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his book reviews past literature

on ecological scaling in a forum
explicitly designed to promote bet-
ter practice in the future. By present-
ing a combination of concepts and
theory, methods, and case studies
from many authors and a wide
range of ecological topics, the edi-
tors aim to interest both basic and
applied ecologists. The book’s em-
phasis is on landscape ecology and
spatial scale for both general and
case study chapters, but the issues
considered apply more widely. Con-
tributions in this volume (mostly
developed from a 2002 workshop)
vary widely in their writing style,
method of approach, and detail, but
even chapters heavily sprinkled
with equations are readable. For the
most part, authors present their
choice of approach and level of
detail as appropriate for their partic-
ular subdiscipline, thus contributing
to the overall value of the book to
practitioners. A few big players in
the recent scaling literature are
missing from the list of contributors,
consistent with the book’s work-
shop origin, and emphasis on con-
tributions from practitioners rather
than theoreticians, but citations of
relevant literature seem comprehen-
sive. The book achieves its primary
goal; it is a practical review of scal-
ing for ecologists and practitioners
will benefit from sampling the chap-
ters offered here.

Chapters 1-3 (Wu and Li, trading
first authorship) in Concepts and
Methods introduce the topic with
useful reviews of definitions of scale
and scaling terms for ecology as
compared with other disciplines.
Their adoption of the broad general
definition of scaling as the transla-
tion of information across scales is
particularly relevant for ecology; it
fosters discussion of similar issues
in the same forum whether solu-
tions to these issues come as elegant
formally linked mathematical treat-
ments or much more complicated
quantitative to semiquantitative multi-
faceted treatments. These chapters
clearly explain to readers why it is
essential to be able to estimate uncer-
tainty associated with every process
involved in generating the predic-
tions that are usually the primary
goal of scaling operations. General
explanations in this section, followed
up by particular examples in almost
all subsequent chapters, make it obvi-
ous why uncertainty assessment has
been done so incompletely in most
ecological studies—because it is so
difficult to do appropriately. I partic-
ularly like their emphasis on model
evaluation rather than validation; we
know, but often play down the fact,
that ecological models are inherently
imperfect.

Some curious dichotomies present
in Concepts and Methods reflect the
ambivalence of most ecologists. We
wistfully yearn for elegant, general,
and scale-independent solutions to
widespread problems. In contrast,
most of us accept that many im-
portant ecological patterns and
processes are (even from theory)
context and scale dependent, and
need to be addressed with more
complicated analyses. Wu and Li
highlight three primary dimensions
of scale: space, time, and organiza-
tional level. Space and time scales
almost always involve strictly
nested hierarchies of scales, whereas
hierarchies of organizational levels
do not require strict nestedness. In

these introductory chapters, two as-
sertions are repeatedly presented:
(1) Fundamental linkage of space
and time scales is an important con-
cept, and it holds widely. When this
assertion is first presented, Wu and
Li point out that for some ecologi-
cally important phenomena, space
and time scales do not strictly corre-
spond. (2) Levels of organization are
most useful when they are consistent
with spatial and temporal scales and
thus are themselves strictly nested.
Counter examples in ecology are not
presented, and the limitations to this
assertion are not clearly discussed in
these chapters.

Wu's “scaling ladder” concept,
represented by the volume’s cover
graphic and reviewed in chapter 2
as an appropriate framework for
organizing ecological scaling ques-
tions in general, accepts both these
assertions a priori. In addition, it
fosters the assumption that the link-
age of space and time scales not
only is linear across some units of
space and time but also has the
same linear relationship for multiple
processes of interest at multiple
scales. The symmetry of the por-
trayal of processes across space and
time as circles of gradually increas-
ing size further invites the user to
assume an underlying global sym-
metry when framing scaling ques-
tions. This is in contrast to explicit
discussions in other chapters of
nonlinearity and thresholds (e.g.,
table 6.1 of Bradford and Reynolds
chapter 6), decoupling of spatial
and temporal scales (fig. 9.1 of Law
et al. chapter 9; Groffman et al. chap-
ter 10), and at best “vaguely nested”
hierarchies of organizational levels
implied in other chapters. These
examples reflect what is found in
many studies of particular ecologi-
cal systems, illustrated, for example,
by figure 3 of Levin’s (1992) famous
MacArthur award lecture.

It is unfortunate that a graphic
representing such a particular and
narrow set of assumptions was
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chosen as the cover illustration be-
cause it belies the much broader
perspective of the book’s editors
and contributors as a whole. True,
even this set of narrow assumptions
is broader than many, as it presumes
that different models (the overlap-
ping circles) are applicable to differ-
ent subsets of the space-time range.
The most mathematically elegant of
scaling models assume self-similarity
across the entire space-time range to
be considered, corresponding to the
domain of only one of the circles on
Wu’s scaling ladder. This limita-
tion is pointed out in chapter 2 and
reiterated in other chapters. When
such strict assumptions can be met
(or approached) in ecology, several
mathematical approaches may be
applied (e.g., chapters 4 and 5, each
with a clear presentation of limi-
tations). Another recent review
(Allen 2007, of Solé and Bascompte
2006) highlights a complementary
book featuring elegant models that
assume strict self-similarity across
scales.

