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not necessarily as dominant elements of,
diverse ant communities in their native
ranges (Tennant; Majer; Patterson). A top-
ic touched on in many chapters is the na-
ture of the ecological mechanisms involved
in the displacement or replacement of res-
ident ant species by invading species.
Though it is frequently assumed that local
reductions in individual abundance or spe-
cies diversity of natives follow from direct
competition or predation by exotics, Majer
and Wojcik point out, as have others, that
such reductions may be correlated responses
to changes in other factors that favor the
exotic and disfavor the natives, such as
increased habitat disturbance. A high point
of the volume is Passera’s description of the
social and breeding habits of tramp ants
that are important for successful invasion.
Meier shows that opportunistic feeding
habits coupled with efficient, chemically
based recruitment systems can be added to
Passera’s list.

The volume is not without disappoint-
ments. There is no explicit conceptual
framework that organizes it. The order of
the chapters seems largely haphazard and
several seem not to belong at all. There is
little indication of how studies of exotic
ants can help us understand general ecolog-
ical and evolutionary processes, which is
unfortunate because the best studied exotic
ant, the fire ant Solenopsis invicta, is emerg-
ing as a major model system in this regard.
Nor does the book contribute significantly
toward the development of an ecological
theory of invasion. Thus it likely will have
little appeal outside a narrow community of
researchers who focus on ant introductions
and their immediate consequences.

Kenneth G. Ross

Department of Entomology,
University of Georgia,

Athens, GA 30602-2603, USA
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Time Series Prediction. Forecasting the Fu-
ture and Understanding the Past. ANDREAS S.
WEIGEND and NEIL A. GERSHENFELD, Eds.
Addison-Wesley, Reading, MA, 1993. xx, 643
pp., illus. $49.50; paper, $32.25. Santa Fe In-
stitute Studies in the Sciences of Complexity,
vol. 15. From a workshop, Santa Fe, NM, May
1992.

The publication in 1970 of Time Series
Analysis: Forecasting and Control by George
Box and Gwilym Jenkins was a landmark in
time series analysis. Building on the work of
Yule, Bartlett, and others, the authors laid
out a methodology for parametric time se-

ries analysis. This methodology covers lin-
ear time series models. An example of such
a model is the first-order autoregressive pro-
cess, in which the current value is a linear
function of the previous value plus a ran-
dom error. Since 1970, time series modeling
has progressed in many directions including
extensions to non-Gaussian and multivari-
ate time series, models with non-constant
parameters, and models that accommodate
measurement error.

Although the family of linear models is
quite rich, it is necessary on scientific
grounds to consider nonlinear models. An
example is the first-order nonlinear autore-
gressive process, in which the current value
is a nonlinear function of the previous value
plus a random error. There are two broad
approaches to nonlinear time series analy-
sis: parametric and nonparametric. The
parametric approach essentially extends the
Box-Jenkins approach to parametric fami-
lies of nonlinear models. This extension
involves new methods of data analysis. For
example, a nonlinear process cannot be ful-
ly characterized by its mean and autocovari-
ance function (or, equivalently, its spec-
trum) alone. The parametric approach to
nonlinear time series analysis is covered in
books by M. B. Priestley (1988) and Howell
Tong (1990).

There are again two broad approaches to
nonparametric modeling: the statistical ap-
proach and the dynamical systems ap-
proach. In the statistical approach, the re-
lationship between the current value and
previous values is estimated by nonparamet-
ric regression. In experienced hands, the
statistical approach can exploit recent de-
velopments in nonparametric modeling
outside the area of time series analysis.
Some scientific understanding of the under-
lying processes also does not hurt.
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Vignettes: Eye-Opening

| am convinced that the story of the universe that has come out of three centuries

of modern scientific work will be recognized as a supreme human achievement, the

scientific enterprise’s central gift to humanity, a revelation having a status equal to
that of the great religious revelations of the past.

—DBrian Swimme, as quoted in Evolution Extended:

Biological Debates on the Meaning of Life (Connie Barlow, Ed.; MIT Press)

It has been said that science demystifies the world. It is closer to the truth to say

that science, when it is at its best, opens the world up for us, bringing daily realities

under a kind of magic spell and providing the means to see the limits of what we
think we know, and the scope of what we do not at all understand.

