
Can knowledge of individual traits as constrained by CSR help
us understand ecosystem properties? If, for example, (1)
stressful environments contain stress-tolerant organisms, and
(2) stress-tolerators are characterized by low rates of nutrient
cycling, then (3) ecosystems associated with, for example, low
precipitation and extreme temperatures will have low rates of
nutrient turnover. There is occasionally a flavor of circularity to
this line of thinking: are ‘‘stressful’’ environments recognized by
the presence of low-nutrient cycling plants with stress-tolerant
phenotypes? However, that is too facile and belies the directness
of the insights accumulated in this book. Plant traits can be
ordinated along a small number of axes and these axes do
indeed matter for ecosystems, not just for individual demogra-
phy or pairwise interactions. Given the state of our ecological
knowledge of real communities and ecosystems, relatively few
examples are given of the scaling up from CSR to ecosystems.
We can see, however, that contrasting plant strategies on either
side of a single, well-studied gorge in England have upward-
cascading effects on consumers. The south-facing slope is
populated with S-selected grasses that support a snail that
specializes on decaying vegetation, while the other slope is
covered in a more productive C-selected vegetation that in turn
supports an R-selected snail.

The authors make a solid case that the CSR language is
relevant and useful. Have they given us a framework for the
unification of ecology and evolution? Despite the extensive
animal examples, the animals remain a problematic step in the
proposed unification. It certainly seems plausible that many

animal groups could be intelligently discussed with the models
presented. However, the data required to do so do not yet exist.
The authors describe a large database (PanTHERIA) of
mammal life history information, where the most commonly
reported trait relevant to a discussion of CSR is body mass,
given only for 65% of the species—a far cry from the regional
and global screening programs that have accumulated data on
plant life history traits. The authors suggest a helpful
methodology for amassing the data needed to determine if
there are three-way trade offs in energy allocation in animals
involving partitioning biomass accumulated during an animal’s
lifetime into functions of reproduction vs. maintenance
activities and calculating the total amount of resources (C or
N) gathered in a lifetime as a function of body size. Whether or
not the relevant data are compiled for animals might depend in
part on how readily this book is picked up by graduate reading
groups and the readiness of funding agencies to support the
field efforts needed to study more carefully the functioning of
life’s diversity.
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Skillful observations provide the inspiration for ecological
questions and, in many cases, the answers as well. Sagarin and
Pauchard’s book elaborates this opening thesis. In Part I, they
describe the origins of ecological theory in careful observations
by the founders of the discipline. In Part II, they describe the
value of the traditional skills of observation, using sight, sound,
and other senses to collect data and then describe how modern
technology is expanding the human sensorium by increasing
sensitivity, adding senses we do not possess, and by allowing
measurements to be made over time and space scales not
otherwise accessible. They identify a trend of harvesting data
from observers outside the research community, who have
traditional, local, or accidental knowledge of ecological
phenomenon, again allowing observations not typically acces-
sible to researchers. Part III considers the analytical and
informatics challenges of vast observational data sets and the
countervailing need to fill in gaps where data are missing. Part

IV of the book examines the power of observations to convey
meaning and build engagement among decision-makers, citizen-
voters, and others involved in environmental decision-making.
They argue observations often provide graphic communication
to decision makers and are a powerful way of engaging
stakeholders with scientific information.

Despite the historical importance of observational approach-
es, Sagarin and Pauchard argue that ecology’s identity is, today,
as an experimental science and that observational studies are
‘‘not fully part of the mainstream of scientific ecology.’’ Sagarin
and Pauchard argue this focus on experimental manipulation
originates with Popper’s philosophy of science and John Platt’s
seminal 1964 paper, ‘‘Strong inference’’ (Science 146:347–353).
They argue that this approach dominated late 20th century
ecology, and quote Bob Paine, a notable advocate of
manipulative experiments, ‘‘. . . the evidence clearly indicates
that continued attention to small-scale experiments holds the
greatest promise for managing our world for a sustainable
future.’’

The book speaks to the limits of the experimental paradigm.
Ecologists study entities and processes well suited to experi-
mentalism (insects, watersheds, chlorophyll . . .) but also those
too large, too slowly changing, or too distant in time (whales,
the development of old-growth forests, the origin of the
oxidizing atmosphere). Ecological systems are also complex
dynamical systems, whose behavior is contingent and depends,
sometimes sensitively, on initial conditions and the exact mix of
actors (species, genomes) present. Because of this, an experi-
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ment precisely controlled and replicated may produce different
results under experimentally indistinguishable conditions, a
type of behavior first described just one year by Ed Lorenz
before Platt’s paper.

