instructive to consider the conditions
that permit the established order to be vio-
lated. Sadly, no chapter in the book takes
this tack. Lots of interesting examples of
trends explicable by heterochrony are pre-
sented, and few observers could doubt that
shifts in the timing of developmental events
have been frequent in the history of life; but
we have little to go on besides examples, and
the dichotomy between extrinsic and intrin-
sic factors draws attention away from dis-
tinctions among different mechanisms by
which trends could be brought about.

The study of trends and their relationship
to heterochrony has traditionally been beset
with complex terminology. This situation is
exacerbated in the book by some pretty
woolly writing. Consider, for example, the
following sentence, which appears on p. 72:
“Cladogenetic heterochronoclines, where
ancestral species persist following the evolu-
tion of the descendant, may be considered to
be autocatakinetic (Hutchinson, 1959)—in
other words, self-generating in a particular
direction.” Given statements like this, how is
one to appreciate the forest through the
evolutionary trees?

In short, there is plenty of interesting
work to be done on evolutionary trends.
Readers will find good reviews in some of
the chapters of this collection, but we are
some way from a definitive treatment of the
subject.

GEERAT J. VERMEIJ
Department of Geology,
University of California,

Davis, CA 95616

LMCFs

Large Marine Ecosystems. Patterns, Processes,
and Yields. KENNETH SHERMAN, LEw1s M. Ar-
EXANDER, and BARRY D. GoLp, Eds. American
Association for the Advancement of Science,
Washington, DC, 1990. xiv, 242 pp., illus. Paper,
$39.95. AAAS DPublication no. 90-30S. From
symposia, Boston, 1988.

This volume is the third of a series on its
topic following on symposia at AAAS annu-
al meetings. Subsequent symposia on the
topic were held at the 1990 and 1991 AAAS
meetings, and an internationally sponsored
meeting on the same theme was convened in
Monaco in October 1990. Hence more vol-
umes may be expected.

The common thread connecting all these
meetings is their primary organizer, Ken-
neth Sherman, who has popularized the
term “LME” (large marine ecosystem).
There are many other common threads,

since several of the authors are to be found
in two or more of the symposia.

LME:s are defined in this volume as “rel-
atively large regions of the global EEZs
[exclusive economic zones], generally on the
order of 200,000 km?, characterized by
unique bathymetry, hydrography, and pro-
ductivity, within which marine populations
have adapted reproductive, growth, and
feeding strategies.” Many people (including
myself) have considerable reservations about
this rather pragmatic and mundane defini-
tion of what one might have hoped to be an
enlightening new concept in theoretical ma-
rine ecology.

A glance through the accumulated contri-
butions in the three existing volumes, how-
ever (as well as the definition quoted above),
makes it clear that the topic is LMCFs—
large marine coastal fisheries. The emphasis
is on the description of coastal fisheries and
any considerations that might be helpful in
understanding how to manage them. These
include legal, economic, and geographic
considerations, but particularly important is
the approach in which the fishery is set in
the context of the whole ecosystem. One
senses that this is the major point being
made, and it is being made to the fisheries
management community.

The list of LMEs reviewed during the
course of the meetings to date now ap-
proaches 30. The first section of this volume
contributes to this list, with descriptions of
LMEs such as the Weddell, Caribbean,
Banda, and Norwegian seas. A second sec-
tion has chapters on topics in marine ecolo-
gy (such as larval fish ecology, predator-prey
relationships, and growth and feeding) as
well as technological aspects (application of
molecular and image-analysis techniques to
zooplankton enumeration). The third sec-
tion includes contributions concerned with
ecological and management concepts such as
scale interactions, modeling of ecological
systems and other approaches to under-
standing fish biomass yields, and geograph-
ical and legal perspectives on LMEs. The
second and third sections are mostly not
specific to any particular LME.

Sherman himself, summing up, organizes
LMEs on the basis of “predominant varia-
bles.” This gives rise to hypotheses regard-
ing major controlling factors, such as exces-
sive fishing mortality, changes in upwelling
systems, or pollution (such as in nutrient
enrichment to the Baltic ecosystem from the
surrounding land). Several of the chapters
are well-prepared reviews of their subjects.