The editors, in particular Wu and
Li, missed an opportunity here.
Space-time correspondence, concor-
dance of scaling relations among
multiple phenomena, and concor-
dance of organizational levels with
space-time scales are narrow, limit-
ing, and misleading if they are seen
as assumptions that can/should be
made a priori, or goals to be met
before conducting scaling opera-
tions. However, if they are seen as
ecological scaling “neutral models
"—"straw men” to test against so to
characterize a system but not to
be assumed without testing—then
these become aids for better framing
our understanding of how and why
ecological systems depart from
“neutral” rather than limitations to
successful investigations. Most con-
tributions from chapter 5 on take
this latter attitude either directly or
implied, and it is to the editors’
credit that they include and high-
light the many different ways other

chapters point out the shortcomings
of these limiting assumptions for
their particular systems.

Chapters 5-8 in Concepts and
Methods each present methods,
along with concepts, for a particular
subject that could be considered
a case study of an important opera-
tion related only to some kinds of
scaling operations. Authors of these
chapters make stronger efforts to
evaluate the generality of their ap-
proaches than those in Case Studies.
These four chapters all are well
worth reading carefully. They range
from presentation of the mathe-
matical details of a single group of
methods (chapter 5) to well-written
discussions of scaling issues and
where, how, and why investigators
should adopt different approaches
(chapter 6 on model vs. intact field
systems, chapter 7 on when to use
simpler or more complicated scaling
operations, and chapter 8 on remote
sensing).

Chapters 9-17 in Case Studies
follow up with clear discussions of
context and the limitations on scal-
ing operations in different examples
and how these limitations affect
scaling, even though they do not
always present clear solutions. As
would be expected from an empha-
sis on landscape ecology and spatial
scaling issues, temporal scaling is
addressed in only three chapters (9-
11). Assessment of uncertainty is
mostly explicit, sometimes implicit,
but always included. Discussions of
constraints range from pointing out
that lack of adequate empirical data
at multiple scales can be more im-
portant than methodological limita-
tions (chapter 12) to illustrating the
difficulty of ensuring that uncertainty
of all components is adequately
incorporated into results from multi-
disciplinary projects (chapter 13).
Case studies contribute nicely to an
underlying message of the book—
that the best approaches to scaling
and the likelihood of success in
the effort are context dependent:

dependent on the scope and scientific
or management goals of the
endeavor, and on the spatial, tempo-
ral, and especially organizational
constraints that limit the endeavor.

Political, social, land-use, and
other explicitly anthropocentric or-
ganizational levels involving in-
complete nesting of hierarchies are
the focus of chapter 17 and are
woven into several other case stud-
ies. Inconvenient (for modeling)
end-runs around a hierarchical con-
trol structure are acknowledged
characteristics of human systems
and are being gradually, albeit
grudgingly, acknowledged in eco-
logical and environmental systems
as well. For example, populations
of any migrating bird have a spatial
extent much larger than any of
the communities, ecosystems, or bio-
mes they inhabit. A system that
includes such organisms cannot be
described using a simple spatial
expansion “ladder;” an assumed
regional coupling of spatial and
temporal scales thus can be mis-
leading (e.g., chapters 13 and 14).
Scaling up of a forest plot via spe-
cies composition to successional
stage or community “type” is inde-
pendent of scaling up the same
plot via nutrient cycling or other
process to watershed or other eco-
system unit, precluding a single spa-
tial expansion “ladder” for both
(e.g., chapters 9 and 15). When both
watersheds and airsheds are in-
volved in nutrient cycling, space
and time scaling of important pro-
cesses cannot be simply coupled
(e.g., chapters 10-12).

The succinct but quite useful
summary chapter 18 reviews this
book’s compendium of disparate
contributions. All in all, this book
admirably achieves its goal of re-
viewing relevant theory and pre-
senting a wide range of practical
approaches to generating predic-
tions about ecological systems via
scaling operations; it is a worthy
addition to the ecological literature.
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Its eclectic contents offer much valu-
able food for thought to any scientist
involved in scaling. I would not rec-
ommend it as a textbook, but I
might well suggest selected chapters
for graduate student class or semi-
nar discussions. Anyone designing
a project that involves scaling across
wide ranges of space, time, and/or

organizational levels can glean
many insights from the concepts
and methods chapters and relevant
case studies.
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