—Claus Emmeche, in The Garden in the Machine:

The Emerging Science of Artificial Life (Princeton University Press)
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BOOK REVIEWS

A little background helps to understand
the dynamical systems approach. Whitney’s
theorem in topology says that a smooth, com-
pact manifold of dimension d can be embed-
ded in a Euclidean space of dimension 2d+1.
Takens extended this theory to the embed-
ding of a dynamical system. The practical
result is that, if the original system evolves
along an attractor, the topology of the attrac-
tor can be recovered in the behavior of mul-
tidimensional “histories” of an observable
time series generated by the system. A history
or delay is a finite vector of lagged values of a
time series. This result establishes a link be-
tween nonlinear autoregressive models and
time series generated by dynamical systems, in
the sense that the former focuses on multidi-
mensional histories.

Embedding theory has also been used
as the basis for a geometric approach to
time series prediction. The idea is this. If
I knew the attractor of a dynamical sys-
tem and [ knew the trajectory that the
system was on, I could predict the future
by projecting the trajectory along the at-
tractor. In the case of chaos, trajectories
diverge, so this scheme only works in the
short term unless the trajectory is known
precisely. Embedding theory says that this
idea can be applied in the Euclidean space
of histories. For example, if I want to
predict the next value of a time series, I
just find previous values that had similar
histories and see where those values end-
ed up one period later. For this approach
to succeed, it is necessary that the dimen-
sion of the system be small (remember
that the dimension of the topologically
equivalent Euclidean space is higher) or
that the time series be very long: other-
wise, the curse of dimensjonality ensures
that there will be no points in the time
series with similar histories.
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The development of these ideas, partic-
ularly in the area of dynamical systems, has
been extremely rapid, and, in the words of
Andreas Weigend and Neil Gershenfeld,
the literature is fragmented and anecdotal.
In an effort to sort things out, Weigend and
Gershenfeld ran a competition in which
participants analyzed four data sets. Upon
the completion of the competition, a
NATO Advanced Research Workshop on
Comparative Time Series Analysis was held
at the Sante Fe Institute to discuss the
results. The present volume is a report of
that workshop.

The volume begins with an introduction
by Gershenfeld and Weigend covering
many aspects of nonlinear time series anal-
ysis, the theory of dynamical systems, neural
nets, and their own theories about learning
and understanding. Reading it is a bit like
taking a three-day tour of eight countries:
you only know where you are if you have
been there before. The balance of the vol-
ume is divided into four sections. Section 1
describes the four data sets used in the
competition: emissions of NH; lasers, a
multivariate physiological time series, ex-
change rate variations, and brightness vari-
ations in a white dwarf star. After the com-
petition, a mathematical representation of
an unfinished Bach fugue was added, which,
in my view, comes perilously close to failing
the cuteness test.

The competition had two goals: predic-
tion and characterization. Sections 3 and 4
report on successful entries under these two
headings. For prediction, the reports can be
grouped into three rough categories: geo-
metric methods, statistical methods, and
methods based on neural networks. The
distinction between the latter two is illuso-
ry. A neural net is essentially nonlinear
regression_in a black box. For time series
analysis, the black box should simulate the
brain of a good statistician with an under-
standing of the process to be modeled.
Some may come close. Many don’t. But
why accept substitutes? Characterization re-
fers to dimension estimation, identifying
chaotic dynamics (for example, by estimat-
ing the largest Lyapunov exponent), and
detecting determinism and nonlinearity.
The final section contains some miscella-
neous papers, including two on the difficult
problem of spatial chaos.