Inherent in the “LME concept” is the
recognition of the importance of long-term
data series collected for management pur-
poses. These are necessary to measure trends
and the changing health of the system. They
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cannot provide predictive capabilities. The
case is often made that most of the world’s
fisheries yield comes from coastal LMEs,
and fisheries management is necessarily a
localized activity for political if not strictly
scientific reasons. However, events at times
and places very distant from any single LME
(such as an El Nino-Southern Oscillation
event) may well control a fishery by modi-
fying productivity and sequential timing of
food chain events over thousands of kilom-
eters. Ecologists, I believe, would prefer to
subdivide the single world ocean ecosystem
into its major component LMEs at the
outset and not merely those readily recog-
nizable as someone’s fishery management
problem at the ocean margins.

Coastal LMEs will be subject to the con-
sequences of global climate change, con-
cerning which much research is currently
being planned and implemented. Programs
such as GLOBEC (Global Ocean Ecosys-
tems Dynamics) in the United States and its
international counterparts are poised to be-
gin process-oriented studies designed to un-
derstand and predict ecosystem change. It
would be ideal if a network of LMEs could

be developed to formalize a continuing pro-
gram of background data collection and
long-term observation to provide a histori-
cal context for such international research
programs. It is high time to organize such a
concerted program involving both LME
managers and scientists of interested nations
to make use of the massive influx of data and
models on how the ocean works that will be
forthcoming from global change programs.
MicHAEL R. REEVE

Ocean Sciences Division,

National Science Foundation,

Washington, DC 20550
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America’s Science Museums. Victor J. Danilov.
Greenwood, New York, 1990. xii, 484 pp. $65.

Approximation Theory and Functional Analysis.
Charles K. Chui, Ed. Academic Press, New York, 1990.
x, 247 pp., illus. $49.95.

The Art of Probability. For Scientists and Engineers.
Richard W. Hamming. Addison-Wesley, Redwood City,
CA, 1991. xviii, 344 pp., illus. $48.50.

Developments in Crime and Crime Control Re-
search. German Studies on Victims, Offenders, and the
Public. Klaus Sessar and Hans-Jiirgen Kerner, Eds.
Springer-Verlag, New York, 1991. xviii, 192 pp., illus.
$39. Research in Criminology.

Courses in Techniques for Separation and Characterization
of Complex Carbohydrates

Two courses will be offered at the Complex Carbohydrate

Research Center (CCRC) of the University of Georgia. The first
course (May 13-17, 1991) will focus on the separation and character-
ization of oligosaccharides isolated from glycoproteins and is intend-
ed for those who have no experience with carbohydrate analysis. The
second course (May 20-24, 1991), intended for scientists with some
experience with glycoconjugates or for those who have completed the
first course, will cover aspects of structural analysis of oligosaccha-
rides and will focus on techniques of composition and linkage
analysis. Both courses will consist of hands-on laboratory work as
well as demonstrations and lectures. A lab manual including selected
analytical techniques and references will be provided. Each course is
limited to 10 participants. Experience with basic biochemical tech-
niques is a prerequisite for participation. The cost of registration per
course is $250 for individuals from nonprofit institutions; $500 for
others. The cost of lodging and food is not included.

The courses are sponsored jointly by the DOE/NSF/USDA Plant
and Microbial Carbohydrate Center and the NIH Biomedical Carbo-
hydrate Resource Center of the CCRC. For further information and
application forms for the courses contact: Dr. Roberta K. Merkle,
Technical Director for Biomedical Carbohydrates, Complex Carbo-
hydrate Research Center, 220 Riverbend Road, The University of
Georgia, Athens, Georgia 30602. Facsimile: 404-542-4412. Phone:
404-542-4405.
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Dictionary of the Environment. Michael Allaby. 3rd
ed. New York University Press, New York, 1990. vi, 423
pp- Paper, $17.50. Reprint, 1989 ed.

Exponential Sums and Differential Equations.
Nicholas M. Katz. Princeton University Press, Princeton,
NJ, 1990. xii, 430 pp. $65; paper, $22.40. Annals of
Mathematics Studies, no. 124.

The Genome. Ram S. Verma. VCH, New York,
1990. xx, 327 pp., illus. $75. Frontiers in Molecular and
Cellular Biology.

J. G. Frazer. His Life and Work. Robert Ackerman.
Cambridge University Press, New York, 1991. x, 348
Pp., illus. Paper, $10.95. Reprint, 1987 ed.

Keep Off the Grass. Gabriel G. Nahas. Eriksson,
Middlebury, VT, 1990. xoawiii, 362 pp., illus. Paper,
$12.95. Reprint, 1976 ed.

The Lung. Scientific Foundations. Ronald G. Crystal
et al., Eds. Raven, New York, 1990. 2 vols. xxx, 2224
pp., illus., + index.