Sagarin and Pauchard ask, rhetorically, whether observa-
tional ecology is science, or whether experiments are required
for work to be ‘‘scientific.’’ In Platt’s paper, written in the glory
days of molecular biology, experiments seemed the means to
test hypotheses. In subsequent scholarship, critiques of Platt’s
work limit his approach to the ‘‘experimental’’ sciences such as
chemistry and recognize strong inference can be applied to the
non-experimental sciences as well (in fact, the Oxford Dic-
tionary’s primary definition of experiment does not mention
manipulation: ‘‘a scientific procedure undertaken to make a
discovery, test a hypothesis, or demonstrate a known fact’’). In
some fields, the object of study may be inaccessible to
experiment (solar physics), too large or distant for experiments
(cosmology, geodesy, or meteorology), or ethically prohibited
(aspects of social science, medicine, and psychology). In these
fields, arbitration between competing hypotheses is accom-
plished via testing theory against critical measurements. Bill
Reiners and Jeffrey Lockwood (2010. Philosophical foundations
for the practices of ecology. Cambridge University Press, New
York) provide a contrasting view to Paine’s: ‘‘The attribution of
weakness to the study of entities and processes that exist at
spatiotemporal scales that preclude experimentalism, seems an
unfounded judgment of scientific inquiry.’’

Sagarin and Pauchard point out that large observational
data sets have additional value given the existence of complex
behavior, because the behavior of the system may be observed
under a wide range of subtly-to-widely differing circumstances.
This increases the likelihood that sensitivity, thresholds, and
other critical behavior will be detected, properties hard to
explore in traditionally designed experiments and analyses.
They argue that, given the spatial and temporal scales of
ecological systems, and the existence of complex and contingent
behavior, no single approach to studying ecosystems should
assume primacy. In ecology, as in cellular biology, incisive
experiments can answer certain types of questions. But,
similarly to atmospheric science or cosmology, well-conceived
observations can address questions not accessible to experi-
mental manipulation.

Sagarin and Pauchard ask, ‘‘So, are observational approach-
es scientific?’’ This question gives undeserved credence to the
opposing argument. Taking examples from the book, the
discovery of the Yucatan impactor event and subsequent
extinctions was scientific. Keeling’s discovery of the increase
in global CO2, with the attendant discovery of the impact of
photosynthesis on the seasonal cycle of that gas, was scientific.
Space-based observations of the biosphere have produced
multiple major scientific discoveries about the biosphere. The
critical value of large-scale and long-term observational
approaches, (along with their pitfalls), are summarized in the
recent book by Lindenmeyer and Likens (2010). Effective
ecological monitoring. CSIRO, Pollingwood, Australia), who
argue that while rigorous observing programs are essential,
there are lessons to be learned about why some observing
programs succeed and why others fail.

Advances in analytical techniques also add to the value of
observational approaches. Recently, as the authors note,
multiple revolutions have occurred in statistics and inferential

techniques, through the parallel developments of theory and its
implementation through high performance computing. New
approaches to data analysis provide, not only a mathematical,
but also a coherent philosophical alternative, to naı̈ve
applications of strong inference, allowing the incorporation of
information from multiple sources in ways that are satisfying
and transparent.

While a residual academic debate over the role of manipu-
lative experiments in ecology remains (and may remain, despite
this book), one might ask why? The first author of this book
comes from intertidal community ecology, a field in which the
brilliance of Bob Paine, the most prominent advocate of the
experimental approach, casts a long shadow and this may
explain part of the book’s emphasis. In others areas of ecology,
for example in those more aligned with the earth sciences,
strong inference remains an important technique but is often
implemented via critical measurements that can distinguish
between alternate theories (for example, using paleoproxies,
eddy covariance, or stable isotopes).

The book makes another key point. Many ecologists have
expressed concern that adopting a technologically enabled or
large-scale approach will cause a loss of observing skills and
insight. Many factors, however, push ecologists towards the use
of technological approaches—remote sensing, sensor networks,
and other advanced approaches that produce ‘‘big data.’’
Sagarin and Pauchard demonstrate, and illustrate convincingly,
that expanding the human sensorium with technology, in
combination with the biophilia common to most ecologists, can
deepen ecological intuition. They show that modes of sensing
that expand human capabilities (providing the vantage point or
continental perspective of a migratory bird, the chemical
sensors of a canid, or the spatial awareness of a bat or
dolphin), can deepen our understanding of nature. These new
senses allow us to ask and answer questions that we would not
otherwise know to ask. This book argues that in science,
innovation, technophilia, and biophilia can coexist and are not
in opposition.

Sagarin and Pauchard’s book is not the deepest or most
technical analysis of the role of nonexperimental approaches in
ecology but is full of enthusiasm and passion for the power of
observations to explain, inform, and educate. They link the
origins of ecology in natural history to the new vistas opened by
innovations ranging from space-based sensors to citizen science
today. They take on a number of sacred cows, and gore them,
so this will be a thought-provoking and much-discussed book
and great fodder for a graduate seminar. Sagarin and Pauchard
charmed me with their energy and breadth, but a serious reader
will want to read additional literature to go more deeply into
the philosophical and statistical implications of their argument.
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