This book is interesting, entertaining,
and more than occasionally instructive. I
particularly liked Sauer’s paper on geomet-
ric prediction and the cautionary paper by
Theiler, Linsay, and Rubin on the spurious
detection of nonlinearity in linear models
with long-range dependence. None of the
papers is bad. Now to complaints. First, the
volume does not manage to sort out the
aforementioned fragmented and anecdotal
literature. Though this would have been a
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monumental undertaking, a little more
progress might have been made. Part of the
problem is the sheer enthusiasm of the con-
tributors. Apart from Theiler et al. and
Lewis, Ray, and Stevens, who rain ever so
gently on the neural net parade, skepticism
is not much in evidence. Second, to make
the analyses convincing to a wide range of
scientists it would have been useful to con-
sider somewhat messier data. There is no
shortage. Third, on the technical side, the
attitude toward noise in much of this work
is rather cavalier. Noise can enter through
the process itself (for example, turning a
first-order difference equation into a first-
order autoregressive process). It can also be
observational, so that the process itself is
never actually observed. As innocuous as
this distinction may seem, it can have im-
portant implications for data analysis and
modeling. Whole books have been written
on the subject. Most of the methods de-
scribed in this book are based on implicit
assumptions (some quite bizarre) about the
way in which noise enters the system, and
no attention is devoted to the consequences
of the alternatives. Finally, I have to won-
der whether this exercise is not a little
premature. So many basic statistical issues
are left unraised—the treatment of noise
being just one—that a little more work with
pencil and paper seems in order. Despite
these reservations, this volume is well worth
a look for those interested in modern time
series analysis. It may not be the next Box
and Jenkins, but it is certainly a step in the
right direction.
Andrew R. Solow
Woods Hole Oceanographic Institution,
Woods Hole, MA 02543, USA

Books Received

Acid Rain. Current Situation and Remedies. J. Rose,
Ed. Gordon and Breach, Langhorne, PA, 1994 (distribu-
tor, International Publishers Distributor, Langhorne, PA).
xiv, 272 pp., illus. $100 or £65. Environmental Topics,
vol. 4.

Bacterial Endotoxins. Basic Science to Anti-Sepsis
Strategies. Jack Levin et al., Eds. Wiley-Liss, New York,
1994. xxiv, 456 pp., illus. $99.95. Progress in Clinical and
Biological Research, vol. 388. From a conference, Am-
sterdam, Aug. 1993.

Cardiac Surgery. Current Issues 2. Aurel C. Cerna-
ianu and Anthony J. DelRossi, Eds. Plenum, New York,
1994. viii, 254 pp., illus. $85. From a symposium, St.
Thomas, U.S. Virgin Islands, Nov. 1993.

Coping with Chaos. Analysis of Chaotic Data and
the Exploitation of Chaotic Systems. Edward Ott, Tim
Sauer, and James A. Yorke, Eds. Wiley, New York, 1994.
xiv, 418 pp., illus. $47.95. Wiley Series in Nonlinear Sci-
ence. Articles reprinted from various sources.

The Dynamics of Aggresssion. Biological and So-
cial Processes in Dyads and Groups. Michael Potegal
and John F. Knutson, Eds. Erlbaum, Hillsdale, NJ, 1994,
xvili, 349 pp., illus. $69.95. Based on a symposium,
Swansea, Wales, 1988.

Earth’s Glacial Record. M. Deynoux et al., Eds.
Cambridge University Press, New York, 1994. xviii, 266
pp., illus. $89.95. World and Regional Geology Series.

SCIENCE e VOL. 265

16 SEPTEMBER 1994

The Fungi. Michael J. Carlile and Sarah C. Watkin-
son. Academic Press, San Diego, CA, 1994. xiv, 482 pp.,
illus. Paper, $24.95.

Geology of Western Gondwana (2000-500 Ma).
Pan-African-Brasiliano Aggregation of South America
and Africa. Roland Trompette. Balkema, Brookfield, VT,
1994. xii, 350 pp., illus. $99. Translated from the French
by Albert V. Carozzi.

Geometric Differentiation. For the Intelligence of
Curves and Surfaces. |. R. Porteous. Cambridge Univer-
sity Press, New York, 1994, xiv, 301 pp., illus. $54.95.

The History and Geography of Human Genes. L.
Luca Cavalli-Sforza, Paolo Menozzi, and Alberto Piazza.
Princeton University Press, Princeton, NJ, 1994. xiv, 518
pp., illus. $150 or £150.