Machines with a Purpose. Howard Rosenbrock.
Oxford University Press, New York, 1990. x, 223 pp.,
illus. $49.95.

The Northwest Coast. A Natural History. Stewart T.
Schultz. Drawings by John Megahan and Kathy Keller-
man. Timber, Portland, OR, 1990. 389 pp., illus.
$29.95.

Nuclear Structure and Function. J. R. Harris and I.
B. Zbarsky, Eds. Plenum, New York, 1990. xvi, 504 pp.,
illus. $115. From a workshop, Suzdal, U.S.S.R., Sept.
1989.

Peptide Hormone Secretion. A Practical Approach.
J. C. Hutton and K. Siddle, Eds. IRL (OxfordP Univer-
sity Press), New York, 1990. xxii, 341 pp., illus. $85;
paper, $60. Practical Approach Series.

Plant Pathogenic Bacteria. Z. Klement, Ed. Aka-
démiai Kiad6, Budapest, 1990. 2 vols. xxxii, 1062 pp.,
illus. $95. From a conference, Budapest, June 1989.

Plasma Dynamics. R. O. Dendy. Clarendon (Ox-
ford University Press), New York, 1990. x, 161 pp.,
illus. $63; paper, $27.95.

Quantum Profiles. Jeremy Bernstein. Princeton Uni-
versity Press, Princeton, NJ, 1991. viii, 178 pp. $17.95.
Profiles of John Bell, John Wheeler, and Michele Besso.

Recycling and Incineration. Evaluating the Choices.
Richard A. Denison and John Ruston, Eds. Island Press,
Washington, DC, 1990. xxii, 322 pp., illus. $34.95;
paper, $19.95.

Restoration Ecology. A Synthetic Approach to Eco-
logical Research. William R. Jordan III, Michael E.
Gilpin, and John D. Aber, Eds. Cambridge Universi
Press, New York, 1990. x, 341 pp., illus. Paper, $24.95.
From a symposium, Madison, WI. Reprint, 1987 ed.

Scaling in Soil Physics. Principles and Applications.
Daniel Hillel et al., Eds. Soil Science Society of America,
Madison, W1, 1990. xxii, 122 pp., illus. Paper, $24; to
SSSA members, $19 for first copy. Soil Science Society
of America Special Publication no. 25. From a sympo-
sium, Las Vegas, NV, Oct. 1989.

Science and Relativism. Some Key Controversies in
the Philosophy of Science. Larry Laudan. University of
Chicago Press, Chicago, IL, 1991. xiv, 180 pp. $32;
paper, $12.95. Science and Its Conceptual Foundations.
From a meeting, Dec. 1988.

Science Matters. Achieving Scientific Literacy. Rob-
ert M. Hazen and James Trefil. Doubleday, New York,
1991. xxii, 295 pp., illus. $19.95.

A Statistical Model. Frederick Mosteller’s Contribu-
tions to Statistics, Science, and Public Policy. S. E.
Fienberg et al., Eds. Springer-Verlag, New York, 1990.
xviii, 283 pp., illus. $39. Springer Series in Statistics.
Perspectives in Statistics.

Surface Reactive Peptides and Polymers. Discov-
ery and Commercialization. C. Steven Sikes and A. P.
Wheeler, Eds. American Chemical Society, Washington,
DC, 1991. xiv, 416 pp., illus. $69.95. ACS Symposium
Series, 444. From a symposium, Dallas, TX, April 1989.

Synthesis and Chemistry of Agrochemicals II.
Don R. Baker, Joseph G. Fenyes, and William K.
Moberg, Eds. American Chemical Society, Washington,
DC, 1991. xiv, 609 pp., illus. $109.95. ACS Symposium
Series, 443. From symposia.

Transformations in American Medicine. From
Benjamin Rush to William Osler. Lester S. King. Johns
Hopkins University Press, Baltimore, MD, 1990. viii,
268 pp. $38.

Tremor. Rodger J. Elble and William C. Koller. Johns
Hopkins University Press, Baltimore, MD, 1990. xviii,
204 pp., illus. $55. Johns Hopkins Series in Contempo-
rary Medicine and Public Health.

Uncertainty and Quality in Science for Policy.
Silvio O. Funtowicz and Jerome R. Ravetz. Kluwer,
Norwell, MA, 1990. xii, 229 pp., illus. $88.50. Theory
and Decision Library. Series X, Philosophy and Meth-
odology of the Social Sciences, vol. 15.
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