Human Error in Medicine. Marilyn Sue Bogner, Ed.
Erlbaum, Hillsdale, NJ, 1994. xvi, 411 pp., illus. $79.95;
paper, $36.

Image and Brain. The Resolution of the Imagery
Debate. Stephen M. Kosslyn. MIT Press, Cambridge,
MA, 1994. x, 516 pp., illus. $45.

Levoglucosenone and Levoglucosans. Chemis-
try and Applications. Zbigniew J. Witczak, Ed. ATL, Mt.
Prospect, IL, 1994. vi, 219 pp., illus. $169. Frontiers in
Biomedicine and Biotechnology, vol. 2. From a sympo-
sium, Washington, D.C., Aug. 1992.

The Mathematical Universe. An Alphabetical Jour-
ney Through the Great Proofs, Problems, and Personal-
ities. William Dunham. Wiley, New York, 1994. vi, 314
pp., illus. $22.95.

McGraw-Hill Concise Encyclopedia of Science
and Technology. Sybil P. Parker, Ed. 3rd ed. McGraw-
Hill, New York, 1994. Ixxx, 2241 pp., ilus. $115.50.

Molecular Mechanisms of Bacterial Virulence.
C. |. Kado and J. H. Crosa, Eds. Kluwer, Norwell, MA,
1994, xxviii, 672 pp., illus. $325 or £215 or Dfl. 535.
Developments in Plant Pathology, vol. 3. From a confer-
ence, Fallen Leaf Lake, CA, Sept. 1992.

Natural Disasters. David Alexander. Chapman and
Hall, New York, 1993. xx, 632 pp., illus. Paper, $39.95.
Translated from the [talian edition (1990).

Old World Civilizations. The Rise of Cities and
States. Goran Burenhult, Ed. HarperSanFrancisco, San
Francisco, 1994. 239 pp., illus. $40. llustrated History of
Humankind, vol. 3.

Population Policies Reconsidered. Health, Em-
powerment, and Rights. Gita Sen, Adrienne Germain,
and Lincoln C. Chen, Eds. International Women'’s Health
Coalition, New York, and Harvard Center for Population
and Development Studies, Cambridge, MA (distributor,
Harvard University Press, Cambridge, MA). xiv, 280 pp.,
illus. Paper, $14.95. Harvard Series on Population and
International Health.

Quasicrystals. Microscopic Models of Nonperiodic
Structures. Jacek Miekisz. Leuven University Press, Leu-
ven, Belgium, 1993. vi, 100 pp., illus. Paper, BF 450.
Leuven Notes in Mathematical and Theoretical Physics,
vol. 5, series A.

The Raman Spectra of Polymers. P. J. Hendra
and J. K. Agbenyega. Wiley, New York, 1994. Variously
paged, illus. Spiral bound, $145.

Regulatory Practice for Biopharmaceutical Pro-
duction. Anthony S. Lubiniecki and Susan A. Vargo,
Eds. Wiley-Liss, New York, 1994. x, 555 pp., illus. $96.

Symmetry. A Unifying Concept. Istvan Hargittai and
Magdolna Hargittai. Shelter, Bolinas, CA, 1994 (U.S. dis-
tributor, Ten Speed Press, Berkeley, CA). xviii, 222 pp.,
illus. Paper, $.

3-D Galaxy. See the Hidden Pictures in the Stars.
Morrow, New York, 1994. Unpaged, illus. $12.95.

To Be a Scientist. Donald Braben. Oxford University
Press, New York, 1994. xvii, 166 pp., illus. Paper,
$14.95.

“UFOs” from the Volcanoes. Egon W. Bach. Her-
mitage, Tenafly, NJ, 1993. xxviii, 367 pp., illus. Paper,
$21.95.

Vacuum Switchgear. Allan Greenwood. Institution
of Electrical Engineers, Stevenage, Herts, U.K., 1994, xii,
278 pp., illus. $95. IEE Power Series, 18.

Wastewater Microbiology. Gabriel Bitton. Wiley-
Liss, New York, 1994. x, 478 pp., illus. $125. Wiley Series
in Ecological and Applied Microbiology.





